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Natsuki Ochiai, Makoto Nishizuka, Tomomi Miyamoto, Ichiro Miyoshi,
Masahito Tkawa, Shigehiro Osada, Masayoshi Imagawa

Targeted disruption of fad24, a regulator of adipogenesis, causes pre-
implantation embryonic lethality due to the growth defect at the blastocyst
stage.

Biochemical and Biophysical Research Communications, 438: 301-305 (2013)

Natsuki Ochiai, Makoto Nishizuka, Shigehiro Osada, Masayoshi Imagawa
Fad24, a positive regulator of adipogenesis, is required for S phase re-entry of
C2C12 myoblasts arrested in GO phase and involved in p27Xirl expression at the
protein level.

Biological and Pharmaceutical Bulletin, 39: 807-814 (2016)
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minichromosome maintenance 10
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polymerase chain reaction
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60S ribosomal protein L7
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ARG, HERIR A2 1T U & T A EEHIEROFER Y A7 77 7 X —Th b, IEMOIERK
i, BERGRIE D RERALD A7 &3, RIBEAG A A R~ & b5 Z LIt Xk D
HERAAIIE O BN EE TH L Z ENMEN TS (1), IEMHORAMZRIBRO =012, 5
AL Dy FREEZ A S e +5 2 LI TEETH 5,

HERAAIIE LB TiE, B x 22K 05 ERE L. BEHEZ R HI R 2 TE R LT D (2,
3), NENGHIE L HIRRE IR T B 0 FHEIC O W TIIH LN E Y 5o H 5 — 5T, b
WIHLEFE D31 A 1 = X BZOW IR R BN Z FEIh TV @), 22 THYMFEET
(X, AENIMIIE S (b O W AR & A 2 0 THE A SR S 72 i BN 3L iRiE % 3
IR EDS FH4 58 x1% PCR-subtraction /£ XV 102 7 v — U HEfE L7~ (5, 6),
HEEL 7285 oW ONEFHELB - ThY ., TOFRD—>% factor for adipocyte
differentiation 24 (fad24) & 417 7= (Fig. D(7), 2% TIZ, fad24 % & o850 FiifE
BAIZHOWT, IEIRGLICEECTHL Z L aHmE LT D (7-11),
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novel gene

fad24 (factor for adipocyte differentiation 24)

Fig. 1. Identification of fad24.

fad24 1%, BETIE DNA HHRC rRNA S A #3228 R nucleolar complex-
associated protein 3p (Noc3p) DOWHHIAIZRBITH AN Y T ThHhDHZ ENbhroTED .,
Noc3l (NOC3-like DNA replication regulator) &\ 9 i&fs 4 CTHMENTWS (12), fE
M CEEICRFSNTEY, E8 KAA & LT, bZIP-like domain & Noc domain %
HLTWD (Fig. 2)(7), bZIP-like domain IZ, CCAAT/enhancer-binding protein (C/EBP)
7 7 2 J —=° activating transcription factor (ATF) 7 7 3 U —2£D#E[K 1 H3FF> bZIP
domain CHELIL7-MEETH D (7, 13), 60S ribosomal protein L7 (RPL7) < 30-40 S
heterogeneous nuclear ribonucleoprotein particles (hnRNP) & o 7= [K 73 o FE ik
T BIZEATEY v/ 8—Fk KA A %, BT ZEBEEES RNA ~OfEE%ICE S LT
5 ENHEIR TS (14,15), L2L, FAD24 @ bZIP-like domain OHEREIZ DUV T
K< bhroTW7Zew, Noc domain (% Noclp, 3p, 4p (23l L THALNDEHITH Y . BERE
T prerRNA 7oty o 7o N7 BERMHAERICEETH L Z ERH LN E ST



% (16,17), Noc3p I3 2001 4 HEFEEREC ISV T DNA HEUCEE G-+ 2 2 L vl Shiz
(18), F7z, HEEERHZBNT Y R Y —LDEGREDZICVHADOHRFTHDL Z LR L L
SNhTWwWb (19), T4, FAD24 @ bZIP-like domain & Noc domain Z&7e C KT DOES
51X, CBF (CBF/Mak21) A—/3X—7 7 I J— R A A &) 4EIT NCBLIZB&HF Sz,
FICA—NR—=T 7 IV —=RKAA U &FOX L /7'EF L LT CCAATbinding factor (CBF)
FERBFRSNTVDN, D AL L OEREIZ L Dho Thuy,

the mammalian homolog of Noc3
human FAD24 ’ ‘ ‘ D ‘ 800 aa

mouse FAD24 | [ [[] ] 807aa
D ; bZIP-like domain D ; Noc domain

} 90% similarity

Fig. 2. The schematic structure of mouse and human FAD24.

MAFFRE Tl fad24 3~ U A 3T3-L1 #iBEIERAAIIEIZ 35\ TR LR 3 IR %
IC—EPEICREL LR 2 2 & IR kA EICHE2 2 2 2 ETICREL T
7= (D, F£7-. FAD24 |Z. b % b AEH(il#%5% histone acetyltransferase binding to ORC1
(HBO1) % DNA #E#piatmIcY) 7 v— b3 252 &Ik, ~ 7 AFiBRAR ML 3T3-L1
HERR S IR AR LT 5 72 OIS B e — i O M HEE mitotic clonal expansion (MCE)
ZRAET D (20), & 512, MHFFRR CTHIN LT- fad24 BRIFEH~ 7 ADMITC XV | fad24

TR S5 L/NIORRIMAAHEINT 5 2 & FERENTTET 2 2 2 R L
@21, TNODHMA XY fad24 1 FTAEKNICTB TR EZ IEICHIE L, FERHEED
THENCEE RN T THDLEEZLND, LLERS, AERNICBIT S fad24 OEENZIT
RIEARRA RSN RSN T WD, £lo, UFRETIL, fad24 BB CEEICRE L
TWHZ &, U AFHFME C2C12 OMIEIHA EICHI#ET 22 b LNE LTS
(22), EHIT, fad24 RV LTZBT 77 4 v ¥ 2 (TR OFAEICRT 2L T D2 Lot
DOFFER L Vs STV 5 (23), LIz - T, fad24 XN O 2172 B3, BRHICE
WTHMOLPOEEEEZA L TWDLEZXLND, LiL, BEMHICBIT D fad24 OW¥EEIX
X< bhoTnan,

Z ZCARNZEIX. RIS D fad24 OFEENCHOWT, LOFEMICHO N ETHZ &
ZEHBE Lic, £F. 2D fad24 R~ U A Z RIS LE ORBLRAfRNT LT, WRIT, B
AT D fad24 OHREZALNE T D720, BRI OFAREICEH LI-Ret &2 7o
77
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B fad24 KRN~ U AR AN G 2 D s B O T

F—ili  fad24 KB~ T A DRBSL

FERNICEBT D fad24 OFREZ X0 FEMITIRT 2 7201213, BEFREEE~ 7 22a <
fad24 KB~ 7 ADIRKI P IE T D~ U A fad2413 19 F Y @Msi a—RFanTkh,
21 HO=x Vo EHT D, O first ATG =% Y 1IZHFEL TS, YHRETIE
XVl BENE L 3REEOY =T 47« AT T V=% HWT fad24 KB~ 7 A
ORI Z 3V E TIZRATZ, WTHICBWTHM# 2 ES MilaziGs 2 LixcxZeno
oo TR TIE, XA~YA VUMHBEFE=ZF Y 6 0006 90— E2EEHMZD
ARNTTU—E AW, fad24 R~ U A0 HIE LT (Fig. 3A), =%V 6025 9
D—MERETDHE, 7L—Lv 7 MLV FAD24 @ 187 HH DT X VB HERE N A
U, 194FBDOT X ikl a Fo~L 2+ % (Fig. 3B),

pNT1.1 77 A I K|Z short arm 2 kbp 23 fAIAE =TT A I R (pNT1.1-short arm)
I, SRR CTREICHER SN T\, £2C, 2077 A2 KiZ long arm 7 kbp Z#fi A L
T fad24 KO ~7 2 —ZAFf L ES M2 EA L7z,

fad24 R~ U ZAOBISLIT RROREER - BP0 B4 & OLFRINTTETIT - 72, fad24
KO <7 % —o ES fifa~DE A, ##az ES Mo x4 ~A vl 7 v a vBIOES
HERL2> B D5 ) L OFHEIE, KIKFAITRIE L7z,



A 7 NAT28

exon4 NAT9 5 6 8 9 10 11 12
genome DNA _I -> I I I I ->I I I I
(Wlld-type) \\\\ V//’/ eNA'|-27 T . ,/‘/'//
. Xho | Xho | Kpn [ Kpn |
targeting i — i
vector short arm (2 kb) I&I ' long arm (7 kb) E
NATS NAT23
targeted _I -> I Neo I I
locus 4 5 NeT10 vy 10 11 « <12
187 NAT24 NAT20
B deleted FAD24 |:
1 194 aa
..EELEDEDKGLQRAG*

rrrrrrrr bzIP-like NOC  domain
rrrrrrrrrrrrrrrr 807 aa

1
mouse FAD24

Fig. 3. Generation of fad24 knockout mice. (A) Schematic representation of the fad24
locus, the targeting vector, and the targeted locus. The black boxes represent exon 4 to
12 of fad24 gene. Arrows show the primers used for PCR analyses. The targeting vector
includes a neomycin resistance gene (Neo) and thymidine kinase gene (TK). (B) The
schematic structure of deleted mouse FAD24. Asterisk means the C-terminal end.

(1-1) fad24 % —7 7 1 L Iy X —DfERL L E A

(1) FEBRAPEE R OVEBR 515
1-1 SERAE

pGEM-T-long arm (#2235 THESLH)
pNT1.1-short arm (K75 THEFLY)
PureLink HiPure Plasmid Miniprep Kit (invitrogen)
PureLink HiPure Plasmid Midiprep Kit (invitrogen)
QIAquick Gel Extraction Kit (QIAGEN)
JM109 competent high Competent cell Kit (TOYOBO)
2 x ligation solution I (Takara)
Kpnl (TOYOBO)
Notl (TOYOBO)



1-2 SEBR 5
O 7S TAY MEMIZ LA A o — FoFHEL

Kpnl 10.0 ul
10 x low buffer 10.0 ul
d. d. w. 45.0 pl
plasmid (0.35 pg/pl)  35.0 ul (12 pg)
total 100.0 ul

pGEM-T-long arm 12 pg #1% % Kpnl #L#E L  long arm (7.0 kbp) % pGEM-T-vector
WU LT, 797 AL N T Hu— AESKENEIC LY pGEM-T-vector & 4y Hf
L. QIAquick Gel Extraction Kit (QIAGEN) % F\WCH#LL 7=,

& BAP ALERIZ L BT & — it

Kpnl 10.0 pl
10 x low buffer 10.0 ul
d. d. w. 55.0 ul
plasmid (0.44 pg/ul) ~ 25.0 pl (11.0 pg)
total 100.0 wl

pNT1.1-short arm 11.0 ug #H*4 % Kpnl THEML L=, 15 572 B pNT1.1-short
arm % TE faf17 =/ — /LB LT CIAA TREL, =%/ — L ILECHRE L 72#%IC
Bacterial alkaline phosphatase (BAP) 2.5 ul Z /12T 60 °C, 60 731 > % = ~<— k
L7z, TE fgfl 7 = / —/LC 3 BILEE L, BAP % Ki% S t7-%, CIAA 2Nz T Lg%
B LT, Za = ) — kBRI L TE ICIE LTI A4 7 —v a VTl Lz,

O IA—vay

N7 2 —=50ng 12X LT1:3, FIFRNT X —25nglZxfLT1:6 DLFETA W
— h&JRA L. 2xligation solution I 012 T 11 pl ORIGIEZ B L 72, 16 °C fHik
MECH 28 Wi, A ¥ aN— b LTz,

O NFUVRTF—A—Ta v

JM109 (titer 2.73 x 10° colonies/pg) 20 pl I ligation solution 2 pl /%, K ET
20 SyRIFHE Lz, T D% 42°C T30 — g v 7 L, ek gL T2y
MEFE U721, KRBE T Ciiiihs SOC % 180 ul iz 7=, 37 °C T 60 4yfEA > %
22—k L, LBAmp (DEXEH T L — MIBA LT, 37°C THKI 15 BEfl A > F 2
— kL7,



O FITAI ROl

NIRRT —A—va Akl vGonican=—% LB Amp (+) 55 4 m] [ZHEEE
L. PureLink HiPure Plasmid Miniprep Kit (invitrogen) =AW\ CT>7' 7 A I K& k5Hl
L7z, o777 A3 Nid, flIREBELHB IO —7 22Tk ARD 7T X
IRTHDLZ L xR LI,

(2) FEBRAER

@ Vector :insert=1:3 D7 L— hCIE5fl, @ 1:6 D7 L — FTlL 16D am=—
BFEoiTe, 22T, QDT L — N6 5, QD7 L— b 4fioan=—%t v 7
TyT L, FTAI REFR LU, SFEOGIRERL L —r = AL Eonicr
FAI REMRBLIZL ZA, HEIOT I AN (ad24 KO 2 4—) 327 a—rHbh
7o ZOI2HD1DELBEOERIZER LT,

(1-2) ##iz ESHIDO A7 V—= T B IO fad24 ~T v R~ 7 Z DT

(1) FEBRMBE K OB 7 1k
1-1 FEBREh)
ARRFHCHWZEMIE, IR 12 YA 71, 2l 23°C, B 52— 59% DERIE T
fE Lic, T XCoamFERIT T4 H BTN KFEY BRI (2SN TITo 7,

1-2 BB
fad24 KO ~7 27— (Kt —&8 & —f (1) THE)
pNT1.1-positive (YA THEFLH)
QIAGEN Plasmid Midi Kit (QIAGEN)
ES iR/ 2 DNA (KB EBARTE SRR > 2 —ITKHH)
Tz I VIR (7 =)
tail prep buffer : 0.1 M NaCl, 50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 1% SDS,
500 pg/ml Proteinase-K (PCR grade, Roche)
phenol/CIAA : phenol/chloroform/isoamylalchol (25 : 24 : 1)

1-3 FEBJTik

O fad24 KO R X2 —DiiHl

QIAGEN Plasmid Midi Kit (QIAGEN) % W Tl L7z fad24 KO <27 % —% 1.0
pg/pl AR U KBRS A R FE T b i G B SRR 5 | 2k 1) L 72,



O ESHifatzg, NI A7l arBLOV 2 A DNA oF
KPR KRS8 A W bIF 5T AT e S Y Eh A SRt 5% | A L 7=,

O ¥z ESHD A7 ) —=1 7
fad24 KO X7 Z—%28A L7 ESHijnos ) ADNA #5771 —kr& L, PCRIE
ZHWCHEL: ESHIADO ATV —= T 51T 7,

(5227 ) —=> 7]

7T A4~—& LT fad24 WA &R

T D NAT9 7' A ~—, BLORA~A 2 0

PEEAG T-BOY &2 3% 9 5 NAT10 75 1 ~—Z = (Figs. 3A, 4, PCR i, LA
2R3 44 ¢ PCR Thermal cycler Dice (Takara) % W\ CTiT-o7=, 77 L— T
T ESHIIEY A1 E2FERH Lz, 7o AT 7 hr— & LT pNTL.1-
positive 7T A I R&E~SDT AT ) AVERT 1.0 pg/ul (AR L CTHEA L=, pNT1.1-
positive (%, pNT1.1(Z, short arm £V 5K 1 kbp & <. NAT9 23585% 4 2 B3
ZEtefidd] (positive arm) MEASNTNWDH T T AI RTHDH (Fig. 4),

exon4 5 6 7 8
-
2 kbp
KO vector
N
(PNT1.1) NATS shortarm 4 €eo |¢
——
pNT1.1-positive positivearm Neo
€
NAT10

Fig. 4. Schematic structure of pNT1.1-positive plasmid.

(B HEHEL AR

10 x LA Taq PCR Buffer 11 1.50 ul
dNTP mixture (2.5 mM) 2.40 pl
25 mM MgCl: 1.50 pl
5 units/ul LA Taq (Takara) 0.20 ul
10 uM 5’ primer 0.75 ul
10 uM 3’ primer 0.75 ul
d.d. w. 6.95 ul
genome DNA 1.00 ul

15.0 ul



IS Ls
1cycle : 94 °C 1 min
40 cycle : 94 °C 30 sec, 64 °C 30 sec, 72 °C 3 min
1 cycle : 72 °C 4 min

(T4 ~—)
NAT 9 primer : 5’ — agctgccattagecatatagecagee — 3
NAT10 primer : 5’ — acttcatcggatccggaaccctta — 3

(A7 Y —=271]

TIA ==L LTI~ A v UMithB a7 RS 2380 T 5 NAT23 77 A4 ~—, B X
W fad24 25| % 58559 % NAT20 77 A ~—% HA/= (Fig. 3A), PCR tiE. LLFIZ
"9 54T PCR Thermal cycler Dice Gradient (Takara) #H\Ci{T->7=, 77 L
— 2%, ESHifas 7 AJRHE 1l 246 L7e,

(RS HEHAELRR)

2 x PCR Buffer for KOD FX 10.0 pl
dNTP mixture (2.0 mM) 4.0 Wl
1 units/ul KOD FX (TOYOBO) 0.4 ul
10 uM 5’ primer 0.6 ul
10 uM 3’ primer 0.6 ul
d. d. w. 3.4 ul
genome DNA 1.0 ul

20.0 ul

B St

1 cycle : 94 °C 2 min
40 cycle : 98 °C 10 sec, 54.1 °C 30 sec, 68 °C 9 min

(T4 ~—)
NATZ23 primer : 5’ — tagtgagacgtgctacttecatttg — 3
NATZ20 primer : 5’ — gctccaaccaacctaagggtaa — 3

O iz ES MO A~OBAE LU A T~ 0 ZDO/ER
NN SEURITETES e el 713 B



O =T ADT 7 A DNA Ol

~ U RJB OISy A W T TR 3 mm BT L, tail prep buffer 200 pl Z#sA0 L T,
55 °C T—MiA > F 2~X— K L7, Zi% phenol/CIAA 200 pl T L, 5547
Haelx ) AT LE,

& PCRIC KL DB FHIDRIE
PCR f<Jirtx. PCR Thermal cycler Dice (TaKaRa) # AW T{T>7-, 77 L —h
WZIX, YU RADT ) AR ZPEK T 64 I H N LT b D& vz,

GCXPEWE SR

TIAw—iEx, WAERT UL, HBRZT IV AIEEDO T T A ~—& LT NAT9 77 A1
~—% R\, o, WERT U NAEREERNR T T 4 ~—L LTNAT2T 77 4 ~—, fH
Haz 7V IVEERE I T T 4 ~—E L TNATI0 77 1 ~—% 7= (Fig. 3A),

(RS HEHAELRR)

2 x PCR Buffer for KOD FX 7.50 pl
dNTP mixture (2.0 mM) 3.00 pl
1 units/ul KOD FX (TOYOBO)  0.30 ul
10 uM NAT9 primer 0.45 ul
10 uM NAT10 or 27 primer 0.45 pl
d. d. w. 1.30 Wl
genome DNA 2.00 ul

15.00 wl

B St

1 cycle : 94 °C 2 min
35 cycle : 98 °C 10 sec, 62 °C 30 sec, 68 °C 3 min 30 sec

(FT7A4~—)
NAT 9 primer : 5’ — agctgccattagecatatagecagee — 3
NAT10 primer : 5’ — acttcatcggatccggaaccctta — 3
NAT27 primer : 5’ — caggctgagtttgaactactggea — 3’

(3= # A 7]
TIA~—L BWERT UL M TV AR T T 4 ~—L LT NAT24 77 A



~—% M, o, BERT VAR T T4 ~—L LTNAT28 77 1 ~—, #i
Wz 7 U NERI 7T 4 ~—L LT NAT23 77 A ~—%Z /= (Fig. 3A),

(BUSHBAELRE

2 x PCR Buffer for KOD FX 10.0 ul
dNTP mixture (2.0 mM) 4.0 ul
1 units/ul KOD FX (TOYOBO) 0.4 ul
10 uM 5’ primer 0.6 ul
10 uM 3’ primer 0.6 ul
d.d. w. 3.4 ul
genome DNA 1.0 ul

20.0 pl

IS ts

1 cycle : 94 °C 2 min
40 cycle : 98 °C 10 sec, 54.1 °C 30 sec, 68 °C 9 min

(FT7A4~—)
NAT23 primer : 5’ — tagtgagacgtgctacttccatttg — 3
NAT24 primer : 5’ — cacgcccageagattteagtatt — 3’
NATZ28 primer : 5’ — taccatctggtcatgtgactactttg — 3’

(2) FEBRAER

2d24 KO R 2 —%E AN L72 129 %~ 7 AHK ES #ifll 96 7 u—> ' GBGS 2~ 7 A
Mk ESHI 96 7 u—r % A7 V—=2 7 LW, fad24 KO 7 X —PR#F0A £l
iz ES MRS oo dc, £ THE, fad24 KO 7 ¥ —%& KRR FRIR 1 HH
Bt v & —IZkfF L, ES Ml A L7z, 517 EGR-GO1 (12952 x C57BL/6Cr Sle)
ES fifil 884 /7 m—r %AV J—=2 7 LIcRER, 9A, 35F, 53B @ 3 7 m— 2B T
short arm IO X B X TN DH Z L DR TE 72 (Fig. 5A), &IZ, 2D 37 m—|Z
DWW T long arm il 2 % PCRIETHER LT2E 2 A, 37 u—r &t fad24 KO ~7
Z— LRI Z 2RI L TWD Z Enboo7z (Fig.5B), £ 2T, 2037 u—r%K
PR AR TR IR v & —IZB W TICBUC A L 72,

BRIZLVELNTF AU XA 90 %L EOHEVES 2 T~ 7 A% C57BL/6J Mt~ 2 &
ZEL, F1 R~ 2 2B L7=, 5D = ) Z A 27 PCR KISEITV, Mz 7V
IR T RYT ) BHARAENTND Z & 2R LTz (Fig. 5C), Mk~ D 2 M~ 2

10



E BT fad24 ~T r KB~ T ANET, EFICEE L, AMIIE AR~ T 2 L IAREE
WER e otz £72, C5TBLI6I Lfi~& R LR A 1T - T2 B AR KON fad24 ~7
BRI~ T ADT ) AEAWTIMOY ) XA 7 PCR Z1T\V, M2 T VL~
A7) MHIRAENTND Z & 2R LT (Fig. 5D),

A B

MN12 3 M123N

et < 2.2 kb 7.9Kkb

Fig. 5. Generation of fad24 KO mice. (A) PCR analysis to detect short arm recombination
in transfected ES cells using primers NAT9 and NAT10. The length of PCR products
from the targeted allele is 2.2 kb. (B) PCR analysis to detect long arm recombination in
transfected ES cells using primers NAT23 and NAT20. The length of PCR products from
the targeted allele is 7.9 kb. Genomic DNA prepared from untransfected ES cell was
used as a negative control (N). M; size marker. (C) 5’ genotyping of fad24** and fad24*-
mice by PCR analysis. The length of PCR products in wild-type allele when used the
primers NAT9 and NAT27, and in the targeted allele when used the primers NAT9 and
NAT10 are 2.4 and 2.2 kb, respectively. (D) 3’ genotyping of fad24** and fad24*- mice
by PCR analysis. The length of PCR products in wild-type allele when used the primers
NAT28 and 24, and in the targeted allele when used the primers NAT23 and NAT24 are
7.2 and 7.5 kb, respectively.

(1-3) fad24 ~T v K~ 7 AZHB T D fad24 mRNA FEH & O fpT

Wt B (1-2) TEISZ L7 fad24 ~T o K~ T AL, =F VD 60 H 9D —
WEAEE LT fad24 %/ v 7 T U R LTCWDTH, Az 2 Lics /) Ainb, =%
V15 BICHET HERE fad24 mRNA NG S TW D alfEER & 5 (Fig. 3), =%
V2L 3T ==L, BRE fad24 mRNA & IEH 72 fad24 mRNA O )5 %385+ 5 7
TA~—&, XV 1T L 18127 ==V L, IEFZ fad24mRNA OAL %R+ 5774
~— DO FHEENWT, ~T KRB~ U AIBT D fad24 mRNA ORBL&Z R L7,

(1) FEBRAPRE R OVEBR 515
1-1 FEBRbTE
fad24 ~7 v /R~ 7 A
RNAiso Plus (TaKaRa)
ReverTra Ace -a- (Roche)

11



TagMan Universal PCR Master Mix (Applied Biosystems)

SYBR premix EX Taq II (Takara Bio)

sanairVh (FHATATAY)

2- 7R )= (FAFTATRAY)

TP —JEHI IV VEZH (7 =¥ —)

tail prep buffer : 0.1 M NaCl, 50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 1% SDS.
500 pg/ml Proteinase-K (PCR grade, Roche)

phenol/CIAA : phenol/chloroform/isoamylalchol (25 : 24 : 1)

1-2 FEB Tk
<> Total RNA »7i#l

A% 1 B~ T A% CO2 12 L0, Il 5 T2/ L C TriPure
THREVFA X LTz, Zuadbafiith, 2-7 8 — Lk, S5h7- RNA %
DEPC-d.d.w.IZ¥f# L7z,

< cDNA Ol
WERE )T ReverTra Ace -o- Z#HAWTC, LA FOFEMIZ L 0iTo7,

(RS HEAELRL
Total RNA (0.1 pg/ul) 10.00 pl
RNase free H20 2.60 ul
5 x RT buffer 4.00 pl
dNTP mixture 2.00 pl
Random primer 1.00 pl
RNase inhibitor 0.25 ul
ReverTra Ace 0.15 ul
20.00 pl
(RS2

30°C 10 min, 42°C 20 min

WA G R SEDIL, BVEThmin RA /L L7-%., Kk FICB L TEKB L, 5min UL L
&L T BRFHI AWz,

O = ADAS 7 5 DNA Ol
~ U AR DSR2 W J) TR 1 em BT L. tail prep buffer 300 ul 2L T,
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55°C T—MA > F=X—h L7, Z#% phenol/CIAA 300 ul T2 [FLEE L, 551
T REEY = ) XA IR L,

& PCRIC L DB OIE
2 T ADBGTRL M 2 ) XA LTI LV RE L, s = E—
(1-2) ICHEL 7~

=

& E& PCR

XV 20D 3 BEERE LT fad24 mRNA #EHEOMGHE ABI PRISM 7000
sequence detection system (Applied Biosystems) % i\ T, TagMan Universal PCR
Master Mix (Applied Biosystems) DOSICHE LT TiT o7, 77 A ~—72 b NI T r—
7%~ ~Z Applied Biosystems X WA L7z, 18S rRNA 725 NV > 17 v 5
18 #4FEH L LTz fad24 mRNA % H & DL, SYBR premix EX Taq IT (Takara Bio)
DEMIZHEL TIT 572, 18SrRNA O 7T A ~—1%, LIRNZHE Sz b o & [F CELS
Wz (24),

(TI7A~—BIO T —7)
fad24 (exon2-3) : MmO00457924 m1

fad24 (exon17-18): 5 primer (MAK143) 5-gcctgeatgteatgetaage-3’
3’ primer (MAK144) 5’-cctccagetcaggtagaaac-3’
18S rRNA : 5 primer (KOB3) 5-gtaacccgttgaaccccatt-3’
3’ primer (KOB4) 5-ccatccaatcggtagtageg-3’

(2) FEBRAER

A% 1B OB AR XN fad24 ~7 a KB~ U A0 B IFE, Mz L, fad24 mRNA
B RAMRFT LIz (n=4), TOFER. I MOmERIZ BT, =% Y 2005 3 A8k
TOHTIA~— 5 NG ELEZXY U 1T 00 18 BT 27 74 ~—ZHOIZHAD
WFIUZREW TS, AR~ T X AT R~ T AT fad24 mRNA OB &ICEITRD
nigm-iz (Fig. 6),
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Liver (fad24: exon2-3) Liver (fad24: exon17-18)

o

[&)]

T
T

—F

(fad24/18S rRNA)
N
(2]

o

relative mMRNA expression
(fad24/18S rRNA)
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Lung (fad24: exon2-3) Lung (fad24: exon17-18)
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o
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o
L
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+/+ +/- +/+ +/-

Fig. 6. The expression level of fad24 mRNA in fad24 heterozygous. The mRNA levels of
fad24 in liver (A, B) and lung (C, D) were determined using primers Mm00457924_m1
(A, C) or MAK143 and MAK144 (B, D). The expression level of each gene was normalized
with 18S rRNA expression. Bars indicate standard error (n = 4).

(1-4) fad24 =T KE~ T ADNL

(1) FEBRAPEE R OVEBR 515
1-1 SERAE
fad24 ~7 n K~ A #35F £ L O#53B Kk F2 ()
Tz I VIR (7 =)
tail prep buffer : 0.1 M NaCl, 50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 1% SDS,
500 pg/ml Proteinase-K (PCR grade, Roche)
phenol/CIAA : phenol/chloroform/isoamylalchol (25 : 24 : 1)

1-2 SR
O~ ZADA 7 L DNA OFf
B B8 (1-2) [THEL T,

& PCRIC K DI FROIRE
F-r H# (1-3) ITHEL T,

(2) FEBRiG R

Hm - (152 TELNE F1 RO fad24 ~T ok~ AR+ EE L, B
A THD 3 HEEICBN T, AN FOBGTRZRE Lz, 2 %/HF 102 PLiz oW
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PRI E LT R, BARB IO fad24 ~T a R~ 7 AT 1: 2 DR TEENTX
72M. fad24 RERB~ T ZIFEE LR D72 (Table 1),

Table 1. Genotypes of 3-weeks-old pups from fad24heterozygous intercrosses.

No. of mice with genotype

++ +/— —/-
male 18 28 0
female 16 40 0
total 34 68 0

R fad24 RIEIEVIET- T HRE AT — ORE)

B OB LV |, fad24 RERB~ 7 RIBEBILE TH D AlfEEN " Shiz, 27T
WIZ. fad24 FRERE~ T ABEAEYO EOERMETITET 200 LN E T 572012, fad24
AT ORE~ T AR L, B4E 13.5 Bl L 10V9.5 BEOIEIR 2R LT,

(1) FEBRAPEE R OVEBR 515
1-1 SERAE
fad24~7 K~ U A #35F 1 L O#53B Rk F2 i)
Tz I VIR (7 =)
tail prep buffer : 0.1 M NaCl, 50 mM Tris-HCI, pH 8.0, 10 mM EDTA, 1% SDS,
500 pg/ml Proteinase-K (PCR grade, Roche)
phenol/CIAA : phenol/chloroform/isoamylalchol (25 : 24 : 1)

1-2 EBR 1A
O = ADAS 7 5 DNA Ol
F—w - (1-2) ITHEL T,

O A 13.5 HERARIE D7 7 2 DNA O

fad24 ~7 0 KIEMENE~ U A% fad24 B~ DR &L —B AL T 4 7 L, REEDND
R 18.56 HHIZT T 5 g UL EOREHNDAHoTe~ T AZMR U7 &l L, S5
AWz, BIRORAZMEHIA Y I TK 3 mm YT L, tail prep buffer 200 ul Z 700
LT, 55 °C T—MiAf >»FaX—hL7, ThE7 =/ —/VICIAA 200 pl T 2 [IZLH
Lo, Bonlc BEZREKT64ARFICHIRNL Ty =/ # A TIEH LT,

15



O MR 9.5 BB YLD 7 7 2 DNA O Hd

fad24 ~7 a KEMENE~ T A% fad24 EE~ DAL —B AL T 4 7 L, KBRS
B 9.5 HBIZ)T T 3g L EDOREIINMAH o7~ A& L7 Sl L, EBRiC
Mz, BIRORAEHAY &y N TOW L, tail prep buffer 50 ul ¥ L T,
55 °C T—HaA »F=— kL7, ¥ H. Proteinase-K Z¥HEIML T2\ tail prep
buffer # X 512150 pl M2 TELKEA L, BRTH DA > FaX—F LT, Zhz
7 =/ —/VICIAA200 pl T 2 [ L 72, 135407 BIEZIRE /K T 64 fHICARL T
= ) EA S TITER L,

& PCRIC K LB FRIDORE
B B (1-3) ICHEL T,

(2) FEBRAER

fad24 RERE~ T ADBRAEYO EOBEMETHTET 20 B0 ET D720, fad24 ~7
mk@vﬁxmt%xML\%ﬁn&5H%k;0955%®%ﬁﬂ%#/A%ﬁ@Lto
feA: 13.5 AR R 27 VT, Ba4: 9.5 B# DR IR 29 TEOBIR TR 2P E LT, £ DI
1% fad24 R E KIEMIRIZW 72025 7= (Table 2),

U EOFERMNG | fad24 REXRBE~ U ZINRAE 9.5 BELARNZAET T2 Z LR broT,

Table 2. Genotypes of progeny aged E9.5 and E13.5 after birth from fad24 heterozygote
intercrosses were determined by PCR.

No. of mice with genotype

age
+/+ +/- -/-
E9.5 7 22 0
E135 8 19

BH fad24 REPYIAIRIEANT G- 2 D R OMENT

(3-1) ME4: 3.5 HICIT 5 fad24 7 E RIBLOFRHT

fad24 R~ 7 APRMEAER 9.5 HERLARTO EORHIAE T T 20 E2H O nET 572012
EIRFTOBME T D642 8.6 HEDOREZEEL L, ZDRELZBIET H L L bIC, 7/ A%
LGl s TR EZE LT,

(1) EBprebs L OvER 5k
1-1 FEBRATE

16



fad24 ~7 1 K~ 7 A #35F £ L U#53B R#io F2 (L)
BEMAte by (b

ENIL7/EN e N N = = € % /AU )

PBS (-) : 137 mM NaCl, 2.68 mM KCl, 8.10 mM NaH:PO4, 1.47 mM K:HPO4
blastocyst prep buffer : 0.05 % SDS, 0.035 N NaOH

phenol/CIAA : phenol/chloroform/isoamylalchol (25 : 24 : 1)

M2 511 (SIGMA)

Penicillin G potassium salt (SIGMA)

Streptomyecin sulfate salt (F1tffi)

1ml >V > (Terumo)

26G, 27 G 11:44#+ (Terumo)

Drummond Scientific Company Calibrated Pipet 100 pul (7 =3)
Tz —BEI IV IVBEZHA (7= —)

1-2 EBRTE
O MM~ 7 A DOHEINFE L 3 KL OWAZE 3.6 H RO R

JG/E 3.5 Alin ORRERIRE, 44 v B i L KPR PR = P Se R By B e 8 | o~
—IZ T o7,

9 WD fad24 ~7 v KIEMENE~ 7 212, PBS (1) T 50 IU/Mml ISR L7k rm b
v’ (pregnant mare serum gonadotropin, PMSG) 0.15 ml Z EFEN#ES- L=, 48
e, Z ot~ 212, PBS () T50IU/MmlICHHAR L 7= K he Yy (human
choriogonadotropin, hCG) 0.15 ml % JEENE G- L, fad24 ~7 v KEREE~ 7 A & [H
JEstl, FESEHEBLBRES HARL LT, KAES3S HATTE ZHfME L T M2
Eeih 0.2 ml THEEREZITV. B4 3.5 HIIRZ BRI L= (Fig. 7).

PMSG: W hCG; 50 IU
+/=

+/~ % ) +-2 :
mating Collecting preimplantal embryos
| \
\ \ il
-2.5 -0.5 3.5 [day]

Fig. 7 The method of collecting preimplantation embryos.
Fad24 heterozygous female mice were injected with 5 TU of PMSG and after 48 h with 5
IU of hCG and crossed with heterozygous male mice.

<O R4 3.5 BERIRD 7/ 2 DNA Ol
Blastocyst prep buffer 3 ul |2, ¥ 7 A/ XA Y — /L& HWTIRE —>3 2 AtL, 95°C,
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S5min A > F 2X—h L7z, ZOWREWFKTAEIIHRL, V= /) XA 7I0fE
L7,

& PCRIC L A& RO PIE
B B8 (1-3) ICHEL =,

(2) FEHRASE R

fad24 ~7 v REMEME~ 7 ZEPEINLER 21T J64E 3.6 A DI Z FERERIC L 0 £
U7z, 5507 0HIIR 48 H O I fad24 REREENFMEL TR, HEM : ~F 0
K REREOLFRITNL: 2:1 THo7- (Table ), ZDFERL Y, fad24 =T KR
IXERRTOPIIR DB CTIIAFIEL TWDH Z &b,

Wi, oM ERAEAT —U TR L, M4 3.5 BEiORIT@EE ., MoK ET
FAET 5 (25), BWARE LO~T a KERO KB PIMEIR CTH - 7=, —F, HEXRKER
FRERLY LENVAT =YD H0NR%L L, WEIOREBOMIIO L > 7)o 7z (Table
3), L7=i3~> T, fad24 T KBTS EIRD S RN~ L AT D AT — TRARE %
il Z IR REME DS RIS S Tz,

Table 3. Appearance of embryos from intercrosses of fad24 heterozygous littermates
recovered at E3.5.

+/+ +/- -I- total
8 cells 0 3 4
> 8 cells2 0 4 3 7
morula 2 8 5 15
blastocyst 8 14 0 22
total 10 27 11 48

The embryos were divided into four categories according to their appearance.
aembryos having more than 8 blastomeres.

(3-2) RAVZHREZ KV 1572 fad24 75 E RAEIROFFHT

~ U ZERN BIRZERICT D 5T, ARSI DMORT 2325 2 &
FEEL VN, £ 2T, RO MBI E TOMBAEDHK T ZBET 57201, fad24 ~T 1
KB~ T ZADKEAB L OIF 2 O TSR 24T 15 DIV ks & in vitro THiFE L
Too MIFZAEHR 2 HEE TR y 7RI TR L, 8l TRAESEZE, 96 well 7
L— FTE 61T 2 HEMERNIRGE L, BAEOHKT 2 BHE Tl LT,
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(1) EBMES JOFERGE
1-1 ZEBRAE
fad24 ~7 v K~ v A
AT ey (B3
BEA T R ha ey (b9 k)
PBS (-) : 137 mM NaCl. 2.68 mM KCl. 8.10 mM NaH2PO4, 1.47 mM K2HPO4
blastocyst prep buffer : 0.05 % SDS, 0.035 N NaOH
~JZMHTF (7 —2 Y Y —2Z)
~ 7 AH KSOM (7 —72 U ¥ —2R)
#3857 4% T4 A L (Sigma)
1ml >V > (Terumo)
26G, 27 G 11:4+#+ (Terumo)
Drummond Scientific Company Calibrated Pipet 100 pul (7 =3)
#5487 ¢+ v v = (BD FALCON)

1-2 FEBRAE

O MEME~ T 2 DI

8 R D fad24 ~7 v KMV~ 7 212, PBS () T 50 IU/ml (Z7H%L L 7= PMSG 0.15
ml & EIERNEE S L, 48 Bifilt:. Z ok~ v 22, PBS () T 50 IU/ml (23R L 7=
hCG 0.15 ml ZEFER#E G- L7z, hCG &G54, £ 13 ByfElitia Lzt~ 22050
EBIZHEH L (Fig. 8),

PMSG; 50 IU hCG; 50 IU

Ly % e

: < IVF preparation genotyping
| | \ J
\ \ \

|
\
61 -13 0 48 96 [h]

Fig. 8 The method of collecting oocytes.
Fad24 heterozygous female mice were injected with 5 IU of PMSG and after 48 h with
5 IU of hCG. The oocytes were collected about 13 h after hCG injection.

O RA RS (in vitro fertilization, IVF) 36 X OV kSN D kE#%

RO ZHE R L ORI O I1L, A R T SRR PR R e R Bhi LR 7 2
T H =TT T T,

HTF Hihid, AT 28RO KA 5 100 ul, @ REAEINAH 5 200 pl Z 558 M
T A Y2 T TRUNEES I ZERL L . I RT LA AV TE-T5%CO2 TRIfIS
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Wi, 72, KSOM HitiL, fEAT 2 6 ReERINK 30 ul OBUINGERGH 7 D& K548 7 1

vV 2 TERL, SR TAAA N THEST5 % CO2 THIFISHT-,

M~ 7 22 hCG &5 L 7oK 12 RefEf& I, 97 B Hls D fad24 ~7 v REREM~
U A G SEMERLFEIC K 0 ZRSE S, RERABI L 72, HTF 55N C, S L 72 %
1 BEREIRTESEE L7e, WIS, PRI A SRR L 72 EPE ~ w7 2 & SHHERL FIVAIC X 0 Z2380E &
. IR ABRE L 72, IVEREKEZ A A VN THEREHZ L v U & | FoORZREINE
HTF B HUCHEE L=, & ZIC AiREE L2k & 4 pl A TR L7 (87°C, 5% CO2),

1 6 BERE OBk . I % HTF 5515 KSOM s H#1ic® L. Ffl o/l 2148 > TIi &
Vet Uiz, RIEEDME UTooRER & . RZREIN & & Bl DRUNERHIC /31T, 37 °C, 5 %
CO:2 BREE N T 2 HMHRGEE Lz, ZHEINE, 5], BTRIZ 5 % CO2 THIF S H 78R
KSOM /N U, Bl o/ N 28 > THiE %, B3 LWOEEHIN TR 217 - 72,

N TH2HE 2 H1Z12, 8l E CTHA L7 & AT H 12 5 % CO2 CHIFN & 7= #rfif /e KSOM
I Clii7= L7296 well 7L — MZ—D2>FT OB L., 5|22 HMEEZIT-7-, B
L. MO ZBMEE T CRIZE LI, 20k, Mind s 2zfit L, Bla 2 0E
L7,

O W BDS ) A

T BRI I R T NVAANVDPIRAT DDE T, MEIRTNAVAA N THES
T 720 KSOM 85412 # L 7=, Blastocyst prep buffer 3 ul 12, ~ 7 A/32 Y —/L % H
WTIEZ —2F DA, 95°C, 5min A & Fa~— |k Liz, ZOWIREZIREKT 4512
L, Y=/ 24 TIEH LT,

& PCRIC X 2R FRDIRE
Fom Hf (1-3) ITHEL T,

(2) FEBRAER

Boniz 27 OO 5 5 20 (HiL, 2B L7232 BICITEERRE L3 B LI- k], &5
IZZ OB RITITR & e IiEIPE & NI &2 R o g ia~ L F4E L. IERICRELHT -
(Fig. 9A, a-d), 7%V 7 HOMRIT, FERE TIIMMOMRE KERIFBE LN, ZOH%RTZ
TAUT—varERI L, WERIZIZR S e0o7- (Fig. 9A, eh), #a A2 RE LT
FEF. fad24 75 RKIBRIIETHRRFEEN ORAERTF 2E 2 L, R 7iRiz—ob
2ol Z Lot (Fig. 9B), YLEORERI Y | fad24 1 IMWEIRRICHNATH D Z
EBRHBENERS T,
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apperance +/+ +/- -/- unknown2 total
blastocyst 7 13 0 0 20
abnormal morphology 1 0 5 1 7

agenotype could not be determined because of PCR failure.

Fig. 9. fad24 deficiency results in early embryonic lethality. (A) Pre-implantation
development of fad24 deficient embryos from the 8-cell to the blastocyst stage. Embryos
were obtained from heterozygous IVF at 2-days cultivation, and cultured in vitro for 2
more days. The number shows the day after IVF. (B) Genotypes of 27 morulae that
developed into blastocysts or exhibited abnormal morphology at day 4 after IVF were
determined by PCR.

FUET  fad24 RIEPEFEROMIEEIC G 2 5 52

PRI RAETETHCT 2B FHEY T ZADOPITIE, FEMOFR R TT TR %
ELTVWDHLORMESINTWD (26), fad24 [THIEEENE 2 EICHET R -THDH Z &
M| fad24 7T RBPWRITIE AR T HHIBIZRE N E L THWDLO TRV EE R BRI
7o £ 2T, fad24 RERBIEPE Z THAERFIZOWT IV FEMICH LN E T 572012,
DNA [ZfEAT 53k 4, 6-diamidino-2-phenylindole (DAPI) % W THREME YL@ L,
BAEBlE LT,

(1) FEBM B L OER 1L
1-1 EEAE
fad24 ~7 0 K~ T A
FEAtEe ey (b3 i)
BEHITT R ey (b7 i)
PBS (-) : 137 mM NaCl, 2.68 mM KCl, 8.10 mM NaHzPO4, 1.47 mM KzHPO4
blastocyst prep buffer : 0.05 % SDS, 0.035 N NaOH
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~U A HTF (7 —27 U Y —2R)

~ 7 A KSOM (7 —2 U ¥ —2R)

57 4 IR T LA AL (Sigma)

1ml >V > (Terumo)

26G, 27 G {E:5+#+ (Terumo)

Drummond Scientific Company Calibrated Pipet 100 ul (75 =3)
K#%7 «+ v = (BD FALCON)

4% paraformaldehyde (PFA) in PBS ()

0.2% Triton X-100 in PBS ()

4’, 6-diamidino-2-phenylindole (DAPI)

1-2 SEBR i
& MM~ 7 2 DiEHEINEE R
B B (3-2) [THEL T,

O ARSIV 36 XJ OS2 IEIN 0853
B B (3-2) ICHEUT, BONSREINE, KSOM #uNMEs T 3 H ks
BL, ZERETREIET,
O FEIRD DAPT Yeta
IVF 1%, ZFME THRAESEME PBS () T L. 4% PFAin PBS (1) T4°C,
20 4y REIE AL U=, [E7E L7ZIRIE 0.2% Triton X-100 in PBS (-) T, 10 43[E%
WAFE L 7-%% . 3[M¥EA L. 1 ug/mL DAPI in PBS () ¥&HEICoF TR, 10 4R
L7z, et L7 Rid, e a0 Biiss (LSM5 PASCAL, Carl Zeiss) % Fu CHlsR
L. AxioVision 4.8 (Carl Zeiss) Y 7 b =7 %M\ T3D T ar R =2 —3 g ALH
iTo72,

O Wb DA ) L
B H o (31 LT,

& PCRIC & BB FRIOWRIE
H—w HH (103) ICHELT,

(2) Bk R
ZEIREICBWT, BARRE fad24 REREBETIROTERIC K E 2B WTR S

- 7= (Fig. 10A, phase contrast), —J7. HREXKERIL, DAPI TYE IO NE A
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L bl LT 7o 72 (Fig. 10A, DAPD, #IRICHET 2O ZER LR, REX
HEIETIEE AR & i L CHBICEOEDR D 7n 2 EbhoT- (Fig. 10B), L7zio
T, fad24 7R RB\ZEFEWIT, SR BITIEF R ZFRO L5 1203, 2O R T TITR A4
T DMADER DI N E NS BREZR L TWD Z ERHLNE RS,

DAPI phase contrast DAPI phase contrast

5 p<0.01
S 14 1 r !
3 T
c 12 A
N J.
6 10 -
T 8 A T
o
€ 6 I
2 4
2
Yoo .
+/+ -/-

Fig. 10. Analysis of preimplantation embryos from fad24*- intercrosses. (A) Nuclear
staining with DAPI of in vitro-cultured embryos 3-days after IVF. The phase contrast
pictures and DAPI-stained pictures are shown in right- and left side in each panel,
respectively. (B) A series of z-plan images was stacked and analyzed by Axiovision (Carl
Zeiss) to quantify the number of nuclei in f2d24** and fad247- embryos. P-value was
determined by a t-test.
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BAE BB L OVNME

(1) &%

fad24 K~ 7 A FAWTfRITIC X 0 | fad24 € XKE~ v A 364 9.5 BELARNICARE
BIE L 70D T b fad24 - REMITFRERNCB O TEARK L O SO D72 < | in
vitro TH: 45 E MBI E TRATE TR ETHZ EEHLMNE Lz, BEOEN D Ian
ST ED | RERBFEMITE ARSI & LLig U T, AT 5 MiaEs D7 o
T2 EEZOND AL VAL N 22012 fad24 DEENZ SOV T Fig. 11 I F & O 7=,

fad24 fad24

& i
SR =) =) =) §g§
s#fiRa E- 10 i)

BEBEEDELETFEY
fad24a 8

e LR » =

L R 7

Fig. 11. Model of fad24 function during pre-implantation development.

SREINE, INENC XY 2 MEAE, 4L, 8 MR AR Lot BEACHEI S A L =
U CERER, HiV TR L 220 | BE OB L TEKT 2 (25), A4 3.5 HERICE
W, IR E THEAE LTV fad24 REXREWIE—2 b 7eh o7z (Table3), S 52, K
SN TR REIN % In vitro TH#E LT R, fad24 75 € REMIIZFE R BV T A
BRI D SN DN WS BEFEZ R L W E CRAETEFIL L (Figs. 9,
10), FFEIRD S IR T CTOFRAEFE TIX, embryonic stem (ES) #lfuz 4t & L7
SARTHIRAFITIE LD Z MBI TEY | fad2413% O X 5 7RI A ORI O
UZBI G LT 520 Livevy, —75 T RN W TSI D72 hr o T 2 & h
D\ fad24 135G D D FFEIRIT T TOMBIEETEIZES 5 L TW A ATREMER B 2 s, 5.
fad24 RIUZ X0 ED WD LD A FE L, fad24 BHERET D RAEAT— Vb
METDHENMETHD, £7o, ITITITREREBERO mRNA B8 LT 7 B RERE S
NTEY, ZHIING 8 MEHEE THEREL TWD Z ERmbNTWS (27, ABFZETH
W fad24 RERBIRCBWT Y, SRR E TORBERBRICB W CRERB KD fad24 8
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BN TWIZATREMER 0T BE R DD, REBHRD fad24 OIS A G5 2 e
fENTT 272012, ZRINCERMIN TV L RBIHIGEE T EM T O fad24 OIFERILE B
NTAOVENRDH D, BT, AL Tl in vitro CHRERBIROIAWELBLE L2729,
in vivo \IZEB W TREXRKBIENRAEZZ LT 5 B ATV ARATH D, fad24 HFEE
THREAT—UE LV SN E T 25720121, 51k, fad24 BT REEDE Z 3%
BEFRFICONT, v T AP LEIRLEBICOWTHRGTT 52 ENEETHD,

BAFFEE TIXZ N E TIT, fad24 5> DNA 8% U CHERHEE 2 (EIC A3 5 2 & 28
HnE LTS (20,22), 7. fad24 FE KBPZEERIIEOEN D iginot=Z Enh, il
JOEREIC BE 2L LTz & EZbiLS (Fig. 10), FIHIIEAEIZIU T, DNA Lol
ITFEFICEETH D, =& 21X, DNA ER OB & MFFICH 57 % minichromosome
maintenance 10 (Mcm10) % KB U7 RIL, ST O IMEIICBAETETHLTT 5 (26),
L7edo T, fad24 (TSR IV T, DNA EROFIE 2/ U CRiIasgsEic &
L35 HENH 5,

fRE Noc3p 13, DNA E#IZIN % T rRNA AGRKIC H EEREEIZ2#H - T\ 5D Z &3
HNTWDH7®D (19), fad24 H rYRNA AERICHEG L TW D EReMER & 5, PR A
BT, rRNAAGKBMEATHD Z EBRHMHILTWS, 72 & 212, RNApolymerase 1-
2 (Rpol-2) KT 5L, HEMNPOMBIIA~FEAET L ENTE 2D ERHES
NTND (28), LinL7ens, fad24 73 rfRNA AARICEHS L TWAINED, RIERHT
&Y, rRNA EGRRICET D fad24 DEENZ SOV T HE BB NETH 5,

FAD24 i HBO1 % DNA #HBAMHAICY 70— 425 Z L2k Y DNA R Z
THZERDIP-TND (20), LU, hbol K~ 7 AIMA 105 B E THRAET D Z
ERMEINTEY (29), FAD24 [IHIHIIRFEAIC W C HBO1 FEIKAFRIICHERES 2 Al HE
WRdH D, v~ ADPBREBRIT 2 HIETIE, —EO~ T ZANBE LN DROE N DIz
D, 8O RNARK U BERT 52 L IIREECTH D, LV EFITIINELND D
TIVEOEY Z AV T, PIIIREABRICBT S ad24 OFEERFIL TV Z LN EE
Llbnd, o, YIHIIRRABRRIZE T fad24 DEET D0 T A=A LEH LN E
T DD, fad24 KEEZEICOHIRE AN T~ A 7 a7 LA TS 21T\, fad24 K48
WL 5 2 AR THECOWT BIEIT 21T 5 LR B 5,

(2) /INME

1. =XV U610 9D A KRB LT fad24 ~T 2 KIA~ 7 A& BT L=,
2. fad24 FERE~T RAIREBIFTH ST,

3. JBA 3.5 HEIZH W T, Ml DIRAED fad24 F REMITI2 -T2,
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4. InvitroBEERICB W T, fad24 AT /REIRITIE T RIEIICRETEX o T,

5. fad24 FRERIBFZFEMITE AT L g U TEEOEN Do 7,
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BB fad24 DVERRFHFEICI VTR D BERE O EHT

#—fi  ~t# cardiotoxin (CTX) = Xk % fad24, hbol DIsHIAL,

FHEMIEAERICENCEKR TS | EHEBE TEOW M EE T 2L A LT
% (30,31), FHFFAEIZIBWTIE, M FMIAOMIECH b EE TH 5, fad24 (ZNEIHIl
LRI SE 2 IEICHIEH LTV D 2 &b, B AW T b MR/ ki
BAH L TCWD AN B 2 bive, £2 T, BMICBIT 5 fad24 OFEFNEWH LN ETD
72O, HFEICER LIRS E1T -7,

BN AT T VI, ~ B3 cardiotoxin (CTX) 2MA< WS TWS (32,33), v
AEHHIC CTX &% 535 &, HfilasBE s s & &b, MMy 774 N
R TEPEIL L. 8 LD~ & b L Tk Z 435, £7°. CTX # 512X D fad24
B L hbol DIEBIEA A Rt LTz,

(1) FEBRAPEE R OVEBR 515
1-1 FEBRpE

C57BL/6J ~ 7 2 (8 Wl DHEIE~ 7 A SLC)
VT (ST RLER)
cardiotoxin from Naja mossambica mossambica (Sigma)
Tissue-Tek OCT compound (7 7 7 7 A T v 7 V¥ /3)
~v hX U URIR
T AT R
PBS (1) : 137 mM NaCl, 2.68 mM KCl1, 8.10 mM NaH:POs, 1.47 mM KzHPO4
4% NTHRVLET AT E R (FHTATAY)
TriPure (Roche)
ReverTra Ace -o- (Roche)
TagMan Universal PCR Master Mix (Applied Biosystems)
rauaRnvh (FHTATAY)
2- 7)) = (FHTATARY)
1ml ¥V > (Terumo)
27 G 451t (Terumo)
Cryostat (LEICA)
v7ra—h A7 4 FHZ7 A2 (MATSUNAMI)
H1/3—77 7 A (MATSUNAMI)
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1-2 FEBRAE
<> cardiotoxin (CTX) iNTESHC L 2 i (55 F25k

Bp A< 202, JEEK T 6.4 mg/ml IZAR L= Y & X F % 60mglkg &7 5
£ O CIEENEE S L. 2B e Uiz, BREET . BIASE SIS 20 uM @ CTX 50 ul %
AR Lz, %, o7 ) o 7S THREBARE FTRE LT,

O FEEEGRE Y O/ & g2

CTX &5 Lz~ U AZSHMEM FEIC L0 2R 8, Al E A/t L7z, OCT
compound DHUZHIISEGZ B L, N7 47 A A THHE L7z, MiftiEIck L CEREC
725 X9, JBEHE 20 um |[ZFEE L7z Cryostat THEARZELI L, ~~v hF U > - oA
VYt LC BIO ZERO (KEYENCE) THIZ L7=,

[~~~ XU =AU Yufa]

ATA RHZ R DT EYY R %2 4 % 3T 8L A7 07 e K (PFA) CTHEEL,
g < FRARKVE L7215, ~~ R U UIRIRICHI 5 43 o Tt Lz, WikkEE#, =4
U UTRIRICEE S D T L, 70, 80, 90, 100% T & J — LIZNEIZ S THiK L7z, Bt
K, ¥ LU THBMLTEALL,

<> Total RNA »7i#l

CTX # 5 Lic~ U A ZGHMERLFIEIZ L 0 2B s, RifEfh &Mt LT TriPure
THREVFA A LT, Zaad/Lafil, 2-7 a3 — ikt 15572 RNA %
DEPC-d.d.w.IZ¥f#E L7z,

< ¢cDNA D
YRGS lE ReverTra Ace -o- W T, L TFOEBIC LI DITo7%,

(BORSHEALRL
Total RNA (0.25 pg/ul) 4.00 pl
RNase free H20 8.60 ul
5 x RT buffer 4.00 ul
dNTP mixture 2.00 pl
Random primer 1.00 ul
RNase inhibitor 0.25 ul
ReverTra Ace 0.15 ul

20.00 pl
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(RSS)
30°C 10 min., 42°C 20 min., 99°C 5 min, 4°C 5 min

& E& PCR

ABI PRISM 7000 sequence detection system (Applied Biosystems) % f\ T,
TagMan Universal PCR Master Mix (Applied Biosystems) DA HEL CTITo 72,
fad24, hbol, myoD 3 L " 188 rfRNA O& 774 ~—7 bRy n—7+% v ik
Applied Biosystems L Y A L7=,

(I ~—BLOTr—7)

fad24: Mm00457924_ m1

hbol: Mm00624391_m1

myoD : Mm00440387_m1

18SrRNA D7 I 4 ~v—B L7 r—7DkE > | 4308329

(2) FEBRAER

A C5TBLI6I ~ 7 ADEASAHIC CTX b L, 514 1, 3,7, 14 A H OFfEHASL)
R AERT % & & bic, #5105, 1, 3,7, 14 HEIZ total RNA ZFIL L7-, £, fE
L7z B A2 BaisE T oilgE Lz (Fig. 12A), ZORER, L ETIZEINTNDH LB,
CTX #5- 1 HE O Tl AARHEDSIEE Jdu, BRHERIC R E RN AE U TV A ET23
BlEshic, 7o, #51% 3 B H OMMCIX, KIEMEMIL & & 2 5D EEGMIE A Fk 2R
IZR.bNTz, &E5% T H B OMRKICIW T, BEE SN MsEd fRE ST, BEasdikic
B BNDH LS REN A U TV A Z MBI SN, &61C, CTX #54% 14 H
BIZiE, A5 il L, ISR Tl 0 ITEE L CO AR S e, Ik
W2, BilAE~Y——Thd myoD ODFELEL U 7 /VH A A PCR THiTL7fER, CTX #
5.0.5 Hi%3B LTV 3 HZIZBW T, myoD OFEBA LH- LTz (Fig. 12B), Zh b DfER
X0, BERLUIZEBHICBNT, CTX EH5IC X 2 OMIER LOHAENEZ > THD
EEBEZONT, T TRIT, ZOERMICET D fad24 72 5N hbol DFEBIZEALE U T L4
A . PCR THiat L7z, Fig. 12C BX 12D IR”T LBV | fad24, hbol & 12 CTX &5
#% 0.5~1 HIZ/F THRED EH L T\,

29



@)

myoD fad24 hbol

12

14

relative mRNA expression g
(hbo1/18S rRNA)
(2]

c c
o o
? = B =
0 < 0
g2 sz
e 5k
<4 <@
2‘0_0'2.5 zﬁ7
r3 3
Eg E%
2E s
2 g
[

o
o

3 7 14 dayS T o0 05 1

<)
o
2
i
w
~
[N
i
g

<

0 05 1 3 7 14 day

Fig. 12. Expression of fad24 and hbol is transiently induced in skeletal muscle
regeneration in response to CTX injury. (A) Histological analysis of the TA muscles in
skeletal muscle regeneration in response to CTX injury. Cryosections of the TA muscles
at indicated days after CTX injections were stained with H&E. Bars = 100 pm. (B-D)
The mRNA levels of myoD (B), fad24(C), and hbol (D) were determined during skeletal
muscle regeneration in response to CTX injury. The expression level of each gene was
normalized with 18S rRNA expression. Bars indicate standard error (n = 3).

% f0 fad24 H C2C12 MO /I 5 2 5 B O fifhT

A FAREIIE, FRRE I Ch 2T 74 MRS RE S FHFLE LTS (34), MAkIC
BWTCE, V7 74 MEIITIEE B0 21T D e ik U 7RRE CRBMERTICARE L
TWDHN, EEZEMT 2 EIEHE L GllREEIc B U — L, 3, ficik, b %
BRCH LWIRAE 2T 5, MiAAEBRICBIT S fad24 OBEZHLNET 520, %
T U AT T A Ml ESROMAILT M C2C12 &2 W T, fad24 FBHIA 531t
W52 DBt LT,

(1) FEBRAPEE R OVEBR 515
1-1 SEBAE
C2C12 Ok A AMEAREE)
H Ny aZiifA — 2L MEM 85 (DMEM) (= > 2 A)
a-MEM (gibco)
Fetal bovine serum (FBS) (Biowest)
Nucleofector solution kit V (Lonza)
fad24 short hairpin (sh) RNA %5177 2 I K (Y70 THEELYS)
Scramble shRNA #B1~7'7 2 I K CYMFIE=E THELEF)
pmaxGFP (Amaxa)
TriPure (Roche)
ReverTra Ace -a- (Roche)
TagMan Universal PCR Master Mix (Applied Biosystems)
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SYBR premix EX Taq II (Takara Bio)
suanaiRVih (FhT7A4TAY)
27— (FHITATAY)

HARK: 1 : DMEM, 10% FBS
SHEIEEREM - a-MEM, 1% FBS

1-2 SEBR 5
& C2C12 fpa D Rs%
FEAREE M Z VT, 5% COs, 37 °C IZBWTHEE LT-,

O FTAI RO
RS 2727y a v icniE79 %3 Fid. QIAGEN Plasmid Midi kit
(QIAGEN) % IV CHH L7-,

O RNTUAT Y v arBLONLHE

C2C12 Mg ~Di&E {5 1E AL, Nucleofector™ (Lonza) % H\W\Cir>7z, A—H—
X, 2ug PDFIFTAIFEEATL S ha— L2 #IELTWD, YHFEEREICHBWNT
C2C12 i L FARIC h T v A7 = 7 3 g » OB ALRMEV~ 7 2 3T3-L1 &
AT D56, ug @ HAT L EHRD EFTOHMEREFTND, S HIZ, C2C12 #Hifla
IZ GAPDH shRNA ¥ 77 A F% 2,5, 9ug AL, F T A7 =7 g O&Mt:
R EIToT2 e 2 A, BAT T AI RE 9 ug OFRMFTHR S @O REILINHIZ R 2 /R 35E
RE2HTW5, £2C, pmaxGFP (Amaxa) # 2 ug £721X9 pg AL, 77 AI K
NEAN STz GFP OH0 TRl L7z, ZOFER, 9ug @ pmaxGFP ZiE A L
7oA TR, MR C GFP OFEBLEIZENRH D S DD, 70-80% DAl TH LN BIZE S
ni- (Fig.13A), —J7. 2ug ® pmaxGFP %3 A L 7=l I3k 40% DL CH 6 A
#BlEany (Fig. 13B), 2N OOfERE S L2, 77 A FE&E 9ug AT DKM TLL
TORIF AT =7 ar&iTolz,

C2C12 M 2 EY L, 1x10°E O L- shRNA FE 7 2 I R % 9 ug, Nucleofector
Solution V (Lonza) % 100 uL iz 72, A ¥ =Xy MIH > 7 L% L Nucleofector
Z T program : B-32 D&M TEK /NN AEZNT 2%, HMilld%d 35 mm dish
(BECTON DICKINSON) (= 3.3 x 10° cells/dish (2725 X 5 IC#ERE L 72, £ 90%
confluent |ZZEF % £ THiEE L, PBS () T L CobifEis o iz 2 2 L7z,
1 BB XL Ess i ot &2 252 U=, b S E7-Mlaix, BisE (Biozero,
KEYENCE) TH#i% L7,
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Fig. 13. The expression of GFP in C2C12 cells after nucleofection. C2C12 cells were

transfected with 9 pg (A) or 2 pg (B) of pmaxGFP and incubated for 48 h.
Untransfected cells were used as negative controls (C). Bars = 100 pum.

< Total RNA il

C2C12 #ifEiZ TriPure 500 pL Z 12 THETF A XL, total RNA &I L7z,
RNA OFRIGE, How H-flcE L,

& ¢cDNA DF#HL

Sfs — S

FoE B-HICHEUT
& ER PCR
ABI PRISM 7300 sequence detection system (Applied Biosystems) % f\ 7=,

fad24 72 HTNT 18S rRNA OffFHE, 8 8 H—HiIIH¥E U7, myogenin ORRFHI,

SYBR premix EX Taq II (Takara Bio) OFIZHEL TITo7e, 774 ~—IiE, LAAIIC
WSS b o L F CESN A vz (85),

(T4 ~—)
myogenin : 5 primer (NAT118)
3’ primer (NAT119)

5’-gcaatgcactggagttcg-3’
5’-acgatggacgtaagggagtg-3’

(2) FEBRiG R

shfad24 FEH 77 A3 R&EE A L7- C2C12 filla % ffia~& b &w7-, =2 hr—
L L., fad49 OEMECY Z T o & LTI % 2 72 scramble sh RNA EEL 7 Z 23 K& &
AN L7z Wiz, shfad24 3877 A3 ROBAIC LY | fad24 DFRBEPE BT S

iz (Fig. 14A), ZOKMET, /0biFE 6 H BIZBW T, fad24 BBt L 22> ha—

VR T, B M O TR B e 2 R IT R b e o7z (Fig. 14B), £7-. /31kiFE 2.5
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HEBXO6 HEIZBWT, fisgib~—0—"To& % myogenin ODFREZ R L7-23. fad24
FHIHNC L BT R b0~ 72 (Fig. 140), LA EOFER LV | fad2413 C2C12 OfF
S B LW Z E DR ENT-,

A B fad24 KD control
5 fad24 T e s TINENT N
B _ 8 .
¢g *
g
[)]
E
2 E o - i 20 g 2
gv fad24 KD control s vaate c G GRANL T V) R
(scale bar = 100 um)
C myogenin

=
[N}

Ofad24 KD
Econtrol

.

Fig. 14. Knockdown of fad24 does not affect myogenic differentiation of C2C12 cells. (A)
Knockdown efficiency of fad24 in C2C12 myotubes. C2C12 cells were transfected with
shRNA expression plasmid for f2ad24in growth medium. Scramble shRNA was used as a
control. At 24-h post-transfection, the medium was replaced with differentiation medium
and cultured for 6 days. The expression level of fad24 was determined and normalized
with 18S rRNA expression. Bars indicated standard deviation (n = 3, *p < 0.01). (B)
Phase-contrast images of C2C12 cells cultured with differentiation medium for 6 days.
Bars = 100 um. (C) Effect of f2d24 depletion on myogenin mRNA expression at 2.5 and 6
days after the induction of myogenic differentiation. The expression level of myogenin
was normalized with 18S rRNA expression. Bars indicated standard deviation (n = 3).

relative mRNA expression
(myogenin/18STRNA)
° S

6 day

BE fad24 7Y C2C12 MfE O BEgEE F/FEREIC 5 2 A B O MENT

(3-1) I IEHREIC & 2 B FBHIC fad24 3 BLBHI G- 2 5 F B O fEMT

BRRDAES NS &, T T4 Ml 2 BRELINICIEMAL L7-1%, 55E% 2-5 HH
T TR L, 20%, MiEMia~E b7 52 EnmohTng (30, 31), CTX 5
\Z &% fad24 ORBL LR P EG% 12 KM EWIBO TR TH-72 2 b, 774 F
AR OTEMEALIZAE B LIeat 21T o 72,

Frik L7207 7 4 MROIEM L & NIHEIZ I 1 5 fad24 DEE|ZBRGETT 572912,
C2C12 HfE % MG HERIREE IS U CHIH 23 (E S, ik L7V 74 MRSV RRBIC
L7c. 20 C2C12 MIROHFERBICIIT D fad24 DEENZ DV TGS L 72,

(1) FEBRB BRI OVEBR 515
1-1 SEBAE
C2C12 (K H AR{EA RIS
BNy adiifA — 27 0 MEM it (DMEM) (= > % 1)
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FBS (Biowest)

Nucleofector solution kit V (Lonza)

fad24 sShRNA J8L7 7 2 I R (MIF5EE THEEE)
Scramble shRNA #8177 2 I K (CYHF7EE CTHEZE )
TriPure (Roche)

ReverTra Ace -o- (Roche)

TagqMan Universal PCR Master Mix (Applied Biosystems)
suanaiRVih (FhT7A4T A7)

27— (FHITATAY)

FEARERH - DMEM, 10% FBS
I 555 . DMEM

1-2 SEBR 5
& C2C12 fpa D Rs%
- B i} i e

OFTTAI ROFRHE
R HEICHEL T,

& MIEHLER/AIL C2C12 #fE)> 5 RNA AU

C2C12 #ila %, 2 x 10° cells/dish (2722 X 9126 em 7 o v > = |THERE L, H A
O HEMIERTHICE 2 224 L C 3 ARG Lo, Ml A 451k L7z 2 & 2 BAmsR
T CHERR L7, BE A FEARRE I A2 U C iy filig L 7, & R4 C TriPure 500 pl
Z NNz, total RNA % [alIL L 7=,

O NI URART =7 v a B X OUIE AR

C2C12 g ~D 5 -8 AiX, Nucleofector™ (Lonza) %\ TiT-7-, fMifuz (A
0L, 1x10° fAOMALIC shRNA #7523 F%& 9 pg, Nucleofector Solution V
(Lonza) % 100 pL Nz 7=, BEAF 2y MIH 7 L& L, Nucleofector & Fu T
program : B-32 D&M TERX/SIVAENT 2%, Mzt 35 mm dish (BECTON
DICKINSON) (Z 9.0 x 10" cells/dish (2725 L 9 [Z##E L7z, 8 H H & BEMLIE H HhiC
Bet 2 ZcHa U, 3 HIMERER Uiz, MRS A 2458 1k U7e 2 & 2 BA0SEE N sl L7214,
B A BRI 22 U Tl L7z,

MM yE RS T 3 H RS Lol 5. TriPure 500 puL % AT total RNA % [a]IY
L. fad24 FEEMHIN R A w8 LT,
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< RS FHA
35 mm T 4 v 2 |THEE LTI A 0.25% Tripsin 2 AW RN L, MmEREHEiR %
FCTHfas &2 F L7,

< Total RNA iy
B R OE KL,

& ¢cDNA D
B BT,

(2) FEBRAER

myoD X, %7 7 A Mla<e C2C12 23 FF IRAED BT D FRIZHBN EH-35 Z &3
HNTEL, EEfb~—h—L LTHWLATWS (30,31,36), €2 TET, MmiFHIKIC
X% myoD OFBEAE Y T4 A 5 PCR THRf Lz, TOMER, MiEf% 3 Mikic
myoD DN EFHF 52 L b -o7z (Fig. 15A),

WIT, fad24 72 5N hbol OFEBELAMFT LIz & A, WiRF & b mIFREIC L v 5
BA EH LTz (Figs. 16B, ), L7223 »> T, fad24, hbol b i FAEIC BT S 2o
B2 o T D ATREMED VRIB STz,

B
A myoD fad24 c hbol

[N
N

N
o
®

(2]
(fad24/18S rRNA)
©
(hbo1/18S rRNA)
D

o

relative mRNA expression
(myoD/18S rRNA)
o

relative mRNA expression
relative mMRNA expression

o

0 3 6 12 h 0 3 6 12 h 0 3 6 12 h
post serum stimulation post serum stimulation post serum stimulation

Fig. 15. The expression of myoD, fad24 and hbol is induced in in serum-activated C2C12.
(A—C) Expression levels of myoD (A), fad24 (B), and hbol (C) after serum stimulation
were determined. The expression level of each gene was normalized with 18S rRNA
expression. Bars indicate standard deviation (n = 3).

2T, MR X 2 HE B fad24 OFFIFIN G- 2 588 MG L=, shfad24
HET T AI ROEANZLY ., fad24 OFBPAEICIH &7z (Fig. 16A), Z ORI M
THERPE 2TV, SRR IS T Dz e Lc, = o b e —/Lllia Tl 96 FefE % 12
HEANKT 27 F2ICHIIN L TR0 . IEHISHIAHEAER LT\ 5 & &2 5h7- (Fig. 16B),
—J7, fad24 EBIAMHIFEIE T, yE R 48, 72, 96 FEIZHBWT, 2 b —/Lffifa L
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e U CHEICHIIAOIINALE Sh Tz, Ko T, fad24 2384 2 & gl
WX DHTERBNIESND ZENbhoT,

>
w

s 14

2 fad24 %

a~12 2

o< * k]

] o —— fad24 KD

S o ,
XX o

2 » I ; -+ - control

Zz %06 g

E3 E .

° > *k
ze = Lo
T o] -

° 0 fad24 KD control 00 T T T
= 24 48 72 96 h

post serum stimulation

Fig. 16. Knockdown of fad24inhibits proliferation of C2C12 cells after serum-stimulation.
(A) Knockdown efficiency of fad24 in C2C12 myoblasts. C2C12 cells were transfected
with shRNA expression plasmid for 2d24in growth medium. Scramble shRNA was used
as a control. At 24-h post-transfection, cells were cultured in serum-free medium for 72
h. The expression level of fad24 was determined and normalized with 18S rRNA
expression. Bars indicated standard deviation (n = 3, *p < 0.01). (B) Effect of fad24
depletion on the proliferation of C2C12 cells. The number of cells was counted at
indicated times after serum-stimulation. The asterisks indicate significant differences
when compared with the values for control cells (**p < 0.01, *p < 0.05).

(3-2) IMIERNKIC L 2 fHaE i AIC fad24 BB 5 2 5 B O AT
MR X D BRI fad24 FEBMEI N5 2 22 8BIZo0 T, L VFEMICH LN E
T 5780, MIERNE% O E B FEEA IO T 7 a—H A N A " —iEIZ X0 T LT,

(1) FEBRAPEE R OVEBR 515
1-1 SERAE
C2C12 Ok A AMEAREE)
SNy aZBifiA — 270 MEM £:4# (DMEM) (=~ A1)
FBS (Biowest)
Nucleofector solution kit V (Lonza)
fad24 shRNA 8177 2 I K (H#FFEE THESLH)
Scramble shRNA #B1~7'7 2 I K CYMFIE=E THELEF)
PBS () : 137 mM NaCl, 2.68 mM KCl, 8.10 mM NaH:PO4, 1.47 mM KsHPO4
1% bovine serum albumin (BSA) in PBS (-)
Propidium iodide (PI) (Sigma)
100 um &/ A k L—7F— (Corning)
TriPure (Roche)
ReverTra Ace -a- (Roche)
TagMan Universal PCR Master Mix (Applied Biosystems)
rauaRnvh (FHTATAY)
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-7 ) —)v (FHIATAY)

FEARERH - DMEM, 10% FBS
555 . DMEM

1-2 SEBR 5
OC2C12 M D Ke#%
BOE OB COHICHEL T,

OFF A RO
R H I,

ONTFURT 27 a vk X OMIEALER/HY
B B (3-1) [THEL T,

O Ta—HA b AN Y —fEYT

iz mEuL L, PBS () Tk, @ 70%T ¥ / —/LC-20°C, 4 W], [EEQLE L
72o PBS (1) T{#E%. 1% BSAin PBS () (28 L. 200 pg/mL 12725 X 5 RNase
A NNz T 37°C, 30 MG &7, ZO#IEE 100 uL @ PI (10 ug/mL) (29 L
TYf L, 100 pm BV A R L—F—[Zi# L7-t%. BD FACSVerse (Becton Dickinson)
T DNA & &Z2HE LT,

< Total RNA mt
oW H-HICHELC T,

< ¢cDNA o7l
R F I,

O EH PCR
B oE OEHICHELT,

(2) KBS R

oy o —/Llila TR, EERSH TR T L 2 LIk Y 90% L, EoMiEss GO/GL
~EBIT L (Figs. 17A,B,0h), Z OHIEZ MG CHRITET 2 &, 16 Bk S ], 20 K
%I G2/M Mo, EFICHIREA~HEAL T\ Z &R SN, —
7. fad24FBNHIRIAIL, MIERAEIZ L 5 S W, G2/IM Hl~DBATHE L KT LTz
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(Figs. 17A, B, 16,20 h), S WIZAF/ET Motz & LI R, fad24 BLNHIAIE CIE,
MG 16 FFEZIC S M ET 2 Maksy = o b e —/Lfifla & ik L CREIZD e
ZEnbhol (Fig. 17C), PLEORER LY | fad24 2Bl 5 5 & Mgz L 5 S
HEEARIH SND ZEDRHLNE /T,

A post serum stimulation
GM 0 16 20 24 [h]

control fad24 KD

w
@]

S
100 50
c c - Dfad24 KD *
S 80 540 P=006
T 0G2/M % H control
= 60 5304
53 os g
2 40 2501
3 HGO/G1 3
O 20 O 10
X X
0 0 C
KD ctrl KD ctrl KD ctrl KD ctrl GM 0 16 h
0 16 20 24 h post serum stimulation

post serum stimulation

Fig. 17. Knockdown of fad24inhibits serum-induced S phase entry. (A—C) Effect of fad24
depletion on S phase entry in C2C12 myoblasts. C2C12 cells transfected with shRNA
expression plasmids were arrested in GO phase by serum deprivation for 72 h and were
then stimulated by incubation in DMEM containing 10% FBS. These cells were
harvested at each point, and analyzed by flow cytometry after PI staining. GM
represents the cells cultured in growth medium before serum deprivation.
Representative histograms depicting cell cycle profiles (A), quantifications of the
histograms (B), and the population of cells in the S phase (C) are shown. Bars indicate
standard deviation (n = 3, *p < 0.01).

SEVUER B HEPE LI R - p27Kiel OFEBUT fad24 FHBINHEI G- 2 5 R E

ATETOMRGHER LV | fad24 ZHBIHISMIERIZ LD S I EAZIREST L2 0D
Mmolz, & ZTRIT, fad24 PEEBRICHF ST A0 T A=A LERHLNETH72HIT
C2C12 OHEHEBICEE L myoD 7% & ONZ p27Kivl DR HIZ fad24 FEMEI N G-z 5 5
ZRRET LT,

v

(1) FEBRBAEL R OVF2BR 515
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1-1 ZEBRAE
C2C12 (K H AR{EACHUHE)
Ny aZEiliA — 270 MEM £:4# (DMEM) (= > 2 1)
FBS (Biowest)
Nucleofector solution kit V (Lonza)
fad24 sShRNA J8L7 7 2 I R (M58 E THEEE)
Scramble shRNA #8177 2 I K (CYHF7EE THEZE )
TriPure (Roche)
ReverTra Ace -o- (Roche)
TagMan Universal PCR Master Mix (Applied Biosystems)
rmuRnh (FHIAT A7)
27— (FHITATAY)
RIPA buffer: 50 mM Tris-HC1 (pH 7.5), 1% Nonidet P-40, 0.1% SDS, 0.5%
deoxycholate, 150 mM NaCl
transfer buffer: 25 mM Tris, 192 mM glycine, 20% methanol
TTBS: 150 mM NaCl, 20 mM Tris-HCI (pH8.0), 0.1% Tween20
skim milk powder (wako)
Amersharm™ ECL™ Western Blotting Detection Reagents (GE Healthcare)

HAEG M - DMEM, 10% FBS
555 . DMEM
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< Total RNA iy
B R OE UL,

& ¢cDNA D
B B EICHECT,

& I IE AR C2C12 Mo cell lysate L

PBS () i L Ci#la £ A0 L. RIPA buffer 20 uL (288 L C on ice, 20 47R#E
B L7z, Z? lysate % 4°C, 15,000 rpm, 30 5y [l 70 EfE L. 1% % Western Blotting
FRMTIZ N,

<> Western Blotting %

L8O cell lysate (3 pg 1Y) % sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (13% gel) (2 X ¥ 43 Bff L. polyvinylidene difluoride
(PVDPF) f&lZ., transfer buffer 97 C onice, 100V, 2 Fr#s 5 L7-, 85 EIL, 3% skim
milk in TTBS #1C=iR, 1M ~7 e vx2 7 L, TTBS T5 4. 3 [RIBEHE L7k,
—RPUR & 4°C TR S H 72, WIZ, TTBS T 5 40, 3 mIgeid Liztk, —kPuk
LT 2 RIS &7z, B85 EE% TTBS T 5 43, 3 [ L. enhanced
chemiluminescence (ECL) system (GE Healthcare) Zf\WWCHMD N RaRt L
7=

—¥RPUA : mouse anti mouse p27Kirl monoclonal antibody (610241, BD Transduction
Laboratories)

3% skim milk in TTBS C 5,000 AR L C{#E A

mouse anti rabbit GAPDH monoclonal antibody (ACR001PS, Acris)
3% skim milk in TTBS “C 2,000 {5 A7 L i

TP : sheep ECL anti mouse IgG, horseradish peroxidase-linked species specific
whole antibody (Amersham Bioscience)
TTBS T 10,000 {2 AR L Tl

(2) FEBRis R
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myoD %, 7 7 A4 MIROIEMEALIZ & > THELD EH- L, MiaE 8 mEAZEET 2 2
ERHBNTWD (36), £ ZCTET, MIFRIMIC LD myoD DFEBLEFIT fad24 FEHLHNH

WL 52 DB OWTIRA 2T o 7c, TOFER, fad24 Z%BMHI L TH ., fmigEH
Wz XD myoD DFBUEE IR N0 Z ERbhho7z (Fig. 18A),

WA, MRS S PEAEHIR T % p2TKel (235 B L7z, p27Kiel (I, a8 8 o7 %2
23 % cyclin/cyclin-dependent kinase (CDK) # & A DHE A L E % cyclin/CDK
inhibitor (CKI) ®»—>T®H v, L TH D GO D GL HI~DBATE R IIIZFHE L T
W5 (37,38), Fig. 18BIZ/RT X 912, fad24 #BLH L CH ., p27Kiel mRNA OFHLIC

ﬁgii%%ﬂ%ffiﬁﬂo Too —77 . fad24 FEBEACTIL, =2 b e —/Ufiifa & bl L

TEHLERIRRE 72 & QNI 5 K 8 WefEI 1% 0 p2TKivt D X L R 7 E L~ UL PNFEICEN T &
NHSMME 7257 (Fig. 18C), L7=m - T, fad24 FHEMHIFINIL, p27Kel DR L ~L
WENTE L TENZ IR SHFEANREESN TS B2 biLk,

>

myoD p27kirl

a fad24 KD
L control

post serum stlmulaﬂon

(<))

(N
N

[ p=0264

o]
n

relative mMRNA expression
(p274P1/18S rRNA)
D
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w

o
o

relative mMRNA expression
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C p27Kip1
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# Ofad24 KD
: o
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w

[N]
!

[
!

(p274PLYGAPDH)

P - o= a-p27Kirt
L

— """ 0-GAPDH

o

relative protein expression

post serum stimulation

Fig. 18. Knockdown of fad24 elevates the protein levels of p27Kirl (A) Effect of fad24
depletion on myoD mRNA expression. C2C12 cells were transfected with shRNA
expression plasmid for fad24in growth medium. Scramble shRNA was used as a control.
Cells were cultured in serum-free medium for 72 h at 24-h post-transfection, and were
then stimulated by incubation in DMEM containing 10% FBS. The mRNA expression
level of myoD at each point after serum stimulation was determined and normalized
with 18S rRNA expression. Bars indicated standard deviation (n = 3). (B) Effect of fad24
depletion on p27Kikt mRNA expression. C2C12 cells were transfected with shRNA
expression plasmid for f2d24in growth medium. Scramble shRNA was used as a control.
At 24-h post-transfection, cells were cultured in serum-free medium for 72 h. The mRNA
expression level of p27Xirl was determined and normalized with 18S rRNA expression.
Bars indicated standard deviation (n = 3). (C) Effect of fad24 depletion on the protein
level of p27Xirl, C2C12 cells transfected the shRNA expression plasmids were arrested
in GO phase by serum deprivation for 72 h and were then stimulated by incubation in
DMEM containing 10% FBS. These cells were harvested, and analyzed by Western
blotting (left panel). Intensities of signal from p27Xirl were quantified by NIH-Image
software, and normalized to GAPDH (right panel). Bars indicate standard deviation (n
=3). p-value was determined by one-way ANOVA with post-hoc Tukey—Kramer HSD test
(*p < 0.01 wvs. control cells, $p < 0.05 vs. control cells at 0 h). Western blot shows the
representative results in at least two independent experiments.

41



BAE BB L OVNME

(1) &%

B OBFABEICE B LERFNC LY | fad24 B X O hbol 7% CTX #5-# 12 B§[#TH
BlER 5 Z & fad24 FEANH C2C12 Ml TiX p27Kiel & /X7 B OFREHL L~ L3 E < |
MIEREIC LD SHI~OFEADBEIND Z EEZRALNE LT,

BREMNMEEIND & TfHERICTEET 5 Il 7 7 4 Nl S L,
S, fhorib. G ZRRCHT LW A ek L, kA EE 95 (30, 31), CTX H51Z X
DRBN EF L2 LD, ad24 5 X O hbol 1T EHHF/EICTES LD LS
(Fig. 12), F7=. ML/ C2C12 Z W - MFHa X v | fad24 13##1E L= C2C12 i
DOHFEFEB 2 IEICHliEd 25 = & (Figs. 16, 17). fad24 BEBMEFIE T, 2> o —/LH#
Jiag & Hels LT p2T7Kipl Z LR 2 DRB L~ NENZ L AL Lz (Fig. 18C), L7-
Mo T, fad24 13, p27Kiel 2 /X7 B OB Z T LT T 74 MlRaOTEME( 2 I
HH L TWD B bND, RIFEIC K VRSN D BRHFAEICE T D fad24 OEEN
ST, Fig. 1912 r L7,

o

> =5
-1 i34
Y754 h2z)L gl

Fig. 19. Model of fad24 function in muscle regeneration.

EHVED fad24 R~ U AIBEBIETH > 7272, ARUFIETIL, fad24 RIEDVE R
EICHZDHBEHRRITE TV, A% BRI fad24 2RI LT~ 221k
"L, BRHHESOEELRFT20LER D 5,

B P AE OB Tk, Al e 2 = L, BBk~ n 77—
E Vo TR NRE T 2 N me N TWD (39), T T4 MRROTEMEALIZMZ T,
I ORI L B AEICEECTH D, 72 & 21E. CC chemokine receptor 2 (CCR2)
RZD VY A FTH5 macrophage chemotactic protein-1 (MCP-1) Z K4 L7z~ 7 AT
X, IEARME T 752 &ML TS (40, 41), HEWAIIRE L CE i HERS
Ml ~7 w7 y—Ii%, B LM EZRET D& & bIZ, MO, =2 (e
$% Thl %A b UA &L, HBRECHFEFTS B, v/ r 7y —Yik, CTX #1452
A #7205 AR IRIE Lised, &5 3 HEICE—27ICET 5 é@EIn s (31, 39),
Fig. 1212”7280 CTX HK G2 LD fad24 DB LI~/ 07y =YL ¢
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S ERWEFHTH -T2 D, fad24 3~ 7 1 7 7 — P ORIEERRICE 5 LT\ 5 aJREM:
FEWEEDbND, L LERE, FHERiI~7n 77—V X BYICRBL TS Z &0
W SN TNDZEMD (31,39), fad24 1FFHPERICHWTHHEEL L, HRE L T\ 5 Alhetk:
NEZDBND, S5, S LZHMIICE T fad24 3FHE LTV D aTREME b R T &
IR, A% FARRRED A BV FAD24 0O 5 et S2BRR0 ., AR o0 A 43 2 BRI K 0 |
fad24 DB DM Z SR 2 B B D,

AR TIE, #rik L7z C2C12 Mifd S HIFEANZ | fad24 DN IEIZHI#EIT 2 2 & 2B 52
& L7z (Figs. 16, 17), MR LR 2 B8V C L FAD24 (X HBO1 & AHA{EM L T mitotic
clonal expansion (MCE) % 1E(ZHl#14 5 (20), F£7-. fad24 1TFFIERHICB W TREN
B, ZOMODIEERICHENTH T EXF X ZZHBL T D (1), TNHORER LY | fad24
IRTERIE AR 3 & O I D 72 & 97, Bk & Ao il Iafl CRiia A I E AN ICFH S LT
HATREMEN B B, F1-. ALY | fad24 DFEAERKRFTH 5 hbol . CTX $:54%
WCHBAN EFT D2 Enbnolz (Fig. 12), L LN s, BB EEICK T D hbol O
TENIARHTH D, V7 74 MROTEMELIZEB T, FAD24 & HBO1 23 a9 2@
TWDATREMED D U | SBFEMR T LB TH D,

p27Kipl [ TEFIE L7 MId CEREL TV, GO #1D S Hl~OBITZ@MmAICHEL T 5
(38), fad24 FEBPNHIMILTIX, =2 b o —/ L & bl LT p27Kiel OFEBLAN X /37 'E
LA TENZ END, TS X0 M ~OHEADRLE SN T LD TRV E
EZz b= (Fig. 18C), p27Kinl & L /R 7B DORBEIL, xR A=A LA THIE S Tn
5o GO I D G WI~BATT DERICIT. BIZ/RAE L Tu /e p27Kiel 25l BB E) L, Al
BTaexF AzZ T THMIND 2 ENMbLNTWDS (42), 0 bHilnE ~DOBE)IC
IZ. chromosomal region maintenance 1 (CRM1) #H&AENEI /2K E 2 H > TW\5 (43,
44), FAD24 [38/MEZ2 b NI OWUIMEEIZRTEL TWDH Z Evh (7). FAD24 1321
FBUNT p27Kiel EHHERZ TR L, BHEHICEE L TV D et d 5, £72. U ki
LV p27Kiel X LRI EORIERLENN B EZ T 5 EbbLTWD (45), D7
O, fad24 EZEIZEBNT p278el O U LA HIEH L TV A RIREME S E 2 Hivd, p27Kel @
JHTESCRIRRZ B IC 31T D fad24 DI IZ OV CEEICHRTT T 2 BN H 5,

(2) /INME
1. CTXHEICX ., &% 12825 1 BIZHT T, fad24 75 5 ONT hbol DFEELIN—
WM BH U,

2. IMIEHERIC XL 0 ik U772/ 2V L MIGRRIZ KV fad24, hbol D3N L5
L7,
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13 AL S U=

fad24 FESLIIHIFSFAE T, miEgLEkER R KOs R 8 IF#%ICI\ T, p27Kiel
DI L ~ILNE ST L~V TED- T,
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S

NERAFARIZH /2 2 =X L F— DI E TIERL, VT TFURT T4 RR I F o
T AEBEIE T T 4 RAA L EW L, TRV F R AT ALV AOHIEN T3 5 &
B NDWERE CTH D (46), F7oUrdE, BEAE 2 5 _— o 5k 2 B NI A7
52 LGS, BT R —HEEOH L LTHIER SR TS (47),

HEWAFRAR DT ECCIER 21, AUBRARIARIIE S b9~ 5 Z &1 X 2 sER ARG o 5 23
HETH D, TR LD T2 35 2 &%, RS2 AU HE O B DOIBFRIZK
LFHETHEBOND, BIIFRETIE, B EIIII D51 2 7 = X Wil % H 15
L. ¥ U A5 3T3-L1 1238\ C, NBIAMINN M LEAE 3 Rpf 12BN AT 5
{£7-% PCR subtraction }EIC LV 102 7 o —  HEEL7- (5, 6), HEEfL7-BETD 9 B
<OME, INETT —FRXR—RIIBEEDO > - HHBL - ThoTe, ZTNETIZ, ZTh
O OFHBE T DIREIGIAMEICEERK - TH L Z L 2HE LTS (7-11),

FUHREETIE, FREETO—2THD fad24 DN L% EICHEd 5 2 &
WA, fad24 8RB~ 7 Z TN B N ORE IR 23 HN U, HEEHTEE D
BILHZLEEPELNE LTS 21), L7=2- T, fad24 1TAEENICE W TS IRV D
TERLZ IEIZHIA L, SIS H ST 2EERRE T Th D LB LN, £70, fad24 3 5F
\ERRG CEEICREIEL L., A5 C2C12 OIEZ IEICHIE T2 Z L 2HALNE LTS
(22), EBIZ, Ad24 RBET T 7 4 v 2l TEEHORBEICEREZET 52 L Rtho 7 v
—7 X0 HEEIN TS (23), LB o> T, fad24 1TEHHIZBWTHA 60 O%E 2 41
STWHEEZ LN, LLRND, EENIZEBIT S fad24 OEENZ DOV TIERTEAH
IR Z S FREN TV, £ 2 TAZE T, REMED fad24 KiB~ v A& /ISL, f#fT L
7ol 2 A, fad24 WWWEROERICVEATH D Z L2 LN E Lz, 72, B OHAELR
FRIZHE B LIat 24TV fad24 73 p278et OFE B Z /0 LT 7 7 A Mlla oMk
HES L 2L ATRBT HEREE, 2O DORE LY | fad24 1IN S LD AT 53,
WIS B A BT 2EERKN FTHLZ LWL L L (Fig. 20),

MAFFRE TIXZAVE TIT, fad24 5> DNA ER O A5 L CHERAR AL <>/ ZE /i o
HIREEIE 2 IEICHIET 2 Z L 2B E LT D (20, 22), FAD24 (%, HBO1 % DNA #
RIPARE I ) 7 b— 5 Z L2k, DNA BERlZ EICHIET D, AZEICL Y. fad24
XEF IR L7 2R O BB ARt 5 2 E S Sk e o 72 (Figs. 16, 17), 72, 4
HARRFE A BRIV T HMIATEICE S LTV 5D 2 & 2oRied 2tk 457~ (Fig. 10),
TN DOFERING | fad24 (THIRREEIEOHIE Z A L CL IR L, WIIRE A 72 H O
BRI AEICTE L TCW D AlRetEr & 5, —J7 T, hbol RIE~ U A13ME4 10.5 Ak T
FLTWDZ ERMESNTEY (29), FAD24 1I#IHIRR ARV T HBO1 LIS o
KT & & bITHERE L CW A RTHEMES SV, 2D X 91T, fad24 13NN L. WIHIRSEE
BEIOY T 74 MlRTEMHELIZIBNT, ENENRR DA N =A LTI VEREL TVNDHD
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Fig. 20. The proposed model of the function of fad24.

TIEHRWNEEZOND, £z, ALY, fad241% p2TKel DX 2R 7 B L~ U
535 Z EBRHABLMNE o7 (Fig. 18C), MCE 28\ Tk, p27Kel 73 G1 #i5 S #i~
OBATICEBE o E 2 M S Z LB SN T2 (48), MCE IZBWT, fad24 Y p27Kirt
DI FET DGOV T ORET 2 SBENRD 5,

ZHETOH LY | fad24 138k < 72 BAFE L2 330 CHREFRIGSE 2 IEIZ I LT D & HER
END, MMBETENBERECER L CODEBICHAND D, I, FLA AR E 235 Ak
IZB T, fad24 D SNP 3R ADFIE Y A 7 OIERIEOBESZME L BIR L T\ D 2 L 2R
THMLNMEINTND (12,49), L= > T fad24 1%, BNADOEITIZHS L T2 ATEE
MNREBEZOND, DADHIEIZIBWNT fad24 D3O BEEEEZ T2 Z L1 L0 . DAk
TR LWVIRIEIEN 2R AT 5B &2 2 LRSI N D,

fad24 1%, NGB RIS G925 (T), £7=, KBFFRICL Y., BKHO
AR 72 & ONC § Lk 4 20 O FEFFBHRF I B W TREBIN LR T2 Z & 3bino T
(Figs. 12,15), T HDREENG | fad24 OWEREILE ORBLEOHRIZ L - THIE ST
HAHEMENRE 2 bvd, LI TR ABRICB W T, fad24 ORENRLEE L Sh
DIEAT —=IZBNT, fad24 WEBLEF LT 00h L, AREFFE L, wIIIRs
AETRIC I D fad24 DRBELERFT L L 5 & LA, AR 5+ 72 RNA 2155 2
EMNTE D o7z (data not shown), 5. FAEMRIZEIT D fad24 DB ONT
MRt 2 MER D D, £z, fad24 OFBHIEEME LA 2 2 LI2 X0 | fad24 OFEREH
BNCRAT 2 MANGOND EB X NS, YIFRECTIIBIE, fad24 D7 mEt—H —
TR D [FE R L O OIEIEIC BT 5 2 5 K+ O 2D T 5,
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ARFZE TIE RIS RIS R AT B 720U Ad24 BNUETHDH Z L2 BN E LT,
Lo T, IS OFRKNTHRIENERANIECT 256, fad24 DFBLE T IIHEREN IEH 12k
ZoTWRWARMEDN DD, Fo, AFIERER KLY | fad24 1 T BHHHELZRET 2 252
ST, BIEMIEBRO—DOTHIMHI A b7 ¢ —Id, RS R 2 T L, 5 KT
EITT2HRATH D, REBMMNEYICOI2 L, 7 74 MIKEOTEMEALRE, BEFEAEAMK
TL. FERNRELLZ ENMOLN TS (B0), 0 X5 REFEENME T Lz 774
MIIIZBWTIL, fad24 DRBE - IIEEEDME T L T2 0b Lk, 5%, IBROR
WA B A T DB, M AERRIC R A A U DA L | fad24 & OBTEMEIZ DUV TH
OEMEL TN ZEDREETHD,

fad24 (IRENAER . BHEAH O1ZH IR e, Dl & % Z RIZHBL L TS (7).
L7232 T, fad24 (ZNENHLERC B R LS OISR IC BT (S0 %E 2> T 5
AREVEDN S B, AMIFSE THISE L= 28 fad24 RERE~ T ZIBEBIETHY . ik~
U ARZBT D fad24 KEOEBIIRFICE o tz, Atk WREIRF A7 O ONCHRRER R
B) fad24 KIB~ D AL L, BTS2 2 L1k - T, RIKICBIT D fad24 OFENZSW
THTERAANGOND EEZEZBND,

LI b, ARWFFRIZIBN T, fad24 BRIHISE AR I W TR IR A S L D& E 240 5
ZEEWHBNE L (Fig. 20), £7-. C2C12 iz AW -Matc kv, fad24 Y7 74
NRADOIEMALZ A LU TR AL EICHE L T\ D 2 & 2R d DR R A2 572, f1k,
fad24 T 2 57 RS A AR & UTo 8 7o 72 TR RG22 BRI 3 5 72, IS, BE Vo F)
AT AT RBE VWS TRR Y fad24 LOEEZFALNE LTV ZENEHEETH
ol
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1. fad24 1 IWERORIZHNETH 5,

2. fad24 1% C2C12 M@ HEFEFBR 2 IEIZHliEH 3 5,
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