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1.1 ##

1.1 40 AR, 3T3-L1. HEK293T Fl MCF7
a1 i & H 35 [/ ATCC /A 7] ; pEGFP-NI1 Il H
Clontech 2~ H]; pCMV5 J# [ Invitrogen A F]; N ¥iij
HA #5325 344 pCMV5-HA[N]HI C it HA #5258 14
pCMV5-HA [C] 5 1 K 27 A2 i B2 2% e iy 391 44
AP IR Invitrogen 2 7] S8 K.

1.1.2 Hifk. bt/ Cidea Huid G A dr
AR B i 2 UFTR A /N B Cidea 221 N iy
172 NMEKERR), WPTHA ik, St GFP Hrikmn
i HL B-Tubulin LA H Santa Cruz A w; Alexa
Fluor 568 &1k LI =3t i HL44 % H Molecular Probes
AT

1.1.3  HAmaH) LA kL. FR &M N DI 1 NEB
/v 5 Lipofectamine 2000 F1 Hoechst 33342 i H
Invitrogen A ] ; Bodipy 493/503 14 Fl Molecular
Probes 7~ #];  F F 71 Mowiol 4-88 F1 G I i FR 1
BSA 4 H Merck 2~ a5 PR (oleic acid, OA)F i

2§ TR i (cycloheximide, CHX)J H Sigma /A #].

1.2 A%

1.2.1 MW M40 8. CIDEA JE MR /N LA
HHERF BB, HAHCI TR 4L
T K DRI R S 5 D7 A S8 IR SR T T — 3, R
SRR F R 5 R RRE Py ) TEAIG 1 K 2 S 56 B ) 22
RSSO E. 2 3 B4 B CIDEA @bk it 3 A4
HHEME /N B R T AL E, A3, B0 JEE Lk
. PRFALN 2 E LR &, Bradford V248 1)
SE, g B [ BN R VA A U A T RIS,

1.2.2 2097 Y. HEK293T A1 MCF7 41 il
B R A0S 10% K3 it 28 i vl (DU 2= 35 A #)) 11
DMEM 1373, 5% CO,, W 80%WF & . 3T3-LI
a1 B5 FEAE B 10% 16 25 137 (98 [ Gibeo 2 ) 11
DMEM ;75 3 b, 5% CO,, & 80% % & .
HEK293T 41 i H 8% BR 45 v % 4L 1%, 3T3-L1
MCF7 40 }g %] lipofectamine 2000 %% 4Lk 7], $4%
R St Ut IR R 7 PR A T . IR TG T T R 1)
BSA L6 0 1 (B IR LUVR A BB e v, 4% 75 229K
JE ARG FREE .

1.2.3 ki, pCMV5-HA-mCidea-24 JFki A i
R A AR 22 BEnT A S, &KX Cidea 4=
K ki, L pCMV5-HA-mCidea-24 A ik, H]
PCR ¥ /)i Cidea-24. Cidea-22 cDNA(Z 18 fi7 HY
T 2 R T 463 11 2 5 1 1)) 53l e B 21 pMID18-T %%
A, T V) BB B KL B pCMVS B
pCMV5-HA[C]H', 437 3k 15 pCMV5-mCidea-24.
pCMV5-mCidea-22.  pCMV5-mCidea-24-HA Al
pCMV5-mCidea-22-HA. 7% Jiifi pCMV5-mCidea-
24 M' >y U AR H i PCR 515l N
pCMV5-mCidea-24 (M®S—L) ] PCR #" 1 58 45 1% 43
WE 20 PCR I 5, B V)& N pCMVS 8L
pCMV5-HA[CI A1, BT PCR 514 W3 1.

Table 1 Primers used in this study

Primer Sequence (5'—3") Product

mCAI1F GGAATTCACCAATGGAGACCGCCAGG mCidea-24

mCA2F" GGAATTCATGGGATTGCAGACTAAG mCidea-22

mCA2R GCTCTAGATTACATGAACCAGCCTTTGG mCidea-24. 22
mCA-A1TF* GGAATTCACCATTGGAGACCGC mCidea-24 (M'—L)
mCA-A52TF CCTGACATTCTTGGGATTGCAG mCidea-24 (M"*—>L)
mCA-A52TR CTGCAATCCCAAGAATGTCAGG mCidea-24 (M"*—>L)

mCA4R CGGGATCCTTACATGAACCAGCCTTTGGTG mCidea-24 M'->L. M"®->L)

*Four nucleotides before ATG were also included.
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1.2.4 )% BN /3 HT (Western blot).  2H £ sk 41 ffy 25
FI A 4 SDS-PAGE - & )5, At % PVDF
B b, S%E MR =B Al 1h, —PL4CiEdE
R, 4% 0.5% Tween-20 (1) PBS(PBST) Bt ) »
SRS A BRI ) P =W E 1 h, BE
PBST ¥kik 5, H BCL fb25 R eIk

1.2.5 JPHILLXT. &WFh Cidea 2 HER 741 K
CIDEA %K mRNA J7 414280 H Ensembl %[5 41 %
W E, Ho, ZHERFARERS W : A Human
Cidea (ENSP00000320209). ¥ J2 Chimpanzee
Cidea (ENSGALP00000000023) kK ¥ #2 Orangutan
Cidea (ENSPPYP00000010087). %% % Macaque
Cidea(ENSMMUP00000027813). /) i, Mouse Cidea
(ENSMUSP00000025404). Kk Fl Rat Cidea
(ENSRNOP00000024968). &  Horse  Cidea
(ENSECAP00000023054), i3 % 4 Platypus Cidea
(ENSOANP00000009260). %  Chicken Cidea
(ENSGALP00000000023). Kt T f&i Zebrafish Cidea
(ENSXETP00000042627). JK U5 Xenopus Cidea
(ENSXETP00000042627), mRNA J¥* %] ¥ & 5 4
F: A Human CIDEA (ENST00000320477). /)
Mouse CIDEA (ENSMUST00000025404). X il Rat
CIDEA(ENSRNOT00000024968), 41| Lt 73 #7 i
ClustalW2 5¢ Ji% (http://www.ebi.ac.uk/Tools/clustalw?2/
index.html).

1.2.6 & ka8 MR, pCMV5-mCidea-24
M' -L) B pCMV5-mCidea-24 (M'® —L) J5it Ki Al
pEGFP-N1 Jitky L4 Je gk 3T3-L1 4i/fii, 24 h J5
OB 15 10% 35 25 1375 (1) DMEM 55 953E, A
IS I ok 100 mg/L K] CHX, 2 Ja EAN[A] ()
S F) AR AN I, s EZEV2AS I 2 110G, Tmaged
Bt E 2o A FUKP.

1.2.7 Sy, BRET—R, 78 6 LA
A& & 3T3-L1 41, H lipofectamine 2000 %% 4%
pCMV5-mCidea-22-HA #1 pEGFP-CB5, 24 h ) ,
FH PBS VL4, 4% % 5 I S E 1 h,
JE 45 R J5 H PBS BE¥,  0.4% Triton X-100 i i%
30 min, A 10% 10 2E M5 E 1 h, —Pi(Hi i
anti-HA, 1 :400) =i & 2 h, %6 —Pi(Alexa
Fluor 568 goat anti-mouse antibody, 1 : 400) = ifi 7
# 1 h, Bodipy 493/503(1 : 100)#% & 30 min, A
41 ffi 4% % Bl Hoechst(1 © 10 000) 5 min, Ff f. LA
Zeiss 200M 13 & W55 M %%, FJH AxioCam MRm
s AP LIRS, %% ] 2 W] Axio Vision 4.5

BAT AT AR

1.2.8 it o#r. KM Graphpad Prism 4.0 455
FotexiE. o, SERHHEU x £ s X8, HEAM
R 1 ith e 7 S Wb MEUE SR FH P IR 2R 07 2 e A
(two way ANOVA).

2 4 R
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FH R 149 57 92 0 AG B A= 7R CIDEA &[4
M ER /N B BAT *h Cidea 45 11 3 I 725 b i & B,
By AR R AL 2, Rl LS R 1) 24 ku K/ Cidea
HFHAGE N mCidea-24)FRIAAM, LR J5 22 ku K/
PE A —N A R E(d 8 mCidea-22). 1M {E
CIDEA SRk /N BAT oY, XA 1 s A
e (B 1), Ui B 334 i CIDEA 2R 4 ft, b
Cidea £ AR [A [ MK, 78 293T 41 i ik &
4K Cidea cDNA JFiki, 23 IA [R) FF W FP2E (1 5%
[IE3ry s ¥t RE S SY DAY € M R VAL TR~
R ) IF 4f () cDNA JFCRL I, 7= AR — 4R iR
mCidea-22 K/N—FEREE . 308 Cidea 544
& mCidea-22 AJ RE/ AL 158 “AMRIEE RGN ST
(B PERTRE.

1 2 3 4
— —26 ku
. - -—mCidea—24
Cidea
ol W —mCidea-22
Tubulin “... b

Fig. 1 Mouse brown adipose tissue expressed
two isoforms of Cidea
Tissue lysate from brown adipose tissue (BAT) of wild-type or Cidea —/—
mouse was probed with rabbit polyclonal antibody against mouse Cidea
by Western blot analysis. Plasmid DNAs for pCMV5-mCidea-22 or
pCMV5-mCidea-24 were transfected into HEK293T and their expression
levels were analyzed. In addition to the major protein band (mCidea-24),
a minor protein band (about 22 ku) was detected in wild-type BAT. Both
were undetectable in Cidea null mice. The 22 ku Cidea isoform had a
similar molecular mass to the protein expressed from pCMV5-mCidea-22,
which contained only the second in-frame ATG of Cidea. Tubulin was
used as a loading control. Similar experiments were repeated three times.
I: +/+ BAT; 2: /- BAT; 3: pCMV5-mCidea-22; 4: pPCMV5-mCidea-24.

2.2 N im HA ¥ &0 mCidea-22 ik

FH 15 A s BRI AT I R IA C i HA bR 2
mCidea-24 ¢cDNA ) 293T 4l fiid, [w) £ n] LS Il 2]
KR A AR RIS (B 2), I BRI AR K
/NBE C 3 HA #5725 mCidea-22 ¢cDNA flf ik 835
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Ji—3. 5RETLHRZ M) mCidea-24 cDNA # L,
HA bREERIN T B A 7 1 . ARKZ&, N
Ui VN N HA #5285 )5, HUBERT I 2 mCidea-24 [1)3£
15, mCidea-22 [FJ3RIA )52 21 B T #1H).

—32ku
- 5
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Fig. 2 The influence of the expression of mCidea-22

HA

when HA was tagged at different positions
HA was tagged at either the N (HA-mCidea) or the C-terminus
(mCidea-HA) of Cidea and expressed in HEK293T cells. pPEGFP-NI
was cotransfected with plasmid DNAs containing HA-mCidea-24,
mCidea-24-HA or mCidea-22-HA for a control of transfection
efficiency. Expression levels of these constructs were evaluated by
Western blot using HA antibody. When HA was tagged in the N-terminal
region, no expression of mCidea-22 was detected. On the other hand,
when HA was tagged in the C-terminal region of Cidea, mCidea-22
expression was observed. Similar experiments were repeated three times.

I: Vector; 2: HA-mCidea-24; 3: mCidea-24-HA; 4: mCidea-22-HA.

2.3 Hah

R Ak 2 IR AN TR] 38 B TCE (Xenopus )
BE 1 £f1 (zebrafish). ¥ (chicken) 3 Fft JE 1 {2 5 #E
W) LL K P9 4 (platypus)s  Hy (horse) K fil (rat)-
/N B (mouse) Bk (macaque). K FEXE (orangutan).
S (chimpanzee) F1 A (human) 8 FFIfi L2, *f
FYA Cidea 8 23518 7 HIEAT LU, RIWAE T
TEHX P 8 Tty L 304 i i = SR PR A A R
W AFAE SR AN EAE R PR 2647 FL(MILS), 1t ]
HA LB AER RS, TR 3 Fh I FLIAT A
P IASAEAEXS B 1) R IR 4 A7 (] 3). Hiddis
Kozak ™K i, -3 f7 EMEM (A 5L G) [N +4 7 2
B (G, ATG R FH PRI RE D) dk. BN
R B KR CIDEA 56 [R v i Al 16 2 4R 37 25
(ATG, F1 ATG,) {32 F7 51 1 28 HL ) Kozak J7 51|
AT 8T, RILAUE CIDEA 55— AR 4547
RUOR TR R AR LA 5, 10/ BURIR B 28— ANl
PERLAA AT /U0 99 IR RAR LR 7 R, XT38 AR
EIAHAT A, 3 AP R S AR Yo 59 IR 1R
EUEA KA 3b).

@ fuman MEAARDY. . ... AGALIRPLTFMG. SOIKRVEFTPEMUPA. REE 37
Chimpanzee  «eeeerinnnnnns MEAARDY. . ... AGALIRPLTFMG. SOIKRVELTPLIHPA. REE 37
Orangutan ... MEAARDY. . ... AGALIRPLTFMG. SOIKRVELTPEMUPA. R~ 37
Macaque e, MEAARDY. . . .. AGALIRPLTFMG. SOIKRVELSPETHPA. REE 37
Mouse e METARDY. .. .. AGALIRPLTFMG. LOIKKVELTPEIHPA. REE 37
Rat e METARDY. .. .. AGALIRPLTFMG. LOIKKVELTPEIHPA. REE 37
Horse SEALECPKLTPQGERGLWAPREWW. . VDLGRASRPLIFMG. SQIRKVELTPEMHSS. REE 56
PLAtYPUS e LLSVFRPLIFMG. SQIKKVLFTPLMNEP. HEE 30
Chicken e e MPAG. REEF 7
Zebrafish e TVLDY. ... .. CGSCYRPISKSVSSVQTTEAQRMESPPQRRRY 37
Xenopus e MQGALDYANALSPKSLIRSVINVGTSLIRRVIFPPLPEPPQREE 44

Ml M18
-3 +4 -3 +4
®) Human  (ATG)  CGCGCCATGG Human  (ATG)  ACATTTATGG
Mouse (ATG)  GCACCAATGG Mouse (ATG)  ACATTCATGG
Rat (ATG)  ACACCAATGG Rat (ATG)  ACATTCATGG
Kozak GCCPCCATGG Kozak GCCPCCATGG

Fig. 3 The evolution analysis of potential translation initiation sites in the CIDEA gene

(a) The amino acid sequence alignment of Cidea in the N-terminus in mammalian species including Human (Homo sapiens), Chimpanzee (Pan
troglodytes), Orangutan (Pongo pygmaeus), Macaque (Macaca mulatta), Mouse (Mus musculus), Rat (Rattus norvegicus), Horse (Equus caballus),
Platypus (Ornithorhynchus anatinus) and nonmammalian vertebrates (Chicken (Gallus gallus), Zebrafish (Danio rerio), Xenopus tropicalis). The
mammalian Cidea contains an alternative in-frame initiating methionine at position +18 (M18) as indicated in the downstream of the accepted canonical
start site, the methionine at position +1(M1), but it was not found in Chicken, Zebrafish and Xenopus. (b) Comparison of nucleotide sequences flanking
the two initiation codons with conserved Kozak sequences in different mammalian species. Human ATG; has uniquely conserved Kozak sequences with
purines at -3 position and guanine at +4. The sequences surrounding of the ATG, in the mammalian species were highly conserved although they do not
match well with the conserved Kozak sequences. Initiation codons are underlined and nucleotides matching the Kozak consensus sequence are shown in
bold. Purines (A or G) are denoted by P.
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2.4 Cidea T FHMAFE FIRFMHRIRIAENIEF
FIFSE 5248, ¥/l Cidea-24 cDNA 55—
ANFIEE ZA ATG(H IR 2018 ) 7 M 58 il TTG(5E%
TR I N LR IR A, 742 mCidea-24 (M'—
L). mCidea-24M"—L)(I¥ 4a). EHFRA N TTG

mCidea &, F1Ef2E M mCidea-24 cDNA 3K 1A AH
b, 7E28 = ATG 1€ 55 584% mCidea-24(M"®—L)
S H, mCidea-22 [RIEH K £ — ATG
[ 5E 15,5848 mCidea-24 (M'—L) g % K]y 28 i 1 Bl
PERSGA AT SR, AT RIA mCidea-24, T~

SRS R TTG S-SRI IR K 5 AT
[7] I S B R P A~ P i 5 PR e b Az ).
FP XM 7R T AN SAR JFORE PP 81 R LE AP (K 4b).

£ 293T 4l i 5 v S (07 23 B A Y By AN [] 5% AR Y

4= mCidea-22(1& 4c). %08 ML SLI AR UEH T
mCidea-22 [k, J&HE - MRAEMEHELN T
PEA.

(a)
pCMV5-mCidea-24

—{ CMV FHCCAATGG  TTCATGG
I

[sToP|—

I
Met 1 Met 18

pCMV5-mCidea-24 (M'—>L) — CMV |— CCATTGG  TTCATGG
T T
Leu | Met 18

[sToP|—

[sToP|—

pCMV5-mCidea-24 (M"—L) — CMV |— CCAATGG TTCTTGG
I I

Met 1 Leu 18

(b)
(ATGy)

TG G AT TGCA

WT WT

M'->L M"¥—L

(TTG)

©

- —26 ku
. - —mCidea-24

—mCidea-22

CA

ar (D D D e

Fig. 4 Mutations at the two ATGs changed the expression pattern of the two isoforms of mCidea

(a) The three expression vectors pPCMV5-mCidea-24, pCMV5-mCidea-24 (M'—L) and pCMV5-mCidea-24 (M'"®*—L) are schematically presented. The
nucleotide sequences surrounding the two in-frame methionine codons of the mouse Cidea cDNA are shown. The first and second ATG are underlined.
(b) Nucleotide sequences for the three expression vectors are presented and the nucleotide differences between WT and mutants are highlighted. (c) The
expression profile of mCidea when the first and second Methionine were mutated respectively. mCidea-22 production was abolished by the mutation of
the 18th Methionine to Leucine (M"®*—L). Similarly, the mutation of the first Methionine to Leucine (M'—L) caused the disappearance of 24 ku protein
band and the accumulation of 22 ku protein. Cell lysate expressing empty pCMVS vector was used as a negative control. /: Vector; 2: mCidea-24;

3: mCidea-24(M'—>L); 4: mCidea-24(M"¥—L).

2.5 Cidea EEAEFMIKEAEFR MR FRIELL
BIARE
AT HESL Cidea H 19 B S A4 44 T BE L (1) 9%

ERE X, BAERNFM AR T KIETLWHE
mCidea-24 (1] cDNA. s EIargs B x, 6N
AR5 40 B &R 293T. A YR LI 41 ffs 2 MCF7
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5 PG 0 A M R 3T3-L1 H, 2% 6] B 4L E R AR
B PP A A () SE AR IE T S50 4 34 T A )
24 ku F1 22 ku BFP MR ERIA, BLEH T 285 =4
BRI A ) 2 . AR, 7E 293T
A1 MCF7 4 g 27, mCidea-22 #1%} mCidea-24 %k
Ut R IE K AR, 1fT /E 3T3-L1 4 fis &R,
mCidea-22 X} T mCidea-24 )£ 15 7K “F- 47 it 14 i
(K 5).

293T MCF7 3T3-L1
mCidea-24  — + - + _ +
—26 ku
- . .
cA -_— - & —Cidea 22
—17ku

GFP a» e qup onp G =

Fig. 5 Relative expression level of Cidea isoforms
in different cell lines
293T, MCF7 and 3T3-L1 preadipocyte were co-transfected with
pCMV5-mCidea-24 and pEGFP-N1 (as a control for transfection
efficiency). The mouse Cidea-24 and Cidea-22 were expressed in all
three cell lines, but high expression of mCidea-22 was observed in
3T3-L1 preadipocytes. Cell lysate expressing empty pCMV5 vector was

used as a negative control.

2.6 mCidea-22 EFREMKE

7 3T3-L1 AR M4 Murh R 0E C iy HA An%
ff) mCidea-24 (M"*—L)#l mCidea-24 (M'>L), 24 h
S TN T8 e B 400 £ 1055 i, A [D I ) A
mCidea 7 MK BEMRTE DL MWK 6 AT LLAE T, Pikh
SR AR E M 2, Al mCidea-24 #HLE, mCidea-22
(OEARY RSV C R TE S
2.7 mCidea-22 E{LTF AN RMFNAEH

TEAIHIR 5 3 T T e 440, L% HA
Fr %5 i) mCidea-22 F1 GFP #4525 ) CB5 & 1 5
3T3-L1 4ifurh, faese e gt s R IR, mCidea-22
FEANM T A7 T AR G4, TR P 5 9 A 2 B
CB5 A RLF i) 3Le Ar,  wi B BA7 A 5T 9 5 7
I A6 v R AL B 454N, IR W R e M G )
Bodipy 493/503 44 a4 n] LB 3T3-L1 4i it <5 &
¥ PeEs R I ARG, RIS AT DUOWE 22 21 mCidea-22 £ M
T4 5] BT BGI T ROAR 23 At 0 B AT TR R g o7
REJI(EL 7). PARNGAE T PAT SE 50 h 8 oA it G
5RKN], SOt P WoR mCidea-22 B .

(@) mCidea-24 (M®5L)  mCidea-24 (M'>L)

CHX(min) 0 30 60 120 0 30 60 120
HA " v N — -

GFP e o o o SO G

(b)

remaining

Percentage of protein

0 L L L L L
30 60 90 120 150

t(chasing)/min

Fig. 6 Protein stability of mCidea isoforms

(a) Protein stability was evaluated by a cycloheximide (CHX, 100 mg/L)
chasing experiment. CHX was added to the culture medium of 3T3-L1
cells that had been transfected with pCMV5-mCidea-24 (M"® —L)-HA
or pCMV5-mCidea-24 (M'—L)-HA for 24 h. Cells were harvested at
0, 30, 60 or 120 min after the addition of CHX. Cidea protein level was
evaluated by Western blot using an antibody against HA. Both isoforms
had a short half-life and degraded fast. GFP was used as a transfection
control. (b) Quantitative analysis of the Cidea isoform level in (a) using
ImagelJ software. Results are expressed as the percentage of the signal
of HA compared with that of GFP. The ratio was set to 100% at zero
time. The results shown are representative of three independent
experiments. A—A: mCidea-24 (M'—>L); m—m: mCidea-24 (M®*—L).

Vector

Vector Bodipy

Bodipy

Fig. 7 Sub-cellular localization of mCidea-22
in 3T3-L1 cells

The sub-cellular localization of mCidea-22 in the absence (upper panel)
or presence (lower panel) of oleic acids (OA). mCidea-22 had a similar
sub-cellular distribution pattern to that of CBS5, a ER specific protein in
the absence of OA. pCMV5-mCidea-22-HA and GFP-CB5(cytochrome BS)
were cotransfected into 3T3-L1 preadipocytes. In the presence of OA,
mCidea-22 (Red) was localized to lipid droplets (LDs, green, stained by
Bodipy). Vector was used as a negative control for the specificity of
immunostaining. Scale bar: 10 pwm.
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Identification and Characterization of a Novel Mouse
Cidea N-terminal Truncated Isoform”
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Abstract Metabolic diseases including obesity and diabetes are emerging as major health threats over the world.
Cidea, a member of CIDE family proteins, plays an important role in energy homeostasis in brown adipose tissue
by regulating lipid storage and AMPK stability. Cidea is tightly regulated at both transcriptional and
posttranslational levels, but little is known about its translational regulation. Here, a novel N-terminal truncated
isoform of Cidea (mCidea-22) was identified in mouse brown adipose tissue. Using mutational analysis, it was
demonstrated that this isoform was generated by alternative translation. Ectopic expression of mCidea cDNA in
various cell lines showed that expression of mCidea-22 was cell type specific with its highest expression in
preadipocyte 3T3-L1 cells. In addition, it was observed that mCidea-22 had a short half-life and was localized to
ER and lipid droplets. Taken together, the data provide strong evidence that translational control played an

important role in the regulation of Cidea expression.

Key words cell death-inducing DFF45-like effector (CIDE), Cidea, brown adipose tissue, alternative translation,
isoform, endoplasmic reticulum(ER) and lipid droplet localization
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