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Characterization of Novel Genes Regulating Adipocyte Differentiation
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The mid- and late stages of adipocyte differentiation are known to be regulated by transcription factors such as
peroxisome proliferator-activated receptor (PPAR)y and CCAAT-box/enhancer binder protein (C/EBP) families.
However, events in the early stage of adipocyte differentiation remain largely unknown. To gain insights into the
molecular mechanisms underlying the beginning of adipocyte differentiation, we have isolated 102 genes, which are in-
duced at the beginning of the differentiation of mouse 3T3-L1 preadipocytes, using the polymerase chain reaction
(PCR)-subtraction method. Of these, 46 appear to be unknown genes. Since rapid amplification of ¢cDNA end
(RACE), cDNA library screening, and a genome database search have revealed that two of these genes are novel, we
have named them factor for adipocyte differentiation (fad) 24 and fad158. The database research of amino acid se-
quences revealed that fad24 has a basic leucine zipper motif and an NOC domain, and fad158 has four transmembrane
domains and eight leucine-rich repeats. The expression of fad24 and fad158 transiently increased after the addition of
adipogenic inducers [insulin, dexamethasone, 3-isobutyl-1-methylxanthine, fetal bovine serum (FBS)]. RNAi-mediated
knockdown of fad24 or antisense fad158 inhibited adipogenesis of 3T3-L1 preadipocytes and decreased expressions of
PPARy and C/EBPa. Furthermore, the constitutive overexpression of fad24 or fad158 in the mouse fibroblast cell line
NIH-3T3 resulted in adipocyte conversion when stimulated with adipogenic inducers and PPARy ligand BRL49653.
Moreover, it was found that FAD24 localizes in the nucleus, especially within nuclear speckles and nucleolus, and
FADI158 localizes to the endoplasmic reticulum (ER). Taken together, fad24 and fad158 appear to regulate adipocyte
differentiation by activating the PPARy pathway.
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Fig. 1. Cloning and Schematic Representation of Clone 24 and Clone 158

(A, B) Cloning of clone 24 and clone 158. The full-length cDNA for mouse fad24 and fad158 were isolated by 5-RACE and 3'-RACE. Su, R-5" and R-3" are
fragments obtained by original PCR-subtraction, 5'-RACE and 3’-RACE, respectively. The combined sequence are shown as fad24 and fad158, and the first
methionine and stop codon are indicated. (C) The schematic structure of FAD24. A basic leucine zipper (bZIP) like-domain and a NOC domain (according to
NCBI RPS-BLAST) are shown. (D) The schematic structure of FAD158. The four transmembrane domains (according to the SOSUI system) and eight leucine-

rich repeat motifs (according to NCBI RPS-BLAST) are shown.
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Fig. 2. Time Course of mRNA Expressions of Fad24 and
Fad158 during the Early Stage of Adipocyte Differentiation
Total RNA from different time point after induction was prepared from
3T3-L1 cells. Isolated total RNA (25 ug) was loaded and subjected to
Northern blot analysis of fad24 and fad158. f-actin is also shown as a con-
trol.
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Fig. 3.

Knockdown of Fad24 Inhibits Adipocyte Differentiation

(A) The endogenous expression of fad24. Total RNA obtained from 3T3-L1 cells transfected with short-hairpin RNA (shRNA) expression vector for fad24
(sifad24: white bar) or with scrambled shRNA expression vector as a control (Control: gray bar) at each time points were subjected to real-time quantitative RT-
PCR. Expression level was normalized with 18S rRNA. The column showed the mean with standard deviation (n=3). (B) Differentiation of 3T3-L1 cells transfect-
ed with shRNA expression vector for fad24. The cells transfected with shRNA expression vector for fad24 (sifad24) or with scrambled shRNA expression vector as
a control (Control) were stimulated with adipogenic inducers. After 8 days of induction, the cells were fixed and stained with Oil red O to detect oil droplets. (C)
The expression of PPARy and C/EBPa. Total RNA obtained from sifad24 cells (white bar) or control cells (gray bar) at each time points were subjected to real-
time quantitative RT-PCR. Expression levels were normalized with B-actin. The column showed the mean with standard deviation (n=3).
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Fig. 4. Fad24 Promotes Adipocyte Differentiation in the Presence of PPARy Ligand

(A) The exogenous expression of fad24 was determined by Northern blot analysis. Total RNA (25 ug) obtained from a stable transformant was subjected to
Northern blot analysis of fad24. The retroviral exogenous gene expression and endogenous gene expression are shown. (B) Differentiation of FAD24-overexpress-
ing NIH-3T3 in the presence of BRL49653, a ligand for PPARy. NIH-3T3 cells stably expressing fad24 or control cells (infected with empty vector) were treated
with adipogenic inducers containing BRL49653. After 8 days of induction, the cells were fixed and stained with Oil Red O to detect oil droplets. (C) Northern blot
analysis of adipocyte marker genes during the differentiation of fad24-overexpressing NIH-3T3 cells. Total RNA (25 ug) from cells after the induction was subject-

ed to Northern blot analysis for each adipocyte marker gene.
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Fig. 5. Fadl58 Promotes Adipocyte Differentiation in the
Presence of PPARy Ligand

(A) The exogenous expression of fad158 was determined by Northern
blot analysis. Total RNA (25 ug) obtained from a stable transformant was
subjected to Northern blot analysis of fad158. The retroviral exogenous gene
expression was shown. (B) Differentiation of fad158-overexpressing NIH-
3T3 in the presence of BRL49653, a ligand for PPARy. NIH-3T3 cells stably
expressing fad158 or control cells (infected with empty vector) were treated
with adipogenic inducers containing BRL49653. After 8 days of induction,
the cells were fixed and stained with Oil Red O to detect oil droplets.
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Fig. 6. Localization of FAD24 and FAD158
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EF—T7EAITIHHRTFINE ST FIVEEICEE TS
HONE < MENTWS. Fadl58 135 HHIE
EHIINC BT 2 T FIURZEOHWFE LT, EHE
BHEERER-L TS HDEZE 25N 5.

1. &HYIC
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FERE D, NEIFRIIE LN BB AE NS 581
TFHELU THEEL 28 BB T fad24 KU fadl58
2, FEMIAE b2 IEICHIEI L Thad Z EEHS )
WZiotz., £/, TOANZZALIZ, fad24 KO
fad158 78 PPARy @ U Jj > RIZIk#E L T, PPARy
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(A) Localization of FAD24 with nuclear speckles and the nucleolus. HeLa cells transiently transfected with GFP-FAD24-expressing plasmid were fixed and
stained with the nuclear speckle marker SC35. The fluorescence of FAD24 and SC35 were detected with a fluorescence microscope. Moreover, GFP signal and phase
contrast were detected with a fluorescence microscope. (B) Localization of FAD158 with an ER. 3T3-L1 cells were transiently transfected with GFP-FAD158-ex-
pressing plasmid. Twenty-four hours after transfection, transfected 3T3-L1 cells were fixed and stained with the ER marker calnexin. Fluorescence of FAD158 and

calnexin were detected with fluorescence microscopy.
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Fig. 7. The Possible Cascades of Isolated Novel Genes in the Early Stage of Adipocyte Differentiation
The early stage of adipocyte differentiation is controlled by complex actions involving gene expression and signal transduction. Fad24 and fad158 were induced
at the early stage of adipocyte differentiation. These genes seem to regulate adipocyte differentiation by promoting PPARy pathway through unknown targets.
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BWT, SHMEICEER KT OFEBHIHE 0% E 2 H -
TWBHHREMENH 5. E/z, fadl58 3/MaEkicH
WT, a2y FIUE—-REF—TENL T
TFIREZFHL TWBagEERH 5. ZhHR

T ORI HEE 2 RIS 572012, FROY —7 v
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IZEN S DREREMT NG R OBETDH 2.
ARHTRLULEZEES D INFT TORE R
ﬁ%ﬁ@ﬁk@%;%ﬁéﬁ?%ﬁ#zA@—mE
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MBS NTIR D, Bz IR IERREE DTN &
< ZENIRFEINS.

BiE ARBTHEALAEEORRIE, 4R
LK KRB FR TR TS5 B T b
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