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ABSTRACT Chibby family member 2 (CBY2), also known as SPERT or NURIT, is a gene with Chibby-like super family
domain, whose function is not well known. In this study, the quail CBY2 gene was cloned, its sequences were analyzed, and
its role in the myogenesis of QM7 quail muscle cells was characterized. Quail CBY2 has 978 nucleotides, which are translated
into 325 amino acids, and the amino acid sequences are highly similar to those of chicken CBY2. Avian CBY2 diverted from
mammalian CBY2 during early evolutionary history. According to the protein domain prediction analysis, quail CBY2 has a
Chibby-like superfamily domain consisting of 83 amino acids at the N-terminal of the protein, although compared to
mammalian CBY2, many of the amino acids were different. CBY2 was highly expressed in the adipose tissue and moderately
expressed in the liver, heart, and kidney, whereas rarely expressed in the muscle tissue in quail. To characterize the role of
CBY2 in myogenesis, CBY2 was overexpressed in QM7 cells. The overexpression of CBY2 inhibited myotube formation as
shown that the myotube area was approximately only 25% that of the control. Taken together, quail CBY2 has a Chibby-like
superfamily domain and inhibits myogenesis. Further studies should focus on the identification of the inhibitory mechanism

of CBY2 on myogenesis.
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€ o2l @A 23 gkt /A
o] ItHChal and Pourquie, 2017).

= paired box(PAX) FHAE
o] A E 94*3/‘1]394 93 #3l2 2dstet 58
3k 98-S gtk (Buckingham and Relaix, 2007; Collins et al.,
2009). 5 U4 24 QRS (myogenic regulatory
factors; MRFs)ol| 2|8l 2 A%, o2 AARIAZ
2] myogenic differentiation 1(MYODI), myogenin(MYOG),
myogenic factor S(MYF5), MRF4MYF6) 5] o, M7}
T80 2 BIEEE =8 4 9tiSabourin and Rudnicki,
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2000).

Chibby family member 2(CBY2)= d5H A AollA =4 &
e, 213 91 P EA @R o] spermatid-associated
protein(SPERT) == NURITCS.2 <& A ) th(Feige et al.,
2002). CBY2+% Chibby-like superfamily domaing 7FA] 2L $)

Ak, AA R 1 7)%S obF 2 delA] A et} Chibby
E P-catenin®l] 2]HA 0w AZE B-catenine] A EE 01]/\1
o7 Sojrl= AL WelgteEH AdE A0 WNT A&
Asls Aoz d#ld tiTakemaru et al., 2003). Pqt”’
M EZo A= WNT/B-catenin NS E A gFo 24 A E
ste FAske Ao A glomn, wolE7| Al
& FEoR Hdsi ATAER] B3 A=
o2 defA] UTHLi et al., 2007; Singh et al., 2007). ©]
WA S-S Chibby-like superfamily domaing 7FA] 1L &
CBY27} Al 2] Z3lol] lojM 574 031?‘%—% & Aolgta
& & o, ol tigh A= AT Adejolth

upehA, 2 AFeAe Uﬂ'r‘ﬂivra CBY? A= 2
wste] FAxte] Ad 8 SA4E B8k, WSl 2
A el FAAE FLAAA FHA LY E3stet A6t
o] ojil H&L s=AE ek
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1. A RNA =& % cDNA =4

RNAiso plus(Takara Bio Inc., Shiga, Japan)E ©]-835}<]
v Z=2l(Coturnix japonica; quail)2] & (pectoralis major
muscle; PM), A%, 7H 213 S5X93 QM7 Al E(American
Type Culture Collection, Manassas, VA, USA)Z5FE A
RNAS FZEoI3ith v52] A& AH e FEdda s=4
HE D Helsta S Wl wal sttt
(KNU 2019-154). 71719752 NanoDrop ND-1000 Spectro-

Table 1. The list of PCR primer sets

photometer(Thermo Scientific Inc., Wilmington, DE, USA)E
°]-8-3l RNAS| el o} &= 21 -, 1 pgel XA RNA
& Flsto] cDNA /el ©]-8-3Iith cDNA g2 A=A
drg o] whe}l PrimeScript™ 1st cDNA Synthesis Kit(Takara
Bio Inc)E ©]&3l JHALE A1A AT

2. HiF2| CBYZ? wuiAtel E2Ynt & HIE XZE
94 CBY2-F9} CBY2-R Z&}o]™] #(Table 1)2 o] &3t
PCRE &3l CBY22] =d MYES £Z35l1, ©]Z pGEM-T
easy vector(Promega, Madison, WI, USA)°l Atsle] S=2
3t A7IMEREA S Bl CBY2e] MEE ERIg &
o A3S Agsiith 2 HEE Al%tstr] e, 4
CBY2-F¢} CBY2-HA-R Zglo|n] *§(Table 1)= ©]-8-3F PCR
< 53] CBY2°l hemagglutinin(HA) Bl 25 F718] 3
g Aol golateE Gtk o] 7 pcDNA3.1
(Invitrogen, Grand Island, NY, USA) %& #E]2] EcoRV A|
g Aol Akl cBy2 Hd WE S AlZeth

o

3. DNAg} ofo|=tt ME EA

2 w32 CBr29 AVIMES vtEoR HFg
CBY2 =Y A¥-& &<9lslal, Sequence Manipulation Suite
(http://www.bioinformatics.org/sms2/)2] 19 =15 F3f o}
st MEE AU e FE9] CBY2E GenBank
(https://www.ncbi.nlm.nih.gov/genbank/) & F3f 4o, &
(NP 001075170.1), SHAI(XP 020921263.1), 2(NP 001095767.1),
Z(NP001017506.1), AZI(NP 001157611.1), AFZHNP 00127
3270.1)2] CBY2 A go] Bl o] &5t} CBY2 A¥E9]
4 9 A% #242 BioEdit Sequence Alignment Editor
o] Z2adES o]&3] HPgPon, Z=wQl oI
NCBI Conserved Domain Search(https://www.ncbi.nlm.nih.
gov/Structure/cdd/wrpsb.cgi) =7-2 o83 Y3

i Anneali
Primer Forward (F) Reverse (R) caling
temperature

CBY2 5’-AAA AAG CCA AGC GGA GAC CT-3’ ié}AAch CAC TIT CCA GGA AAC 56.4C

For cloning 5-TTA CAA GCT GTA ATC TGG ACC
CBY2-HA ATC GTA TGG GTA AAT CTC TCC -
AAG TTG AAA CTC GTT TG-3’
GAPDH 5°-GAG GGT AGT GAA GGC TGC TG-3> 5-ACC AGG AAA CAA GCT TGA CG-3’ 58.0C

For quantitative

RT-PCR CBY2

5’-ACC TGA CAA ACC AGA GCA CA-3

5’-CCA GAT GCT CCA CTC GIT CT-3’ 60.0C
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4. AAIZH M2 PCR(Quantitative Real-Time PCR)

AR ZE A % PCR-S StepOnePlus Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA) PCR 7|7]<}
PowerUp™ SYBR™ Green Master Mix(Applied Biosystems)
& ol&3sle] AHAISHSTE PCRO AME-HE Zgtolw] A2
Table 19l AIAIBIATE 4 fzke] B FEe 2 4w
He o] 88l Atglom, olwf %F3HE flel GAPDHE At

5. Mlzejet & FHA =g
HAAl QM7 A= Medium199(Sigma Aldrich, St. Louis,
MO, USA) HjoFo-2 7|07 &lod 10% FBS(fetal bovine
serum; Gibco, Grand Island, NY, USA), 10% TPB(tryptose
phosphate broth; Sigma Aldrich), 1% ABAM(antibiotic-
antimycotic; Gibco)S ¥ g3t dut njfal S o] 3] 37T,
5% CO, Aee] wg|oA] WSk, AEe] Bahg
28] Slal MR A7t 15 2] Al Al
AN GG AL B 4 A2} WAl s
AES 7)1 E F, U g e oo uie) &
o st o 2okt A 510, 25 M
Ak wj g2} wlwal FBS =T thEH, 05%3 o }
vk E3te BHE 49 Bt APH e, O F AR
AF AT A2 Wze] 7362 =9
reagent(Invitrogen) & ©]-8-3l A=Al A

k2 fr=str] s Aol Jgsiaith

l

<2 Lipofectamine 3000
Aol whet Al

o] M-S 93l, 4 10% neutral formaling ©|-8-3]

THE %, 5% non-fat dry milkE ¥ &3t PBST(phosphate
buffered saline, 0.1% tween 20)Z ©]-&-3j H|Eo| 3 Att
< AASF T dAF g 2 anti-myosin heavy chain(MF20;
Developmental Studies Hybridoma Bank, Iowa City, IA,
USA) @A Z, o]z A2 CruzFluor™5947F 2% anti-
mouse IgG(Santa Cruz Biotechnology, Dallas, TX, USA)E
AHES o, DAPIE ©] &3l 3 dAIAth Al2S A
3 & =& 3331 7 (CKX53; Olympus, Shinjuku, Tokyo,
Japan)Z} 7H 25 o] 82l FF ARIE 4lon, o] A&
Image] &L EHAE o]&3)] A3t

7. A 24
FA| HolH= SAS 4ZEo|(SAS Institute, Cary, NC)

9] Student’s t-testL} one-way ANOVAE o] 838 F-oA S
AR oM, P<0.05%] A% ool U Aoz dAdst

Atk 2P zoA dolH e Ho P Hie EFAHSEM)
£ o] &3l YT

W32 CBY2 f-3Ake] 29 AME(CDS)= F24935t ¢
7ML EA S AAE A3 F dole 978 bpE 01 FolA
ARom, o]i= 325719] ofpiAto @ Wod & 9k 2
33k v 52] CBY22] 714 E-E GenBankol| 2% w52
CBY2 £} &&= Adz)} Adx) &t} o338 CBY2 o=
AAEE H, A HiA, A, AF, AR S CBY2 ofv|iet
At vlug 23 933 7Y =2 88%2] frALEE B
on, & A7 CBY29= AHAo R e fAIES

AkFig. 1). AEFTE 53 B4 27, d93 v52l&
grele 279l CBY2& A3 o= il /727
FeEo] U A2 & 5 AUATHFig. 2). EiE =v<l 4
S ZROAL B3 de A F TV EL FE HHE HF

2le] CBY2 olu]iAl o] ZHF9] Ay Wol thEox

o

X

2
Bsla, CBY2 ©hidel 5479l =v|91el Chibby-like
superfamily domaing 71 Q& A0 2 o =5 ith= Zlo]

o). W|3=2] CBY2 @A o||A] Chibby-like superfamily domain
< 83709 opn|ietto® FgE o] glom, T o] Ntk

Zof 91A1al vk whebd, vlFe]e] CBY2 FHAkE XA
o CBY2 fAlAkek AR Ze= & Ae= AztE.

vl el oA CBY2 frdAte] BE FtS BAS
Ax}, EF2elM 7P G 2deS #@1d 4 gk
(Fig. 3). CBY27} 717 o] dshs 24L& B3 24
oz Zgo vg) o 1200) F= o] HFFP o, I oS

o g hollA] oF 4sull, AlAelA] oF 15u), AN <k 10
Hj = %‘?ﬂ_‘é‘}—t— A& 201 4= AthP<0.001). W32 =
o] Atkek Aol CBY27F 247t
Z2A A Agshe 7Ee] AR vE F Ues WX
H]E CBY29] ZAz}= olJA|7E, Chibby2] -5 X|Whz2] o
A A ko] B3l 22475 Z o & HolLi et al., 2007),
CBY2 B3t AA oM = H| 523 752 & F s Ao
2 ARYH, & =
Aol %‘é%ﬂ}
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Fig. 1. Alignment of CBY2 amino acid sequences from various animals. The amino acid sequences of CBY2 from various animals
are aligned to identify the similarity between them. CBY2 was predicted to have a Chibby-lilke superfamily domain and it was
indicated by red box.

CBY? A A 1 23, CBY2E HEAAIR] o1& A& IRIF & AUATHFig. 5; 1 vs. 0.29, P<0.05).
AEZe 2T Az vlg) 2 o] F=Z A= wehA], CBY2E 5Tl oA AlAle] dTds ok
Ues &N = AAThFig. 4). =79 Hlws] CB2E AL & 5 Ik Fn|FA% CBY29] 2§ A Ao uHg
AN A Zo M= 2] FA 9 do|7} A #gko o] T 224 vlgf AA 8] e, ol 259 #3)
o, 23l 23 o] F= o AA HEEHA £ A< £ At s BAE] A Y = Uk ¥, A
HwE e g gdd oz Wl Qg ool A, Wz walo] =, ol CBY2 3 WAL
= 2] WAS ST A, iz 23 HWAd vE) o] #3ls FXte 7S /K 7] WEY = A
CBY2E LA Al 3Eol|A o] o] A o] 1/3 o]stz g ol o ATE B WeAol & Aotk
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Fig. 2. Phylogenetic tree of CBY2 of animals. Quail CBY2 was
closely related to chicken CBY2 and they are diverted from the
mammalian CBY2 in early evolutionary history.

160
140 a
120
100

80

60

b
40
c c
20
c H =
0

PM ABF HEART KIDNEY LIVER

Relative mRNA level
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Fig. 3. The expression of CBY2 mRNA in various quail tissues.
The expression level of CBY2 mRNA was analyzed by
gRT-PCR. CBY2 was most highly expressed in abdominal fat
(ABF), while its expression was extremely downregulated in
pectoralis major muscle (PM). Data were shown as mean+=SEM
(n=3), and the significance of P<0.001.

el M= AFHAT, CBY29] 7154 54 o7
ol WelaA) asiel, A2 A7 dsdl Sjele, kel o
& RKO A 3Zol|A o] Fdaks A7, o] Lﬁl oy
e Weetn AT AL FESHe Ao FelA g
(Zheng and Chen, 2018). T A 9} FH4 A4 A ]’\1—‘5 o]
FRA} & A $4%, 8 R A19e) 97, e
o] A2 Au 57 S3} o] 9 Aow deiA Ut
(Qanbari et al., 2010; D'Amours et al., 2019; Moreira et al.,

MyHC DAPI

Control

CBY2

Fig. 4. Myotube formation in the QM7 cells expressing CBY2.
The myotube (red) and nuclei (blue) was stained with myosin
heavy chain (MyHC) antibody and DAPI, respectively. The
myotube was shorter and thinner in CBY2-overexpressed cells
compared to control. (Magnification = x200)

1.2 1

0.8 1

0.4 A *

0.2 1

Relative myotube area
o
()]

Control CBY2

Fig. 5. Comparison of myotube area. The area of myotube in
both groups were measured and compared. The area of myotube
was larger in control than CBYZ2-overexpressed cells about 4
folds. Data were shown as meantSEM (n=3). ~
cance of P<0.05.

means a signifi-

2019). CBY29] 7164 WIAYFE olek fARRE AR
ChibbyZ &3} %@H% 4 30& Zlo|t}. Chibby< p-catenin
o] Cc-Eehol] A Aoz EolA B-catenin®] AIEHZ 2}
g-35h=d), Chibby7} 4-3-37} B-catenin¥} T AgFste] <t
A E3AE FAsh Axdo] wEE2A Ha, oe
WNT 2ladge] F2 AARRIAQI Lef-19] ﬁcatenmﬁr Z=lly
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ate A& Halgemn a2 AsdeS AAlshs 71%5e] 3
THTakemaru et al., 2003; Li et al., 2008). ™2}, Chibby-like
superfamily domainS 7} CBY2% H|$:3t 7|52 & 715
dol ok B AT Ayl oshd, F43t B4 WNT
ASAGE 25 Ao vlidistd] #ofshs 3oz deA]
) THArmstrong and Esser, 2005; Bernardi et al., 2011; Han
et al., 2011). B3k, HA Aol Axin2E 53 WNT/B-
catenin Al go] A Fasith= o] BT

(Huraskin et al., 2016). ©]x 3 TSl WNT AsHdg

=
o] @ Q3&H, Chibby*]H CBY2% ©] A5 A3 Wajdto
2A ZEEYE AT 7Fsdel AUt AT ol %
AHE B3l HEEofof gtk

B AFME w3 BY2 1S FEYs] Y-S
A8k, e SEET v 3l Chibby-like superfamily
domaing 7FA 3L 5& ERIetAT). el o] bt

A FFE Ae Flst
pom, FEAEANAN FFEAZ S u ZHLAS AT
= ISt ol 258 A7 4 vFe 2d &8
slol F83 712 A87F 2 & 9lom(Shin, 2017), FF
CBY29] =5 A 712 AF-E B3l gk 248 L
£ grelol & Zloltt.

N o
=

Chibby family member 2(CBY2)< Chibby-like super family
domain< 7FA]3L ¢loH, SPERT E& NURIT 5o2% &
4 JARE 12 7)) Bol A dAe &tk & AT
oAE HFe CBY2 FAAE Rl 1 NES
33, QU7 e 2§ AEY THBYIN G8E
Astgich WS cBy2el =9 Ag-L 97871 A7l=
Fol4 glem, ol 325709 ofuliettow WelEol
w52 CBY2& 9] CBY29 M frAtglon, ol 27
o] CBY2&= A3} AP DA o] EF-Fel CBY29} v ozl
Aoz BAFEQt) e ool oS B Az} vFg
CBY2& N-Teh &ol|, f-79} vla A] o] gk ofn|ieqts
Zo] ztm= 9lx|uk 83719 ofu]Ato & o] F0]Z Chibby-
like superfamily domaine 713 o Z 1=} W3z
o] gpFet 22 F CBY2: AMEA A 717 Bol TRl
om, 1 A%, AT E S B e Y= T
i, fg2elAe 59 W EES Btk oBr29] &

Aol el Jgs BA3517] 913 CBY2E QM7 Aol Z}

i
O oHr 1%

)

r

Gl
]
E=y

(R TR ST

F{

CBY2+< Chibby-like superfamily domain
SHLYL oAk Sl Utk 75 AT (Y27} 2
SRS JAletE 712 Wedlet 32 Felok & A
oltt.

(AQ10y: Chibby family member 2, CBY2, -5, QM7

AL, %)
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=
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o] Al IS HEAN] Ao R SdxATFAT
o] 2YE wrol $=3iH AFU(2016R1C1B1013407).
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