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Ve Z B hl EZAER], Hrb Cypl9a FEH 1 3RA
775 A A AR OR AL D E R, T FoxI2
3 3k JE T 07 A Ak DAY R Ik SR ) 4 U 4R T
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Protparam http://web.expasy.org/protparam/
CSFR2 ProtScale http://web.

expasy.org/cgi-bin/protscale/protscale.pl/
http://bioinf.cs.ucl.ac.uk/psipred/
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pET-32a-CSFR2 cDNA
CSFR2 ORF PCR
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Top10( )
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)
20%
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1 ml SDS-PAGE
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6 12 24 36 48 72 96 h 3
3 -707C
TRIZol (Ambion) RNA
PrimeScript® RT Reagent Kit with gDNA Eraser
( , )
Cyp19a(EF134716)  FoxI2(GQ402462)
B-actin (D ABI 7500
PCR ( ) TaKaRa SYBR® Premix EX
Tag™ ( , ) PCR
20 pl 3
SPSS 19
ANOVA LSD
(P<0.05)
x1 KBFAAMIINREFT
Tab.l Primers and their sequences used in the experiments
EIk/EX Y

Primer name Sequence (5'-3")

Cypl9a-a GGTGAGGATGTGACCCAGTGT
Cyp19a-s ACGGGCTGAAATCGCAAG

FoxI2-a GAGAGGAAGGGCAACTACTGGA
FoxI2-s TGGTTGGAAGTGCGTGGG
CseF-SSR1-a TACGACGTACTCCGGTGGTTTT
CseF-SSR1-s GAGGCCGACAGGATCGTAC
B-actin-a GCTGTGCTGTCCCTGTA

B-actin-s GAGTAGCCACGCTCTGTC
P32-CSFR2-R CCGCTTAAGGAGACACGTACAGTA
P32-CSFR2-F GCCGATATCATGGAGCAGGAGGAA
2 HRESH

21 FRAEHUANEELR
iid PCR 8 . NI K . HRAkk

Yett,, Al LIE FFE 218 bp F1 206 bp 20 M 1 H &4
FIREA (R AL P B o HEME , U7 206 bp AL 38 H 4%
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206
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BT i SRR AL M i M A 2R

Fig.1 Genetic sex identification of Cynoglossus semilaevis
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SETE OIS SRE TG R WA HERR , FRiiRG /i
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2.2.1 FIFH ExPASy H 1) Protparam %K

B2 i ER R

Histological transverse sections of C. semilaevis gonads

a. WEFBPE; b, HEfaREE,; o hIEMAARGE

a. Female ovary; b. Male testis; c. Neo-male testis
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Fig.3 ProtScale output for CSFR2 protein
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MR g U7 5 1R V)7 455149 P32-CSFR2-F
1 P32-CSFR2-R,PCR ¥"## CSFR2 4t [X , 2%} PCR
P8 7= ) R ARG M2, #9HE pET-32a-CSFR2
R RBEANE 4), K E pET-32a-CSFR2 HHEL

f1origin  APaL1(38)
 Clal(744)

} f )
//&-—T7 pro

amp _— Clal(1034)
X ApaLlI(1705)

Ncol(1130)
PET-32-CSFR2 E CSFR2

6583 b —— ApalI(1705)

Apal1(4493) : \\ EcoRI(1837)

HindIII(1856)

ApalI(3893) X Aval(1871)

\\
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Fig4 Recombinant expression vector map of pET-32-CSFR2

B 7 Sk R s 4l N CSFR2 J7 Bt

The orange arrow indicates the inserted CSFR2 fragment

IPTG /55 J¢ SDS-PAGE #:llJ5 , 72 42 kDa 4bv] I,
— R R BBREAKWE 5), LEMZENTHGE &
mAD4lifb)5 , 78 42 kDa kb H B —FE S 400 (K 6), 1%
Al KNG IPTG R BMEZEA RN, H
S g B 08 R /NEAR —F A )s e B ik
JE, A 900 pg/ml,

5 HHEALS pET-32a & IPTG G R
SDS-PAGE £l £ 2
Fig.5 SDS-PAGE analysis of purified pET-32a-CSFR2
fusion protein

M: Marker; 1&2: pET-32a F#H KL IPTG ¥ F; 3&4:
pET-32a-CSFR2 £ IPTG 5 %
M: Protein marker; Lanes 1-2: Induced pET-32a; Lanes 3-4:
Induced pET-32a-CSFR2
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96 h YK & 1E H /K. K Cypl9a () #iA (K 8), 4%
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ik (Dong et al, 2011), Deng %(2009) 78 [ T 2 ¥t % 85
F5 FALHESEF (Cypl9a), FHahAT2e i B4 L 4Rk
53T, RT-PCR Z5 LKW Cypl9a HyetEff ik, H
M ZURFRTR, HIRHE Y Cypl9a ik /K Pt T
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Fig.6 FEHEHAZLALER SDS-PAGE Hi jk A il Fig.7 Expression of the FOxI2 gene after injection of fusion protein
Fig.6 SDS-PAGE analysis of purifed pET-32a-CSFR2 T . o
fusion protein SRR T 225001, AR TR B #7225 5 (P<0.05)
Bars with different letters differed with statistical significance
M: Marker; 1: pET-32a F#HARZ IPTG 55 2: pET-32a- at P< 0.05, calculated by One-Way ANOVA
CSFR2 £ IPTG i %; 3: 4li{k[¥ pET-32a-CSFR2 & [
M: Protein marker; .Lane 1: I.nduced pET-32a; Lane 2: Indl'lced 3.0 X o B4 Control group
pET-32a-CSFR2; Lane 3: Pure pET-32a-CSFR2 protein )5 m 5254 Experimental group
.. - 5 b b
transcription factor 1)JEIKFY, dmrtl [ )2 5 - = C e
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HH BV M SE B K (Chen et al, 2014), A 5L He i B B b
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R DR 2 A4 415 0l 7L sl 0 ) M R D RE AR A e s A 0 6 12024 36 48 T2 96
N i S e s TS 8 S B9 IURE S [R]

%’ ﬂﬁ?LZjJ%E’\J Fxol2 [ %ﬁiﬁb%%ﬁgD%JE{k Sampling time after protein injection/h
HMMEEAR T, RYERrU0 E I RERY EHE N 1 fEfm2eth . , S
RHMLIEIHHET TRESE , AT BRI E 0L, Foxlg (98 TRAT CSTR TUALIRF X1 Cypioa Sl deisht 9301

R . Fig.8 Expressions of the Cyp19a gene after injection of
%E'@ﬁ%*@*m%%ﬁﬁ(Alam et ala 2008)0 Y:E fusion protein
e E g, TS FoxI2 JEHY cDNA JF5, If: R BT 1 B B P B P<0.03

S N 2 %= . NG \ ’ <0.
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Bars with different letters differed with statistical significance

I, FERG - AR L, AR TR R R at P<0.05, calculated by One-Way ANOVA
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1) R, 45 B3(Cynoglossus semilaevis)Z ki A PR 2H = 7 51 A i A0 SC B R Y e e 5 2k adr. i v R it
2RI, 2010

2) MR, 23T I DI AH G B P450 95 AL FTZ-F1 Fl DMRT1 J:R vk K 2235 007, b B W PR R op 2y
&3¢, 2007
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FEBRVER, RADEIREM: . AEM oA H i /Ny
FO LA [ m it A4, Bii wish s gnl e
i Ko F 8 A e A, —Fp o am ad B G 450
B, S—REmid g iR . Green 45(1988)
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—Z WK BO R R A s S 45 #4 38(Protein transduction
domain, PTD), ‘EREMSZEERANAINE | 4 3k A L Fh2k
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PIRRYT WA v B E 0 A (A

W5 200, Mg B ] LS Ko T Btk A9
PRP, B LA A TR0 R A I 4 i R, R, g
FAR ] DIAE R — 18 2 R GBS B K o W ik A
RN (Woodle, 1995), FIZR5F(2012)0F58 K], K
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LA, ULBR/ NG I AR 20 R o A 6 5 BE % el 5
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AL B B0 R ORI R T i, 9 & —
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AHIFSE R KA 1 A% 2R A 2K pET-32a k44
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gE LAk, AR5 E CSFR2 JFA%Z Fik Ak,
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BEIA TR B E— 2B ST

FlA, B8, WES. ISR IR i & S HE
PERE. KiAR1L T, 2012, 29(6): 576-579

X, FRIE AT Rt ARl R, 1993, 29-30

Alama MA, Kobayashia Y, Horiguchi R, et al. Molecular cloning
and quantitative expression of sexually dimorphic markers
Dmrtl and FoxI2 during female-to-male sex change in
Epinephelus merra. Gen Comp Endocrinol, 2008, 157: 75-85

Chen SL, Tian Y'S, Yang JF, et al. Artificial gynogenesis and sex
determination in half-smooth tongue sole (Cynoglossus
semilaevis). Mar Biotechnol, 2009, 11(2): 243-251

Chen SL, Ji XS, Shao CW, et al. Induction of mitogynogenetic
diploids and identification of WW super-female using sex-
specific SSR markers in half-smooth tongue sole (Cynoglossus
semilaevis). Mar Biotechnol, 2012, 14: 120-128

Chen SL, Zhang GJ, Shao CW, et al. Whole-genome sequence of
a flatfish provides insights into ZW sex chromosome
evolution and adaptation to a benthic lifestyle. Nature
Genetics, 2014, 46(3): 253-260

Deng SP, Chen SL, Xu JY, et al. Molecular cloning,
characterization and expression analysis of gonadal P450
aromatase in the half-smooth tongue sole, Cynoglossus
semilaevis. Aquaculture, 2009, 287: 211-218

Dong XL, Chen SL, Ji XS, et al. Molecular cloning,
characterization and expression analysis of Sox9a and FoxI2
genes in half-smooth tongue sole (Cynoglossus semilaevis).
Acta Oceanologica Sinica, 2011, 30: 68-77

Fawell S, Seery J, Daikh Y, et al. Tat-mediated delivery of
heterologous proteins into cells. Proc Natl Acad Sci USA,
1994, 91(2): 664—668

Green M, Loewenstein PM. Autonomous functional domains of



36 woooor B % 3 R %36 %

chemically synthesized human immunodeficiency virus tat Yamaguchi T, Yamaguchi S, Hirai T, et al. Follicle-stimulating

trans-activator protein. Cell, 1988, 55(6): 1179-1188 hormone signaling and FoxI2 are involved in transcriptional
Ignatius R, Mahnke K, Rivera M, et al. Presentation of proteins regulation of aromatase gene during gonadal sex differentiation

encapsulated in sterically stabilized liposomes by dendritic in Japanese flounder, Paralichthys olivaceus. Biochem

cells initiates CD8" T-cell responses in vivo. Blood, 2000, Biophy Res Comm, 2007, 359(4): 935-940

96(10): 35053513 Zhang Y, Li HM, Sun J, et al. DC-Chol/DOPE cationic
Shigeho I, Hiroyo K, Tohru K, et al. Sexual dimorphic liposomes: A comparative study of the influence factorson

expression of genes in gonads during early differentiation of plasmid pDNA and siRNA gene delivery. Int J Pharm, 2010,

a teleost fish, the Nile tilapia Oreoehromis nilotieus. Biol 390: 198—207

Reprod, 2008, 78: 333-341 Zhuang Z, Wu D, Zhang S, et al. G-banding patterns of the
Woodle MC. Sterically stabilized liposome therapeutics. Adv chromosomes of tongue fish Cynoglossus semilaevis Giinther,

Drug Deliver Rev, 1995, 16(2): 249-265 1873. J Appl Ichthyol, 2006, 22(5): 437440

(hEE Bie)

Recombinant Expression, Purification and Functional Analysis of
Half-Smooth Tongue Sole (Cynoglossus semilaevis) CSFR2 Protein

WANG Kailin'?, HU Qiaomu’, CHEN Songlin'®”

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071,
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306;
3. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223)

Abstract Half-smooth tongue sole (Cynoglossus semilaevis) is an important aquaculture species in
the north coastal area of China. Male and female C. semilaevis exhibit distinct properties, yet their sex
determination mechanism is complex and obscure. By genome and transcriptome sequencing of C.
semilaevis, we identified a sex-related gene CSFR2, and we then carried out the cloning, expression in E.
coli, and 1-step Ni-NTA-based purification to investigate the function of CSFR2. We injected the
recombinant CSFR2 protein into C. semilaevis and quantified the amounts of two genes presumably to be
affected at the transcriptional level using qPCR. The marker genes were positively affected during the first
72 h following injection. A prokaryotic expression plasmid pET-32a-CSFR2 was constructed transformed
into E. coli to produce the fusion protein. HisTrap HP was used for protein purification, and SDS-PAGE
electrophoresis was used for fusion protein detection. We injected the fusion protein with liposome into
fish, and tested the expression of Cypl9a and Foxl2. The results showed that the expression of Cypl9a
and FoxlI2 was significantly up-regulated between 6 to 72 h and then returned to the basal level at 72 h
after injection. Being a sex-related gene, the activity of the CSFR2 fusion protein could not be directly
detected using immunoreaction. We hence examined the activities of other sex-related genes, which could
reflect the activity of CSFR2. The results showed that the recombinant CSFR2 protein up-regulated the
expression of female-related genes, Foxl2 and Cypl9a, indicating that CSFR2 played a role in sex
differentiation by regulating the expression of other sex-related genes. Our study proposed a new strategy
in the gene function study, and provided fundamental information for the artificial induction of fish sex
reversal.

Key words Cynoglossus semilaevis; Sex-related genes; CSFR2; Recombinant protein; Biological
activity
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