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Cloning, expression and bioinformatics analysis

of two spliced forms of porcine follistatin gene
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Yangzhou University, Yangzhou 225009 , China)

Abstract ; Porcine follistatin gene ( Follistatin, FS) plays roles in regulation of animal reproductive activities and
muscle growth, however very few studies on the swine FS are available. In this study, two spliced forms of porcine
FS gene were cloned, and the domain and protein structure, evolutionary relationship and tissue expression pattern
were investigated. The results showed that two spliced forms (1 045bp, FS-L and 964bp, FS-S) were cloned suc-
cessfully with tow pairs of primers; the sequences were aligned with sequences of human, mouse, rat, and ze-
brafish deposited in Genbank and the identity was higher than 80% . Based on the comparison of the two protein do-
mains, FS-S protein is missing one FS domain compared to FS-L protein. The homology analysis showed that pigs
and cattle share closer relationship but the relationships between pig and human, mouse, rat, and zebra fish are
relatively distant. The tissue expression analysis showed that the two splice forms display different patterns among
Meishan pig tissues, the FS-L form was expressed in muscle and reproductive system and others, but FS-S form was
mainly expressed in reproductive system. It implies that FS-L may play a role in muscle growth, while the FS-S
may mainly regulates animal reproductive function.
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IRV e —Fh 2 AETE I SRR 2R 1, BIEAY
FHAFS R AR DAL SEOL BBV CEILE S
FRZE AR 323K, FS 38 8 AR O Fr L 0% J0RE 4 i 7= A=
(AP 2R (activin) A] X BT -RJ: 41 i A9 A 280 1 B9 0 1)
FRAEM" . AR FS JE— & 2k sk, fi ik
& A B RORE AL B S, A B R E R
N FS FH 5 IR TR 4 AN &AL, T
%5 Sk b O HEA PR PHEE L 2 hildr 4
o FS-315 1 FS-2881 7> il ATTIA N FS HUEAE
R 2 (Activin, ACT) 255 M, 1 Activin /
Follistatin 404 6 15 s ) 0 B BE T 3l (H I 4F ok
SEE R B, FS g2 TGF-B M8 K 1 hF 2 i b1, 1
myostatin . activin ,inhibin \BMP 45 14 il &5 & (el . B
FEAE IR UILXT Sy LA AR K B S 0 o 1
FH,FS 7] 5 WLA A KA 6 & (myostatin) B C 3ig 45
A, i myostatin B 37 AR 45 A, M AR SE - 8% LA
B Lee Z54E 2001 4EAYMF5T W, 30 1o 5 DA B 6
BN FS A0 myostatin W] LUA S5 AL A
2009 AR, o BRE 9AIF T 2 B 8 L N A
SR FS At ] s LR A% A= 4 T mT 48 e LA
S XTI S ARG IR 50 25 % T JE il . Rose
S51E 2008 AEMATY KB, 2 5 FS FRIAIKF T2 5
WLPR B &, I ] S 4 BE T L ZE 46 4 (SMA) 19 314
et . HATHA IR S FS B 5 2400 5
ZEGAE(PCOS) A3 HE T FS XX FUR AN F 5=
WA B E A,

2007 4, 2% ik 74 55 D\ i £ O £ e B T Fol-
listatin FE[R 4K cDNA , 3F 15 751 5907 FE B H: ¢cDNA
42 1 444 bp  AFEFF I AE 966 bp, 5 HE 465 X
82 bp,3dEHAGIX 359 bp' ', 2011 4F, B Ha 45
EOE AP B T follistatin (42K ¢DNA, Jf ik
17 T RAN 53 M fR A 2338 53 B, R WIFECo R L JHFE
TR il U BT S A ekt 2007 4R, 55
W ASEETERE T35 Follistatin K ¢cDNA, IF 9847 T
JERZ R L SR, H T A O T FS Bt
PV A S | AR S WY HiGE , AR AT
T M FS MR DHEIE R e i S8 AR B
B 25 F k058, IR AWM FS A 454
MRt =%,

| ARSI

L1 s s

L1155y
IRAFHFLL RS FUBAF AL AR o 82 SRR A

BRREAS RGN, GFH R /NI TR T e T

LR o0 i VE N SR IL BRIV R
L FE AR L SE AL 2L R0 | B S2 Sk (B SEAAC BE SR L AR
TEERAE HTSMR KGR IR R
o
1.1.2 =ik

DHS o KM T 11 T8 Ak (E. coli) 7 52 55 25
o
L3 R (&) KT A

2 TP PR 1 4 N VTG . ANTP | Pyrobest DNA 24
BEAEIE [l TaKaRa 22 7] ; Taq plus DNA R4 A
o [ A= 1 HOR 22 7 5 Oligo (dT) \pGEM-T A A
Promega 7\ ) ; Superseript 1 Jz % 553857 & & Invitro-
gen A H G AN B R B-HE OB L H T E M
1R 2 g [ 7105 s DNA- maker iy 52 A= 1) S K A if
AT, PCR 5196 i 5M)¥ : PCR 51¥ i I
A T A T AR IR S5 A PR W) 6 180 DU By 1 ¥ In-
vitrogen 2\ ] 5E o
1.2 RIEFH*E
1L.2.1 519MEit 546 M

M Genebank H% IR 41 ) 28 Fp 1 BT TP
T 5|4 (Follistatin F #1 Follistatin long-R ; Follistatin F
H1 Follistatin short-R) |, ZE&IHRIPIXTS |4 F i@ A0 R
Ui 43 50 n b BREPE N DI EcoR T F1 Neol iUz
RPH, B Rl . _EiF Follistatin F: -
GAATTCtgaccccagaatggtecg ( EcoRI) , FiiF5 14 1. Fol-
listatin-long
(Neol) , Fii#514) 2 ; Follistatin-short R tgCCATGGt-
cagttgcaagatccagagt ( Neol )
1.2.2 LA RNA (442 &% cDNA 1945 1

K JH Trizol BESEIBHF IR £ ZLUE RNA, I8
AP I RE TN T K it iR B e 2

B 1L %2 RNA 5 1l Oligo (dT) primer
(0.5ug/ L) ,iRA , il DEPC-treated water & 12pl,
IR2J5 70°C F 5 min, K 30s, 5.0 3 ~5s, fIA
4L 5 x reaction Buffer, 2pl dNTP Mix (10mM) ,
1L Ribonuclease inhibitor (20 U /ul) , 1REJE.( 3
~5s A 1w M-MuLV Reverse Transcriptase (200 U
/) 5] 5 B PCR X H1:42°C (60 min, 70°C 10
min, XM Z5 G - 20°CIR-AF
1.2.3 Sl Ry ik vl B

S5 14 PCR 43 FS JEfH , PCR S
264 :94°C T A5 3min; 94°C 25 ¥ 30s, & P 1min
(Follistatin F Fl1 Follistatin long-R [¥) 18 Kk & FE K
55 ;Follistatin F FlI Follistatin short-R [{3E X & &
Sk 58°C ) ,72°C #E{# 1. 5min, ( Follistatin F £ Fol-
listatin long-R 1 1f§ ¥4 %% & 40 ; Follistatin F F1 Fol-

R ggCCATGGttaccactctagaatagaagatata
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listatin short-R A9 1§ #F 50 & 50) ; 4k J5 72°C 4L f#f
10min, iz J5 4°C R 77 SR J5 ¥ PCR 74 73 il H
DNA Fragment Purification Kit #F474li4k. , $% J5 ¥ 4lifk,
JE Y H R 5 pMD19-T g 34 3, #e Ak, $2 1505t
Ki, 28 PCR 4™ 1 FNG ) 45 56 | 0 8 3 PR 1) 8 21
JBkE o XS R A R W B T 2H BORLIN e, IR T
3R)¥51 FH DNAStar #2755 GenBank H E & £ 1 JF

HIPEAT HOA
1.2.4  HALIKIET

LI Follistatin F A1 Follistatin long-R ; Follistatin F
F11 Follistatin short-R) B X%f 5|4 PCR ¥ 84 5% A 6] 2H
U B AR D, T B PRGN 45 2R
1.2.5 RS oAb

S5E G B A T Bt sERE ) FS #E 1T F 81
I3M e LATERERY FS ke 51 R 4T 2 H L I il £
A R TR 1 HEAA s I AT NCBI 9 CDD %k
PEo b e S T RE S R 4k

2 WEERSH

2.1 FSHREREBYEESER

DAL SRR 20 DNA S Asias, A1) FH i O/ B Tag
g8 R /N3 5 R 1 045bp £ 964bp 1) FS-L F11 FS-
S BLH |, PCR 4 25 B R A B JKC Pl Uk 87 2 T
B R S R BRI IE R (CAn &l 1) 5K B Y R B
AfbfE 5 T BRI, TR ALY 3R, BT PCR 14
KRy vhs | A BR ] B A0 5 D) 4 i A o
L, 0 B H 4 BoRE 5470 P 35 3iE , 1 DNAStar
P25 R 435 5 Genebank 77 & FE R 4]

HEATXT LA, RV 53551 R 97. 63% Fil 94. 01% , iE
WIS T 9 TE A . FS-L 1% CDS J£%14+1 023bp,
FS-S ) CDS F741 421K 708bp , ARt 548 52 %4 ORF
FS-L SR AT 4t 341 A2 JEIRAS 88 (0T, HEZ 2
FEi o2k 3. 771kD LS 2R 5. 53, FS-S X
PR A Zhifith 235 N2 BERR A5 2R 1 5T, HEIIZ AR T
FEZN 3. 418kD , ZE e, 15 2 7. 88

M 1 2

B 1 FS-L#1FS-S PCR P4 ik & R
1:FS-L PCR F=#, 2:F¥S-S PCR 7= ,M : DL2000TM Marker
Fig. 1  electrophoresis results of the FS-and FS-S PCR products
1:FS-L PCR, 2:FS-S PCR,M:DIL2000TM Marker

2.2 FS WALRRIARE

HFIR T iR, FS FEPR A W Rh D 4508 K AE
LA ] 2H 2 v 1 S22 BN ] ) 2 2 3 3k 1% (&)
2) o FS-L kK70 A LU ) 2 0T IR 96 5 1
JFF i TR UL REE R UL B 23k | W6 52 R | PR BRI | i
FURR G ERBE O S P A PR e sk R k. T
FS-S J P HU7E B 52 2 (TSR IS A e sk

M123456789101112 1314151617 M 1819 20 2122 23 24 2526 27

964bp.

1 045bp.
o - “ p

GAPDH

150bp.

2 FS-SHFS-LEEMALRREE
Fig. 2 Tissue expression profile of FS-S andFS-L
7 : M & :DNA #5712 2 000bp, 1 ~27 5E 53325 : KBe /N s\ T B B S o0 R EBGVB NG B R KL BRAL BRI B RE 2 AL 2
SR B SL B MR R EIKER AT IR IR E R FEHINE T ER.

Notes : Lane M is 2 000bp DNA Maker, lane from 1 to 27 are Cerebrum, cerebellum, pituitary, hypothalamus, hippocampus, heart, liver, spleen, lung,

kidney, small intestine, back dorsi muscle, leg muscle, the psoas muscle, back fat, testis, rete testis, epididymal head, epididymal bodycaudal epididy-

mides, bulbourethral gland, prostate, fine balloon, ovary, uterus, fallopian tubes and uterine horn organizations
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2.3 FIMEMEREST
2.3.1  HABKHALMETU T

K http ://web. expasy. org/protparam/ [} 3 Xif
FS-L I F'S-S 4% A9 2 11 Bt A7 BRALAE B rHr o 45
RER W, FSL g Mo 2 K A RN
C1588H2515N4550520844 , 31 &4 20 Fhad 3, H
H Cys(10.67% ) ,Glu(10.61% ) ,Lys(9.18% ) & &
B2 , 78 280nm [ SEEEE 0. 66mg/ml, % 1
G5 ZHCh 55. 65, BV 3K ZECh - 0. 555, 4E
BIZ AR R K PR, AN R e R8O 48. 50, IE X
EHEAEEE M, FS-S 951 £ k4 il N
C1104H1780N3260340S31, 3 & 1 20 Fhad g, H
H Cys(10.69% ) ,Leu(9.56% ) ,Lys(9.35% ) & &
W 15 280nm B SEE(E R 0. 77mg/ml, i%4&E H
NS ZHCh 64. 72, BV 23K ZECh - 0. 428, 4iE
BIZ AR R K R i, AN R e R8O 37. 95, IEHX
HHEREEN,

FIH] DNAMAN #4355 FS-L F1 FS-S 1 5% K 1
PEATHE—2L M (ANIE 3, 181 4) |, R R SR K X
W2, LA N8 R BORT- 126K 280 7T LLAh
FS-L I FS-S H 2Rk IEE 1

45
0
-4.5
B3 FS-LAIBkMEZ
Fig. 3 Hydrophobicity curve of FS-L
4.5
0
-4.5
4 FS-S HIBR/K M B2
Fig. 4  Hydrophobicity curve of FS-S
2.3.2 AN LT

FIFH DNAstar X FS-L I FS-S () — 2R &5 1 7151
IS5 FS-L AT RE S 8 > - BRIERN 16 > B-
31 1M FS-S HFEA 74 o- 8852 20 4> B-1.
2.3.3 TR RS H

FIH http ://www. ch. embnet. org/cgi — bin/TM-
PRED_form_parser %} FS-L Fl FS-S & [ ) 5 i 25 ¥4
PEAT T, 25 R AR FS-L 8 1 T REIF A AERS 45
Pk, 10 F'S-S 2 AT REAF 78 9 1 5 JEE MR e DX I,
DAL TE] R E P T P ) B 5 AR e DX 2% — A, X iz )
FILRALE 3 R e 8 ~28 LLAE 4 ~23 fif, iE—
AR FS-S 185 A DA FEAT 0B, 45 R 3R B FS-S
£ 5 B AT DA B n] REVEARAR, 25 B IS X 5 5

JEFFNEE R I BT 45 54 FS-L Fil FS-S Al REFRA
EREA(WLES,6)

TMpred output for unknown
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5 FS-L BEREX i Fm

Fig. 5 prediction of FS-L transmembrane region
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Fig. 6 prediction of FS-S transmembrane region
2.3.4  BERRALAL S TR

j#3 http ./ /www. cbs. dtu. dk/services/ NetPhos/ {F
LRI FS-L A FS-S 2K FABERR LA 5, 45 R R W], FS-L
FIRE oA 2 S PRI 1,6 DI FRTEIR A7 1,4
AR IR IR A AL S (AN 7) 51 S-S FTRE S
4 N2 F IR 2 DI TRBERRA N 5, T AN
R 2 (A& 8) ¢

NetPhos 2.0:predicted phosphorylation sites in Sequence
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E7 FS-LEZLRR.FRBRSBRIARMBHBRBRLLSIN

Fig. 7 analysis of FS-L serine, threonine and tyrosine
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NetPhos 2.0:predicted phosphorylation sites in Sequence
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8 FS-SHZLEE.FABEHEBHBOBEBKLISN
Fig. 8 analysis of FS-S serine, threonine
and tyrosine kinase phosphorylation sites
2.3.5 HHBERESS A S 1 A> FS kg3, 1 FS-S 2 1 50 L HAT 2 4> FS su-
HIHI NCBI ) CDD {453 #r FS-L FI FS-S B8 per family 254450, A LE FS-L & H & 6k 17—
HORSFES R S, i W Fh 2 ) B s M e ) L% FS 54 ( ILIE1 9,10) .
B. FS-L FEHEA 2 4 FS super family %5 F4) 38 F1

Conserved domains on [icllocal MVRPAQPRAM] View full result @
Local query sequence
Graphical summary show options » ”
1 50 100 150 200 250 300 340
'
Query seq. H
Specific hits
Superfanilies ﬁazm.;s superfamily ] AZAL_FS supertam)
Search for similar domain architectures | 2 Refine search | 2
List of domain hits l
- Description Pssmid Multidom E-value
[+]KAZAL_FS super family[cl00097], Kazal type serine protease inhibitors and follistatin-like domains. Kazal inhibitors ... 198508 yes 7.69e-07
28998 no 6.97e-06

[HKAZAL_FS[cd00104], Kazal type serine protease inhibitors and follistatin-like domains. Kazal inhibitors ..

FKaZAL_FS super family[cl00097], Kazal type serine protease inhibitors and follistatin-like domains. Kazal inhibitors ... 198508 no 8.33e-08

B9 CDD i2fF343E FS-L EH REHEH 47
Fig. 9 analysis of pig FS-L protein domain by CDD program

Conserved domains on [lcllocal MVRPKHQPGG] Miewiiyesnit 2

Local query sequence

Graphical summa show options » k]
1 2|5 510 7]5 ll}l) 1%5 1?0 1'15 2?0 22|5 23]5
- T PR PR P PR PR T P "
Query seq. H
Superfanilies ([ KAZAL_FS superfamily ) ((KAZALFS superfamily )
Search for similar domain architectures | 2 Refine search | 2

List of domain hits e
H Description Pssmid Multi-dom E-value
FKazaL_FS super familylcld Kazal type serine protease inhibitors and follistatin-like domains. Kazal inhibitors ... 193657 yes 5.53e-06

HKaZAL_FS super family[cl0097], Kazal type serine protease inhibitors and follistatin-like domains. Kazal inhibitors ... 193657 no 7.48e-03

10 CDD 27 X% FS-S BB REMIER 547
Fig. 10  analysis of pig FS-S protein domain by CDD program

2.4 FS-LF0FS-S pREEMESH F AR (AnIE 12) o [T R0, 3 S5 40
7t GenBank JE[N 41 50H PE R ARG N 2E VK RGOCRRIT, 5 /NR I RORTBE D £ A9 6 R A

BRI B BRE S £ (9 A FS-LOFS-S M (B4, M X,

Clustal X #4774 text (anfgl 11) , #|H DNAMAN
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house mouse —] MVCARHGGCCMDE SAAGNCWE—AKNGRCVYK—————TSKCCSTGE 39
norway rat S MCARHGGCCMDE SAAGNCWE—AENGECVYE—————TSKCCSTGE 38
cattle.pre @~ @~ —— MARRHGGCCMDE SAAGNCWE—AKNGRCVYK———— TSKCCSTGE 38
zebrafish. pro ———————————MEMEEHCMWCYDE -VAGNCHN ——GENGECVYMG———MSRCCRSCGE 38
F55. pro VMEFEHQPGGLCLLLLLLCQFMEDR SAQACGNCWLEQAKNGECQVL YK TELSKEECCSTGE 60
human. pro MVEARHQPGGLCLLLLLLCQFMEDESARQAGNCRLEQAKNGRCQVLYKTELSKEECCSTGE 60
F5L. pro MVEP-AQPE——AMLCCCCSAVHETQREPGWECWLEQAKNGECQVL YK TELSKEECCSTGE 56
Tk . kkkkx L, ¥k kk
house mouse S-TSWTDVNDN—————TEWMNGGAN-——CCETCN-VDCG—GEECEMNEENE-RCVCA- 84
norway rat S-TSWTDVNDN——— TEWMNGGAN-—CCETCN-VDCG—GEECEMNEENE-RECVCA- 83
cattle. pro S-TSWTDVNDN—————TEWMNGGAN-——CCETCN-VDCG-GEECEMNEENE-RCVCA- 83
zebrafish. pro G-TSWTDVNS———— TEWMNGGAN-——CCETCDNVDCG—GERCEMNERSKE-RCVCA- 83
F55. pro LSTSWTEEDVNDNTLFERMIFNGGAPNCIPCKETCENVDCGPGEECEMNEENKPRCYCAP 120
human. pro LSTSRTEEDVNDNTLFEWMIFNGGAPNCIPCKETCENVDCGPGEECEMNEENKEPRCVCAP 120
FSL. pro LSTPWTEEDVNDNTLFEWMIFNGGAPNCIPCEETCENVDCGPGEKCEMNEENEPECYCAF 116
* k% T ¥k * cFk; kkkk kkoEkokk ok kkkkk
house mouse DCSN-TWEG-VCG-DCETYRE—-NCAKARCE—————- VYGKCEKTCEDVCG—SSTCV 128
norway rat DCSN-TWEG-VCG-DCETYRE—NCAKARCE——————VYGECEETCEDVCG—SSTCV 127
cattle. pro DCSN-TWEG-VCG-DCKTYR——NCAKARCK—————VYGECKKTCEDVCG—SSTCY 127
zebrafish. pro DCSNVTWEG-VCGSDCKTYR——DCAKSKCKGH——DVYGECKKTCEDVCG—SSTCY 132
F55. pro DCSNITWEGPVCGLDGK TYRNECALLEARCKEQPELEVQYQGKCEKTCEDVFCPGSSTCY 180
human. pro DCENITWEGPVCGLDGKTYRNECALLEARCKEQPELEVQYQGRCKKTCEDVECPGSSTCY 180
FSL. pro DCSNITWEGPVCGLDGKTYRNECALLEARCKEQPELEVQYQGKCKKTYRDVFCPGSSTCY 176
*kkk kkkk kkk kkEkEE *7 k% *kkkE kkE *kkkE
house mouse VDTNN-AYCVTCNRCSS5——— YCGNDGVTYSSACHREATCGRSG-AYGKCT-KSCD 178
norway rat VDTNN-AYCVTCNECSS5——— SCENDCNTYSSACHEEATCGRSG-AYGKCKAKSCD 178
cattle. pro VDTNN-AYCVTCNRCTSS——— YCGNDGVTYS-ACHREATCGRSG-AYGKCKAKSCD 177
zebrafish. pro VDTNN-AYCVTCNECVMED———— YCGND—CGYASACHEEATCGRSCVAYGECKAKSCD 183
F55. pro VDOTNNAYCY TCNRICPEFTSSEQYLCGNDGVAYSSACHLEKATCLLGESIGLAL——- 235
human. pro VDQTNNAYCVTCNEICPEPASSEQYLCGNDGV TYSSACHLEKATCLLGRSIGLAYEGECT 240
FSL. pro VDQTRNAYCVTCNEICPEPTSSEQYLCCNDGY TYSSACHLEKATCLLCESIGLAYEGECT 236
k| kkkkkkEk #kkk kT bRk o * 7k,
house mouse ———————CGGCEECRDSEVGRGRC—————SCDCDSKSDVCASDNATYASCAMEAAC 222
norway rat —————————LCGGCEECRD-EVGRGRC—————SCDCDSKSDVCASDNATYASCAMEAAC 221
cattle. pro b —CTGGEECWD-EVCRCGREC————— SCCC-SKS-VCASDNATYASCAMEAAC 219
zebrafish. pro DH——— —CSACKECWDAKMSEGRCA———VCASCSESAVCASDNTTYS-CAMEAAC 229
FS5. pro
human. pro KAKSCEDIQCTGGKECLWDFEVGRGRCSLCDELCPDSKSDEFVCASDNATYASECAMEEA 300
F5L. pro KAKSCDDIQCTCCKECLWDFEVGEGECSLCDELCPESKESEEPVCASDNATYASECAMEEA 296
house mouse S5———CVVEHSGSCNSS—TDDYS55-F—————— 244
norway rat S5————GVVEHSGSCNSS—-TDDYSSSTR—————— 244
cattle. pro S8———CVVEHSGSCNSSDTDDDDY 5556 W— 244
zebrafish. pro S————TVVEHSGSCRCE 242
F85. pro
human. pro ACSSGVLLEVEHSGSCNSISEDTEEEEEDEDQDYSFPISSILER 344
FSL. pro ACSSGVLLEVEHSGSCNSISEDTEEEEEDEDQDYSFFISSILER 340
11 SEBF 5t
Fig. 11 amino acid sequences
_:fg SR 1, FLXT S i LD A= K B A 1 Y
14 § _ .
o~ PRS2 20 DR 52 R A 'S IR, 48 /s X
— —| ;\F UL & ISR BA PR B L, CAVIEER
HofE B FS-L A1 FS-S 02 FS S H AP BHEIE 30, HIhE
b G RGE RE A ATAEAEAE 2 5%, Shunichi 457E 1988 4ERIFSE e Hi A
) o ‘ ; AT S/ = A5
Fig. 12 analysis of protein phylogenetic tree FS mﬁﬁ Hjﬁfbﬁ ’ ﬁ%ﬂﬂéﬁﬁ% 317 *ﬂ 3444 %%
B2 o PIRPPFHEIE A & DU R ST S5 R J, BR 2R —
3 ANEERIRIN , Hor = A EER R S AR, OF B 5 A

R 0 1) IR I A ) R RN R R AR R I

IO A B, FS i TCF-B AR A2
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(EGF) FEBIARRL, i AT B I3 T[] — Fh L (11
Michel %5 i3 RNA 340 & K B FS mRNA X L
555 HME IR 157 MRS 6 1T 71
AEHER IR T B FS JE R 5 4 S L AE MR L)
BAERRANE 23K MG Y FS-L HAT 2 4 FS su-
per family 45 HIBURT 1 A~ FS 25 Had, FS-S AL 2 A4
FS super family Z5#34, FS super family j2—F} Kazal
W 22 2 I A 1 I ) A 5 0 follistatin-like 25 #4350
Kazal S0 50) ol L0 i) 22 52 1 46 11 g, 40 ke 25 11
JEREEFL AR I RGAE o HAM A — > BREEE PE A6 A
NFIRBE Y o IR Vb O 2 — D IR 45 B 8,
A Kazal 30550 AT A 0BG/ H157 259
FobREi R, X8 Kazal 25K (B4 3 B4 4
TR o/ B BKAZ L) I T BLAE BRI T A
L) B4 25 A8 B8 & BT follistatin ( FS) Fl follistatin-
like ZEHE MY, FELHSURS SRR Pl S 2R T i
FS 45#38 i N 3t B & J¢ (FOLN/EGF - like Z5#415)
F1 Kazal-like Z5 R38R 5 > At B 4H A%, 9K Kazal-
like FS "N ilF£5H925 M) Kazal 25 (1 B0 , (5 H 8
BA TS SRy gl uk W2 25 B R . T R
kazal FUF I 50 25 44 380 60 & — > 21 (SLC21) family
VTR LB B i s A0 | T 15 e ok B 5 5
w180

AW R X FS-L Al FS-S FEAF 1L %
IR F A & B, FS-L 1 FS-S 2K 7R AR LI 3 AS [R) 41
ZUPRBIEAFAEZE 5, FS-L TENLA FIAE A R GE 19 A
FIk M FS-S HEEA S R zik, R F ozt
PRIZH 3 A i B, 235 DR BB A O JUE L U LR it
' JUE L DI SRR AA oA H R, 7 B I e 3K R X
B R TR P R BT FE R B BRI
FESEALZ AN TET 2 TR, B E R, W, T,
JoriE B e, O E, T8, B RS LA o A I F FS
mRNA) SR I IE PR E AR R R B A I ARRST

T I R DR ST S A U 0 B R B, FS-S
B FS-L 8 M S Bk T —4> FS S5f 5k, ix
Al el X P IR 22 S I R R 22— o WX P A
FIIRAGPE T, 0, 1 R A4 310 23 7 T L K
B, R I RSB —E 22 5 X T e 2
RN DRSS R 2 R 2 — o ZEE IR R
PR R SR U 2 296 3K 3 22 53 70 A, $2 7% F'S-L A1
FS-S AR R A A A AY DI e, FS-L Al RETEWLIA AR K
R EFREAE I, 0 FS-S R RS rh ik, i
7N AT g R S Y 1) LR FE DI RE

Xf FS-L il FS-S [l P54 73 #r K B A% 5 2F 1 %
GOCRB, 5 A NI BUHLRE S 0 G Z2 A X
Bt A R HA SR G o s RAH

4 g

ASCR Y FE e TR FS-S R FS-L S K FF 4, BIE
ST FS SE PR PFHEIE A e, FS-L M FS-S
L mRNA TEAF 1L Z P 3Rk, HR KIS
FEAE2E50 . HFS-L A FS-S 2 [ 1 45 4 k77 76 22
5, FS-S I FS-L & s/ —A FS Z5M 8, 5%
IRTG NG 22 S S s i L I i P BT
A RE AT BEAEAE 225
2 2 3Lk ( References)

[1] Arai KY,Ohshima K, Watanabe G, Arai K, Uehara K, Taya K. Dy-
namics of messenger RNAs encoding inhibin/activin subunits and
follistatin in the ovary during the rat estrous cycle[ J]. BiologyRe-
poroduction 2002 ,66(4) :1119-1126.

[2] Yvonne Y. Hui, Holly A. LaVoie. GATA4 Reduction Enhances
3",5" = Cyclic Adenosine 5'-Monophosphate-Stimulated Steroido-
genic Acute Regulatory Protein Messenger Ribonucleic Acid and
Progesterone Production in Luteinized Porcine Granulosa Cells[ J].
Endocrinology, 2008 , 149(11) : 5557-5567.

[3] B. Paige Lawrence, Michael S. Denison, Hermann Novak, B.
Activation of the aryl hydrocarbon receptor is essential for media-
ting the anti-inflammatory effects of a novel low-molecular-weight
compound[ J]. Blood,2008 , 15; 112(4) . 1158-1165.

[4] C. Benjamin Lai, Ying Zhang, Sally L. Rogers, Dixie L. Mager.
Creation of the two isoforms of rodent NKG2D was driven by a Bl
retrotransposon insertion[ J]. Nucleic Acids Res. , 2009 ,37(9) :
3032-3043.

[5]  Patrick S. Corpuz, Lacey L. Lindaman, Pamela L. Mellon,
Djurdjica Coss Mol Endocrinol. FoxL2 Is Required for Activin In-
duction of the Mouse and Human Follicle-Stimulating Hormone

— Subunit[ J] Genes,2010 , 24(5) . 1037-1051.

[6] K E Reinert, E Stutter, H Schweiss. Aspects of specific protein-
DNA interaction ; multi-mode binding of the oligopeptide antibiotic
netropsin to (A.T)-rich DNA segments[ J]. Nucleic Acids Res.
1979 ,7(5) : 1375-1392.

[7] Chen CM,Wang CH,Wu SC,Lin CC,Lin SH, Cheng WT. Temporal
and spatial expression of biologically active human factor VI in the
milk of transgenic mice driven by mammary specific bovine alpha
lactal bumin regulator sequences[ J]. Transgenic Res. ,2002, 11
(3):257.

[8] P D Jackson, G Felsenfeld. A method for mapping intranuclear
protein-DNA interactions and its application to a nuclease hyper-
sensitive site [ J ]. Proc Natl Acad Sci U S A., 1985, 82(8):
2296-2300.

[9] Se-Jin Lee and Alexandra C. McPherron. Regulation of myostatin
activit and muscle growth" [ J]. PNAS,2001,. 98 (16) :9306-
9311.

[10] Livak KJ, Schmittgen TD. Analysis of relative gene expression da-
ta using real-time quantitative PCR and the 2 (-Delta Delta C
(T)) Method. 2001, 25 402-8.

[11] McFarlane AA, Orriss GL, Stetefeld J. The use of coiled-coil pro-

teins in drug delivery systems[ J]. European Journal of Pharma-



208

£ # f

A

% %11 4

[12]

[14]

[16]

[17]

cology, 2009, 625; 101-7.

V Lacronique, D Boquet, S Lopez, A Kahn, M Raymondjean. In
vitro and in vivo protein-DNA interactions on the rat erythroid —
specific L * pyruvate kinase gene promoter [ J ]. Nucleic Acids
Res. ,1992,20(21) : 5669-5676.

PR, FVRAS, WA, D5, W . N AR K R g
B FRFEAAR A F T cDNA (Y 5e e K5 50 43 BT [T ], Aeolh A= 5
R4 ,2007,15(5) . 783-788.

B, oo, BPRG, R, SREYE. R BRI
2% cDNA BYSERE 751 43 BT A GURKR [ T]. E AR,
2011,44(22) :4700-4705.

FAEHL, 22T BR, B OF, R L BN LA
A KA (Myostatin) cDNA SEREFRIFFI T [T]. LB sh IR
2,2007,24(6) :32-37.

Ahmad I, Hoessli DC, Walker-Nasir E, Rafik SM, Shakoori A R,
Nasir-ud-Din. . Oct-2 DNA binding transcription factor: functional
consequences of phosphorylation and glycosylation [ J]. Nucleic
Acids Res. ,2006,34(1): 175-184.

Michel U, Albiston A, Findlay JK, Rat follistatin: gonadal and
extragonadal expression and evidence for alternative splicing[ J].

Biochem Biophys Res Commun,1990 ,173(1) :401-7.

[18]

[21]

[22]

[23]

Lobley A, Pierron V, Reynolds L, Allen L, Michalovich D. I-
dentification of human and mouse CatSper3 and CatSper4 genes:
characterization of a common interaction domain and evidence for
expression in testis[ J]. Reproductive Biology and Endocrinology,
2003, 1. 53.

Sanger, F. , Nicklen, S. & Coulson, A. R. Proc. DNA sequen-
cing with chain-terminating inhibitors. Natl. Acad. Sci. USA,
1977,74, 5463-5467.

Chirgwin, J. , Przybyla, A. , MacDonald, J. & Rutter, W. Phe-
nol-chloroform Extraction [ J ]. Biochemistry, 1979, 18, 5294-
5299.

Kozak, M. Ability of tobacco streak virus coat protein to substitute
for late functions of alfalfa mosaic virus coat protein[ J]. Nucleic
Acids Res,1981,9, 5233-5252.

Bartelt, D. C., Shapanka, R. & Greene, L. J. Primary structure
of the human follistatin precursor and its genomic organization.
Arch. Biochem[ J]. Biophys,1977,179, 189-199.

Yamamoto, T. , Nakamura Y. , Nishide, T. , Emi, M. , Ogawa,
M., Mori, T. & Matsubara, K. Pancreatic secretory trypsin in-
hibitor in cancer[ J]. Biochem. Biophys, Res. Commun. , 1985,
132, 605-612.



