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Large Yellow Croaker MSTN-1 Prodomain Prokaryotic Expression,
Polyclonal Antibody Preparation and Antibody Function Identification

Ying Jun, Xue Liangyi*
(School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract Myostatin (MSTN) plays an important role in the muscle growth and development of animals.
MSTN-1 prodomain (MSTN-1pros) gene was cloned from the muscle tissue of large yellow croaker (Larimichthys
crocea) by RT-PCR. Recombinant expression vectors containing large yellow croaker MSTN-Ipros were
constructed and transformed into E. coli BL21 (DE3). The recombinant fusion protein was induced with IPTG
and isolated by SDS-PAGE. The isolated fusion protein was used to raise the polyclonal antibody of MSTN-1pros
by immunizing rabbit. The result of Western blot showed that the polyclonal antibody was highly specific. The
weight gain rate of the juvenile large yellow croaker injected with MSTN-1pros antibody was 20.71% lower than
that of the control group (P<0.05). The results indicated that MSTN-1pros antibody had a biological function of
inhibiting the muscle growth of large yellow croaker. It implied that recombinant MSTN-1pros could be employed
in aquaculture to improve fish growth.
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LA A KA 25 (myostating MSTN), B4 K404k,
“J-8(growth differentiation factor-8, GDF-8), J&: # 1t
K Rl ¥ Bl 2 % (transforming growth factor-p super-
family, TGF-B)fJ i 511, MSTNXHIL P A= K B A 30
I, A2 BE R B 1/ Bl B AR A L, LA RS G
T 2345, Ay e AR B 35 SR A MSTNAE R H AR TR
I, ATV B ECIE R R T 2920%%, fefa
2, BE Sy A8 R MSTNEE RS PER AN, LA AR A3 E
K, AR A Y. I MSTN dsRNAZI R H
FUHA I BE Sy f0 IR fif, B 5 fa R0t 2 A KB

MSTNZE R 45 FMSTNHY 4 8 H 145 B, H
FIRLHRAT TR N-Jiig fi IR X . RXXRE B /K A7
S RNC-35i TGF-B s 328 K 25 46 338, v g R < 1) Xk
N TGF-BRGANR S H 85, A7 9N ORF I e 2 iR A
A MSTNHT & £ [ 75 B &8k ik 85 1), 55— X
H £ ) BRIN- i )45 5 I 28— IR(ERXXR(Arg-
Ser-Arg-Arg) 45 F kb U 1, 7 A= Fr Ik 22 F(MSTN-
1pros) MK AT LEZIR A, IR B
B ERAR, WA R A Re A R AR A IR R A 45 A,
NI S S 1 ke TR Dy RE PR A FHEO - BRI, Ak iR
1 RE PR k1 B WLAE K, W T MSTNT K5 A 1) B
o L B LET e £ B W) g 20, 3% AMSTN
TR BRI /N B, UL PA) S DR 52 38, 19 A 5
MSTNHE DR 16 /N BUAH 240 R F R 25K MSTN
T IO DR 2 B8 IR A BRI B4R P, AT T PR DL
PIERAG 2 T 3t

AR, NATTIF LR AR A FHIMS TN IRk 1 4
LUF YA, AR R AT B R A BFMSTN
HUAK, JFHIZ AL 8 R T 4y £, A5 0 20 0T fi
PR LT AT 3 R 42% 0, AR A1 T 21 30K 1 B i,
HI<G 8 FIMSTNR K, Z2840 5, B8 S5 MSTNAEG K
g4, MM HIMS TN BRI S 1 5 10

N fa g T8 H A s k), MER s
Fln HAEFRMEIR &, & — P& T BB = v
K, Wt rh EE K IR K. T 2R,
LT AR R . MR R AAR B A N SR T
PEVORACI S, DA v G A T R A2 R M 5 5
TN Ao ARSI 3 )l 1) 2 K 0 FL MISTIN- 1
AL DR () 20, LAk 575 d 5 0k BEZE A L, R
R E 3 42 v 7 21.31%K127.59%07, 156 W Kk % £
MSTNHT AR BAT R LA A ) D RE . A
AIF 538 3 7 A4 A ik K 3 FEMSTN-1pros # 21 25 [,

Fril % 2 se BEDUIAR KA T D RERALE, (e K IRAEb
H R FH K% i MSTN- 1 pros . 4H i 11 B4 5 Sk A

1 MRIERE
1.1 #8

KR AW S L T B K= M E
e, BUNLRA LY, & T WA, 285 76580 °CUKFE
{#47. E. coli DH5a, BL21(DE3)} % {ApET-28a(+),
) i A 525 % {# 47 . Trizol. UNIQ-104F X DNAJK
A Wi 3k 7] e A0 R 4 B 771 & EZ-10 spin column
plasmid mini-preps Kitlt) [ b i 2 T4 4 TR 4
AN 55 A BR 2 w5 300 5 5% 57 G (PrimeScript™ 1st
Strand cDNA Synthesis Kit).pMD18-T Vectoris 7 £
BamH TFR I vE A VI8 Hind TP 2 4 1) Bl 0T,
DNAEH I T 5 AW TRECRE)F IR A .

1.2 KEAEMSTN-151AK X ERE B3 12

MR 48 A S0 5 e [ B (1) K 3 0 MSTN- 156 X P
HI(AY842933) it 514, Lii5 1Y W1-BamH 1: 5'-
CGG GAT CCG ACC AAG AGA CGC ACC AG-3';
N 51 ¥ S W2-Hind 1II: 5'-CCA AGC TTC ACC
TCC TAG AAC GGT T-3'. L. FiFgI¥ni&a
BamH 1. Hind TN EEDIVRRIAL 2, 573650 H 1 B
KN K718 bp(FLrh, 702 bp ki MSTN- 1T kI IR (1) J7>
H1l, Ho42 16 bp iy B DI 2 S AR BRAE ) o

FH Trizolt$2 K B 0 LA ZH 2R A RNA, A H] 2 %
SR (PrimeScript™ 1st Strand cDNA Synthesis Kit)
[ IEFFRIFDNA. LAeDNA MK, i FHW1-BamH 1
FIW2-Hind 05 90938 H I v BL. PCRE&AT: 94 °CHil
AVE3 min; 94 °CAEE30 s, 55 °CiB k30 s, 72 °CHEA
40 s, fEFR307; 72 °CLEH6 min.

P83k 190 A B & gl b 5 I 2 $lpMD-18T
Vector o BFEFZUT IO TR 28 Pl 31 IS 2S5 1R
Jr At WIDHSat i, WS T BT . PCRAS I
W A 5 BH P e B 5ok pMID- 18 T-MSTN- Ipros . FHTHE
JIURipMD-18T-MSTN- 1 pros 1 3¢ 12 Jit KipET-28a(+) )
i HBamH THIHind TNAN DIBEXG Y], (RIS BEMSTN
HURE, 5 EEDG IR A pET-28a(+ )i £z, FHALEI K
FF I DH5040 o . R T BamH THIHind TN &A1 43
AT U L) 52 I R 5 65 1 28 BH A ve b o
1.3 KE&MSTN-1RIRKEHEHHFRIX

¥ B P & I R KipET-28a(+)-MSTN-Iprost 1k,
F4 32 K AT HBL21(DE3)/E 32 25 41 i vh, Bk EBH



1346

ST

PE ve B B AE R I8 3230 pg/mL) LB 4 Kr 77
HErp A R 9 1 R, I AR IR IR B L 125011 L 8]
AR IR TR T i KRR, 37 °CHe Y HE R
213~4 hJe, NN 5 A 2L A AR - FLOBE £ (isopropyl-B-D-
thiogalactopyranoside, IPTG)F - 2K 4 1 mmol/L,
AN N RIE, 4REER5 971550, 2, 3,4, 5 he YR
LB, 4 °C 10 000 r/min 205 min, YA R A, A
PBSZZ MR AR, FiR12 000 t/min5 0210 min, KT
VEA IR TS A 1 EREGE D, &R 10 minfd
fift, FH-T-SDS-PAGERIN o i & Uf SeAE 15 SR 5, %
W S KR S RIS B4 E .
14 KEEMSTN-1FIAELAER S = EiAR
Hl & Fnah{k

LIRS RBER B 10.25 mmol/L KCLA R 1 4t
8, 2~3 minja HILFL H A H &4, #F BN
iy, FHPBSZZ MR YE 25k B K CI M, UE21K, —80 °C
UKFRORAT o ST FHIE B 78 73 WF B i 4%, FIPBS 2%
MREEAT4 CCIE BN, [RICAS 2 i R A1 Ak 1)
AUITK . AT JDRVA SRR B OB B A AR B — Ik g
b IRGE AL, )5 IR IRA 8 e ) B G RS,
G208 I 22 K AR, AR S B i E2500 pg/
FR10 diFAT — OO S i, — L3R, Bk B &
100 pg/H o RIX G5 5510 dHUIML

B IMII37 °CRCE 20 min, SR)5 & T4 °CUKAH
WA 4000 r/minBS.010 min, U F35 . RS A
— & B4 IBL21(DE3)#, 4 °CJ#2 h, 10 000 r/min 2}
7 min, BRI % PRAEN ik,
RIBR IR B FRATT VR AR . FHERAM o e e v G I
WG, BT =20 °CUKAHRAT »
1.5 X #E &BMSTN-15] Bk E 2H & 5 Western blot
il

% [ Western blotis 7] fr IF 17 % 2% BV i, £
WH A K E O N R 3
PVDF(polyvinglidene fluoride)lli, 35 IS 1], —Hit5
PRI LA 1:1 000, — 05 3 PV LA 41:10 000
1.6 XE&MSTN-18IBAEHE B RIINREIIE

AT 11.53+0.19 g7 K fh60)2, BALS>
S A 30 AN HE L1302, St 4 BRI S K B f
MSTN-1prosHi s, VS PR IR, 5450 pg/ bt
A, S IR AL S A AR B LR K, 10 dJE PR 1R, 3K
ANSZIGIA R4 R FH M S P, /Kii22.5~27.5 °C, R
27%0~31%o, V¥R S FAE6 mg/LLL b, FRIEIA H . 5K

ISy, FRTE A YLR24 hy, T FFY(1:10 000)RF I, i
i, Ji N A o S R R (%)=100% (Wt
Wo)/Wo, - Wo Xy SE 5 46 I ) 44 i, Wk SIZ56
SERIST AR T . B0 F P 3 Bhr v 22 (xs) RO,
S 36 K 4% H One-way ANOVAZ; #T. P<0.053 75 2
S HAG 2R

2 FR
2.1 MSTN-1HIBARYEE mEMELHEKRELEE

T RT-PCR, §H4FK/NA700 bpZe A7 1) H 5%
i (F1). PCRI“ IR 21 7 i JFURipMD- 18 THI K
1K PRI pET-28a(+), #4) 4t I =1 241 v [ Jit ki pMD-18T-
MSTN-1prosH1 3 ik Jit KipET-28a(+)-MSTN-Ipros(F
2)Z8 AU D) I 7 B0 AIE, Fe N TR BEIE A -
2.2 MSTN-1EIMAREERRIESRIERETE

¥ T 21 J5URLpET-28a(+)-MSTN- 1 pros’ A¢, 51| X
I FTF B BL21(DE3), 1 mmol/L IPTG% 53 h)5, &
DT A, 15% SDS-PAGEHL KAl . 45 J 2% W,
245 G 5 & A TORipET-28a(+)-MSTN-Ipros () i bk K
ERIAMEAED, TEUAFEAAFE. EOK
INSTAM 7258 49431 kDa(Kl3). EFS
PR PR BCA EEER4r, H B AR A,
A DSR2 R A B A e DU R A T A AR
KIGHFFEEM R T, 550, 2, 3, 4, 5 hjg 23k
W, 25 MR T3 WA B HE 2 (E4).
2.3 Western blot#&:7]

Western blot%h 4t W7, 7675 5 B 2 A $EBOH

bp 1 2 M bp

1 200
900
700

718 500

300

100

M: DNA marker; 1: MSTN-IHi[JK[FJPCR7 (718 bp); 2: 7 {15} I (5
Bh EHIK)
M: DNA marker; 1: PCR product of MSTN-Ipros (718 bp); 2: blank
(ddH,O for template).
El1 MSTN-177AAE ERT-PCRFA= 4 # k&
Fig.1 Electrophoretic analysis of RT-PCR product of MSTN-Ipros
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pMD-18T-MSTN-Ipros

pET-28a(+)-MSTN-1pros

3410bp 6052 bp

ori

T 5 [ TR pMD- 18 T-MSTN- Ipros(/7); TE41 43k FokipET-28a(+)-MSTN-1pros(#7).

Recombinant cloning vector pMD-18T-MSTN-1pros (left); recombinant expression vector pET-28a(+)-MSTN-Ipros (right)
E2 RuaErEE

Fig.2 Schematic structure of recombinant vectors

1 2 3 M kDa
kDa 1 2 3 4 { kY
—_—— P
= =
. E —— | —
= = =
- e

1 VB IR R T 20 V5 ST LG 30 BL21R 8 11 2% (R R
4: 73 TR pET-28a(-H) I BL2 1 B 5 1175 T4

1: total fraction; 2: soluble fraction; 3: total fraction of uninduced BL21
(DE3); 4: total fraction of BL21 (DE3) transformed pET-28a(+) vector.

B3 FizFikaEHEHSDS-PAGES T
Fig.3 SDS-PAGE analysis of prokaryotic expressed

recombinant proteins

1 %
—— —
— —

1~2: MSTN-17GJIk; 3: 2% (X 1 ; M: marker.
1~2: MSTN-1pros; 3: control group; M: marker.
&5 E4HAE HHIWestern blot5> 4
Fig.5 Recombinant proteins analyzed by Western blot

1~5: 4015420, 2, 3, 4, S hIWH B A1 6: BL217S (IR 15 7: rpET-28a(+) 7% JFURL 1 BL21(DE3) 4 4 [1; Pr-M: marker.
1~5: total fraction after induction of 0, 2, 3, 4, 5 h, respectively; 6: total fraction of BL21 (DE3); 7: total fraction of BL21 (DE3) transformed pET-
28a(+) vector; Pr-M: marker.

El4 S ENEEHERRIZS M

Fig.4 Effect of different induction time on the mass of the recombinant proteins
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W81 H AR ks I AE30 kDalft iz, & 11K
/NEIH31 kDa, FFETURE IR/ . 45 R R W], 1%
Z v FEPUR AT B R 2k (KD5).
24 KEBMSTN-1HIBAEHE BRI TR IE
1 SMSTN-1pros % be [ Ht 44 i (1) K 3 £, 48
— AN ARG, X IR S50 20 4 £ 11 R 2R 4 Sl A
88.89%H1183.33%, P4 41 [A] 22 5 A W 3 (P>0.05). *f
SR S 560 T Uy B AR D 4 AR 0 D 11.4840.18 g, SEESG
Sl AR TR 422.7240.94 g, 8 K 97.91%;
S PR A4 5T R AN 11.58+0.20 gt N 322.72£0.90 g,
B R N T77.20%. KT RRALI I E R LA w7
20.71%, 2 57 3. 3% (P<0.05)

3 1tie

TR i 1 Hh 2k AR B 20 A N, i T EA
B MANRYT S, (FFEAE O AEEUAE T KW
BRI AP e, BB A5 m . EE R
A LU R AN 7 IR (D)AMNEE LR A Akt £ .
PR, HE A A BT SR AT B, AN IE A
e s ()10 - 40 M ) PR B, A0 35 3 v PR B8 e VA A
BRI A LA O, W R R, pHART B 1R
S, B Pr S R . SR A A A 5
AE R EA SR O B AW =, 5T A
SEANEE PR . BRIRAN. DTT. B-#fik 2 g2,
R AR ] DL Rl 46 2 e B pL AR, O i sdkiE
AR R T 2% T 2 s B AR, FE AR ST,
FIH KA B R IE T K AMSTN-TR L R4 & (1,
ARAF I AR (1 U AT A T a i b
Western blot4h 38 B, il 2 11 2 vo [ Pk BT 8
Rtk

i 2 IR R 5 A A IE R R S U 4, R
1) 1E I 5 R 7 A A2 K B3RP MSTN-1HET RN
Follistatin®* I ActRIIBRV4%; 5 2 ) 4 i 5 X 4
MSTNH30, - g T AR K 32 4, 115 5 MSTN- 1
FHOG IS R B b 2 — AR 4. (AT
o) Bt 55 DR LA BBURK, T A 2 11 TR B R
FI A, nf DLk RUR ) e BE R B, DA R A
IR e AR A 5, DR AT SRR ST T IR R A
HOET. fefaghai e SMSTN-THS G 1)
ActRIIBHL 2 25 (11, RE A S 2 i 4 £ 4 £ 1) 2B K
FE, 9735 dJa AR, SIZH6 4 f 1) 4 2 Lot B 4 ) 2
39%2),  Acosta®EP7Hf i 41 A K E e P AR

gt A, JFR e R E SRR . AT, Toig
J 3l i A HIMS TN- 1) T BE, WA FIMSTN- 1 Ak AN
Follistatin®, & 24wk N 4B KI5 12, #Ree
BEA R K

H T RAMREWEAEAANTGHITAZANE, &
P& Ak B AT AR A vk, AT T A A 7
Mo LeeEMTH T 3% % 14 J5i KipET32a. pET43.1a
MIpMALe2X 558 X i #F % B #KBL21(DE3).
BL21(DE3)pLysS. Origami2(DE3). Origami2(DE3)
pLysSHIRosetta-gami2(DE3)pLysS . AH 4 &, 45 R &
W, HAHpMALc2XFIRosetta-gami2(DE3)pLysS4l &
HABI RO, st A w itk EHd &R, HER
RS OE, 7E12.5 °CH HLR ik nlywvE 4
WA, 1/E25 °CRI37 °CI [F) I Rk nl eI AN
AR A . ARG A I 28 BPMSTN- 17 JIA 5
A i R T )y fh, S 20 TG4 EE B S T n)
WAL, HRAFESNY, ket E s A
Wit . X BEE RO RIA I A B K
FA PPN ISR T — kit

FEARE G, T FATIRAG H) K AMSTN-1
B JR 20 o A B AR, AN BAT R A i, (R
MSTN-1Hij K5 21 8 A AP o Ko %) £, fig
i 05 K A &)y R ARG, A TR R W] TR g A
MSTN-1 RIS Kt g A K e EE T . 4
J I8 AT MK B A MSTN-1HT IR B 20 8 11 ) e K
e IR AE P TR R FIMSTN- 141 2 (14T F 7 24t
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