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(1. W RER: KR E R RS H R, B 2013065 2. FVFHERE RS R AT ERIR K AT Fh B4 5
HH S, B 201306)

B = PRBRHERKET 2(insulin-like growth factors 2, 1GF2) 7 2 Ff 40 M A= 1< S0 AR5 A ) 9835
FIEEEIIEER . AU R ITI T IR K Bk I = fWLEE IGF2 (1 51 41 ik pEGFP-IGF2 il pET32a-
IGF2 i i3 pEGFP-IGF2-2H il % Y , 3% B 2% 8 110 8 o /£ 40 M 5T 5 At i A% b o K pET32a-IGF2 %% fk 3| BL21
(DE3) AT R 5355, NS 8L A% 3R 2k, SDS-PAGE Ky il i 7 , 76 29 25ku AbF — 4515 Wi 11 2%
WA A BRI R/N26.27 ku) , HFBFX T LIER T . IUFREA [ IGF2 X = A WL 40 i 35 M 9 1
FH 385 CCK8 G PRI , #— B4R Tl I A R BT vk B H W 1 (0.2.5.5.0.7.5, 12.5.17.5,
22.5 pg/mL) FEFRIY = MWLM AN MG A S PR, S5 2R W, = MWL IGF2 540 25 1 e i e 2 = ML
U AR RS20 M 3 BRI 1 (P < 0.05) , HAEFL IR EE A 12,5 g/ mL B0 = £ WHLACE &1 265 6 400 it ) 412 A 4 3%
Rl X A = A WU S AN A A 20 R ST B T SRR, BN T — 85T IGF2 e DL 28 Tl g

TR .

KR =L IGF2; WANMEN; HAER; e, EviEtE

PESES: So17 XEkFREE: A

il i Z A A KT 2 (insuline-like growth
factor 2, IGF2 ) 75 20 L 365 58 . 73 Ak 3 B8 FH A 1245
Ve ok e A e s e AT e EL3h
IGF2 3 3 i w76 19 1o UL st 3 380 I/ 4 11 0 il
B(PI3K/PKB) i& /& fl 22 24 7 3 fb & 11 3% i
(MAPK) AR5 5 A% 128 B AN M AZ N, e fdf 1GE2
S, RARANNLIETE S T2 A e e i
35 1GF2 J5 484 (Bos grunniens ) Jift JLIET 4 24
J S WA 3N, R A O 4 B R &
PN Y RO G 0 T A 20 Y R R B A
s WANG & g5 R A 1IGF2 J5, 43 %5
AR B ( Rattus norvegicus ) g i 355 J5i 40 g ADSCs
FEI T sy 1) 1 BERE ) AT AR A O bR AR
Nanog . octamer-binding transcription factor 4 Hl
SRY-box transcription factor 2 W& #1K, B A
JO 17 400 0 R A A B LRV Ty B,
IGF2 HAVENy LL A A K K R S k20 i A4 A1 1
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1.1 ##

fa B — I = A WL I B Wi VA e i
58y DNA R RIS R) & ook /)y it 4 Bt
6 Trizol ,DNA Marker 4 H TaKaRa 2\ &) ( K
) 5 i 1gG (HRP A540) W 3 b 5t % SR
VIR BR 2 v 5 His A3 48 81 2l 4k 0] & (it
ASHE ) AU ) | His-tag T8 (/1N B 4T ) . DAPL,
EcoR T [RI 1N UIEE BCA 10 & 4% 2 R H g
WA HEs REWAHRLSA (LEE);
Lipofectamine™ 2000 %4 YL it 31| £ W [ 95 i1 3 57
SRR R (EH#E) 53245 DHS« | BI21 (DE3)
W B RARAEARHA R ] ; Bkl pEGFP-N1 F
pET32a( + ) B ARSI = LR A7
1.2 A&
1.2.1 E RNA gJ32EUR cDNA 14 %

Fi2 HR Trizol A4 HUEL RNA 2R I Q6000 fiff
IR (Quawell, USA) Kl RNA &4, 1%

BRNEREEE AT RNA 1y i, %8 Evo M-MLV
S8 s PR 5 1R & (Accurate Biology, HvIE ) 13
AH %5 5L RNA #6558 ¢cDNA, -20 CA3#A+F.
1.2.2 pEGFP-IGF2 .pET32a-1GF2 {447

A 92 5 & A 1 A T RACE  ( rapid
amplification of ¢ DNA ends) J79% flF 53 B ) = £ IR
I IGF2 FEPR P4, 43 il A I U0 67 i [+
P RIS (3R 1), 58 BilfgA AR A
Al G VAAMEE cDNA SRR , #E4T PCR, )
[l [l EcoR 1 P U)X} pEGFP-N1 ¢
37 CHZAFTEEY) 2 h, #2 BE IO S v b i 7 5 vl ]
R I 1S 1y R D) I 0% Bk AT 3% e, i 4
P E] DHS o H, G 90 s R R Rk 57
2 h,¥HJE 37 CHEFR 10 ~ 12 h, PR TR V% , 5%
W R/NGEIUE R 5, BEPLIE R 3 AR % ) b
T MER S V) o Y TE 8 AR JE AT AT R H
Fr , F2H FORL A AR 2 BRSO /)N s il £ ) 10
WIS, [RIBHE ) EcoR T D) 25 21 ks 6 47 5 0iF .
H 5 pET32a-1GF2 #fk iy Jrilal |

®1 FLRERSIY

Tab.1 Primers used in this experiment

51¥) 447K Primer name J¥%1(5'-3") Sequence (5'-3") i Usage
pEGFP-IGF2-F TCGAGCTCAAGCTTCGAATTCATGATCTCCACCTCACTTATGATTGC T A
MY 4 FEDL
pEGFP-IGF2-R GTACCGTCGACTGCAGAATTCGGACCAGACTGGACTTCGCG
pET32a-IGF2-F TTGTCGACGGAGCTCGAATTCATGATCTCCACCTCACTTATGATTGC .
e S

pET32a-IGF2-R

GCTGATATCGGATCCGAATTCTCAGGACCAGACTGGACTTCGC

1.2.3  IGF2 3 4 for

{8 Ff] Lipofectamine™ 2000 %% Yt 2t % & % &
YAk pEGFP-IGF2 5 e 5| 293T 1,37 °C 5%
CO, 5T HiF% 48 hy KRB FRAL (1 2 v iiE
VeANM, A 3 WE ;s A 4% 2R FEE, [# 2 20
min; KRR 2R W, 22 Ol S R 3 K AL
JA 100 pL TAEWREZRY DAPT JLiy ; b0 %40 T
AAFEIRG @, 15 min; W 5 DAPL; 22 pfog i vk 3
W, B 10 ming 7R 2¢O Wil B ( OLYMPUS
DP8O) 41 MEE
1.2.4  1GF2 Bz A E H alifl

HE I I 1) pET32a-1GF2 4 Bk A2
BL21 (DE3) 1,37 CHIEA 1 HE5FE 10 ~ 12 h, #k
IR TR IS, RS 137 2 ODgy, g 0.4 ~0. 6 I,
— AT IMALH B R 1 mmol/L Y IPTG, 4373 #£
37 C4MTFIES3 h,25 C&AFTFiES3 h,16 C
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M TESS b, S R AT IEH R .
PRV O  WSBE T 2 T0E s AT i A W4T
TR s B0, s A DTTE YR A 21 EP 45 15100
CHMFAEPE 5 min f5; SDS-PAGE LK 43 H 2
SSRGS YW Yk S F N7 A o N - - = EL
7 RS B His AR5 8 A a0 & i Wl 45
BV 1Y 2 B AT H UK 0 B DA I 4l 4k 2 B
)5 B, S5 D B R, - 80 CORAFEAT I
1.2.5 Western blot £l

5 4 WP Y & 1 450 SDS-PAGE Hi Jk
Ja AT HEIRA (Bio-Rad, USA) PR FFEE
F| PVDF B I, f 13 AT B 4] 2 b, TTBS P35 3
Y5, A 1: 1000 1) His-tag H i (/1N BREAHT)
A 10 h, Pk 3 WG, A 1:1000 # B — 404k
ZWEE 3 h, i BE 3 U, BRI 8 min, 5 ] ECL
A2 R i a0 & 6, 40 BT IR A7 1B



6 11 BT AW IGF2 BE DR S A0 MO 52 07 B TR 2L 2 1 2 (RS20 O % 420 A 1337

o
1.2.6 1GF2 4 EAEDIETE

K FH CCK8 kAl IGK2 1y 2E 9y 2 i
CCK8 &7 WST-8, ‘&M T2 AR 1E R T 9
20 B R A v 114 IS8 S S D A v JRE K 1 1
R}, AR Y F BB 1 A5 B T A )
S ACIE B, P AT DA R sk — e B AT 40
WHa M. 2 BRSCHRL8 ] Hh AP TR 2 4 1) 3K
W55, F = LA 0 45 18 At i 42 3] 96 L AR
H, AEFLANAEACR: 1 x10° A4, BFLINA 100 pL K5
IR (10% I A AR IMLIE + RPMI 1640 JEfit 355 77 3
+ 1% =30) FFATH IR HILERE IS |, ZBREE IR Ak,
o & A [A) o i ok B 4l fb 8 11 (0,2, 5.5, 0,
7.5.12.5.17.5,22.5 pg/mL; H4iEH 6 &
52 BE SRR EE FR, /rE 0 d 1 d.2 d.3 d,
4d.5d.6dmfHESAEFLIMA 10 wL CCK8 i,
YREEREFE 2 h, U E 450 nm KR OD fH,
1.2.7 Gt 5500

JIFA BRI ROR T E + bR TR, SR
SPSS 19.0 (SPSS Inc. , USA) AT 2540¥T,
Z & B A Duncan (L AT 20 B, 1o 25 7KF
NP <0.05, th B EKFEHN P <0.01, fif A
SigmaPlot 13.0( SYSTAT, USA) #4722 14

2 AR50

2.1 HWERERZRIMSEHEEE

PL= A WL Ah £ B2 211 cDNA R B4,
PCR ¥4 J5 UK 45 R R, 76 B 19 557 Kb
(705 bp) B — A9 HE S Skl . 33T EcoR 1
23 BRI Y] e L (8 o 4% e b il e B i A
By il $2 3 W V) Ja 0 BORL b, 3RA5 54 Bk,
PN R 3458 52k EcoR T ) 36 31F F 5 &
IR, BV IEZS S UL 1, H 40 K/
ol BN AT RN,
2.2 IGF2 EHWIEAMENMLE R

KT 53T IGK2 25 (363K J5 1% 7 20 i 2 A3 4
i ¥ Uk pEGFP-N1 F1 pEGFP-IGF2 4y 31| # s
2 2937T 4L, 25 R B, 7% 4« pEGFP-N1 (1 2
JL b 20 5T N 40 i A% v 2 R O, FF S
AL R . ¥ Y pEGFP-IGF2 1 41 fitd v, 41 ] #%
FAH AT b A S a5, X R B IGF2 R H
TE 293 4 i i 4 M A% AN A L i rh 23 3Rk (&1 2)

Ml M2

1o

2500 bp
1000 bp

250 bp

18 868 bp =

5000 bp —|
2500 bp —

(a) pEGFP-IGF2 Jfifi; (b) pET32a-IGF2 Jii ki; MI1. 15 000
DNA Marker; M2. 2 000 DNA Marker; 1.3. [ ] )5 5 7F;
2 4. PCRY T

(a) pEGFP-IGF2 plasmid; (b) pET32a-IGF2 plasmid. MI.
15 000 DNA Marker; M2. 2 000 DNA Marker; 1, 3. bands after
enzyme digestion; 2, 4. PCR amplified bands.

1 EARMEYIKIEM PCR i1
Fig.1 Validation of recombinant plasmid

enzymatic digestion and PCR amplification

2.3 IGF2 FEZFEMEALULER

ek 4 1) T 2H Bk pET32a-1GF2 % A B121
(DE3) 1, 2 IPTG 53 J5 , 875 D e i, Wi 4 1
HANULTE , 24 SDS-PAGE il 45 5 .7~ , 37 °C
P33 h AP IS WATTIIEAE L) 25 ku Zb A
14 4570, 456 B AR R/N(26. 27 ku)
25 CiF55 3 h ZbFZH 16 CiF55 5 h AR DL Jx
25 I A DL BH S H i 2 (81 3) 6

¥ 37 Cif53 3 h 5 AR b 3 A FH AR A
JF U8, (R 50 mmol/L i BE iR IE A T 22 R VI o
SRRV 2 RUENE sk E AR iR Z  H
SEA WAL 58 4 WIS, BB ARl L —,
HEATEEIL(E4),
2.4 Western blot 558

pET32a( + ) jokr LA His 454, (A
Pt His B)/NRERPUAE A —BL 4T Western blot Ky
W, 45 5L 5% 724 25 ku A — B4 SR 44

http: //www. shhydxxb. com
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ZRA RN BUB Y H B9 2570 R/ h—20, X idi o

Green fluorescence

WA (B 5) .

DAPI Merge

pEGFP-N1
20 pm 20 pm

pEGFP-1GF2

2 IGF2 7£ 293T 40 A h i I 40 B 7E i
Fig.2 The subcellular localization of IGF2 in 293T cells

1 2 3 45 6 78

118 ku
66.2 ku
45 ku
35 ku
pET32a-1GF2—| 25 ku
18.4 ku
14.4 ku

L RiFEFHEERE; 2. REFWEAVRE; 3. 37 C T3 h
A B 4. 37 C S 3 h JFRITINE; 5. 25 C R 3 h 5
B9 L3 6. 25 CHEF3 h JFIPLEE; 7. 16 CHEFS h 5 L
i3 8. 16 C i3S h JFMULEE.

1. Supernatant of uninduced bacteria; 2.
uninduced bacteria; 3. Supernatant after 3 h induction at 37 C;
4. Precipitation after 3 h induction at 37 °C ; 5. Supernatant after
3 h induction at 25 °C ; 6. Precipitation after 3 h induction at 25
°C; 7. Supernatant after 5 h induction at 16 °C; 8. Precipitation
after 5 h induction at 16 C.

B3 IGF2 EBHRMEST
Fig. 3 Soluble analysis of IGF2 protein

Precipitation  of

2.5 IGR2 EHERNM=RANENERMAMLY
HEIEE ST

1GF2 F 2 1 0 = A WA S B 40 1 fie
ARBCR BT L R R W], 53 IR (0 pg/mL s
TINZEL) AR EL, 4% o i e 8 0 2 32 e AT i fie 2t 4
JEASEFEIE PR (P <0.05) , HLFt & #5052t e B
A3 e, S A PR S B DA G218 R

http: //www. shhydxxb. com

HARM U, 7.5 ~22. Spg/mL IR FE3 ~6 d
P S RE 2 (e AR AN BTG 1 (P <0.05) , o
12.5 pg/mL #R AL fe S4B TG AR ek, 5
HAWAINAATAE B35 22 5% (P <0.05) , H 5%
AR L, RE 0% % S 25 4t o AR i 3 BE S ) (P <
0.01), ity FEAkEL 1Tt fe AR KO TR%; 2.5
pg/mL ZRINALAE 1 ~4 d B REAE I 240 i 1 %
PE(P<0.05) {55 ~6 d {EIEFBCRARZE (P >
0.05,K6),

35 ku
25 ku
20 ku
15 ku

IGF2

1.2.3.4.5 73 5IM0RH 1.2.3 4.5 Wkt
1,2,3,4, and 5 represent the 1st, 2nd, 3rd, 4th, and 5th
elution, respectively.

E 4 IGF2 B/ SDS-PAGE 41
Fig.4 SDS-PAGE analysis of IGF2 protein
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6 Ece P
1 2 Marker
—130 ku
70 ku
. _ 50 ku
“ 35 ku
— e —25 ku
B —15 ku
S —10 ku

1. pET-32a (+) 2 BIRXTIR; 2. 1GF2 215 Hikric H A%
o
1. pET-32a ( + ) empty vector control; 2. IGF2 protein; arrows

mark the target bands.

5 Western blot XF
Fig.5 Western blot identification

2.0 &0 pg/mL 2
1.8 2.5 =

B17.5 s
L6y Q12 R
1.4 @ 17. E
1.9 BB 22. ;

0D450

1.0
0.8
0.6
0.4} g
0.2 H o

FfiE Time/d
[f]—REI AR F R FRIR 22 7 3 (P <0.05)

Different letters for the same day count indicate significant

differences (P <0.05).
6 FREBREREIGF2 EAx=fAiliEsEE
ke 2N b
Fig.6 Effect of different mass concentrations of IGF2

protein on the growth of mantle cells of the mussel

3 g

IGFs j2— i tE R I Z kY i, i@ i A 4
Wh 5 4 Wb B P 43 W B T 3ROk R A W 2R AE
Yo mRgE O W, IGEs B 53 T AR E A
IR/ e S 0 N T (JAK/STAT) {5 5 38 %,
JAK2 REfE TS STATS , #4105 J5 (1) STATS BB Y
WAL SRIEHE ARG MAZ P, 5 IGFs [R5 5%
PPN S ARG & TR HE IGFs [ 33K F0 43 Wb o
VA AL RE 7 45 R s TGF2 FE 4 A% ik, &
BZEE I T RES S B0 5E Sk b A, J0 O 4h i

HATE JH TR SRR R T AH G 1 e sk ad FE . IGFs #E
FEMEL A ] e R Ia /D PN ) 38 25 T RS
BRI . ARSCIR T IGF2 8 Pt 7 20 i 5
ik, MR 1 T RES: 5 AN i Y £ AR
o

JR A% e 3k 2 G HA HRAE 7 B A I B L 77
A A R 7 i R AR 0 A A T S A
EAFRBRGE™ . A pET32a( + ) 1 MR
MR R FE R IR b 6 P 2 FRER I (6 X
His) , i} 35 76 P 2% 3k 19 & 11 2 30, (W) e 344 Jin 2 2
FE TR s, SDS-PAGE 45§t W /R
pET32a-1GF2 7£ DE3 H7E I 38 i Fll A0 8 1k 2%
ARk A FZE LA E I B3O8 U TR
SRR SRAifb B EK  3X T RE S H A B
PELL R ERARA oo AR SCIRIN e £ T 3 /iR B
TS, 45 KW 37 CiES 3 h Al a1 il
=, ATRE A TE 37 C A4 & i B n B
B, EERA RIS RAWR . EREE
DRI iy A W < S 2 X S g = BRI
b B N s s i R 4 58 TR WAEe 2 1

WrgEt W], N IGF2 41 E BERE T
PHEE T4 NSPs 3% 58 F 3 F 58, JF3sm 1
NSPs H1 Oci4 SoxI F1 FABP7 Z& JLFh T 40 Jifg 3£ A
i) mRNA ik K, ¥ % # ( Hucho taimen ) IGF2
A & FRE 8 A 2 Hb J 4T 85 ( Oncorhynchus
mykiss ) PE A1 ( Cyprinus carpio) |- 1z 241
g UL T S R AL F R SR
IGF2 & e RUpE 11 20 i 384 B3 0, X 5 A bt
TR B, WEPE RS REW, i
R WAL A 12.5 pg/mL iF, A IGF1 A HEH
A REA R N5 A5 20 0 10 488 5, A7 AE TR P AR
RO o AL SR B /s IGF2 B3 ~4 d i
(B P, 5 0 A 8 2L 47 7 380 A 3554 0 0 e 34 4 1Y)
YER AEAERIZK AR ZE 55 7E 5 ~ 6 d BRI, Ji
WAL 2.5 ng/mL 1 IGF2 2 X = f LiESh
RS M R HE B SO A B X AT BB TR O N
InENREFEFE Y IGF2 H 41 8 I #E AR S i
HREE 12,5 we/mL B FE AR i 25, 2
=HWE R 17.5 pg/mL 22,5 pug/mL i e
BT [, R A7 A8 JoT 2 vk B AR R AR, 3 7]
A5 1GF2 X 4f A [l iy HA i i A= K s S M 1
XU A A = . A58 ) 45 P ik, Pull-
Down HAFSIF 455 £ S REDFIE 29 T JLhi o
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Subcellular localization of IGF2 gene and analysis of recombinant protein to
promote in vitro cellular activity in Hyriopsis cumingii

LI Xuenan', FENG Shangle', WANG He', SHEN Xiaoya', CHEN Yige', BAI Zhiyi'*, LI Wenjuan'~

(1. National Experimental Teaching Demonstration Center of Aquatic Science, Shanghai Ocean University, Shanghai 201306,
China; 2. Key Laboratory of Freshwater Aquatic Germplasm Resources, Ministry of Agriculture and Rural Affairs, Shanghat Ocean
University, Shanghai 201306, China)

Abstract ; Insulin-like growth factors 2 (IGF2) plays an important regulatory role in the regulation of growth,
differentiation and anabolism in a variety of cells. In this study, the recombinant plasmids pEGFP-IGF2 and
PET32a-1GF2 of freshwater pearl mussel Hyriopsis cumingii were successfully constructed, and showed that
the protein was localized in the cytoplasm and nucleus by pEGFP-IGF2-cell transfection. The pET32a-1GF2
was transformed into BL21 (DE3) for protein induction expression, and its prokaryotic expression vector was
successfully obtained. SDS-PAGE showed a clear band at about 25 ku, which matched the size of the target
band (26. 27 ku), and was mainly expressed in the supernatant. In order to investigate the effect of
recombinant protein IGF2 on the cellular activity of Hyriopsis cumingii, the proliferation activity of Hyriopsis
cumingii mantle cells cultured with different mass concentrations of recombinant target protein (0, 2.5, 5.0,
7.5,12.5,17.5, 22.5 pg/mL) was further investigated by CCKS8 cell activity assay. The results showed
that IGF2 significantly promoted the proliferation activity of Hyriopsis cumingii mantle cells (P <0.05), and
the best pro-growth effect was achieved at the mass concentration of 12.5 pg/mL, which laid the foundation
for the promotion of Hyriopsis cumingii mantle cells and cell line establishment, and also provided the basis for
the next investigation of the function of IGF2 in shellfish.

Key words: Hyriopsis cumingii; 1GF2; subcellular localization ; recombinant protein; cell culture; biological

activity
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