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W OE: ARMET AR SRARARTEREAE O RZEXBAR. —FEHIKE HisSUMO & 7] 5 pET30a(+) & 4k ik
Fm R (4% H HisSUMO Express), #3560 &k4% & F Ni-NTA 44k, A SUMO & & & [ 994 5 7T %k 13 R g 1247 5% L
HEMEEG. SUMO-Z& &8s | AR5, ARV REZEANRA, H A HREP A His-SUMO #= B # 5 71| Z 18] ln A B
Fetn B 4s b (9% A HisSUMO Economic). f& HisSUMO Economic Y &3k &) k4% & B Ni-NTA sk, ZE@in e T
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O EAREZAE40% A £, Ni-NTA 4405 69 8k 6 & @ 4 %) A B 03] A= SUMO & @ B8 1 47%), #4049 mFGF-21
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Construction of expression vectors for efficient expression
of soluble recombinant proteins

Yuanyuan Jiang , Mingyao Liu , Guiping Ren, Huimeng Zhu, and Deshan Li
College of Life Science, Northeast Agricultural University, Harbin 150030, China

Abstract: The aim of the study is to construct two vectors for efficient expression of soluble recombinant proteins. The first vector
was constructed by cloning the HisSUMO fragment into an expression vector pET30a(+) to fuse with the gene of interest (designated
as HisSUMO Express). The second vector was constructed in the same way, but with a hydroxylamine cleavage site between
HisSUMO and the gene of interest for an economic purpose (designated as HisSUMO Economic). The mouse fibroblast growth
factor-21(mFGF-21), which was difficult to express in routine-used expression vectors, was taken as an example to test the vectors.
The results showed that the mFGF-21 was expressed at high level in both vectors. The Sumo/mFGF-21 fusion protein accounted for
more than 40% of the total bacterial protein. The fusion protein was purified with Ni-TNA column, and the HisSSUMO was removed
by cleavage of the fusion protein with either hydroxylamine solution or SUMO protease 1. The concentration of the purified
mFGF-21 mature protein was 54 mg/L and the recovery rate was 6%. The purified proteins derived from either hydroxylamine or
SUMO protease | cleavage could stimulate glucose up-take by adipocytes. These results indicated that both HisSUMO Express and

HisSUMO Economic were useful expression vectors for efficient expression of soluble recombinant proteins.
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R RSB EHEARLA ML #
VETRTSE . o S LA A7 A s 7 B0 B A 75 e S P s
S AR 2GR AE = Rl i) 2 R E R
Gel' 2, L rh S ] U 6 R 5 1 Rk ik, B
CEV KR RERGEAMERE . EmER
KL APWERIR . W AAR S R FRIR R AE MRS
FRPAR A pET R4, pTYB K pGEX %, ik
BRMERE L, (HEREGERN . WEAT R
FERBAREARAME, 40 pET R A1 E M B IR N T IZ
EX A S0 R (B RN AR FRAR 177 At — 2Ll
AEARKRGEEARSERRMRS, HE2HERE
B A AR 2 . O EDOR SR 2 Y R Ak
FaE . PIHERAT I 2238 R G0 LA & N [ 28 R BE A
MRk

A 5T % TE 2% 1k BUR B ZF 4 i i A K P
(FGF)-21 (it fer, & IAE R FF A ok LU 3RAS =
RWOFE B PTSPERaR , LR R AT RE7E Tz I AE K
WAt A o W R R . W 22 TR 2 ARA R
R AR ABA, I pET R LKA
pTYB-11 Z5FRK RGN DL EE A MR R AR
JUT RIS, pGEX6p-1 Mk Kb w4, (An]iad
H W& BT )N

SUMO (Small ubiquitin-like modifier-1) J&—7#}
INFFZRFBMEN, A T & T A% 4
L, SHETARET . F5%S . RNA R, &
P A S5 32 i DL 5 240 0 4 2 s s AR ), 3
ARk, WFFE KB SUMO AT AE k55 41 85 (28 1 il
BREMSTFEE, BAEAMKR. B8
FHEARKE D LRI EEAERTS. 5]
WS, N T REREBE A (SUMO) Ml
Z#E (Ub) fE—45k B R 18% MM, 4R,
P #5 1 = J B H) B AR 2 D RE RN T AR LS,
FE 3 WA S 520 26 1 A Rl b 28 T DA I 2 1 Y
FENE

ARSI A [ E T SUMO B Rl A RiLRS,
IR T RUR FGF-21 (mFGF-21) FIZHhH 4 & H
MR RCAT PR RIR . IRl KA RGEATARYE A 5 5L
W BB, SRR R E D) E Oy 2Ok 345 i
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WA E M EN . —F 7 X EFH SUMO &1
fitg 1 U)H], 2 SUMO & 1 PIRIRAMR & EA
A DAARAS 201 B A v Y B 1 ELUA B B AT i 2 SR R
BRI, 1M H SUMO 2 i T EY3UF 51 SUMO &
F ) =20454 . {5 H AT SUMO 25 4 T 16 [ P g 3L
LA RIXE, 1 DL MR I 4% L3 B Bt (1000 U 24
4000 ST A M) B, ARSLE T T 54—
#1797, BIFE SUMO filt & RIiER G AT SUMO %
DI 5 2 S5 51 A T BRI DB 5, A1)
FIOES A EMER, XA UK IREA
aifb iy A, HYIEE HAR 8 —A/ N7 B &t
BB I PEIE TS 3 L mFGF-21 R4, £+ 43 SUMO
ARG RIB RGN AV

1 ek

1.1 #8)
L1 AR

JFk pMD18-T-mFGF-21 (pMD18-T Il  TaKaRa
/NT]). pMDI18-T-His-SUMO (pMD18-T IfJ [ TaKaRa
AT, ZIKH E. coli DH5a Hifk. BL21 Hkk (7%
DE3). Rosetta EFk (& DE3). pET-30a(+)#k Ak hiA<
TEe A NS R 3T3-L1 I A ATCC,
V1.2 R B AL AT

Bsal, BamH 1 lJ H New England BioLabs /3 7 ;
pMDI18-T, dNTPs, HAh Rl 14 UIEE . T4 DNA %
HeW0 H TaKaRa A F]; SUMO % AR 1 9 H Life
Sensors /v Al ; IPTG (5 FEARAC-B-D-2EFLHHT) .
A, RINEZ MW E TaKaRa 227 ; DNA [
FEW A FiEresk ) TR A R A 5 Ni-NTA BEjg
WEBURLIE [ QIAGEN A5 il DMEM Figs kil
H Invitrogen Corporation; #2417 (NCS). 1
R4 i (FBS) Wy H Invitrogen Corporation ;
dexamethasone (Dex) . isobutyl methylxanthine (IBMX),
human recombinant insulin &) F Sigma 23 7] ; 75 25 M 4G
D5 &0 B O 38 e R A RS A ] o
1.2 FHi&E
1.2.1 719t

HRAEERAT 53 143 3 14 1 mFGF-21 ¢cDNA J35)
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Wit5 19 P1. P2, P3, K il mFGF-21 #l HisSUMO
FW B 5 pET-30a(+) #HRER:. 519 P1 h&H
Bsa 1 1 Asc 1 BEYINL A5, IF HAE Asc 1 BEYIN S 2 )5
AR EI AT, P2 2 TAA FFIR 304l X N
e, Hrhiit QQQQQC A BamH 1IN,
fii13 PCR ™ ¥y 4 ik Wy U J5 1% K 4 K o vl LA 5
pET-30a(+) #IAME ., P3 1A Bsa l BEVIN N, 15
WA R Z 520 SUMO B T UJEIfL A E R
HARMREFE M TR BPIF R G ED . MR
KA SUMO & AR TV B A& (UL P3.
P2 Ry51#0); I3 —Fh IR A B ORI R Rl R
F1 (8L P1. P2 R51¥). Jibh, &it51¥ P4, Ps,
P4 &4 Nde 1 VIS, PS5 & Xho 1 BEYVINL AL, P4,
P5 N5l ¥4E BB PCR 77 W) XY S % % &
pET-30a(+) FKiLZEAM 5134 H Invitrogen 23 F] G o
P1(5'-3'): GAGGTAGAGACC GGCGCGCC AATGGT T
Bsal Ascl FE O E 5,
ACCCCATCCCTGACTCCAGCCCCC;
P2(5'-3"): GCGGATCCTTAGGACGCATAGCTGGGG;

BamH 1
P3(5'-3'): GGTCTCAAGGTTACCCCATCCCTGACTCC
Bsal TSUMO & 1 1 YIEI7
AGCCCCC;
P4(5'-3"): GCGCATATGGCATACCCCATCCCTGAC ;
Nde 1
P5(5'-3"): CCGCTCGAGGGACGCATAGCTGGGG;
Xho 1

122 G & F1#E FZNIE

pMD18-T-His-SUMO i fil pET-30a(+) 434
JH Nde 1F1 BamH 1XUHY), [mIWEEY) R B # L
PR [ ) T4 DNA SE RT3 %
B Wy A2 5 R FF T DHS o, 42 0 21 Jook
fitg V) %5 % FA PR 5ERE R AT 4845 HisSUMO Express 3%
REAE

DL R pMDI18-T-mFGF-21° 5 #5443 51 L)
P1. P2 (RIS HymE R A TREMEDIHE) 1 P3. P2
AR A E A AT SUMO HEE 1 VIE) M
Y. W rTaq W4T PCR Y8, ROWAKFR N 50 pL.
PR 5050 Bsa T H BamH 1 XUV, w10 7

FBt; ¥ HisSUMO Express Feih #4535 Bsa 1
H BamH 1 XY, RIS A b B, 4 iU 1] g
J& B FF mFGF-21 PCR 7= #1445 HisSUMO
Express FHAREW YA T4 DNA EREEFHEITE
Bz Wi e WAL AZ S R AT 1A DHSa, 43042
WA E AR, Xba 1 1 BamH 1 XU U] 45 5 FH
SORE, FEAE R BH M T R UEA I T

pET30a(+) #fKFIFK, pMDI18-T-mFGF-21 43
S Nde 1. Xho 1 XUYI, g Rgd) 7 Be, Hil#&4H
A AH DT RS P R S O 2 DNA L K I DI B B Y
A B mFGF-21 5 R A EIAL pET30a(+) H T4
DNA M7 . S5 07 WL E BL21
JRAZ AT, $RICE 20 BORLS 43 51 FH B ) )
Nde 1 Fl Xho 1 AT XU 1) 45 5 1 HE 20 Jio ki i) PCR 48
FE o PHPEER 4 Ok Ay 44 0 pET-30a(+)-mFGF-21,
1.2.3 A H9EA 71K FF BT 1974 Rl 25 11
Ey/4

5 A BT S E L O, HisSUMO  Express-
mFGF-21 (LM VIFEINL ). EAH Bk, HisSUMO
Economic-mFGF-21 (%A FNYIEI L5 F1HE 4k
i pET-30a(+)-mFGF-21 43 7| # 1k & 3% 15 i Bk
Rosetta. #2405 A ELIE VA 70 Bl HEFP 2 5 mL LB 5557
Ferpr, 37°CH;3E 10h, L) 1:100 #0500 mL & F
I E (50 mg/mL) B LB {iFRHerp, 37°CHiS% 2h,
Ag00=0.3~0.6 FF , A IPTG ZELHKE N 0.25 mmol/L
TR, 15S 3 h 5l R IR R IE S
Xf BERE S HEAT 12% SDS-PAGEU MLk, Fffi i #ik
(1 H SR o SR R E A e SOOI TR AR
P TP R fE B0, AR VS RTIEEA T 12%
SDS-PAGE HLUK/3Hr. WAL AHIEE L, 1IE
28 Ni-NTA HEHZENT, HIZE AR (30 mmol/L
Bk . 300 mmol/L NaCl, 50 mmol/L NaH,PO,, pH 8.0)
YeRE AR, AVEM® (250 mmol/L KM,
300 mmol/L NaCl, 50 mmol/L NaH,PO,, pH 8.0) ¥/l
AvE A, WEERERBRS — . i, IR LS
HEH4% 5 uL YEfT SDS-PAGE HLik /7o
1.2.4  F&EF1IHI#

BT REDERSES (EEHN 1 mg/mL)
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Wi 5 A%, ARl DUARR A 101, 1:20 1:3, L4 A
2x BRI E P (2.0 mol/L EFREEME, 0.2 mol/L
Ches, 7F 45 C&F T pHEHZE 9.5), 45°C
4 h F¥SIEREINA PBS BE RAARTIAR, WU
#EAT 15% SDS-PAGE il , 43 41 s5cf 72 e V) B v
B RIERRE L 1.2.3 18R SUMO-mFGF-21 @il G
FH (KN 1 mg/mL) 28 PBS B 24 h 5, LI%E
10 pg FAEM: 1U SUMO EABE 1 mHLelin A
SUMO Z& [ 1!, DTT £ 4 2 mmol/L, 4°CY)
Fd 7, IEBREETT 15% SDS-PAGE £l
1.2.5 A FIHIZEE

BB S P28 PBS S nhiguB A LA 2 1))
T, P2 Ni-NTA JUREFUZAT, WO — v g
RPN mFGF-21 B H B9 &, FIVERI (250 mmol/L
K4 , 300 mmol/L NaCl, 50 mmol/L NaH,PO,,pH 8.0)
Ve Ni-NTA J0kL4h G 1 /NZ ZHB Y E A,
15% SDS-PAGE HLUKK . # SUMO & R TI %I /5
(=i i Ni-NTA ok RS T e T alifh, Bk
afifb kIR . 2 HPLC AN Hahify, 4iff KT
95%1 H B FH TR L35 .
1.2.6 [ FGF-21 H95 75 1

A S — PR R E A il b N FGF-21 Hiik,
HRP #ric i) 5 Bt febiik, 1WA R&D AF,
¥ Bk ER 1.2.5 TR Irfg %) mFGF-21 A . /)b
ZEMKBImEY M BSA X HRAE F 1T Western
blotting 741, B /EKHE M ETT 15% SDS-PAGE H
VK, ¥R RHMAAERE, 5% WAk £,
SRIE K AR — T 4 CIFE 12 12 h, L E IR
WE 2 hE, W%, ALK& EIEY) SuperSignal
iR (PIERCE), W53 XOGHBEE B, Wi,
1.2.7  3T3-L1 JZ0r 9000159 77 1

3T3-L1 /NRUSEFSE4uILL 2.5%10* Y% B B b
AT 12 fLb, 7S 10% 84/ NCS
(Invitrogen Corporation) Y= DMEM #5555k,
37°C. 5% CO,. MRS TR, Rk E
Befldm el , A 10% M54 3% FBS. 0.25 pmol/L
HiL ZE K #A (Dex) . 0.5 mmol/L S ] i HY KL 12 14
(IBMX). 5 pg/mL H 40 AJE & % ) DMEM #5578 557
1k 48 h )5, i Dex. IBMX, FIEA NS EH
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“kz4r4k 48 h, ILJE H & 10% FBS ) DMEM f%;
FRILYRLLBE IR 10 d, B P K e — YRR EL ) 40 i 58 A%
g4k, 909% L % 200 i 4 30 S IR 1D 240 L RRALE
1.2.8 FGF-21 X/ 3T3-L1 JZ 5 B HE Cast TE AT 190
ALY 3T3-L1 AR 40 ML ILRAL 3 12 h
J& . FAAS IR B i i mFGF-21 2 PRI, i
H 24 h 5, BT REFRHER TA E EAL EE I
B s e o 0 IR 4 mFGF-21 4b
PRAY AU B2, DIR$EF A 2s B 2 ALBE &
IEAHDR, 5 A5 L A0 %) 4 A A T e
BAWEZRDR 3 A EEH, IFicH
Gl A L s . BRI X £ FoR, WAl
]t R BCR ¢ A5, 22 40 ) HL AR Oy 22
G307

2 ZX

2.1 PCR ¥ E=HMETE

D)KL pMD18-T-mFGF-21 S#iAR , 43 %IL) P1.
P2 1 P3. P2 A54i4T PCR Y3, 41°4 600 bp
ity, HEHAR/AMERE (B 1),
2.2 RhEFRIEHIAMEE

BERE IS mFGF-21 J X 3 Fy A3 2 e b))
f B mFGF-21 J§41 40 544k HisSUMO
Express Rk ER:, EHRIBRIKL Xba 1
BamH 1 WEGYISE G, 435134377 % 0 912 bp
(SUMO J¥4/H BF51) 1926 bp (SUMO J¥41]/¥ 5B
VI e/ BRFE) B, SH—3% (& 2).

Bl 1 iR FGF-21 £E /) PCR # &
Fig.1  PCR amplication of the mouse FGF-21. 1: PCR
products with the primer P1 and P2; 2: PCR products with the
primer P3 and P2; M: 100 bp DNA ladder.
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2 EHEFRIEFRHK HisSUMO Express-mFGF-21 0
HisSUMO Economic-mFGF-21 BES ] £ E

Fig. 2 Restriction enzyme identification of the recombinant
plasmid HisSUMO  Express-mFGF-21 and HisSUMO
Economic-mFGF-21. 1: HisSUMO Express-mFGF-21/Xba
[+BamH 1 (without hydroxylamine cleavage site); 2: HisSSUMO
Express-mFGF-21 (without hydroxylamine cleavage site); 3:
DNA marker DL15000; 4: recombinant plasmid HisSUMO
Economic-mFGF-21/Xba 1+BamH 1 (containing hydroxylamine
cleavage site); 5: recombinant plasmid HisSUMO Economic-
mFGF-21 (containing hydroxylamine cleavage site).

DNA l Jp 45 5 e W1 1Z 41 24k b HisSUMO J7 31 A
IEW R IEMHERR A ZE T7 a7 Flie, B9 B
mFGF-21 FUii A F e U #1475 1) mFGF-21 J¥ 41 #4 LA
IEHRIERSHERR A ZE SUMO ¥4 Filf. HisSUMO
Express A1 HisSUMO Economic &1k 2 /4 1) #4) 2 4 &
3 fss

HUPH S 4H ok pET-30a-mFGF-21, 4331 I FR
Tl PE P VI Nde 1. Xho T iE47 XUV % 22 71 E 4
Kif) PCR %€ . FHBRMIPEN DI Nde 1. Xho 1347
Y, AT WA B, 230l % 5300 bp Ky
pET-30a(+) #iA& K BEFIZ) 550 bp ) mFGF-21 H i3
F B, L P4 Fil P5 A514) . pET-30a-mFGF-21 A5
Mt AT PCR %E54E, 784 550 bp &b AH — 4 HH, 5
TAE A BER/N (561 bp) AT (K 4), kA
4 Tk pET-30a-mFGF-21 # & 2 (- 5).

3 FRIEH K HisSUMO Express 1 HisSUMO Economic #1 &%
Fig. 3  Constructinon of HisSUMO Expression and HisSUMO Economic.
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2.3 SUMO-mFGF-21 @& ERRFRIERGEL

Fi 5 A HAH kL HisSUMO Express-mFGF-21
(CFE R EIN 5) . T4 Fik, HisSUMO Economic-
mFGF-21 (& f ¥ W V) #) {7 &) . pET-30a(+)
-mFGF-21 1Y Rosetta ®HRAZEMIGHSF, MA IPTG
W5 3 h JE U T LUK S0P, 45 2R 7R pET-30a(+)
ARG ARER A mFGF-21, 1Ml & & M7 SUMO K&
Rk, HEAEEER (& 6), 4ifk)s
) SUMO-mFGF-21 @il & 8 1 LA 5 uL (REEZY
1 mg/mL), HAF#2% 44 000 Da (B 7). filé
EHSENHEAMITTAERM S EAONRRE, WK
8 FT 7% , A UL 28 HisSUMO Express % 4t %61k mFGF-21
HHEAEEMRPSEATN 40% , 1
HisSUMO Economic & 4 A 1) mFGF-21 E4 & H
hi i A SR Y 43.17%

4 FEHFRK pET-302-mFGF-21 MBS L E

Fig. 4 Identification of recombinant plasmid pET-30a-mFGF-21
by enzyme digestion. 1: DNA marker DL2000; 2: 1 kb Plus DNA
ladder; 3: recombinant plasmid pET-30a-mFGF-21 digested with
Nde I and Xho 1.

5 EYHRH pET-30a-mFGF-21 B PCR £ E

Fig. 5 Identification of the positive plasmid of pET-30a-mFGF-21
by PCR. 1: 100 bp DNA marker; 2: PCR products with the
primer P4 and P5.
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24 RAEEBMYIEIERSH

il 3 A R R R VRO R, RS
FIRGOIEIEXS o BEF (1 mg/mL) 5 3D HIR 4
UL 14 I E A VIFIRCRE, SR 9 s .
M3 RO M 53 5, SRR LR 22 5, mT LAl
T B e R I PR B v VD HIACR

6 HisSUMO Express #1 HisSUMO Economic 31X £
RN SRR FGF-21 EAMERIX

Fig. 6 Expression of mFGF-21 in E. coli mediated by
HisSUMO Express and HisSUMO Economic. 1: supernatant of
Rosetta cells harboring HisSUMO Express-mFGF-21 (without
hydroxylamine cleavage site) 3 hours after IPTG induction; 2:
precipitate of Rosetta cells harboring HisSUMO Express-
mFGF-21 without IPTG induction (without hydroxylamine
cleavage site); 3: supernatant of Rosetta cells harboring
HisSUMO Economic-mFGF-21 3 hours after IPTG induction
(containing hydroxylamine cleavage site); 4: precipitate of
Rosetta cells Harboring HisSUMO Economic-mFGF-21 without
IPTG induction (containing hydroxylamine cleavage site); 5:
protein molecular mass marker; 6: Rosetta cells harboring
HisSUMO Economic-mFGF-21 expression vector (containing
hydroxylamine cleavage site) without IPTG induction; 7: lysates of
Rosetta cells harboring recombinate pET-30a(+)-mFGF-21
expression vector 3 hours after IPTG induction; 8: lysates of
Rosetta cells harboring recombinate pET-30a(+)-mFGF-21
expression vector without IPTG induction.

E7 SUMO-mFGF-21 #9454k

Fig. 7 Purification of SUMO-mFGF-21. 1: SUMO-mFGF-21
protein (without hydroxylamine cleavage site); 2: protein
marker; 3: SUMO-mFGF-21 protein (containing hydroxylamine
cleavage site).
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Int HisSUMO Express-mFGF-21-mFGF-21

200

100

100 200

Int HisSUMO Economic-mFGF-21
200

100 [

100 200

8 FSHEAEH. His-SUMO-FGF-21 EHEHNHE
BHHE

Fig. 8
positive bacterium.

Laminal scanning figure of protein content of the

9 SUMO-mFGF-21 & EBH AR RBRIE R
SDS-PAGE k4 #f

Fig. 9 SDS-PAGE analysis of SUMO-mFGF-21 fusion protein
after cleaved by hydroxylamine. 1: SUMO-mFGF-21 protein
before cleavage (without hydroxylamine cleavage site); 2:
SUMO-mFGF-21  protein  before (containing
hydroxylamine cleavage site); 3: protein marker; 4: the products
of SUMO-mFGF-21 fusion protein after cleaved by SUMO
protease 1 (without hydroxylamine cleavage site); 5: the
products cleaved by hydroxylamine with the radio of the fusion
protein and hydroxylamine solution is 1:4; 6: the products
cleaved by hydroxylamine with the radio of the fusion protein
and hydroxylamine solution is 1:3; 7: the products cleaved by
hydroxylamine with the radio of the fusion protein and

cleavage

hydroxylamine solution is 1:2; 8: the products cleaved by
hydroxylamine with the radio of the fusion protein and
hydroxylamine solution is 1:1.

2.5 MAEBRSLTY

% SUMO & E AR DIE R MY E T
PBS 2 MR ThBE M 24 h, P14 Ni-NTA FORLE F1ZAT,
Wt mE— B PERE, BIH mFGF-21 BAAER, 15%
SDS-PAGE HLKKM (& 10), 4ifkAY mFGF-21 m 3k
A R 2R 54 mg/L, BEAE H ISR 6% .

2.6 mFGF-21 B G & &M 4 47

A X B FGF-21 5 AR FGF-21 fl 4
PR Y51 ] I 5 Y TR R 80.66% , WS N4 K
FGF-21 HUIARI 5 mFGF-21 & AEARGRAYAE U,
AT bt N FGE-21 $UAYER 1 HikIl mFGF-21,
Western blotting %01 1 S5UKE A 1 pg BSA 1ERH
PEXTIE, 2 S3kGEIIA 1 pg SUMO-mFGF-21 fl & 7&
I (ERMEIEIN ), 3 SIKEMA 10 ng 4ifkiy
mFGF-21 % FE MR Y . Western blotting 25 53 #Hr
£W, 2. 3 5UKERNE A SHA FGF-21 Stk kA4 %
B, %S4y 98 SUMO-mFGF-21 filt& % 1
mFGF-21, IEMIHTA FGE-21 $ifk 5 FGF-21 [
MRES v, HTaliAb iy 8 H o U mFGF-21, &l
11 iR,
2.7 3T3-L1 BERA4ARaRY 1k

INERUREFAEAN AR 3T3-L1 JEIRHZR)S , FHAR I 4i i
ST (5 mg/L AR E, 0.25 pmol/L HiZEK
FA, 0.5 mmol/L IBMX, 10%Jii4F 1fiLi% ) DMEM 155%

) 51k 48 h, PR L 1T (5 mg/L

E 10 SDS-PAGE Mk #4i L By i A R IR FGF-21
Fig. 10 SDS-PAGE analysis of purified mouse FGF-21. 1:
protein marker; 2: purified mouse FGF-21; 3: the products of
SUMO-mFGF-21 protein  after
hydroxylamine.

fusion cleaved by

11 [iR FGF-21 & Western blotting 434
Fig. 11 Characterization of the mouse FGF-21 by Western
blotting. 1: BSA; 2: SUMO-mouse FGF-21; 3: mouse FGF-21.
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FHABRE, 10%64- 1175 DMEM 153:55) 4%
2255 48 h, WIE S 10% i34 117 ) DMEM 15 5%
BRORLAERE, BRI — UK, sk 14 d I, Sk
ALK 909% LA b 40 i T A i o g, A
12 iR, ZEECHARSMERY 3T3-L1 HiARN 400, 44
JfL S T AR, A B R A L R T A, 20 i
P K I T R R, 2R B M B S (9 R 05 40 LR
2.8 R FGF-21 %t A 4 A o 2 2 48 IR 14 B 52010

FHER 37 5600 B 43 I 26 2 e Fl SUMO 2R 1l 1 Y1)
FS BB mFGF-21, {2k B 535100 0.1, 1,
10, 100, 1000 nmol/L, HLA LV LR mFGF-21 4b
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12 3T3-L1 GI{RASRAZARE 5> L& (400%)
Fig. 12 Differentiation of 3T3-L1 pre-adipocytes (400x).
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Fig. 13 Glucose uptake of 3T3-L1 adipocytes treated with
mouse FGF-21. The values (+ SE) shown are the average of at
least 3 independent measurements. *P<0.05; **P<0.001
compared with no stimulated control.
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