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REFHEAI A KR 721 (FGF21) S BT 4l Mo AL KR 7 SR — BT it 3= BEAE P h st o
B -Klotho [f12: 55 R, FGF21 7EARSMENE(EE 3T3-L1 MR 40 MR A J5UA QT 7 40 s i s i, S simibt
AL ThRE. SR T, FGF21 REMSFRARIANE . FECHM=NE (TG) . Jhms s M A& (HDL) .
BEARAC S BRI e fis s (LDL) el D AT M4 A AR I &8 ARAE RN, JF HA S P AR AR IR . AR5 0
JeK b2 R 25 s SR (K i/ FEDS P FGR21 e 4s, AIEE . AMIORRE & 22 R0 RS (K45 2, AL
L=V RIER R TS A NE R

HHT, [ A A2 5K S0 SR 2w #O0 BT AR FGF21 BT TARERA TS, AWy SClikiE FGF21 192E
Yoy Dy Re KA R FOBLERIE ST, R, G SRARSE FGF21 AR A AR R F 2454, FGF21 fi44 A A e M 222 1A ok

O, BPAER R TR, iR R P TR AL 2, A R AR T AR AN T,
BRI T BWER R =, TR T AR S B 2. IR 2. Huge 0 5 32 S5 KRR A5 B 32
FA).

R TRAE N — P 2 R, 7B B4 T Al IE WA, 7 NGE IR S A AR e Pk D T BAA T iz i v .
HORS I 2 0E R N B B 3 A BRI A 21 AL R A2 IR (Asn) B H 2R (Gly) DARS I S AR
SEVE, 76 B EER AR S 31 A0R 32 FTIERE T 2 MREER (Arg) KEHL R 5.4 83 6.7.2 Eik 41k
(PR 22 B FALZ CRMEIEE) J5, AR ST ) X R CIE Y T AR R S5 R IR o A RS e A
FHRF IR K, m]RES: 24h, F AP 2E I S (0 0 S O APL I J3E I 23 J3E i P 1R U O T P AT ol S RS i
FIERIEBI, (E FGF21 HRIEuT) 182 A1 183 M1 H: T 2 MFZEIR, WIS H AU 5.43 $&5 5 5.87,
ZeRaE PRSI RN 2 3002 SR B, SOE S FGF21 (PR Y S PR RN BB 1 FH #1045 21 7 14, JF HAE K TR
I ).

1 #BF7EE

1.1 ##
111 BARRUTORL ok pMD18-T-FGF21 HANSEE SR 52414 E.coli F#k DHS5a. Rosetta (DE3) HHASE
5 = $2 it pMD18-T Simple » % /A4 H TaRaKa A#], pSUMO # & His2it = H i 2 R AUZHTAE
HisTrapTM FF crude colum Fl1Jii 5 #: HiPrepTM 26/10 Desalting ) | GE 23 & . HPLC %3 ¥-Jii ¥ BiosuitTM250
HR JiJ H Waters AR Pt FGF-21 £ olEhifd i AR Ib AR MR 2= AW 25 B0 = 6l %6, bl 500k s
HRP Arid () Z PN EPRPUAE B R&D A A s HARA AR A 23 A1 4l Ay [ 25 88 AL 272 A BRA =17 .
1.1.2 FgAEZA LIRS  Taq DNA 245 .Bsa [ \BamH I Y H New England Biolabs 2 7] ; ANTPs. T4 DNA
MG IPTG CrEERRAR- B -D- LI « WRIEMZ N 55 % (Amp) ¥IWH TaKaRa A#; SUMO
W T ARSI S 5L DNA  [MISCR & B Rt Ay TR B A m BEIR VR 2 (STZ) W H Sigma
yNEI B
1.1.3  PCR 5 FISEI 58 Y652 5 PCR 54 Invitrogen /A ] & k.
PCR 5|4%): Pl: 5 GGTCTCTAGGT CACCCCATCCCTGACTCCAGT

P2: 5’CGCGGATCCTTACCGCCGGGACGCATAGCTGGGGCTTCGG 3’
SR 9 2 i PCR 514

GLUT1 L5144 5-CCATCCACCACACTCACCAC-3’,

GLUT1 Fis51%% 5°-GCCCAGGATCAGCATCTCAA-3’;
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GK L5141k 5>-GGAGACCAGCCCTGTTAAGCT-3,
GK Fii514¥k 5°>-GTCCACTGCTCCCACCAATG-3’;
G6P L3510 5°-TCAACCTCGTCTTCAAGTGGATT-3’,
G6P FiiE5 1%k 5°-GCTGTAGTAGTCGGTGTCCAGGA-3’.
1.1.4 fRRESAE BN, B, S, TS IR S AT T Al B A i ) db/db HEPE 2 B8R PRI /N
i, ST s e St S AT R ST A F], SR A IE S SCXK (1) 2010-0005.
1.2 FBERITHE
Compute pI/Mw/ & EXPASy W3l & ¥ — 3k Lk vh- 588 15 pl {5143 15 (molecular weight, Mw) [f]
Bk, HES B E AP B, s
1.3 REFRIEHEAGE
LA P1. P2 5140, 51750 1.1.3, pMD18-T-FGF21 A #ifk, ¥ 4% FGF21 HEps. 4 HI3RAF I BEDA 5' iy
WA Bsa I BEVIN A1, 3" Sy 4T BamH I BEYIAL L PCR =404 7 I 0 -5 8 4& pMD18-T Simple %,
JIT A3 JTORE 22 I D7) 4 52 IE A S DA 2 /RS 2R e 1% B2 21 FGF21 1R 580 44 7 15 () FGF21 Jl . Bsa
[ . BamH [ ¥ AT His A2 5% KL # K pSUMO (pSUMO-FGF21) b, B4 8 Ja I 43 b
AT
1.4 REEAMRIEAAL
B oA IERF A I E TR pSUMO-FGF21-2A Fll pSUMO-FGF21 #:4k & %A Fk Rosetta, HALJ5 1)
B TEEEMAE 20mL (SR NH K (100w/mD) LB ¥783E, 37°CHEZE 10h; LA 1: 100 20T 500 mL 1)
RN HEHZ00w/mDLB F 35, 37°CHE 55 2h, A600 2y 0.3~0.4 I, I IPTG EZKE 4 0.25 mmol/L
HEAT 30°CHES, 6h Jim, HUAH A 5 19 TR A4 B RO 1R A4 1Y) 3l FICBE EAT 12% SDS-PAGE LUK il 5 £
FE P RIE, JEH] BandScan5.0 23 #1 FGF21-2A Al FGF21 [ /K P FA OB pie g B0, b
% HisTrapTM FF crude colum SEFZHT, FZ%8 HIPEMK  (40mmol/L BKM:, 500 mmol/L NaCl, S0mmol/L
Na3PO4, pH7.4) Ve £ E M Ja, FIVER (500 mmol/L BKM:, 500 mmol/L NaCl, 50 mmol/L Na3PO4, pH7.4)
VEMR A, WCER DM 0.
1.5 & &N SUMO-FGF21 AUl ZL . BRI AFAE QB EW
fili A 25 148 HiPrepTM 26/10 Desalting i £h)i5, AR SR SR IRl A 25 N SUMO 2 I T F1Z¢
WIE 2 mmol/L ) DTT, 4 Cid#%V)#|, T4 HisTrapTM FF crude colum W 8L AMR WK, 12% SDS-PAGE
HLGK A, FE A HPLC BiosuitTM250 #3005 1 I FE 2 AT B sl A ) 2B
1.6 BRI HFEXE
¥ 6 HEMI N 2 4, ¥ FGF21 1 FGF21-2A LA 0.2mg/kg (IFIE 35 B FiES 5 %, HEIKBOT 5 &
9 1.5h. 2h. 3h. 4h F1 Sh 50L&, 12000rpm, E5.0r 10min, WHUAE 3] Elisa (BB BEATHN AE
[i— 96 L L, HAFWKE (50, 5, 0.5, 0.05, 0.005ug/ml) [KEFAR FGF21 & R EFRMERIZE, A
I S 1) 5 BB ) LS55 F 4 96 FLARGE A, R F SRBLA FGF21 HULiRAEh—$H1 37°CHEE 1h, HRP AridiEHt i

WA 25 1] FGF21-2A Fil FGF21 E K Rtk W i bR thk, 13 2 kiRl R 2 )5, $iA 5 t1/2 = 0.693/ke (ke
TETERR IR ) T FGE21-2A F1 FGF-21 (22810,
1.7 HepG2 BTz At iS4 BOIR BTN ER EMiE

ASEEGIE I AL GOD-POD A AE 4 M /K- FAS IR 7% 3 r () A 25 0 5 1t [ 7] W AR AP 5 =11 HepG2
ML 12h, SR 523 591 1000 nmol/L FGF21 AT 1000 nmol/L FGF21-2A 45 [ Mt kb B HepG2 40 g, £F 24h.
30h Al 36h 43 HIHLRE TR FIEWE 2ul TN 200ul (/)57 2604 S DU HH D 5 o 2 B 1) 2 B A L B A 3 Ik, JF
Rt 22 o i s i 45 .
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1.8 AR HFELR

Bl PR s BB A G S0 = H AT STZ v 5 B WA/ BUEE 711 T Z98% R0 BRI Db/Db /IS B R T L 1T
OB PR R T RO R BB L 25 < SR 6~8 JEIWATH ELHAAERENE /N, AR EE 20 25~30g; 25 B AN AA/K 8~
12 h, A 40mg/kg FIE G STZ, Wk 3 HES, WS 3 UG, R 10 KAHIA/D BUR TS BRI i
PRI N b HLAT RIS =2 — /D IREIR, W2 248 Z R R E /D ; /N A BB (>11.1 mmol/L.

KPR 7 =21 (STZ RUAFA 5 L, db/db BUEFAL 4 2D = X AL (0.9% 43167k BT
IR (RERIEN 0.75mg/kg FGF21) MISEEGZ (BRI 0.75mg/kg FGF21-2A) S 4G5, THEH L
8w, I B N2 I 7 AR RN R R AL BT A 2 BRI S R S R A 8 sl 1 Ik
IR, RS 24 i ol AR AL DL
1.9 KEAESIFGF21 B A 1 BUBE R fw R B9 BT 58 R A

AT ZN WAL IE,  HUR T2 A= 38 EE /K 08 Ja IR AR T, RS AR U IE200mg, A 4ml 5%
ZABSR (TCA) , A H min, KA HRMBANELE, LL3000r/min 0 15min, 4 FiERHERE S —ik
EWNAEDEEPHINA4mI TCA, )2 Imin, FRREL5min, BCEER, JF58 BN EERS I 7
SHRAT A Iml FVEHURAL0mL S0 T CRERE G 0P AT & DLORUE SR W SES5 R, M IIA95%IN &
BEdml, 78007041 B PR TS AT L, & N B BCE Dl e A, KR T3000r/min 240
15min, {1450 3 AR B 57505 10min, 2 m1ZE 08 /K AR B I oK 10ml 8 R0 I 45 38 iU A /K Ok
LR M AEFT & FAOE BIRUKIEE G, HILR T KW OKEEENE S T3 D 15min, R)55 3%
K, ARG ABAAR AN L, £E620nmPB K, TR 25 18 IR 2 I 00 2 WK 6 B2 AR e s v il
AT E BRI g, R DT RRE) TR S S R (lmg/100g/F7R) . BEAMER E R 203
W, FEHHATG T 2E I AR 2 (S A 2mIZE AR, FRUEST J20.Smg i 45 B VA R AR 2 mIZE 13 K .
1.10 Real Time PCRA&MIE %A EF

T RIS B S DA AL, O 28 A2 2 6 /K 06 fE R T, SR JE T Trizol VEARHUIEAS RNA.
PUMIRNA MK, Oligo(dT) 154 5144 B M fRIcDNA. LL B -actinff) 215 55100 A A 2, R SN 9% s
PCR 5 VARG ASE AR TR g FEF O P B AR AF 26 R FGLUT L GK GOPIIZRIE AL 514741 WL 1.1.3. ) Wi A %
320ul, 2.0ulecDNA#HR, 10.0ul SYBR Premix Ex TagTM (2X), 0.4ul PCRIEZ5[4)(10 mol/L), 0.4ul ROX
Reference Dye 11 (50X), KB — 25 7KAME 22 20ul( N ZH1 H 1) 7 Bl 3%). s 4444 495°C 10s, 95°C 5s,
60°C 31s, 40 MEFRAEI S8 251 = 28 K AR RERRR 2% DR R, REANEE il 28 2 S 3 0 AT AR s 40 A
J2-NACt 2% H ISR AT AR &
1.1 HEHH

I SPSS11.1 ety MR Aent &5 S HEAT A 2l x + s FoR. AL LR ¢ K.

2 8

2.1 FeF21BUER FRIEHIFRIEE

B A RFGF21 v BOR/IN by S46bp i N5 |5 NP4~ Arg, PCRIRAG H MBI, &4 80 THUA AT
#4, JEABsal . BamH [ XUJ%5¢ (K1) , FGF21-2AK/NA552bp, 4 H 1A BRIEIS, 3% #pSUMO
WAk L, WMERIEPAAPSUMO-FGF21-2A, P4 (F2) REH2ANRE E R E % 10,
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T-vector

750bp

FGF21-2A 500bp

Fig.1 Agarose gel analysis of pMD18-T-FGF21-2A and pMD18-T-FGF21. 1:pMD18-T-FGF21-2A vector
digest with Bsa [ and BamH 1 ; 2: pMD18-T-FGF21 vector digest with Bsa | and BamH 1 . 3: DL2000 Marker.

Options ]
Output 1 Identity= 98.19%

30 440 450 460 470 480 430 500 510 520 530 54[I 550
L il i Vol Vil Cle il Cln i bl

552

Fig.2 DNA sequence comparison between FGF21 and FGF21-2A. DNA Sequences of FGF21 and
FGF21-2A were compared by DNAMAN, which showed that two arginines connected correctly.

2.2 ELHRRKL pSUMO-FGF21-2AZE X BAHTE th BRIk

W& E TR pSUMO-FGF21-2AfIpSUMO-FGF21 [fJRosetta # Ak M 55 S,  IMAIPTG, 30CiES
6hJ UFE LUK 20 BT 75 73R4 J5 B I SDS-PAGE i ¥l (13D, SUMO-FGF21-2 A7 85 1 HL VKA L T4 1
JFEEZ) R 40kDAL, KER /0 4E i i ik, 3 H4 BandScan5.020 75, B T HAHF K& T, FGR21HKIA
o E AR RIS R 035.8%, MFGF21-2A 5 BFA R RIEE146.4%, LLEF AR 5 H10.6%.
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Fig.3 SDS-PAGE gel analysis of express products of fusion protein in SUMO express system. 1: Protein molecular weight marker;
2: Lysates of Rosetta cells harboring recombinant pPSUMO-FGF21-2A vector after 6h induction; 3: Sediment of the lysates in lane 2; 4:
Supernatants the lysates in lane 2; 5: Supernatants the lysates in lane 7; 6: Sediment of the lysates in lane 7; 7: Lysates of Rosetta cells
harboring recombinant pPSUMO-FGF21 vector after 6h induction.

2.3 FGF21-2AZk{£ K 43

WA AR, Sl FEB L, LiEW &L HisTrapTM FF crude columsf FZAHT, £ HiPrepTM 26/10
Desalting/lit &, WAERIRLG & A HEMASUMO M T A2 N 2mmol/LIDTT, 30 CHJ#I2h, &
HisTrapTM FF crude columsEHl)ZHT, {ESUMOARSHEVIBRG, FGF21-2A B % 4w i F12% SDS-PAGE
HLPKAS M. an P14, DIRIR T IE 30190% LA |, HIGZ MR ILTR B, Ak 5 i eV 11 431 0T B K24 A 20kD.
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FIT A5 AR (A2 HPLC /0 M7 J5 4l BE ik 31195% L |, Ganf&ls.

- .—45kD
i

e
- . —18kD

Fig.4 SDS-PAGE gel Analysis of purified FGF21-2A. 1:Mature FGF21-2A protein; 2:Cleavage products of
SUMO-FGF21-2A fusion protein with SUMO protease [ ; 3: Purified SUMO-FGF21-2A fusion protein; 4: Protein

molecular weight marker.
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Fig.5 HPLC analysis of purified FGF21 and FGF21-2A. As seen from the chromatogram, the y-axis indicates the
absorbance(280nm), while the x-axis represents elution time (min). The main peak eluted at 15.5 min. The purity of purified
FGF21(A) and FGF21-2A(B) were both greater than 95%.

2. A FBEBISBEZEACFCR21 BRI B endl)n, 20l FiESNFGF21IMIFGF21-2A, M H- & ik
IS SIS 2 5, EATElisafaill, R4EElisadh Rz hilERR Mgk (El6) , A492{Hlk s Bt s H FGF21
EAFRIIEZ, M2hJFiG, FGF21-2AM)% 4w AR TR A= FGF21 22 Al 2 % . Shivf, B ZERIFGF217H 2%
BRI, T AR UE - 26Tt 52 S, FGF21-2A7EILE M K% 524 0.55ug/mLAR it » = 0.693/k 1T 2 J5 , FGF21
(2 ZE ] /E35min, FGF21-2AKEZE W] /& 103min, Ui BIFGF21-2A 3 1) 2% 4 K.

12

——FGF21
-E-FGF21-2A

08

A492
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Fig.6 Pharmacokinetics studies of FGF21 and FGF21-2A in rabbit. Rabbits were injected intravenously with 0.2 mg/kg FGF21 or
FGF21-2A. Blood samples were collected at various time points. The amount of thFGF21 was measured by ELISA. A standard curve was

made for each FGF21. The values (x+s) shown are the average of 3 independent measurements. **P <0.01  (Student t test , FGF21-2A

group vs FGF21 group) .
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2.5 FGF21-2AR B EF AT A B BT B ER e KM

F11000 nmol/L  [JFGF21-2ARFGF21 4 HE41 i, 73 HL24h. 30hFI36hAf Mz 77 i i 2ul, HA200ul
FR) T 2 A 0 2 T A B P S A MR MR S5 TR (BT R S FTEGF21 85 (1 3 AL HE Hep G241 H i #E4
ZifE, ZFGF21-2ARCFR240 5 1940 Mo (KR % 2 55.01%, AR T48 LA 123.88%, 4 FGF214324h
Ji AT B PR B I AL %02 46.91%, AR TS I3RS 17 15.77%,  FGF21-2 A E S RARXT T FGF21 2 554 i
Z It HBEE/E I TR AE K. (30h, 36h) , FGF21-2ARCR T W%, LUHENFGF2 1 2k @A i 5 ALYk
PES R AT ) T A

Glucose uptake/%

2ah 30h 38h

O Control W FGF21 W FGF21-2A

Fig.7 Effects of FGF21 and FGF21-2A on glucose uptake of HepG2 cells The glucose uptake of HepG2 cells treated with
FGF21(1000nmol/L) and FGF21-2A(1000nmol/L). Control: no stimulation control. ¥**¥P <0.01 (Student t test, FGF21-2A vs FGF21).

2. 6 FGF21-2A7EHRE PR R 1= B sk N B PEFE R TN R Y94 FFGF21

PTG S H e 277, NPT 252, T BUHE PR B SRR 2914, T AR
I SROUIE LR 29PN, 23 A U W T SRRl e g vt 22 i e 1 OB PR B 4G R (18D oR, Bl
FHEOMK WS, FGF21-2A7E B MU0 77 100 (%) 68 JJ AH XS T FGF21 22 B W e 35, 45 25 224 RIF, 4
FGF21-2AFIHE R /I8 B T IR 7K1 (8.42mmol/L) & T IEH 41/ Bl (8.40mmol/L) , HHAE(T 25, 7E4iRF
IRE AT 7 10 P 25 A s TR o Bt SR (O A 15 T M3, WA 215512 K1 1R, FGF21-2A
TS AL BB B AT FGR2 LR S/ RS & 22 S 2, JF HAEERR BT 7 T 22 e B, R
TR T BOWE PRI /IS B 2 T AU PR /N UK 2528057 S50, FGF21-2 A BEpl U R AN P 900 T FGE21.

25

15

10

Plasma glucose(mmol/L)

0O 2 4 6 B 10 12 14 16 18 20 22 24 26 28 30 2 3 4 5 6
/d days after 30-day
treatment with protein

——Control -=-Normal —=-FGF21 —<FGF21-2A

Fig.8 Anti-diabetic effects of FGF21 and FGF21-2A in type 1 diabetic mice. Diabetic mice were treated with either FGF21 or
FGF21-2A at 0.75mg/kg daily for 1 month. Control: 0.9% NaCl-treated diabetic group; Normal: normal control rats. The values (x+s)
shown are the average of at least 3 independent measurements. *P <0.05, **P < 0.01(Student t test, mice treated with FGF21-2A vs mice
treated with FGF21).
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Plasma glucose(mmol/L)

1 2 3 &4 5 &€ 7 8 © 10 11 12 1314 1 2 4 6 7

days after 14 day
vd treatment with protein
—+—Control —=-FGF21 —=—FGF21-2A

Fig.9 Anti-diabetic effects of FGF21 and FGF21-2A in type 2 diabetic mice. Diabetic mice were treated with either FGF21 or

FGF21-2A at 0.75mg/kg daily for 2 weeks. Control: 0.9% NaCl-treated diabetic group. *P <0.05, **P < 0.01 (Student t test, mice
treated with FGF21-2A vs mice treated with FGF21).

2.7 FGF21-2ARESEIFHY R HATHEIR I &

RCER A AT, KSR AR, ORI, & VAR R IS (E10) , 1524 )E,
FGF21-2A7F: 55 41/)> LR IE B I 500 34.10mg/kg,  FGE21 41 /)s BT JE B 5t 4y 28.40mg/kg. &5 K& W, P Fh
FGF2 1S REAE E FFAEA bR 5L, 5 R AT AL B AR 0] 4 2 f(14.43 mg/k)AH b 22 el w2, FF HLvAES
FGF21-2A41/N TR IR A i 2 2 3 TVE S FGR2140,  #E— B AEIFGF21-2A M 2E W24 35 M5 2 T 458,

40 -

.J”[

Control Normal FGF21 FGF21-2A

Glycogen synthesis (mg/g)
= N N %) W
5] =] 5] Q 5]

[
=}

w

Fig.10 The glycogen synthesis of type 1 diabetic mice. Diabetic mice were treated with either FGF21 or FGF21-2A at 0.75mg/kg

daily for 1 month. Control: 0.9% NaCl-treated diabetic group; Normal: normal control mice. **P < 0.01 (Student t test, mice treated
with FGF21-2A vs mice treated with FGF21).

2.8 FGF21-2A%S BTRAEFEC G148 X B FRE TS

T 8O PRI /N B4 RS SR 50— HFGE21MIFGF21-2A )5, AbFEFEEREUIFIE SMRNA, DL 3% 5 10
cDNANKN,  FHRRSPES | HEAT SEIN 96t 58 BEPCRY MR M B ) 2 AS [/ 4b B 5 GLUT1 . GKHIG6P
mRNAIFIEARAY, LA HE R /K AL BE (R Sh 4 A 23 (A  H, DAAS 3R K A B F 1 B I /IS A L 50 R
HE IR E, 52 AXRAMELE, FGF21-2A AT AL SFGF21—3L, 23 i TGLUTIM
GKI1, N T GOPHIMRNAK - Hr, JESFGF21-2A)5 GLUT1 mRNA KR IR T 6.471%, #FGF2141
(3.391%) ZESM i ®; GOP mRNAMERIEE T X ALK 02765, BFGF2141 (0.57f%) % 5l

e

.

G6P

6
GLUT1 - .

s

w

o

**

j.l A nEn

Relative mRNA level

Relative mRNA level
o =] N w -~ v @ ~ oo

0

Control Normal el EGR12 Control Normal FGF21 FGF21-2A
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Relative mRNA level
o = ~ w ~ « o

j.iGKI[

Control Normal FGF21 FGF21-2A

Fig.11 FGF21-2A and FGF21 modulate GLUT1, G6P and GK mRNA expression. Quantitative PCR was used to measure
mRNA levels. GLUT1 and GK mRNA levels were all increased. GOP mRNA level was significantly decreased. The values (x+s)
shown are the average of at least 3 independent measurements. **P < 0.01 (Student t test, mice treated with FGF21-2A vs mice
treated with FGF21).

3 itit

AR, BEAE AEOR I Ik, B R OO AR 250 R 1K = 27 ) [RIAR SE Ak 5 24
YLLK 2L, FEALER (L2902
Pemy, 2 teer, #Ob20HE AL PR E A4 BT sOE T IR IR AR S, BT R 2 IR
FE R, BT YR e T R TR BRI R R S, AR N R RS R — RARIE
HLRIAE 259 R, R N AT AT 2 R 2B M 2R . BEDNI Rl & DL e A oKk o, 1 45y
%, IERKE AR, R s AR

R G AL —FIBE ) & AT T A M o R, AEZEBRAE i IE Ay, I EURS RV N S K e & 2
BR, FEER T (R S5 R I — A 28 e A B DR T, 2 T 05 40 MRS 4/ J 2t 47 e fir () IR B ATl R, 3k
AT LA B H 18R AR g A an st 2224 PR FGR2 1 b4 ks 208 Jn i 28 11 S5 4 i i 45 A 5, (e adt 4 g
[ FEFGF21%2 R 5FGF2145 &, M4 w8 H 2997 20 e b, VE R 2 EIR, I Ik 2R ] 8 e Pk £
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Stability and glucose regulation of FGF21 after modified with arginines*"
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Abstract Fibroblast growth factor-21(FGF21), which was discovered in 2000 as a non-insulin-dependent
cytokine to regulate blood sugar, is expected to become a candidate for anti-diabetes drugs. However, the biological
activity of FGF21 was influenced by its weak instability and short half-life in vivo. In this study, to improve the
stability of FGF21 in vivo, we added two arginines to the C-terminus of FGF21, and named as FGF21-2A. After
being calculated by the software pl/Mw, the pl of FGF21-2A reached to 5.84 from 5.43. Then we expressed and
purified the mutant protein for the examination of stability and bioactivity. When we used Bandscan5.0 to analyze
the supernatant of Rosetta(DE3) lysates after induction, the protein expression levels of FGF21-2A increased by
10.6%. The in vivo half-life time of FGF21-2A was significantly prolonged in pharmacokinetics experiment. And,
compared to the wild-type FGF21, FGF21-2A not only had a better capacity of stimulating glucose uptake in
3T3-L1 cells in vitro and stimulating glycogen synthesis of the model mice in vivo, but also provided a
significantly long lasting effect on reducing blood glucose in the type 1 and type 2 diabetic animals. Moreover, the
results of the real-time PCR showed that, after long term treatment, FGF21-2A could increase the mRNA
expression of GLUT1 and GK and reduce the mRNA expression of G6P, which suggests FGF21-2A has the same
mechanism of glucose regulation with the wild-type FGF21. In conclusion, modifying FGF21 with arginines
increases the protein stability, and enhances the protein bioactivity, which lays the foundation for development of
drugs targeting diabetes mellitus.
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