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B OE. ARSEm@A KR T 21 (human fibroblast growth factor 21, hFGF21) . % % 2 & fn 4% F=
RE AR GIE L 24, 12305 X R IsEF AR A Rt de b, SR a2 A A 21K, R4 T H
o R . AARS BT SR (GGGGS)s % hFGF21 9 N s# i £ A fo 7 & & @ ( human serum
abumin, HSA ) & Cs%, ZiTRAMEFATHRIE, HFEHERE /K rHSA-hFGF21 i A pPIC9k
Fo pPICZaA BALEHAK, 14405 X33, GSI115 F= SMD1168 =A% RF B @tk b . il id A& 5 645
3| F & ik 69 X33-pPICOK-rHSA-hFGF21 TA2 B #h, FHALIEMSE 554 OD 1A, FEEREA 55
B IE #—F 3R 5 rHSA-hFGF21 ¢ R AR, B A LEFZ T2 H HE G AE RSB . Blue EFA=
B Q & F e B AT S IR AT 46 B 49 98.18%49 rHSA-hFGF21 % & . 5 hFGF2148 it , rHSA-hFGF21
A B R ik R O BER a6t ), AR FRIEIERT 4 27612, FHRELHT
rHSA-hFGF21 41 HepG2 4n o3 B &) ) 4% 69 e /1 6 T hFGF21; £ 2 B AE Jk Ja 345 F rHSA-hFGF21
b hFGRF21 B #47 a9 K2R, RAFR K A FGF21 & & 69 KA A = 32 Jhnh.

KEIR: mA%mit KB F 21 (FGF21); A& & @ (HSA);, &4%&d; HhmE, BER
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Expression, purification and bioactivity analysis of a
recombinant fusion protein rHSA-hFGF21 in Pichia pastoris

HUANG Tiantian™?, QI Jianying®, YANG Ganggang', YE Xianlong?

1 College of Life Sciences, Henan Normal University, Xinxiang 453000, Henan, China
2 Ganjiang Traditional Chinese Medicine Innovation Center, Nanchang 330000, Jiangxi, China

Abstract: Human fibroblast growth factor 21 (hFGF21) has become a candidate drug for regulating
blood glucose and lipid metabolism. The poor stability and short half-life of hFGF21 resulted in low
target tissue availability, which hampers its clinical application. In this study, the hFGF21 was fused
with a recombinant human serum albumin (HSA), and the resulted fusion protein rHSA-hFGF21 was
expressed in Pichia pastoris. After codon optimization, the recombinant gene fragment rHSA-hFGF21
was inserted into two different vectors (pPIC9k and pPICZaA) and transformed into three different
strains (X33, GS115 and SMD1168), respectively. We investigated the rHSA-hFGF21 expression levels
in three different strains and screened an engineered strain X33-pPICI9K-rHSA-hFGF21 with the highest
expression level. To improve the production efficiency of rHSA-hFGF21, we optimized the shake flask
fermentation conditions, such as the OD value, methanol concentration and induction time. After
purification by hollow fiber membrane separation, Blue affinity chromatography and Q ion exchange
chromatography, the purity of the rHSA-hFGF21 protein obtained was 98.18%. Compared to hFGF21,
the biostabilities of rHSA-hFGF21, including their resistance to temperature and trypsinization were
significantly enhanced, and its plasma half-life was extended by about 27.6 times. Moreover, the fusion
protein rHSA-hFGF21 at medium and high concentration showed a better ability to promote glucose
uptake after 24 h of stimulation in vitro. In vivo animal studies showed that rHSA-hFGF21 exhibited a
better long-term hypoglycemic effect than hFGF21 in type 2 diabetic mice. Our results demonstrated a
small-scale production of rHSA-hFGF21, which is important for large-scale production and clinical
application in the future.

Keywords:. fibroblast growth factor 21 (FGF21); human serum albumin (HSA); fusion protein; Pichia
pastoris; diabetes

WEPRIFAVE N —Fp AR G iy | PGl
P, HZRINLSEE BT, HR ReHs ni2
P g R, 5 LA Bl T AR 3R B R A
JRIBBAT B0 . AR AR AR SR AL
FEGEIT T W DRI 1) 245 W) R 20 MO T IR % 3% e
BRRBERT R ZIEEAPY, L2 T IR
PRI EALAE B A R A VE T, 0 P 8 3
J JEE B WG 0Y H IS O 7 R ) JBR BRI, D

http://journals.im.ac.cn/cjbcn

fim KA EWELL R LY RITER, X
it — A I o PRI 38 D)5 2 —Fh e 4
AR, BRREW M AE, SRE Rk R S R AL
GATERITAY .

N A: £ R F 21 (human fibroblast
growth factor 21, hFGF21) & —FhgEMEE 1,
- ¥4 195kDa, & T FGF Xk, AMIZ5H
PR R AR RR S, T e A UL BIG i b
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JRUSE (9 175 0 R AR 3 3T 3-L1 I M 4 o 45 B 7 2
RS, BERMIVKE AL (det-
induced obese, DIO) /MR . ob/ob F1 db/db /)N i
FAY AR 7K 5 3 T 3 sk R A1 S g 5 R Kb &
FEREREE I, BB 1R R IR 5 R ik 0] DL s ik ik
BIFSHBE ZPHT; AR AN FGF21
A]E o AR 22 RS0 (central nervous system,
CNS) 77 32 I A 28 22 50l A WU FE 8 15 Bl
TR RS A fE T, B, FGF21 fE R IR
P R v B /N R DR BRI R AR, B
A AR SR, I PR P A A K
I ECE mA LS 2 A RIS B HUBACR

NI A& A ( human serum abumin,
HSA) EIE &2 mrlEtk&En, B
EHK . TR SR, SRR
25 RO B R ARSI & A
AL o G A 2 R i, — 2T
H & AR5 i &N 66.5 kDa, & B /NER g1
B LB, A BT GE L% B T vk s 7R
TRHABEEALILL pH R G SRR
Fc Ak (FcRn), kb T HS B RG 0) Ff, I iF
AFHEFR ML, A 05T 2 HSA fl & )5 &
H AR K T 24 20 %, JF Ho AT DUFE I ik
By Z K- To W 728 A A 1 150 S 5 A b 53 A B AT
HAUN R A B IR IR Rk A R G
rHSA-hFGF21 JE[H, Ui e 3fie w2 ik il i) T
W I A Rk KT, M EHE N
rHSA-hFGF21 Y R MU AR 77 B9 7 Al

1 AR

1.1 ##l

KW HF# Escherichia coli DH50, Heafkfzt)
(Pichia pastoris) [ #k X33,SMD1168 F1 GS115,
ZEIK 3K pPICIK F1 pPICZoA, HepG 2 4 fifi
RSB FARAE . hFGF21 & 11 hSe i % dlifk

& : 010-64807509

db/db /)N BRI [ AR SO e g5 sh WA R A A
SD K BRI T~ b 5% 4t 3 A1) A 52 55 3 B AR A R
YNTSI I8

JREE A . T BEEEEU) AT Oxoid; fiEH):
RIFHEMANMIEAEH (HSA) g Tdbat | i
SR AR E ;B FGAH &1 T Omega
I RGAEY TREARAE,; THEERFIAKR
PR G T R AR dbat) ARRAHE],
DP120. BCA il &M F i3 ~ RAEYH A
FIRATE; HH Anti-FGF21 Hifk (ab171941).
W34 1gG H& L (ab205718) 1y T Abcam;
K% ZE (Zeocin) T Invitrogen; i a &R
(G418). i/ F MY marker, ECL Plus
BRI 5 I W D G O T
FORERHEAMAE; 40Q H IR, AKTA™
flux 6 DIl Bt 3 245 . AKTA™ AVANT 150,
750 kDa J& 10 kDa ™75 £ 4k kW F GE
Healthcare; Blue Bestarose FF {4 41 kLI T
v A R AR R R BRI 5 A S AL
0 5 1R G T b s R S B R AR A R
A5 MR ASOR R I 4R I T 5 A BT 2R A A B
IS E s A AR AR A K R 21 (FGR21) R
F & T R = s ERHE R A PR A F . R
15871 s TR
12 A&
1.2.1 E4H rHSA-hFGF21 EE /S FIRIA

E3REN: R AEES
M GenBank " 3fHU HSA (gene ID: 213) A

hFGF21 (gene ID: 26291) AYELHF4, it
PEESZIE (GGGGS) 34 hFGF21 fiY N 3t 1 &
HSA 1y C i, 28 FH 5E B A 25 A% LAk LA
N GC Frimifl1)a, it 7E s A B R w5 | A
YI7 0K He A pPICOK (BamH 1 i1 EcoR 1),

pPICZaA (BstB [ il EcoR 1) Fik#ik, #ri%E
HILH A2 N rHSA-hFGF21, T4 Fokifn 4 M
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pPICOK -rHSA-hFGF21 ., pPICZaA-rHSA-hFGF21,
22 FH A 4 0 B AR R A BR 2 S A
122 BEMENREETFHFIE

FHTCN R B KRG &N &4 pPICOK -
rHSA-hFGF21. pPICZaA-rHSA-hFGF21 Jii ki i
E. coli DH5a HHR£HBUTHRL, H Sal | B D3R HRZk
PEALBURE , P8 o 55 i [0l WS A B 8 VA i 42
LML ORI . Fr R 1.5KkV . A 25 uV .
1, fH 200 Q ., B 7 F ] 4—10 ms B S 4 e 1t Ak
() HL2H Bk HL R A\ SRR RIS, Ik 1
o ¥ X33-pPICOK-rHSA-hFGF21 %44 T YPD
AR ; SMD1168/GS115-pPI COK -rHSA-hFGF21 74
AT Sc-his A ; X33/SMD1168/GS115-pPICZoA-
rHSA-hFGF21 74T 50 png/mL Zeocin [
YPD il FARIHEFRAMEEN 30 C, SR
2-3d, HZRFGMEN P EHELT

PR AR 4 A SMD1168/GS115-pPICIK -
rHSA-hFGF21 b T4l RI&LT&% 1. 2 #
4 mg/mL G418 1) Sc-his V- 47 i & i 1k
X33/SMD1168/GS115-pPICZaA-rHSA-hFGF21
ATk T4 05, 1.0 fil 2.0 mg/mL

Zeocin i) Y PD A kA7 im0 i , B335 R

x1 ALBFAWEMNEAREBER

30 ‘C. M 4 mg/mL G418 Fil 2 mg/mL Zeocin f¥ i
JE 075 396 - Al | k% A S Ak (X33-pPICIK-
rHSA-hFGF21 F 4 WALt k), HIfG
PR B R 20 DNA SRR, 1E PCR % &
GIIFF R 2 rR).

123 EHELTHIERRIE
B 1.2.2 % H H e B T b A

HAHR 25 3R, R R YPD B3R pad g
1k B 100 uL 2 YPD % AL JE (1 O+ Fh T
10 mL BMGY Kiz#2Eny 50 mL #EE i,
30 ‘C. 220 r/min k%1555 & ODgoo N 2-6;
4°C, 3000 r/min &.L> 5min, WEREKITEE
T 50 mL BMMY #5553 (B 0.5%,
R W% A5 ODeoo A 1 Z£47) Y 250 mL
HEIEHR, 30 °C. 220 rimin JRi% 1535 FEbE
24 hjim IR P s 2k B2l 0.5 %, RIS
J& 72 h BURE %2 L 12% SDS-PAGE 63 7 11 )
FATEM . Imagej 1.50 AbFEEERCIE F, LLEE
F marker & 1 X%F g Rk & 170 — b Ab 2R,
JE4E G BCA i &ille ke, itHEA
wHRLE, kb BWEARLARR &N T
TR TR K

Tablel Recombinant yeast strains constructed in this study

Host strains Recombinant plasmids Recombinant strains

X33 pPIC9K-rHSA-hFGF21 X33-pPICIK-rHSA-hFGF21
pPICZaA-rHSA-hFGF21 X33-pPICZoA-rHSA-hFGF21

SMD1168 pPIC9K-rHSA-hFGF21 SMD1168-pPIC9K-rHSA-hFGF21
pPICZaA-rHSA-hFGF21 SMD1168-pPICZaA-rHSA-hFGF21
pPIC9K-rHSA-hFGF21 GS115-pPIC9K-rHSA-hFGF21

GS115

pPICZoA-rHSA-hFGF21

GS115pPICZoA-rHSA-hFGF21

*2 5IMRFYIE
Table2 Primers used in this study

Name Primer sequences (5'—3’) Size (bp)
rHSA-hFGF21-F GGTGGGAATACTGCTGATAGCC 22
rHSA-hFGF21-R GCTGCGAGATAGGCTGATCAGG 22

http://journals.im.ac.cn/cjbcn



EIE %/EE (HSA-hFGF2L A BAEEREShNF AL RFE DR 3423

124 IREFEFHHML

B 1.2.3 ik A m ik rHSA-hFGF21
TREEETRIEFZMNMmA, BSEREIE
[ 1.2.3, 1B 75 FE G ODeoo 7744 0.5,
1.0 1 1.5; 155 5 1 H L0k 13 5331 R 0.5%.1.0%
il 2.0% (B SEgm a0 T ik E 34-FA7); a5
SR 48, 72 i1 96 h BuFEET SDS-PAGE 4
Pt EEAM RS, JrikFE 1.2.3,
125 EHEZHAMSBLGL

fie 1.2.4 RALJS 5T 25 0 TR s Ak
TSIk, 4°C. 4300 r/min &.0> 20 min i
£ BiF. 1 750 kDathas S 4atii B0 5 1
Wit — AT ; PR 10 kDa B h a8 £ 4k kE
Xof b A PV VR AR A T W 4 R 07 T B R U

P22 i A (50 mmol/L NaAc, pH 8.0)
ffif Blue Bestarose FF 3£ A2 HrkE, I8 FiRHk
AR T B, dEat 22 v B (50 mmol/L NaAc,
400 mmol/L KSCN ., pH 8.0) Sk¥EMiR& 1, I
EVRIEE Y ED Y rtHSA-hFGF21 A E 5 #lk
LR AR R =22 v C (10 mmol/L NagPO,.,
pH 7.2) s {l LR vpil C Tt i 40 Q B
TASHAE, %) rHSA-hFGF21 25 ks 4l
2% % D (10 mmol/L NagPO,. 1 mol/L NaCl .
pH 7.2) RIS B pE i i Jr K alifh, Wk
5%—30%45 i T 1Y eI 418 43 . 12% SDS-PAGE
H1 9k B SEC-HPLC /3 #2514l i
1.2.6 Western blotting 3& i

ai b J5 1 rHSA-hFGF21 # 40 & 11 .
hFGF21 [ (SLEm=Eaife) MEA A HE
1 HSA #i1T SDS-PAGE Hijk. ¥ 200mA | 1.5h
1) 55147 PVDF (56 E#AE s # PVDF I
F 5%lils A iR E A 15 h J5, FAEA
Anti-FGF21 #iif& (1 : 10 000 #k¥) 4 CHRZIHE
i ; TBST BEMEE 39, A 5ming HILEHIAR
IgG H&L (1: 10 000 k) Yk = iRIRHIGE

& : 010-64807509

4h; TBST YEiJE M ALf & ECL Plus B &t
&, ChemiDoc % R G IRAE LI 45 2R
127 HEFEAKRIMEEES

B 1.25 frifbfs rtHSA-hFGF21 B4 |
HSA LLN hFGF21 25, K% 0.5 mg/mL,
TN AR SR i o 50 © 1,75 0 1,
100 © 1; JHCET 37 ClHEE/KIATRH, M5 12 h
24 h B E R ket IR EARE
4% 100 uL, JHCE T 60 ClEIR/KH T, 1Eabp
J5 12, 24hHUE, S A AR IR EERR e T

¥ 8 H 8 A EvE SD KB Tiie 55— e
BEMLA WAL, 83 T 8B R T S X 5
X WIZH 5 2 mg/kg Y rHSA-hFGF21 5, hFGF21
M EERHTAESE 2.0 5. 8, 10, 14, 20,
24, 32, 48, 72 196 h i} i Ik Ll 300 ul/H/
U, BRUUBUIILE 25 T8 HOREL 300 pL A= EER
7K s BRI 25 IR #E 1 h, 3 000 r/min &5.0> 10 min
B iE WO R A 2 -80 CukAf; ffif] FGF21
R I 79 0 A I ML FGF21 5 1, BN RE AR
3ANEAL, K E LA AR R
128 HHERMMIEES

A ROIRAS B4 HepG2 41 it F e %l 0.25%
JBREE AL, B O SRR, R A A A
N 1x10° cel/mL J5#ERE 96 fLik, AL
200 pL, BT 37 'C CO ¥ h ks s 2o
MU A E A 70%-80%, 372: 28597, PBS
Ve L, INAKTEETCILIE ) DMEM mbitssR st
B R4 12 h, A4 10,100 A 1 000 nmol/L
) rHSA-hFGF21 Fil hFGF21 % F Il 40 it 24 h,
BRI 3 AR AL, FIAFE S AXTIAL (R
IR o A A A W S A Rl 7 6, Aol
BRFR S A S i, TR A MR AR

By o7 B b 5k BR 09 A A B S & (nmol/L)=
0.071 9xOD # 1 +0.037 1; 4o 45 i #E %
(%)=[(C =r1t8—C szmum)/C =rmun] x100%,
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129 FHEAX db/db NRACTPEETR

¥ 24 H 810 J& #4 I M dib/db /)N BT 4] 37
1 G, ARYE MR AKCOE FRE LR 3 41,
gl 8 Ho lad e Pty =, aBlmmA
WBIF A/ ERIE ST 758 50 nmol/kg ) hFGF21
5 rHSA-hFGF21 [, [ Vehicle (X fi4H) &
AR R TR 0.9% NaCl i3 55 2 d VT 17k,
LAY 14d, TEIRITIE R 2d BAF25 a5 4 K
W1 8 pS A R g K I 4 ) Bt R 7K ST
1210 Fito

B B 48 SPSS 26 #EAT 4814
B, AR t K. Goitss e X
& P<0.05,

2 BREM

2.1 FEH rHSA-hFGF21 ZEERNIESRIX
A0 35 B b Bk sk FH PR 3% Ak 1 R AT H A

T3k, Hrh X33-pPICOK-rHSA-hFGF21 £ 5154
b B E AR RS (58.4£7.7 mg/L),
X33-pPICZaA-rHSA-hFGF21 (49.4+4.8 mg/L) #il

GS115-pPIC9K-rHSA-hFGF21  (46.0+6.4 mg/L)
Kz, SMD1168-pPICIK-rHSA-hFGF21 %

A&/ (25.549.3 mg/L), SMD1168/GS115-
pPICZaA-rHSA-hFGF21 #F ¥k 5 JL-F ik
5, Mk E X33-pPICIK-rHSA-hFGF21 1f
TR E
22 IRBEREFHHMK

h TP TR AR B R A RS
W, ARIIGRIT TIF SHHE] 75 S U R
FiF 5 B B %) rHSA-hFGF21 HHEHH#
IRERYS I, A5 RANE 1 FR, BEE 5 S ]
MIE , rHSA-hFGF21 & 1 Rk i B P $27t,
{0 96 h B2 (R 5, RIS 72 h ishilicge
iSRG, HEEWES 0.5%FF, rHSA-

A ODM][IO'S OD()U[' l OD(-EN 15
kDa M 1 2 3 4 5 6 7 8 9
U= 5
43.0 — '
B ()D(xlifl 0'5 OD!)(J!] 1 ODG[F(J ] '5
2 3 4 5 6 7 8 9

ODgy 1 0D 1.5

C 0D,y 0.5
kDa M 1 2 3
99.0
70.0 v SE .
43.0 & P Ge—

1 IREREFHMMK

Figure 1 Optimization of expression conditions for engineered bacteria. (A—C): SDS-PAGE analysis after
48 h, 72 h and 96 h of induction. M: marker; lane 1, 4, 7: methanol concentration was 0.5%; lane 2, 5, 8:
methanol concentration was 1.0%; lane 3, 6, 9: methanol concentration was 2.0%; ODggo 0.5, ODggg 1.0,

ODggo 1.5: initial bacterial concentration at induction.
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hFGF21 )ik /K P fil, Y HBEHREE R 191

2%If, rHSA-hFGF21 #y ik /K EAHIT, % &3
o VR B B R AR A M B PE B

MR AEWREE N 1%, M FRIAGERATHIE SRR
ODgoo X} THSA-hFGF21 IISZ A% /0N, (HAE 7
FLLH ODeoo M 1, HEARBEK WEaE ., 4k
JFRTETS 1R ODeoo N 1. 175 HIBELUR LRy
1% M55 72 h BT (B 2), rHSA-hFGF21
fy ek terg, ik (97.82+1.03) mg/L, A
VB % SAVE K X33-pPICOK -rHSA-hFGF21 T
FEE RIS T 451
23 EHEABS B4 Western blotting
36 JiF

Fie iR 2.2 ARG AT X33-pPICIK -
rHSA-hFGF21 #1715 K55, B0 e i,
FH 2 27 YE AL B R Go Xk by ATV T . W4
R B, BREWR . WoreE N . IR
RO R LT, 4 SDS-PAGE Rl T %0, Ky
FH rh s 27 AL B P8 v 48 AR UE I vk, T LU
R AR IR 3 8 e IE AR R, Wb
Xf rHSA-hFGF21 & (M #E 47 & S A 4l (F 3).

W45 1Y IS4 Blue Bestarose FF 357l
ZHr (K 4A) w124tk Wi rtHSA-hFGF21 &
FI PR I £ 5, P T 40 Q B T2 M
(¥ 4B) it —2Lalifh, WA vk Bl Rl 4 rHSA-
hFGF21 S & M . b FIEIR )71 SDS-PAGE
FIZ5REH (K 5A), Zifkiii) rHSA-hFGF21
BN RAREE Y, B JFAEER RS T rHSA-
hFGF21 45 A B, 2 i TR AP A7
TE R =Rk, WmAErFERN 6
KV EHREEAAE—-ELER. & SEC
HPLC 43 #r Al %, rHSA-hFGF21 Y4l B 25K
98.18%, IZAWCHR N 37.2%, MIFEEAWKIE N
0.94 mg/mL (¥l 5C)., Western blotting 5256 H,
DL OHSA Ry BMEXT AR, UE B 4lifk 5 B9 B R

& : 010-64807509

rHSA-hFGF21 FEZ & H (K 5B).
24 EHHEBRMEKAIMEEMES
rHSA-hFGF21, HSA LI K hFGF21 5 ik
B LUATR F R (5001, 750 1 A1 100 : 1)
IRAIEE 12 h 1 24 h, hFGF21 EHIFH 12 h
SO R SE 4, M EAEH rHSA-hFGF21 78 5
JEHE T o 50 L A ISR E 24h )5
56 (39.3+0.01)%) %4 (& 6A. B), Uil
hFGF21 A, rHSA-hFGF21 4 5 i i Hi i

= 120.00 | Methanol concentration
g 110.00 - £10.5% E31% B 2%
£ 100.00 F -
g 90.00F B fle
Z 80.00F
£ 7000}
5 60.00F
2 50.00F .
S 40.00k =
= 30.00
8 20.00f
E 10.00 ﬂ ﬂ
0.00
510150510 1.50.51.0 1.5 OD,,
72 96 Induction time (h)
B2 IEEERHEMUMEBMNERRIEZENEN

Figure 2 Effect of conditions optimization on the
expression of target protein. The values (xts) shown
are the average of 3 independent measurements.

99.0 =

70.0 e s E
43.0

31.0 —

22.0 —

ERNN —

E 3 hzEA4gEEd
B SDS-PAGE ¥ &
Figure3 SDS-PAGE of rHSA-hFGF21 purified by
hollow fiber membrane filtration system. M: marker;
1: engineered strain induced 72 h supernatant; 2-3:
750 kDa hollow fiber column retentate and filtrate;
4-6: 10 kDa hollow fiber column retentate, filtrate
and system residue.

TR G rHSA-hFGF21
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Ui rHSA-hFGF21 B 4T i B fa e Pk . LA
a5 R EES HSA 5, hFGF21 ZE/A4 Y

R R RE 1. 78 60 ClHILIME Sz,
hFGF21 fEMEE 12 h J5 RO B0 ook Ek, i

rHSA-hFGF21 7EiF & 24 h i e A8 fk (&1 6C),  FooE A B B #eFt,
A —UV1280 B —UV 1280
550 — 200~ Cond , 100— Cond
500 | [ liso g 200 | % =
> 450 160 S i [ ?,
= 350 140 2 = 150 I 70 €
2 300 tHSA-hFGF2H—>] Teh 3 rHSA-hFGF21—> | 60 =
£ 250 . ~ L g 100 ‘ 50 £
£ 200 . 80 2 2 I a0 2
Z 150 \ 60 2 9 [ W 130 8
< 100 ﬂ‘ n | 40 E ;% 30 f I| ‘ 20 -g
50 trrad Y | med20 S Frac ) P R ‘ 105
= v =0 W =10
0 50 100150200250300350400450500550 0 20 40 60 80 100 120 140 160
Volume (mL) Volume (mL)
4 rHSA-hFGF21 gy4i{k 5>t &

Figure 4 Purification analysis chart of rHSA-hFGF21. (A) Blue Bestarose affinity chromatography results
of rHSA-hFGF21. (B) 40 Q ion exchange chromatography results of rHSA-hFGF21.

A B
1 2 3 M kDa | 2 3
97 4 B B
— — - 6.2 ".
o —43.0
- 31.0
- 220
- 150
¢
_0.050} SFE
% 0.040 N3
3 0.030F
g
< 0.020 F | IS =]
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Figure 5 Purity and Western blotting analysis of rHSA-hFGF21. (A) SDS-PAGE analysis of reduced and
non-reduced rHSA-mFGF21. M: molecular weight marker; Al: non-reduced rHSA-hFGF21; A2: reduced
rHSA-hFGF21. (B) Western blotting analysis of rHSA-hFGF21. B1: hFGF21; B2: rHSA-hFGF21; B3: rHSA.
(C) SEC-HPLC analysis of purified rHSA-hFGF21. The purity of rHSA-hFGF21 was evaluated by SEC-HPLC
analysis using a BioCore SEC-150. As seen from the chromatogram, the y-axis indicates the absorbance, while
the x-axis represents elution time (min). The purity of purified rHSA-hFGF21 was 98.18%.
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Figure6 Stability analysis of rHSA-hFGF21. (A-B): protein mixed with trypsin according to different mass
ratio and incubated at 37 ‘C for 12 h and 24 h. M: molecular weight marker; lane 1: rHSA-hFGF21 as sample
control; lane 2, 3, 4: the mass ratio of rHSA-hFGF21 to trypsin was 50:1, 75:1 and 100:1; lane 5: rHSA as
sample control; lane 6, 7, 8: the mass ratio of rHSA to trypsin was 50:1, 75:1 and 100:1; lane 9, hFGF21 as
sample control; lane 10, 11, 12: the mass ratio of hFGF21 to trypsin was 50:1, 75:1 and 100:1. (C) Protein
incubated at 60 ‘C for 12 h and 24 h. M: molecular weight marker; lane 1: rHSA-hFGF21 as sample control;
lane 2, 3: rHSA-hFGF21 incubated at 60 ‘C for 12 h and 24 h; lane 4, rHSA as sample control; lane 5, 6:
rHSA incubated at 60 C for 12 h and 24 h; lane 7, hFGF21 as sample control; lane 8, 9: hFGF21 incubated at

60 C for 12 hand 24 h.
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Figure 7 Plasma concentration-time curve of recombinant proteins. SD rat were injected with 2 mg/kg
rHSA-hFGF21 or hFGF21, before injection and at 2, 5, 8, 10, 14, 20, 24, 32, 48, 72, 96 h after injection

300 plL/rat-time of blood from the jugular vein, and each rat was given 300 uL of 0.9% saline after each
blood collection.
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Figure 8 Cell activity analysis of rHSA-hFGF21. The cells were treated with 10, 100 or 1 000 nmol/L
rHSA-hFGF21 or hFGF21. After 24 h treatment, glucose uptake by the model cells were examined using

GOD-POD method. The values (xts) shown are the average of 3 independent measurements. *: P<0.05 vs.
hFGF21.
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Figure 9 Analysis of long-term hypoglycemic effect in db/db mice. db/db mice were subcutaneously
injected with 50 nmol/kg rHSA-hFGF21 or hFGF21 every two days for 2 weeks. Vehicle: 0.9% saline-treated
diabetic group. Plasma glucose levels were examined every two days from day O to 14 after the first
administration and day 4 during the withdrawal periods. The values (xts) shown are the average of 8
independent measurements. *: P<0.05; **: P<0.01 vs. vehicle; #: P<0.05; ##: P<0.01 vs. hFGF21.
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