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Abstract In order to improve the brain distribution of fibroblast growth factor 21 (FGF21), TAT-FGF21 fusion
protein was designed and its neuroprotective activity was investigated. The recombinant plasmid of pET28a-TAT-
FGF21 was constructed and transformed into E. coli BL-21 ( DE3) sensitive bacteria. The TAT-FGF21 fusion protein
was purified by Ni-NTA affinity chromatography column after IPTG induced expression. The SH-SY5Y cell damage
model was induced by AR, s, and the TAT-FGF21 fusion protein was used to intervene. The effects of AB,,5 and
TAT-FGF21 induced on SH-SY5Y cell viability were determined using MTT method; DCFH-DA fluorescent probe
was used to detect the intervention effect TAT-FGF21 on reactive oxygen species ( ROS) generation induced by
AB,s 55 in SH-SYSY cells; the effects of AB,s;; and TAT-FGF21 on mitochondrial membrane potential in SH-SY5Y
cells were detected with JC-1 fluorescent probe. The results showed that TAT-FGF21 could improve the viability of
SH-SYSY cells, reduce the intracellular ROS production level of SH-SYSY cells, and enhance the mitochondrial
membrane potential of SH-SYSY cells, which indicate that TAT-FGF21 could protect neurons on SH-SYS5Y cell
injury induced by AR, ;s through alleviating oxidative damage.
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B £F 4t 40 ifg A= < I T 21 (fibroblast growth
factor 21 ,FGF21) J& i FGF LA FK G i it —Fp &
E)riEs S N N A R ST < |
LUK, PA FGF21 SRR FGF IS5 I A HI2 W i
TRBBTFEIHA R o JTAFRA, FOF2L Rk i 25
o RAER A 2 BN TR T E . o
FORIR, FOR21 R SZARTENN N ) 2 355K, O FGF21
TEMIZ RGP RN R4 T AT g™

VE—Fhh iRl 28 REGEBIRIRTT 25, S ik
W e AR — A EHE A . AR FGR21
A L i TR B Y O R A I - R e, (EL
R, AU R R 4 5 4080 5 Bk
(cell penetrating peptides, CPPs ) ‘& 4 by i 24 3%
A K 245 W i 3% 22 200 I P, L 2 I Y
P X TR A B B A A I - R B Y 4
T (UNfiE & 2 . GLP-1 . exendin4 Z§) , ] | CPPs {E
DB 2 A BR T RERG N H 1 43 2 5 1l - il
i B ) T LB G AR B R BE ) S AR
KRR E U I B A AT HETT A
BRI I8, CPPs A L5 | 48 1 BT 25 )6 9T i Al 28
RGP . AN S K TAT % Al CPPs
Z— BRI, P IR 2 R

BT AR IURL 45 73 A\ A, H A AR
QUM RERE ' o R I O 28 B A M A
YERL, AN s 32 AR 5, AN THAERE &, T 2 4O T
TAT FFAf5 1 o A7 5 40 J 68 = 1) A e el /2 T
TAT 5 1 YiEES , 7T L 3 K00+ Ak A
MM B AR 2V F . BN, Yin 251 R B,
Jik 4 TAT-Bel-xL B8 B @ 410 i by fik e 1t 5 72 7)o
AR T SIRBE . AR — R R He iz A,
TAT T2y iz Bk R e e K A e w5 55 07 T LA
IR & SRR

AS S i A8 i 5 pET28a-TAT-FGF21 /) T
PRI, 20075 P F IR Ni-NTA 5 M35 4 43 B alifk
713 TAT-FGF21 Fl G2 . B G H ABysas 2L
SH-SYSY 24 {5 B0 ™) % 52 5B TAT-
FGF21 Xif 4 M1 P4 . ROS Az BiAK - 2o (4 i v
FIRZI , AAH LK P b0 28 B e TAT-FGR21 f il
ZARPIEE

1 #

.1 3% A

pET28a-TAT-FGF21 5k ( H [ 75 M 4 e AR
PRI PR H]) s Ni-NTA giifb A 5 FoRoil /e (4
<5 i i £ )RR BR 2 ) ) s BCA 27 B ik B2 o
R & ISP (ROS) AR & R A B L A5 A
HA & JC-1) (P EE = RAEYEARV ) ;B H
FrvE Marker ( 3€ [E Thermo /3 7] ) ; RPMI 1640 1% 3%
B G2 MIE (£ Gibeo 2] s RABE R JREH
filf MTT (71 [# Biosharp 23] ) 5 ABysss [ H 7 /R AR
() A R R ] 5 AR ok [ 2 pr i
L2 & &

HLIKAY (38 [ Bio-Rad 23 ]) ; M 573 #r K F
(AL RN RPA B R 5 A5G R4 | e
RRE DAL B R (3 [ Thermo 23] ) 5
B8 5% W5 ( H A Olympus A7) .

L3 HkEwmie

E. coli BL-21 ( DE3)  fH & B 41 jfi s SH-SY5Y

A0 AR B 3 AP AR L (ATCC)

2 A &

2.1 TAT-FGF21 % ik @ikeg M

¥ His #7 % (HHHHHH ) 5 41 }fd 27 i ik TAT
( YGRKKRRQRRR) 7S Hl1 8] FGF21 fy N 3, #y 2
pET28a-TAT-FGF21 4 kL, ¥4k % E. coli BL-21
(DE3 ) J&RZ 400, A F 7% 50 mg/L RABEE T
LB Pl F,37 CHi SR 14 h, PRI FH P B s e, T
LB AR 85 95 e b i K85 5, 8 H ol o 1R A2 OF
DT
2.2 TAT-FGF21 go& Gk ik

TAT-FGF21 [ 4 1 400 )7 %6 IE 7 J5 L B
HTE 200 pL #2280 75 50 mg/L RAFE R Y LB
WA FEHE 20 mL 1,37 °C 220 v/min 5555 7K o
BUS RGN 2 mL #2705 50 mg/L RAPE R
LB A3 F2 5 200 mL 71,37 °C 220 r/min 555,
TF Ago 5 0.6 ~ 0.8 B}, fil A TPTG % 2 ¥k Ji
1 mmol/L i 5 8 H #ik,37 C.220 v/min ¥ 3%
5 h,8 000 r/min B5.[> 10 min YRR, DI SE
¥ (20 mmol/L Tris-HCI,pH 8. 0) ¥EIEH A& 1 1K,



498 ‘? @} % ‘ﬂ' x # 2% #it Journal of China Pharmaceutical University 2018,49(4) :496 —501

49 %

PR VR
2.3 TAT-FGF21 k&% & ) 44l

TAT-FGF21 Gilv&#E A AE 37 CF LIk AT L
Fiko #%10 ml/g PTG R 22 1 (20 mmol /L
Tris-HCI, 500 mmol/L. NaCl, 1 mmol/L. EDTA, pH
8.0) FAEMR, T3 50% 7 3 s, [0kG 5 s, vkt
S 30 min, HWBEPERE)S 4 °C .12 000 r/min &0
20 min WARTTIE . PUUE (& AR HIVE IR 2 vl
PRI 1 IR, Z 05 PR B 22 vl (20 mmol/L Tris-HCI,
2 mol/L JR % ,500 mmol/L NaCl,1 mmol/L EDTA,
10 mmol/L B-#i 3 £ 1%, pH 8.0) PE¥ 2 K. VIE
FREE, #% 10 mL/g fin A Z8 PR (20 mmol/L Tris-
HCI,8 mol/L JKX % ,500 mmol/L NaCl, 10 mmol/L 8-
B WE, pH 8.0) ,4 CH LB ¥ BT
4 °C .12 000 r/min B.0> 20 min Y£E B, &
WA (] Ni-NTA SR E 5 AT ol . bk
Fsf 391 44 S #7 7 (20 mmol/L Tris-HC1, 8 mol/L JR
% ,500 mmol/L NaCl, pH 8. 0) 4y, ffi 5 L+, B
FELS UG LA i 58 00 (5 A, DLUEZR S il
(20 mmol/L Tris-HCl, 8 mol/L ¢ £, 500 mmol/L
NaCl,20 mmol/L B pH 8.0) LR 428 11, LAVE
& (20 mmol/L Tris-HC1,8 mol/L J& 2,500 mmol/L
NaCl,250 mmol/L B4, pH 8.0) Yl H a9 1, IR
VRS . SDS-PAGE HL Ik K BEIBEZE 4> , Kt H
A & R AL TE 4 CHEHE T S22 = 10
FE R R 52 M 22 v Wi (200 mmol/T Tris-HCI,
0. 1 mmol/L GSSG,1 mmol/L. GSH,1 mmol/L. EDTA,
8 mol/L JRZ,pH 8. 0) W AISEHE IR ARSERHE 2 .
SENESEUE K YR E FIE I 4 °C 12 000 1/min
B0 20 min BRENEY), BIEBGENT R PBS
ZRAUE Ui , SDS-PAGE Ha Jk A alifk 1) H 11 2K
F1, JEAI BCA e 85 R BE
2.4 ABZSJS%%W%%']%

YEEEWEX Ast.zs 10 mg,ﬁﬂ/\%ﬂ?i@k 10 mL,
FEOT TR A S P LA 0. 22 pm 1
FLUEAS T UEBR T, B T 37 CH A TSR
6o 4 d J5 WNEEFRAR P IR, IR0 B T BCA 3
I B R RE , AR - 20 CARAERE T
2.5 mp¥E

SH-SYSY 4 i T 10% Jif 2 IfiL 35 ) RPMI
1640 Fi e, 7 5% 5% CO, 1 40 iy 55 57 4
37 CHEFE  MEA KIS ,2 ~3 d LR T

2.6 MTT i # m TAT-FGF21 %t AP, % SH-
SYSY #m e 45 o F T A% A

WA KRS BT SH-SYSY 41, L) g2 Tt
5 x 10* A 5% BEF2FP T 96 FLAR, BEFL 100 plL,
1655 5% CO, WAMussFR46 T 37 CHFRIH ., ik
#£0.125 pmol/ L ABs 55 A by xi AL vk B, 5 45
SH-SYSY Zififd 8 h 5, 5 254 IMAMKE N 1 pumol/ L
(1) TAT-FGF21 #E47Fil, 2eF 7 48 h J5 MTT 754
DA% S AN TG e TRl 5 4 A, Bk R
6 N Lo BARDIRN B ALAINA MTT %9 20 pl,
37 CHEHE 4 h, L& FLh Ay EE 3R 3L, 0 5l A
DMSO 150 pL, B FHEK FHE% 10 min (45 BP0
fif e 4, 8 AR G 2 25 FL I MR (2L 570 nm
R ,630 nm S K o
2.7 DCFH-DA #£4t ik 4 M AR, s A TAT-FGF21
2t SH-SY5Y Zmfe, 3 ROS A R KT 69 %k

AR AEFROIRAS R 47 19 SH-SYSY 2 il LLFj 22
F+5 x10* 4L A 2 R R T 6 FLAR, AL 1 mL,
1E5 5% CO, Wi FRfah 37 CHiFRad i, ik
$£0.125 pmol/L AB,s.s 45157 SH-SYSY 4l g 8 h
5 BPTIMAVEEE R 1 pmol/L fy) TAT-FGF21 i
7 T¥. JLFF 48 h 5, DCFH-DA #REH 46 I 45
SEI2H SH-SYSY ZHfapy ROS /K-, B .
K4 I 1 9 RPMI 1640 1% % 3 % DCFH-DA
(10 mmol/L) ¥REH4% 1:1 000 L IR, (i 240k B Ny
10 wmol/L; W 37 6 FLAR H IHKE F= 5, LM A JE i
TR mL JEVE 1 UG SRR IR AL, LA
Fis B4 DCFH-DA %% 1 mL,37 CH% & 20 min;
W 7 DCFH-DA 5%, LA TG I3 15 55 5L 0k U
i1 mL, ER 3 W, Lhansr K BRiFE % DCFH-
DA ; 5t B T WA IR
2.8  JC-1 34tk 4 M AR, % FGF21 st SH-
SYSY 2m it 2% A AR v, A 4 %5 v

Y0 fL il AR B T TR AR S B8 Ty ik [ 2.7
ILEH 48 h 5, JC-1 T BT e I 4% 52 30 241
SH-SYSY 4 s (i ki AR BB He i . HAR D 3R R - X
JC-1(200 x ) #4550 pL, AR 27K 8 mL, 78579
S I JC-1 Bt 22 v (5 x )2 mL, JEA 1Y
A7, BCH A JC-1 e o TARW; 5 6 fLAR T IH G 5%
B&, AL PBS 1 mL, VA PE 1 ¥k, BEFLFIMATE
Myg K 77 2 1 mL; BFLIN A JC-1 Yo TAE W
1 mL,37 CHFR 20 min; W 5% JC-1 Yot TAEWR, &
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FUIMA T x JC-1 Be o 52 oh i vk Ve dn i, 552 2 4K,
PAFE > 25 BR324 JC-1 5 4L A TG L 375 35 77 ik
2 mL, 90 WU N AT
2.9 %itFEHHr

SRS 2E R B GraphPad 45 1184 b A7 AL #E
BIFRFRLL x 5 R o XTI FEA R A Student’s
t-test PEAT 0 PR HL A, P < 0.05 I R 2 R A 4
ED -3

3 8 B

3.1 TAT-FGF21 gk&- &G e

W ¥4 1Y pET28a-TAT-FGF21 1 4 J5i ki 5% 1k
2 E. coli BL-21(DE3) , i it i 4= & i 6 4845 FH 7
74,25 Eco RV Nde 1T XU , By B 58 e rit, 7k 1
BRI 4 600 K 1400 bp PSR4 (K1),
R ORI/ NEAR I . 2007, 45 R 5 BB
T 556 4 —50, R B T % pET28a-TAT-
FGF21 ) E. coli BL-21 (DE3) TFH .

1 2 M bp

TAT-FGF21 Xho 1

Nde 1
5000
3000
2 000
1 500
1 000
750

500

250
100

PET28(a)-TAT-FGF21

m
Kan

Figure 1 Identification of pET28a-TAT-FGF21 construction

Lane M :Nucleic acid marker;Lane 1;Undigested pET28a-TAT-FGF21 ;
Lane 2 ;:pET28a-TAT-FGF21 digested with Eco RV and Nde 1
3.2 TAT-FGF21 @x&-& & 0 £k

FIA IPTG 55 TAT-FGF21 it 8 1 3R 3K,
SDS-PAGE Hayk il 25 5 (8 2) R, bl 175 5B
[ 3G, H 8 B E W &8, 7E5 T 5 h J5 KA
IR, 290 B E B 30% , 32 LI R K
B3k, TAT-FGF21 & [ 7 SDS-PAGE Hi ik &l
H R v TS A X o B R T, AR
28 kD (HLEAHXT 7 F i 22.4 kD) .
3.3 TAT-FGF21 @k&-7%& &t shit

HHZ Ni-NTA SERE G240 f5 , R SDS-
PAGE #4750 45 R (K1 3) o, alifb 5 i 28 A
X4 F 2 28 kD, S —J% i 2 92%

——TAT-FGF21

Figure 2 SDS-PAGE analysis of TAT-FGF21 expression
Lane M Protein marker; Lane 1 Pro-induced; Lane 2-6: after-induced
for 1,3,5,7,9 h;Lane 7 :Supernatant after ultrasonic breakage ; Lane 8 ;

Precipitation after ultrasonic breakage

kD M 1

170—
130—

100 ——
70—
55— —

40—
35—

S ——TAT-FGF21
25—

Figure 3 SDS-PAGE analysis of TAT-FGF21 purification
Lane M ; Protein marker;Lane 1:TAT-FGF21
3.4  TAT-FGF21 3t AB,s.s 3 SH-SYSY #m f 35 4
o F FRAE A

TEFE 0. 125 wmol/L ARy VE S 10475 9 BE, 434
%8 h Jg,MA 1 wmol/L TAT-FGF21 L% 48 h,
MTT ki ARGk o 2558 (B 4) IR, ABysas 41
SH-SYSY 203 1 i 25 B K, 20025 ALY 40%
LI 1 pumol/L TAT-FGF21 #4171 J5 SH-SYSY 4
HLIE J1 204 7 10% , 6] TAT-FGF21 Xt AB,s.s 51
1Y SH-SYSY i 4 15 A — i #2 B2 1 Bl A o

120 4

—_
o« [=1
f=} f=}
1 1

HH#

&~
f=}
1

Viability (% of control)
(=)
(=)

[5%3
f=}
1

[}
i

Control ABasss APys s TAT-FGF21

Figure 4  Neuroprotective effect of TAT-FGF21 against A,s3s-
induced toxicity on SH-SYS5Y cell. Exposure to 0. 125 pmol/L ABys35
and 1 pmol/L of FGF21 for 48 h, cell viability was increased compared
with TAT-FGF21 untreated group (x £5,n=6)

## P <0.001 vs control group; * * * P <0. 001 vs AB,s3s group
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3.5 TAT-FGF21 3 ARy, % SH-SYSY @ e i
ROS 4 3§ #a b T F04E A

KA DCFH-DA % 648 A6 AN [\) 1 791 5%
T SH-SYSY 4iififi )y ROS /K, Z55H (K 5)
N, 525 AR EE BRI B SR A 2% (.00, Tt
] ABysas BEAE S| 2 SH-SYSY ZH 1N ROS & 3 7
T 5 T 25 2 2 S ASE RU A AR L, 26 ni B IR S i 55 , %6
W] TAT-FGF21 REEFEMR AB,s s TR IH) SH-SYSY 4
JiL N T B ROS 7K,

Control ABysas

(=2}

&~

10D/area

[}

0

AB,s.55+TAT-FGF21

Control  ABysys AB,s a5t TAT-FGF21
Figure 5 TAT-FGF21 prevents AB,s5-induced ROS damage in SH-
SY5Y cells. SH-SYSY cells were exposed to DCFH-DA analyzing ROS
generation (x +s,n=3)
#P <0.01 vs control group; * * P <0.01 vs ABys4s group
3.6 TAT-FGF21 3 AR, 5 SH-SY5Y g i 1 2%
FEARJE AL T 6 T TRAE A

JC-1 AR 1L K I A W]+ 101 4% /4 SH-
SYSY ZHMa g bR B s 2 K, S5 (| 6) R,
o5 LA L, B2 JC-1 3R IR £ | IR
SRAYER G, TEW] ABysas 1 SH-SYSY 4 £k
LA I R 7 PTG, 200 L B L B O T s 2 25 4 JC-1
W 2R G Y, FEAE TR, I
SR A LT A0 5¢ S , Ud BH 45 24 21 2k AR JIE e 47 44 T IE
o Z5RFRM, TAT-FCF21 REHETRTT ABysas 5 MY
SH-SY5Y 4 g £ R 4% 5 vt 457 FAIG K T o

4 1t i

B I 9% 1 BR 5 ( Alzheimer disease’s, AD) J& i
ZRAT ISR T A — i W2RBY, DA IR 5 32
BERFZ I . AD R ASET R IR Z P HESS 6
fil R RHRE USSR TE R
ML SAEM AR, SR, AD B 1B T Bl

It AR, 1241k, FDA 5 SFDA {4t
HE T 6 T AD 3BT 254, Rl se AR 2 IR 5F R E
PLTT 2% Al 25 S RIRLATAZ R o SR T, X
se2) i Qe T BRI R — E R L L 2R
AD [AHSCAEAR , 7E K PR LA o 2 B AN [

JC-1 aggregates JC-1 monomer

Merged

Control

ABys.zs

AB,s 4+ TAT-FGF21

Figure 6  Effects of TAT-FGF21 on A,s;5-induced mitochondrial
damage in SH-SY5Y cells. Mitochondrial membrane potential of differ-
ent cell groups was viewed by JC-1 staining and confocal laser scanning
microscope. The healthy mitochondria exhibited the red fluorescence
staining characteristic of JC-1 aggregation while abnormal mitochondria

exhibited the green fluorescence staining characteristic of JC-1 monomer

(n=3)

PRI B o S IR 9T R, FGF21 A L
A I P R 2 2R RO R LA 2 fl T B AR 5
DRI BE | i 2 A 4 Ty B8 R0 240 e o0 1=, DA 42 5 A
FER A D BE | $7% FGF21 [ RE HA B iG
AD G AR AT U T A T3S i FGE21
ZE 5 I - TR 1) B 6 H R FGEF21 19 ik P 43
A 3N FGF21 Bijih AD S iR T M 25 1
AT, AR T TAT-FCF21 J5iA% ik B bk,
Sk T IK B AL P T TAT-FGR21 fil &
HEH

HHT, AD B &L T E . “B-1E M
5 1 ( B-amyloid protein, AR) AL N AR
I8 AD AR E A, AR MRS
DUBD 22 G M0 BLAT S B 1k, AT o 10 5 i £
PR TULF eSS AP oostTs, 51 AD 1k
AP0 AR S H R B TS AD KR )
Z—o WIRFEW], AR YR 2 it 4 1 -5 A AL N
WIS, AR ] AR A LR, BELA5 i 5 10 i
IR SR ROS AR, A bR I 454 5
TIRE , 5| AL SR B v R, e A R B 2 0 i
JTRY . B, A T TAT-FGF21 (i
2R AE T, A 55 F) 52 AL AB,s4s 5 SH-
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SYSY i ity 3 505 75 A 7. i 45 A0 A 8 0 A AR, 3 DA
TAT-FGF21 #f 47 T i, # 2 T TAT-FGF21 Xf
ABys5s B SH-SYSY 4 Jifd 3 14 '~ B \ROS A= g3 i
LRI S8 TR T HPE . SCg g Rk
], TAT-FGF21 @il 2 (1 nl LA i 22 i | AL 45
RIFMARIER, iy AD S5 R TR 259
I R SR HE T8 0 LB

2 % Xk
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