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B E: BN SBuUWEZETANIEE A4 LR S (wheat germ cell-free protein synthesis system, WGCF){&4h
Feik N EF 44 A K B 21 (fibroblast growth factor 21, FGF21), 755k % FGF21 FlEEA, X FGF21
LR AT 5ERE, $RHEL DNA J5 i 13 34 fsE 205 i (polymerase chain reaction, PCR)M™ K4k J& A SN 55
mRNA . il & 22 MR, AL | RE VA ST FIAR DG g R A4 WGCF . LA mRNA R R WGCF
1RGNE Y, FGF21 B4 1, F FH BB 0% W B 5 (enzyme linked immunosorbent assay, ELISA)XT4lifk /)5 Y
FGF21 H41%E (TR 5, JFiT5E WGCF 4 FGF21 EAUE I 5. 4R MM WGCF %Kik
T FGF21 #H, WAGHI" N 12.49 ng/mL. WIERZTF] AN FGF21 EAE AL 2~3 d. &g U
ZZ WA A %0 1) WGCF 1] LATEAf G BURAT S 2R S5 i A% A 1, Ry /N2 DR 1 7 ) 22 IR 10 TR 2 TR O )
FRERHEA 30 T BRI 55 7 ) o
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Expression of human fibroblast growth factor 21 protein in wheat germ
cell-free protein synthesis system
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ABSTRACT: Objective To establish a wheat germ cell-free protein synthesis system (WGCF) and express human
fibroblast growth factor 21 (FGF21) in vitro. Methods FGF21 cloning vector was constructed to clone the FGF21
gene. After DNA was extracted, the substrate concentration was amplified by polymerase chain reaction (PCR) and
the gene was transcribed into mRNA in vitro. The wheat germ extract solution was prepared, and WGCF was
constructed by adding reaction substrates, energy substances, and related enzymes. FGF21 recombinant protein was
synthesized by WGCF using mRNA as a template in vitro. The purified FGF21 protein was detected by ELISA kit,
and the yield of FGF21 recombinant protein synthesized by WGCF was calculated. Results FGF21 protein was
successfully expressed in the constructed WGCF, and the final yield was 12.49 ng/mL. It only took 2-3 days from

gene level to the expression of FGF21 recombinant protein in vitro. Conclusion WGCF can correctly synthesize
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eukaryotic protein with complex structure, which provides an effective means and research direction for further

development and utilization of wheat germ, a by-product of wheat milling.

KEY WORDS: wheat germ; cell-free protein synthesis; human fibroblast growth factor 21; protein purification
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RN E AR, FZ IR R /N i e —
TR w7, AR R, B I ]
R A M . 58 4 0 /N FE AT R R R 2 R AR
1.1%~3.9%, B T 22 il Bg & =308 2 & A4 AL iR K,
AR 2 W i) 22 1y S AL 5 5 I 26 ) o S i A IR, H i
2 R AR SR A R, Tl A 7 s e o 4 22 R SR /)N
EMLEY), HIFFRFA X EEE 3 f: T3
TR RO, T /NZE IR 2RI AR I A B TR B R i
IR PR £ i BT 30X 22 s 0 45 A T
JRICEE R —FE KR 3% . /NFERRZEAE /N R 2B
TG SR HE R IR Y, A R A UL S R,
WREEARA R, EAEF L RED, EE
1 BT 4 A T A SR AR, DA/NZZ IR 28 S J5URk i) e 2
MR PSR GAES AN . #ErEE A BEE A kS
R WA —E L, TR A AW LR W il 2455
A A T E A T IR, WS DA RS
AW BV g B A2 IR TC AR M 2 15 IR, T LU/ N R ZE
HIBR =TT & A AR I B AR

TCAM AR (15 AR GE /2 LS IR DNA 50 mRNA Sy
M, TEVRZR NI FIRR IR Y 0T, 7 4 M sh 42 Py P2 it i)
AR DL Z R4 T IR RIR R R R
Hrh AR AT Lk A AR 4 M, FEAHE KRG
VAN . /NZZIRZE AN . SR S L AN . TR A N
HA N GG AR AR N I R R G ML, G
AL EE A LR G HAA R IR S 5 R L AT LSRR XY
A HFNED . ANZAMERRB TSRS, I
Hh 2 IR TGN B B A R Gt (wheat germ cell-free protein
synthesis system, WGCF)7E JC 4}l 8 115 B R S i IR 3 2k
fill EREE T EARR R ERIA, RER m A T R R B
3 S PR Eil-= A W i e S SN AL B D=2
Wiz 2 AE A1 RS R PR A B ATP A
RE 7S Dy 1 X 2 R C AN R 1A R ST T — R 5
L, BRTEX ISR AN 24 h G RO LB
1 mg/mL 7K1,

N4 2 it 4= 4K 7 21(fibroblast growth factor 21,
FGF21)/& 2000 4E [ NISHIMURA ZEUSG3ify, AP
FGF21 HAT 209 MR, 5/ FGF21 BAT 75%1 [ I
PENT, WFSE B FGF21 %0 JFE S0, B L. e |
i . ORI R R A 2k, FGF21 72 1R 17 40 9 BE

AR, B R AR RS R, AN
BITRERIRE A B 2510 S 40, FGF21 6.0 A5 5%
) & AL R A v ke 2 B R A, R IO I A XL
6 (407 28 A R s 20 FGF21 28 11 B9S2 3 1 4 T2
KRG 2R BAAE TRk, (HI ik IG5 ik
RPN, EHAEAEERE. EHEN4L
ARG ARSI A K S R

L ERTIR, AR IR A 2 R AR 0 Ry A= 0 S5 s 25 1Y)
WGCF £ i H A IE# 2540 5 8 (TG ME R FGF21 AL,
WY FGF21 & PR — R R S 20 S8 = 5 ik,
S/ INZE IR A 2 A e A A A R AR AL T e S,
R W TCH R A AR G ol AR A T B 4R 4 .

1 #HRERE

11 HKFI SR

AR pET28a-FGF21 (B % R A W RHB A FRA
F); DHS o J8&S2 25 KT B A0 B (b 365 B 28 A= R B A BR A
d); I ALE S ERREERBHE R A A, T4
JRSRBC 0 /N2 (55 22 44, T Fg A B BE Al A BRA & );
AxyPrep™ Plasmid Miniprep Kit(3£ [E Axygen /A ));
RiboMAX™ Large Scale RNA Production System-T7(3 &
Zib i Promega /A H); His FRE&HE A 4ifbi & 12 A H
A& (EEE R RAEYIEARGRAF); NI FGF21 FEHk
B JZ W B0 2 (enzyme linked immunosorbent assay, ELISA)
AR 0] B DRI (T A= IR A BR A W15 4-58 L HEIR %
Z T R {2-[4-(2-hydroxyethyl)piperazin-1-yl] ethanesulfonic
acid, HEPES} . ATP, GTP. _Fi7nbilEE, WS . BBz Al
MR, LRI . RNA BRG] . 2 s il 50 (5 e 5
YRR RITEA T, -2 B i At R TR
HAMR ).

FEEAUEA : D2012plus £ 20 5 OALCR 24 81 58
BAXARAL A B F]); 1S-2012 BB USRS BT AL (13 B i
BHEABRA T, UVTS2N L5 ] WA i i (R fh R
AR A BRA H]); A200PCR 3 38X (BT BBl 22 2%
47BN H]); Multiskan FC BRI [FEBR € HR (L) XAA
FRZSHI T, TY92-TIDN 75 I 40 B B B ML (i 113 D% 200 W,
TR Z A YRR A BRA ) o
12 WA

1.2.1 FGF21 LB # 5%
4 pET28a-FGF21 B ik A DHSa EEZ A KIGHF



4966 1% A T R A

12

B, WE FGF21 LN IR 2, FGF21 B4 Fokr
I NBRZ SRR P SR 2RISR
bk, AN 2 R4 & Luria-Bertani(LB)YL P4 |,
SRS SE PR RV A 2 & RIBE R Y LB IS IR 5t
1, LA 37 °C 180 r/min 3% 2 ODggo pm=1.0, 18] AxyPrep™
Plasmid Miniprep Kit $2EUTR;, $RECESRS IR FUA

K FH M AT R R IR 1) UL DNA #7740
JFE R RGN, 43 I DNA %98 T 260 nm A1 280 nm [
W B (B R4 T LB AR . B S X R BRI A Uk, DNA LA
Belll HEEVI RIS L0 DNA, 385 1%0 BN HHEE I B kA
1% DNA KEREFE T,

1.2.2 mRNA #4k9M 4% 5

o T HE s AR mRNA HREE, WHRBOHRIS R R
B DNA #E£T PCR " #4 Uil DNA BEMH P, #3FT
—XF514), {1534 HHE N (polymerase chain reaction,
PCR)” W4 DNA L& T T7 B3 ¥, FGF21 [ F B,
T7 Z1k+.

E514): 5°-CACCATACCCACGCCGAAAC-3’

K514 5-CGAGAAAGGAAGGGAAGAAAGC-3

PCR #"3#RA 50 pL RWAZR, ¥ 25 pL Premix
Taq™. 5 pL JFoRL DNA VW . 2 pL 1EmG4. 2 uL f2i
5191, 16 puL L@E/KFK@E 200 pL PCR HHIREIAIE,
FiBEG 94 °CHIAET: 5 min; #RJ5 LA 94 °C7E4% 1 min, 59 °C
1B & 1 min, 72 °CIEM# 1.5 min FHFF 35 ¥ 5L 72 °CHE
fi 10 min PFRT5EK PCR §74, PCR ¥ 1= [FIFER A
DB WEEE M Hh R A I IS B2 A A5 T

i RiboMAX™ Large Scale RNA Production
System-T7 LA PCR =¥ Ayt 2 B U B 20 BR3/EA T mRNA (1)
AN 5, P WA DNA T AL DNA KA AT 1R
mRNA 4iiJF
1.2.3  EMEIIR Y H &

2 R 42 WGCF Wi, EI
IR P LS WGCF & R AR R . RAET .
FER R BRI T ARG (RNAPL, o 5 /N2 i 7
SEIR, K /NE VA B BT LR, oK s /NE R s
FHPR B, HE6E IR 18~24 h, FRIRZEALFHT
BB NE AR 2 A T, FFARIT/NGFI T /INE
JRZF, FEEATE R R T MUE 10 g /NEMRFET
2o, FRBIRKPE LRI . A5/ NE2 I 2F TR K 4G
TFRIEAKS, BETHELLS, ARG RSB K .
I 22 A A FR o AR 3 2% nhif ! (40 mmol/L HEPES-KOH
100 mmol/L Z,FR$H . 5 mmol/L Zfi#%E. 2 mmol/L S Ab4S .
4 mmol/L G IMEEDFE IR, FH 40%I M7 L
TAE s 815 1 s WFRFALIE 5 min, 9RJ5 4 °C 5000 g &5
> 30 min, B EVERZEHYEOE DL 4 °C 15000 g 1
O 1 he HUCEIEW %L, -20 °CHRAEE

1.2.4 WGCF ¥y &5 FGF21 & @tk ik

SxEHIRZE Y 150 mmol/L HEPES. 500 mmol/L
ZFRH . 13.5 mmol/L ZFR%E . 12.5 mmol/L &R JR B |
6 mmol/L ATP., 1.25 mmol/L GTP. 80 mmol/L 2 JLER .
2 mmol/L WAEHE A 0.25% 5 R 5.

SN EMIR AW 1 mL IxBIFZ b ImA 37.5 uL
8 mol/L [ 20 Fh e SRR A VA -

FEESE LAY WGCF W AR R INZE 1 iR

#1 WGCF Rk ARME
Table 1 WGCEF system contents

L5324 % /L
E ik 30
mRNA FiHR 20
S TR A R 747
JUURR i il 1
RNA i 51 1
A5 1 A ) 1

M1 800 pL R MAR R, A FGF21 KT 37 °C
I¥E 24 he
1.2.5 FGF21 £40% & ¢4 ELISA /547

AT ELISA 43 i Ao i FH His bi % 85 11 4l Akt ) gt
WGCF Rk EAE Ak raifh, RI5HFANE FGF21
ELISA K35 gx %t Ak alifb 5 /Y T 240 2 kA T oA 20
ANJE FGF21 ELISA R &k T Wik —4 et ik
Tt 3K 2 W B S22 AR 106 B 516 LA e ol R A Al
FR(X), XJ I F OD {E R PNALBR (V)2 Tl AR A i 2ok [ i 2K,
SR 5 X 4l b J5 A5 2 0 3R B W EA T I E A, R
WGCF & EAE A= &,

2 GER5HH

2.1 FGF21 EFmEER

I pET28a-FGF21 B4 kit & T7 B sh -4 1k
TR, 6xHisTag AKX HIWILHE FGF21 B, Fikiel
A 5986 bp. MHIFE AW KIGHT RIS B M2 R IREE
RPUPETT e 5 A 7R, RBUTCR. DNA AT LAZRAS K1Y
W& FGF21 F R BryEA R, NMAE] FGF21 A
e A H Y

PSR B TR DNA Ll 84N R 2 f5
F| ODsg0 ym=0.743 . ODag0 1m=0.397. %1114 ODygo yn/OD
280 nm=1.87 (1.7~2.0)7 AR U JFoRr 40 8 R A7 o BB A ot
B DNA ¥R FEE=0D60 nm* T BEAE 5% 50 pg/mL=37.15 pug/mL,
e AR BT SR v 3 5 1 o

25k BTG b PR AR 1) DNA KR BRI SR H Tk
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gELNE 1 FroR, XFEHIKGE 1 %) DNA Marker, JKiH 2~3
PP ECRI A TR DNA FE K EEZY 6000 bp, 454 54 kL
K/, UEB] FGF21 R B & F sk s el

10000 bp
8000 bp
6000 bp
5000 bp
2000 bp

3000 bp

(h

.

5986 bp

[ [

2000 bp
1500bp s

1000 bp
800 bp

:

500 bp

300 bp

TE: VKi& 15y DNA Marker; JkiH 2~3 Jy DNA #: 4 JKiE 4
PEXS IR
1 FGF21 KL 5o sl
Fig.1 Result of FGF21 gene cloning

2.2 mRNA {&5MER

WGP, PCR ¥4 /515804 DNA Bt
KEERH 1361 bpo X1 W1kt T3 AE WHEE S HL Uk 23 B
WE 2, PR % 1400 bp, G, 3
Kome e R, IEIY P ) DNA YRGS .

FIHAF SN A3 2] ) mRNA #£5h, 2454 DNA
Jiff R BRAEAR T, 54 A SEAAR Y PCR 334 7~ ) [R] B 2R 4 7
BN I FL Tk BT An L 3 i, PKGE 2~4 7R mRNA FE
iR B4R, FLJC DNABHER R, FF 610 Ja S 1 ik
AP BHPERAR 2R
2.3 FGF21 EHEHB/ ELISA ZH4ER

FRHE A FGF21 ELISA a7l & Ao A i i X 22
1Tl FGF21 AL AT 00T, B e LARRHE SR B
BEARAR(Y), X0 OD fH A PN AR AR (V)2 il B ofi b 2 1k mT 1
Mgk, 53 EH TR ¥=0.0065X+0.0616, F =0.9727 >
0.95 Af LAMEH .

P — 25 Je U I G 2 W I S 36 R A FGF21 Hifds
53t i E AL Y (horseradish peroxidase, HRP)FRic 1K
MHTASLRIEH, WIS WGCF ko4& i B AE i sh i &
I H A5 IEH0 ) FGF21 SR [ kAR M RV . 50 0IF,
WGCF & B LIS FGF21 Hilk%E4, il WGCF &
) FGF21 EABHHA EMAE .

alifk )5 1 FGF21 B4 175 B 50 £5 )5 45 ELISA i
FIE RN E, 76 450 nm WOLEEH Y=1.686, fCALMEHII
I G A4S, WGCFE & 1) FGF21 B8 LIk 2
12.49 ng/mL,

10000 bp
8000 bp
6000 bp

5000 bp
4000 bp

3000 bp

2000 bp
1500 bp

1000 bp

0, 1361 bp

500 bp

—

S—— |

S

——
- D D - X

S——

———

300 bp
¥ Vkif 1 2 DNA Marker; ¥KiB 2~5 24 PCR F=H04E i UkiB 6 4
[EREFTE

€12 PCR ¥ 444k
Fig.2 Result of PCR amplification

10000 bp

2000 bp ey
1500 bp

1000bp w. '\

800 bp ! 1361 bp

500 bp

300 bp

[E: JKiB 15 DNA Marker; Jki#i 2~4 i fk DNA J5 ) mRNA #
dh; PKIH 5 O PCR 74 DNA #£ 5 YKl 6 g B ERT BE
B3 mRNA AR i & 36 IE
Fig.3 Verification of mRNA template preparation
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3 Fi5iie

AMF5ELL pET28a-FGF21 H2H Jivkily DNA #itl, iE il
RN S )7 0K mRNA A5t LA 4 /N2 R 2
WONERE R WGCE, BRI RS T A Efa g
B ANJRFGF21 A E M, 2% 24 hG =8N 12.49 ng/mL,
M FGF21 2R %] FGF21 A8 1M FRB RS RN 2~3 d,
St EAE I RB R TR A, h T
WGCF H LA Z RN TR mRNA, [ WGCF X 4ME
mRNA R, TP A S48, Al TERAEN
TR AR . AT N FGF21 8 ARG SE R 41 2%
FEE (4 2= W R AL T — R (5 ) 1) 2 1 o R T,
[T AR A28 T WGCF Hh 22 IR il 5 05 i, A/
22 A I TR 0 22 A S £E 0 1 2 1 P A T 4 T A
T—ERIIE, /N ORI T8 7 B R 2 K s L
T HRVS AR S B S

WFFE L FE R B, S 06 2 A 22 IR B N 1A
B, ATRETCIRIE N Lol Ak A = 5 0, S5 SR kg ol B
SXF/INZE R ZE R B BT B A A st Ll il by il = 4 22
JV L FH T il 2 2 A AR AT A A THR 9 . 5 LRI
RAEBE WS WGCE A T FGF21 4, BRIk
A AR, KR 4 5T R T LK S I il R R A LA R
mRNA AR TE 1A Z2 Hh R S A7 155 100 55 3 % 22 I T 4t i 2 11
B IR GHATIAL, LIRS 8T i A i 1 ik
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