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i E: AT EZ2FSEHEME E4 4 KB T-1 (insulin-like growth factor-1, IGF-1), A&
R R AL R 3 A IGF-1 @& F A # T E O R LM 5 5 Ftd, ihik sy
RIEMG) IGF-1 o Z O AZH X, AIAAR TRHERMEFLLT IGF-1 &% O RIZAR
B, FEAKMATH Origami B(DE3) Etk, RFETAT; 2% RA-B-D-HAALdhF LA
(isopropyl-B-D-1-thiogalactopyranoside, IPTG) # 3 & X5, & AR 698 L iF#AT F Ao BAT BLEL
B o B B U] B B Y] 5 M 3 Fe B AT SR ARAT B B 69 & G B ad 3T3 el Ak 2 5 IRk & JF At
HRAFH) IGF-1 #ATEMME. £ REF, HWE IGF-1 BREOE O REEARXBRF T EH, KIFH
F40F 4 25 °C. 0.05 mmol/L IPTG % 16 h it 8k A& & A Tt &L, s, 5t abifiy.
RS T IRIFLLE KT 90%49 IGF-1 B 69%& &, A 5 69EHIFMA R T RF4 &4 IGF-1
BiE A 2.47x10° Umg, S5F Elrfamitit. ARELT —45A T4 & IGF-1 9 T E T LXK,

H IGF-1 2464 4| A T e & = 352 Hah,
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Preparation and activity evaluation of insulin-like growth
factor 1 based on protein structure prediction

XIE Qian"*, LI Guanlin®, LI Ying', LI Jia’nan'

1 School of Life Sciences, Jianghan University, Wuhan 430056, Hubei, China

2 Technology Center, Wuhan Hiteck Biological Pharma Co., Ltd., Wuhan 430056, Hubei, China

Abstract: In order to prepare insulin-like growth factor 1 (IGF-1) more economically and efficiently, the
structure prediction and molecular docking of three IGF-1 fusion proteins were performed by computer
simulation. The most suitable expression form of IGF-1 fusion protein was screened out. A prokaryotic
expression vector of IGF-1 fusion protein was constructed and transformed into Escherichia coli Origami
B(DE23) strain to obtain the recombinant strain. After induction with IPTG, the target protein was purified
from the soluble fractions of the bacteria cell lysate by affinity chromatography, desalination, thrombin
digestion and affinity chromatography of the enzyme digested products. An activity evaluation system was
established by 3T3 cell proliferation method and the activity of the obtained IGF-1 was measured. The
results showed that the sequence of the IGF-1 fusion protein prokaryotic expression vector was correct and
the fusion protein was soluble upon 0.05 mmol/L IPTG induction at 25 °C for 16 h. After preliminary
purification, thrombin digestion and re-purification, IGF-1 target protein with purity over 90% was obtained.
Using the established activity evaluation system, the specific activity of IGF-1 was 2.47x10° U/mg, which
was close to the standard product available at the market. The preparation technology of IGF-1 developed in
this study may facilitate the development and industrial production of IGF-1 drugs.

Keywords: insulin like growth factor-1 (IGF-1); virtual prediction; genetic recombination; activity
evaluation
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factor-1, IGF-1) J& AN —Fp HLA L JE 4 i AE
K. REAMEERN ZhEEEEF, A
RNA T LR AL 4 AT LSS o0 . A 43 WA BN
A3 2 A IGF-11P1,) HAE WA YF 2 B )
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T 250 T R T o S SR R 1 JB 4 T
AR 5 H B P A P Al B 1, PR S R
TR LA R R A B | =G IGF-1 B
F1, R Tl Ak il 25 IGF-1 255 BLfif

WEERE

1.1 ##
1.1.1 FRRi. EHE. HAE

IGF-1-pET-48b(+) (Sac | /Hind TII) ZEHIE
W B 4 A YR A BR A W, pET-32a(+) Jit
R AR AR RAEDFHCA R A W, RIBw b
Origami B(DE3)., 3T3 4l thi A 28 R AT o
1.1.2 iR F

DNA markers, T4 DNA ¥ . FRHIE N
VI Msc 1 \EcoRV W A EAEY TRARA]
5xHF 2% #'% .Phusion DNA R4 4 H Thermo
INHE) s BEMEEA A Solarbio 2] ; IGF-1 FATERE
LA H Abcam 2475 IGF-1 bRl il A 4 5
T VR R A BR A 5 1640 BE5R3E . R4
M3 . BRECIEE H Gibco 2wl ; WAL H
Hyclone 23 A .
1.2 FiE
1.2.1 FEEASHENE A EFE

HE A FH Bl A S BV = 5 A 2R A
FE TR 5% P 5 PR BRE 00 6 % M VR4 VO R VT O R
FERR A VLB s AR pET R 51 24
M R, &R T pET32-
thrombin-IGF-1 . pET32-enterokinase-IGF-1 .
pET40-enterokinase-IGF-1 =FPgl & & ; {#H
PSIPRED 74k Tl Az 55 4 X A~ [A] i 45 2 11 Y

x1 KHREAAEY

Table 1 Primers used in this study

TR EERI AT, AR R A T 4
f#iFH I-TASSER TEZL Wi Ak 55 #5247 = 4544
T, A Cluspro £ £k Tl I 55 e R 4l — 2 4
4 Ko AN R O 2 1 B 0 AT 0 0%, eIt ik
WIBEEIRE SR, FE LA 50%AE A R Sh eI (1) B 1 .
1.2.2 IGF-1 A EHRERRIEHFERTER
BHFIFIE

HRAE I A A 1R 505 T . TR . GC
i LA R e U A R R, T
3k IGF-1 @& HE AL 751, PCR 44515
I H MR B, Hiir s IGF-1 B ¥ 51
JFiki IGF-1-pET-48b(+) (Sac 1 /Hind 1) N4
REAW, #iHE 151917 PCR P4,

ParEn 2 Mse 15 EcoRV WY , &
P22 AR DI pET-32a(+) FRIXEMA L,
pET32a-thrombin-IGF-1 B4 &K MAK (K 1), F
AL KT IR VR Origami B(DE3), 7654
50 ng/mL AN H&HR (Amp). 15 pg/mL RIR%
% (Kan) AKX 12.5 pg/mL PUIRZ (Tet) ¥ LB
iR b, 37 CHEAARILE A F, £ PCR. i
YIS IEMR IR Y, 25 0R A
1.2.3 IGF-1 i EBAMIFESRIE

B MR B TR E 4R T 100 mL 1Y
LB HiPE3sE g, 37 CHRG s, ihfkE
HTFEE; PR 2% R m 532 2 800 mL
1) LB ¥i g2k, 37 CHRGHEF 2 3 h, 24 ODsoo
{64 0.7-0.8 B}, JA 0.05 mmol/L i) IPTG F
25 CiES&IL 16 h, BEL.OWEREE, AR
2% "R A A L 45 SDS-PAGE HiJk & Western
blotting £l 737 .

Primer names Primer sequences (5'—3’)

Size (bp)

pET32-thrombin-IGF-1-F  TGGCCATATGCACCATCATCATCATCATTCTTCTGGTCTGGTGCCACGCGGTC 6l

CGGAGACC
pET32-thrombin-IGF-1-R  GATATCTCATTACGCGCTTT

20
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P \T?’ terminator

pET32a-thrombin-IGF-1

5.9kb

1 pET32-thrombin-IGF-1 [RA[#4EE

Figure 1 Plasmid map of pET32-thrombin-IGF-1.

1.2.4 IGF-1 9 B4k R EEY)
f#i F 20 mmol/L Tris, 500 mmol/L NaCl,

pH 7.8 f5E wpF-1F HisTrap FF £ A2,

WU 0.45 pnm SIS UE S 0 A EIEW EAE,

A 20 mmol/L Tris, 500 mmol/L NaCl, 500 mmol/L
DKM, pH 7.8 B9S2 i BEM , ] 20 mmol/L Tris,
500 mmol/L NaCl, 30 mmol/L Z &V Z, R —
#4 (ethylenediaminetetraacetic acid disodium salt,
EDTA), pH 7.8 94 th i 4= , FH 500 mmol/L
NaOH JF¥E, VA B0 1 mL/min, R
(1) £5 0 3£ 4T SDS-PAGE il ; K K s 355 JI A i
I 6 I F REBE I B Al & =1 U 1 100 pg
B9 L B #E 20 mmol/L Tris-HCI, 150 mmol/L
NaCl, 10 mmol/L CaCl,, 1 mmol/L .47 J5 K fis
(DL-dithiothreitol, DTT), pH 7.8 I 2% whifk
W25 °C . FEIKEGY) 16 h; B EED] =1 0 & i
A His $R4EMY IGF-1 @G 28 1S5 B 7 28 AR
EBREE, DA E His FRZEH) IGF-1 HIWE
M1, A4 IGF-1 H B8 A+ Ni A —FF ik
it DDA it PR AT 2 2 A DA 32K 3] 2 B A Tl
IRy il & # F AEO) 7 AR i R Bk EE g B
(), D] PR FUZ BT BB 20 mmol/L

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

I‘ /His Qg FeoR V

Thrombin
~——— His tag
55__-_"_'_'—‘— Mse |

"-—-——-g RBS

T7 promoter

Tris, 500 mmol/L NaCl, 10 mmol/L KB, 1%
Tween 20, pH 7.8, ¥EMi# "~ 20 mmol/L Tris,
500 mmol/L NaCl, 200 mmol/L KM, 1% Tween
20, pH 7.8, AW~ 20 mmol/L Tris, 500 mmol/L
NaCl, 30 mmol/L EDTA, pH 7.8, KfUlsE 4%
W4T SDS-GAGE #5il, it ZFAF S HEA T S AH
FORA @S (RP-HPLC) 4%, Hoh ke
A7 Agilent C8 (4.6 mmx250 mm 5 pm k7% 300 A
fLA2), WahtH A HHA 0.1%=FRLFR+100%2(
K, BAN 0.1% = LMR+100%L I, Wiy
1 mL/min, fMEKHR 214 nm, #EPEN
2 R,

%2 RP-HPLC #E k&
Table 2 Gradient elution of RP-HPLC

Time (min) A (%) B (%)
0 85 15
10.00 85 15
12.00 70 30
32.00 60 40
32.01 30 70
38.00 30 70
38.01 85 15
50.00 85 15
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1.2.5 FF 3T3 44N IGF-1 B95E 1%

BEWFsE R, IGF-1 X 3T3 4IEA K 5%
FIREFEVER, L IGF-1 BYRIEAVE 20— 1Y
FEARIS I , IGF-1 B v 2 K v b 208 1) fill 3
FEAME RO, TSk 3] —E Rl a s, HALH#
VEFARFERE U MRS TIGF-1 A2k 3T3 41
i 488 5 3k — Ak at 3T3 AN S VAR MTS
Fb vk Sy IGF-1 RSN AT IA R, 76
R 2 14F A Bl A 4 ML 2 B 1 10% /mL, W% | 4l
M Ko 2 R 1 5% BE 003G e BE 43 R 4% . 2%
1%, IGF-1 #aWIiREE R 1 000 ng/mL, 3 fi
B BERR RO 251 T 55 3R 40 i JF 251 IGF-1 /Yy Y
ZHRIH ML, AR 4 G IGF-1 brifE
A UL, HHIE KT 2x10° U/mg, #4518
IGF-1 AR Sh I E S 2x10° U/mg, VAL AR
e, AR AR A 2E TR

FE & B9 42 9 24 15 PE (U/mL)=PrxDsxEs/Dr/
Er/C

Ao Pr AR UE S A 240 (U/mL)
Ds WAL B TR R A Es AR i P80 R,
550 Dr WARUE S B TR RS, Br MRS
PRI A A5 C e i B 2R R B (mg/mL) .

2 BREM

2.1 FEEBSHEHNEBMEAEMFIEESR

RIS T G R R A X T
gin®k 3 pion, HAfdiH pET32-thrombin-
IGF-1 #2236 1 @l 28 11 458 1 il A S 1k

#3 TRMESEAMERTNER

Table 3  Virtual prediction of different fusion proteins

PIEI R m, N 62.1% (KT 50%), it
N K pET32-thrombin-IGF-1 & Fr Rk O Al &
HEFTRERL BE I B AR SR U, Al 2 A
B FTRIRE I 19 B 1 R S 1 R DD R 8 /N
50%, ANBERAH LY 2 R DT
2.2 IGF-1 EHRNHEREEER
2.2.1 IGF-1 BHRFE PCR ¥ &4 R

W44 B H 5 18 IGF-1-pET-48b(+) (Sac 1/
Hind TII) JBORiAE AR X B #5E H F B b 47
PCR ¥ 3%, 25550 2 s, VKB 1. 2. 3. 4
B BRI By 185774, Al & 23R
/NA 271 bp A4, ST H SR B BRI
—F, VKB 5 A EAXTIR, YT, UESE
H i R 7 B i1
222 BHRMETEHER

W3/ IGF-1 H iR 7 BL 5 pET-32a(+)
JR XU 5 A Ak, PR VR AE B A A
WHMER LB B35 5L 37 CH53% 16 h, Hhi)R
RLHEAT 0.8%I5 NEMHEE I F DK ARG , P 52 40 J5
FFEAT PCR §48 , 0.8%E5 I W UE st H Tk G ) 45
SN 3A BT UKIE 14734 B K/ R 271 bp,
5 HMERNFBER/N—2, FAxEERA
DNA AR ISy 3y, 54 RAAT . W&
H R d ] Msc 1 5 EcoRV 47 XY, Fff
FH0.8%Bt B MEEE I HL vk A I 7R (B 3B), Uk
B 1 BRSO, UERH 4 TR AR )
MU, Hdh R By e KNS W0 4 T
it 271 bp R/AN—F, 1 BAPEXT BRI .

Fusion proteins a-helix (%)  B-pleated sheet (%) Proteases Enzyme digestion efficiency at the
correct site (%)

pET32-thrombin-IGF-1 22.2 25.9 Thrombin 61.1

pET32-enterokinase-1GF-1 25.9 222 Enterokinase 14.7

pET40-enterokinase-IGF-1 25.6 233 Enterokinase 0.0

&: 010-64807509
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— I W RN
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NN ONhODnoooOoD
DUNMOO
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250

2 HHWREBE PCRIELER

Figure 2 PCR amplification of target fragment. M:
DNA marker; 1-4: PCR amplified fragment; 5:
negative control.

23 IGF-1 i & EBNFERIESLEEER

FIGEER (K 4) R, JKIE 1 X TS
AR RK P I HEARE, kil 2 PifRE
)4 B A D 43 i KN R 26 kDa IR Rl
EERK, VKA 3 XN IE AR RER A
B @14y T E 42T 26 kDa IURE A E A&, 5
FRIE A& 21.6 kDa 4%t .

2% IGF-1 BB A2 Pk (Western

blotting) %5, 4ER K 5 Fion, 45 R
B PEA B A A IGF-1 i istE,
A R ST b B T R ARGE R UE B 1GF-1
AlA A R IE R R GA
24 IGF-1 " BHEH RIS R
24.1 IGF-1 MEEBFEMBENER
SDS-PAGE #5R /s (Kl 6), UKl 1 AN
AT AN 70 mmol/L BEME Ak & F IS,
TE 26 kDa A2 457 40 W B 19 B R 1 4571, TKIE
2 AR, AT UL H M P AT 2 A,
VKIE 3 AWK e R A9 28 LRI, 7E 26 kDa 2
AR ET DL R H R A, HWRERE,
M2 1% /0, VKB 4 24 0.5 mol/L NaOH P/l
g, ATILAE EJLTICER R
242 IGF-1 BAEEHBYIER
SDS-PAGE #5R &7~ (E 7), ¥kiBE 1 ~EA
PEXT R, AIE B B Al A 8 1 AR R )
FEMIARHT, TKIE 2 AN DTT B /9 B DI AL A
B Al E B Al A S ks, B YD ) A
i, IEMIRG S PR e Y], TKIE 3 MInA

B3 ZEHRWEE
Figure 3

Identification of recombinant plasmid by PCR (A) M: DNA marker; 1: PCR amplified fragment; 2:

negative control; and double enzyme digestion (B). M: DNA marker; 1: recombinant plasmids digested with

Msc I and EcoR V ; 2: negative control.

http://journals.im.ac.cn/cjben
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kDa

150
130

95
72
55
43
34
26

17
10

El4 FEEH SDS-PAGE B4R

Figure 4 SDS-PAGE results of fusion protein. M:
protein marker; 1: bacteria lysate before induction;
2: bacteria lysate after induction; 3: the supernatant
after induction and ultrasonic.

& 5 ®4A ZE H Western blotting 1 45 8

Figure 5 Western blotting results of fusion protein.

M: protein marker; 1: bacteria lysate before
induction; 2: bacteria lysate after induction; 3: the
supernatant after induction and ultrasonic.

1 mmol/L DTT J5 Ay BGEIFE S, XF LIk IE 2 Fil
GENREWR D HEEY Y EER 2 i tkaT
DA B V) 2 E T B % IGF-1 @ & (kA7
3718
243 EYIFMFEMNBERER

Kl 8 HhikiE 1 MEGYI YRR, TKIE 2
FWERR AR, 7E 10 kDa b A LB — ()

: 010-64807509

4 M kDa
150

—130
_—— 72
55

—43

—34

—26

.\
. s

| 4

—17
—10

6 RAEEB NiEEMERERBIKE
Figure 6 SDS-PAGE of fusion protein obtained
from Ni affinity chromatography 1: sample loading;
2: flow through; 3: elution of imidazole; 4: elution
of NaOH; M: protein marker.

IGF-1 fusion protein

First half of the peptide chain
IGF-1

E 7 DTT XE5Y] S M0 AY Bk 5347

Figure 7 Effect of DTT on enzyme digestion. 1:
negative control; 2: no DTT; 3: 1 mmol/L DTT; M:
protein marker.

kDa M |1 2 3 4 5

IGF-1 fusion
protein

First half of
the peptide
chain

IGF-1

8 BEEYI~H Ni FE AR R RIKE

Figure 8 SDS-PAGE of enzyme digested products
obtained from Ni affinity chromatography. M: protein
marker; 1: sample loading; 2: flow through; 3:
re-equilibration; 4: elution of imidazole; 5: elution of
EDTA.
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-80
120
160
-200
~240

Electrical signal (mAU)

1 600
1 400
1200
1 000
800
600
400
200

Electrical signal (mAU)

=200

30 40 50
t (min)

C 400t
320}
240}
160 |
80}

Electrical signal (mAU)

,80 L

30 40 50
¢ (min)

E 9 RP-HPLC &M% R

30 40 50
t (min)

Figure 9 RP-HPLC test of water (A), standard substance (B) and flow-through sample (C).

IGF-1 HI &5, IKil 3 NE -, A/ 0 RE54E
AR ARG . FEBOREE & IGF-1 Hi
BN, VKB 4 KUK 5 4B ke
EDTA VEBEAYEE T, T DL BRIS R B 5 SR AN
EDTA nl¥AE 45 & I TP ue i T ok,
2.44 IGF-1 HHEH RP-HPLC 4iELEELER
W ] 25 1Y Ik 2E R o AT = ASORAE 83 A
W, GER4E 9, IGF-1 (1 1 IEmf ] Jy 18 min,
il 5 B It 28 A i 2EEE>90% o
25 IGF-1HHREMEERENHEEER
WSHHLE G 10 s, M4

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

M4 Wik IGF-1 FRifESh Ul B 1544 8 IGF-1
FRifE S OIS SE K 2x10° U/mg, MR AR 0
YRGB LR 4, IGF-1 FEM LG N
2.47x10° U/mg, SiEFaMEsEr, HRF
2x10° U/mg, i @l 26 1 ELTG A 1.14%10° U/mg.

3 Wi
HERRERE—NERNSHAERE, ZHfE.
A TR IR N N I Z R IR R By U SRk

A3 WA R A K R R DM LA i A K 2 B,
HH AR T RE L AE o IGF-1 B S A REA



BE 2/ETFEAREHTUNES IR ERET-1 WHEREES

24r
=

S22t =
= T
T 207 & S

E 1.8} °, ot

£ 16} A

2 14 P
1.2 -

0.1 1 10 100 1000 10000 100 000
Concentration (ng/mL)

4-Pfit: y=(A-D)/(1+(/D)B}*D A B C D R

1.32 0.581 53.2 2.33 0.975

1.33 0918 169.0 2.22 0.996

1.35 1.330 282.0 2.10 0.983

o Standard substance
o IGF-1 sample
A Fusion protein

10 IGF-1 H R e &R MME NG R
Figure 10 Detection of cell viability of IGF-1
sample and fusion protein.

*4 IGF-1HmEMEERMAREEITEER
Table 4 The calculated cell viability of IGF-1
sample and fusion protein

Samples Protein Dilution Sample Protein
concentration times titers activity
(mg/mL) (U/mg)
IGF-1 0.04 40 9867 2.47x10°
Fusion 0.64 640 72716  1.14x10°
protein

EHAYPEE AR EANE A IGF-1 EH2KEY
Yy EiBY, iR R IGE-1 259 i Ab T oE b B,
TETA B A5, JR2as L, mdk
FZJY Ak B ot , 45 B R R UTE &5
FIAFLO G, R AR A 25 10 bl s
ffiZg IGF-1 24W7E R EMTRZEE K, i
HAOBERAYWEA TaEENEL., B A
PIWER R, TERIGHFF R HH 3R IGF-1 2
TE AL IR 25 5 S0 0 S Al AR el KR
i, HAYNGEGELRUE, ik IGF-1 fm]
PR IR RIS B, BEA Fagemaifh 1T
&, WA DI R R A A, RAE. &
rB e, R AR 7 AR KA 4

HE M AR5 g 4lifk IGF-1, K £ % H 25 Ml

&: 010-64807509

JEHFP. FEXE IGF-1 gl & [V = k115
BAiALE, o Ak Ni AR A2 AT Y 5%
A 23t B T A 4 I B K 2 BT SRS A 4l Ak 1Y
D EAR L IR BN Al 5 MR A RIOCR , T
B e 2ok 0 2 B S MR A it v & R ) B 43 i Y
AN, LB R B4y B B Y, H
A HAHRAVR Ay B RO I POSE P, IR
Ao 2R PR I o DR U2 AT X U W AT 43
Bl W% E IGF-1 (RSN 3T3 20k
FARIAER, R BUHEA W2 AR 3T3 Ay
JaRE T, ITEAR & IGF-1 iS5 Hi s
ez, RS st vhds it — 25 %8 IGF-1 1)
TN A= 20 e S A LR A N B AR 2
Ry Ho e AP R PR AT T Al
ABFFEAE R 1 s A o i i L, &
T—4HT IGF-1 il RGN E e 1.2
PEE, A IGF-1 9 Talkfb A - SRt 7 S gk
J AR IGF-1 259 ikl $2 4L T R 5 07k
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