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# E: MGF(Mechano-growth factor)Z —#t IGF-1 Z4AM X, MR L INZ B F LA KA AR, FFLLA R ILA e
K. BALBAMNZHGE L 692048, 81T RT-PCR AR R85 A RE 400 % L% MGF cDNA &7, %% 5% 9 bp
7, AN shER Y ﬁ%/ﬁﬁ&(Emerokmase EK)ELA 47 5|45 A 649 1l B BR, 454428 MGF (des(1-3) MGF) cDNA 7 71| % [%
A PET32a(H) o4, M@ TH KRk, TR 4440 E. coli BL21(DE3), 4 30°C 324k FuATEH X R A& H Trx/
des(1-3)MGF, &8 & F 4 B A= NiZ 4 B F A2 BAT, RIFLE 95% 4 Loy ars & & . Bt akd %Y EK By, rpHPLC
o B RAFHIE X 98%4Y9 des(1-3)MGF, SDS-PAGE B /R #s & Ao T 25 EMEAAG. AWERZER R, Fréld&e
des(1-3)MGF 1t des(1-3)IGF-1 £ 2 # 69423k MC3T3-E1 m At 44 38 (0 A=t 45 .
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Abstract: Mechano-growth factor (MGF) is one of IGF-1 isoforms. MGF is mechanosensitive and has important functions in
muscle hypertrophy, regeneration and nerve injury recovery. In this study, MGF c¢cDNA (330 bp) was cloned from stretched
osteoblasts by RT-PCR. In order to avoid prolin residue inhibiting enterokinase cleavage, 9bp of MGF ¢cDNA 5’ end sequence was
truncated by primer, then the obtained truncated MGF (des(1-3)MGF) ¢cDNA (321 bp) was subcloned in pET32a(+) vector to
construct a prokaryotic recombination expression plasmid. Trx/des(1-3)MGF fusion protein, existing in forms of solution, was
expressed in transformed Escherichia coli strain BL21(DE3) by IPTG induction at 30°C. The supernatant of cell lysates was
subjected to ion exchange chromatography and Ni** metal affinity chromatography, and the fusion protein was obtained with the
purity over 95%. After the fusion protein was cleaved by enterokinase, Trx and des(1-3)MGF was isolated by reverse-phase HPLC.
Through these procedures, des(1-3) MGF was obtained with the purity of 98%. The protein molecular mass was conformity to the
theoretical value by SDS-PAGE and mass spectrometry analysis. The purified des(1-3)MGF was incubated with MC3T3-E1 for cell
proliferation and migration assays. The results show that des(1-3)MGF exhibited more facilitative effects on proliferation and
migration of MC3T3-E1 than that of des(1-3)IGF-1.
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IGF-1 J&—fh & 20y B s N+, 7TEMR)
MR AR SR D BAELEEN, FNEEA
A il B rhee R R R T AR B 3G AR L ik T
oK 5 Wi & F 20 2L s AV DL SR Th e . TR LATE
XF IGF-1 W5, AN E R A2, & —Fhid
TG IR R G0 & FE T RE A 9 A T A R 1 e,
TESZ NIRRT LA . B, DL LA . ph
ZH B R —Fh IGF-1 S IATE R R4 2 b i 3Rk,
ARKER T 405 i IGF-1 BiRFsAh, TER A
3it(C i) 22 H 40 PNEIERR(Amino acid, aa)f) ZE{HRK(E
JIR), PR A i A Rl - L PR b B T R, i
444 F1H K47 (Mechano-growth factor, MGF)*™),
MGF Lk B 430 h/55 53 W 5 R ¥ Re, 5Bk
FINLAIERARSE, HA AT NN ZE 40 s 2 i v
FEE, R E) 72 6007 MGF F 28 kAN
JE R A 21360k, FER N B4 B
SR N REOZ IR R RIE . i B TR A EE A
HEH, BERERIZE A RGER . KIILUDE, S
Z 1 IGF-1 76 K% T (Escherichia coli) 5 H K
WS, FEPAFRIN O, ABFFTLL pET32a (+) JFhRifE
#Zik, FIHERMN T7 G337, DL Trx &H, KA
BilA 7 1 2SR BRI RS MGF 250147 des(1-3)MGF .,

iRV E:
1.1 ##l
pET32a(+)fiki. E. coli &k BL21(DE3)¥ R

Novagen (Madison, WI, USA)/= k. Jk #BUR 5
& JPCRIAG N VI 3% H2 3514 H TaKaRa (Dalian,
China), P HZHT#AELE AKTA explorer 100 |
AT, JZHr R Amersham Biosciences (Uppsala,
Sweden)r= it . HPLC 43 H71E Waters 600 (Waters, USA)
EET, RS> Agilent 1100 MSD SL (USA)%Y
Ji 3% {% . Des(1-3)IGF-1 #1 Enterokinase 73 5l &
Peninsula Laboratories il Sigma /A = iy . MC3T3-El
W B P B2 B BN, Milicell-PCF 5535 /NVE
A Milicell 23 w77 i o
12 EARRRIME

MGF c¢DNA J¥ %l (GenBank Accession No.
AX147742)i@ 18 RT-PCR M\ Fi7 A 3] 38 %) B -8 4 e
PRS0, FGE T PCR Bk cDNA 5" 9 bp )
554, $1% des(1-3)MGF c¢DNA, [Fif5] A BamH I

i 15 LL K W #% B (Enterokinase, EK) fif§ ¥ {37 %
[(Asp)4-Lys], 7€ 3" i | ABHIRL L %A L K EcoR 1
D75 o KR ) R 53 A pET32a(+) Y BamH 15
EcoR I Z[a], #kf% N i Trx @& B M
pET32a(+)/des(1-3)MGF FA ik, Trx 5 des(1-3)
MGF Z[H1f 6His. EK BUI7 s 558791 14 4% . F i)
UFAE TR, 74K E. coli DHSodF 79 3, Jiat
Tit BT R P 28 5
1.3 HHEEAMFRIE

Y E TE B I B A R A% 4k BL2 1(DE3) R Bk, Bk
PR ST R AP B 100 w/mL Amp 19 LB 3557 5
(LAY, 30°C, 150 r/min £ 721 AE A FI . I
FEIR KA FhFIE 1:20 (VVYEBEES) LA 83558, 8
FYITE 37°C, 250 r/min BYZ&0F T EESR, 83 A
OD oo i 4 il 48 P AE X BUAE KA N HE T T 5 o R IESR
e BT 1:20 (VIV) B33 MICA K F2 5k h, 37°C
B3, RIRIFS, WA 50%, KI5 pH 7.0, %Mk
TINE: 30% A . SVl AR 11 . 3% B B
50% Hih o XARTEIE SR | 75 S aEF IPTG R
AT PLAL SRS

WREEH)E, B R, 4°C, 10 000 t/min
2.0 10 min, FRAMDIGE. HAITITTELE-20°C T
37°C IR B VR IR, SR 1:10 (W/V) ERETE Buffer
A (50 mmol/L Tris-HCL, pH 9.5, 5 mmol/L EDTA,
0.2 mg/mL Lysozyme)™H', 37°C 221245l 30 min,
AR HORE TR & T oK R4 TR 75 B B, BRI
500 mL, #FEIR S0 W, Jkib 15 s, A8k 5 s, ik
1750 W B MRV WO PR, B e 4°C,
12 000 r/min &5.0> 15 min, JTVEM E3E 2 90317
SDS-PAGE 4317 .
14 EHEFHHK

BB ISR Trx/des(1-3)MGF ) F IV,
AT 282, JZHTAE Q Sepharose FF SEH]
Buffer B (25 mmol/L Tris-HCL, pH 8.0)-fff, | #£4%
W, 4kZL ] Buffer B & V-l LBRAER LSS & 8 1,
S5 E A FMINT 0.3 mol/L NaCl 14 Buffer B %E /i .
P, RV AN 30 mmol/L YBKME, Jin
# Ni*" Chelating Sepharose FF JZ2HrAE, FAERTAEAA
% Buffer C (25 mmol/L Tris-HCI, pH 8.0, 30 mmol/L
Imidazole, 0.3 mol/L NaCl)*F4, FEEZhE R, Ak H
Buffer C PRV, ZE 45 A 7E 2 M AE i B &
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F Bk mE ) Buffer C &6V, & aElEE AR
W&, 7€ Buffer C 1, 4°C, &AM 12 h, ZLBRIKME,
i p 32N Trx/des(1-3)MGF % T 45 2 )&
5 mg/mL, #RJ5 LN IR AFEAT BEK B#Y): 2.5 mg @il
AEFI FAE 0.1 u,37°C, L1813, [ 3 ho [
A% HCL 75 pH 2 3.0, i3 rpHPLC HF— 443
= E*ﬁﬁiﬁﬂﬁ Source 15 RPC. sl AHAL AL AN T :
H,0-0.1% CF;COOH (JiighitH A), 80% CH;CN-0.1%
CF;COOH (¥ 841 B). rpHPLC il £ 351549 des(1-3)
MGF £ i i %5 .
15 H¥EMSH
MTT 3 He 850 B des(1-3)MGF Fi1 des(1-3)IGE-1
Xt MC3T3-E1 4l zm i szmt . AUl 3x10°
A~ /mL fa-MEM (75 10%f 4 i35 )2, 100 pL/AL
BRI E 96 fLMR, Hi9% 12 h, B G A0 I Y BT fE
o-MEM, PEATILIEVLE 12 h J5 A & AS 6] ¥
des(1-3)MGF #l des(1-3)IGF-1 (10.20.50.100 ng/mL)
Ha-MEM, #4kZE8555% 24 h, MTT 3550 40 i i
ik Milicell-PCF iE#/NE 4317 des(1-3)MGF
Xt i AT RS i s U e 24 FLAR A
25 ng/mL des(1-3)MGF  des(1-3)IGF-1 B TCIM I
o-MEM 300 uL/fL, R J5¥ Milicell-PCF /N B T H
L PRSI WE B9 200 pLo 46 M R R 4 R R
Milicell-PCF /N2, 8555 24 h 5 £ IR0, FRA5Ts
BRUBME - R MCRIT R A M, RS2 2R 1m0 0 4 Ml 28

ARG, BB X A 10 MLEFTAL,

RIGECESME, i iung i ae
2 HR

2.1 pET32a(+)/des(1-3)MGF E4A Fhi i
LA 3% 5 8B 40 e RT-PCR 973
MGF c¢DNA (330 bp) /F4IP, Fkiits| 9, &
MGF Z [K #5149 N 351 A EcoR 143 5 Al EK Y1 4%
LR TR 2 SRR EK DI
[PET System Manual], Z3B% 5% 9 bp ¥4, 7£ 3’
W5 ARHIRZ L%, LK BamH 14, E4F51
4t 348 bp., MEHFAY des(1-3)MGF 41 F 41 va e
A pET32a(+)Jfi ki) BamH I 5 EcoR I ZJH, {15
des(1-3)MGF i F Trx & A MY B 52 HE 7Y, 23
Trx/des(1-3)MGF fili &5 3Rk, 7 des(1-3)MGF [ N ¥
I EK FEYI0L A, T4 Trx 5 des(1-3)MGF 43
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(Fig. 1), FAIFRITE DH-Sobf bk P34,
2ol BEUIAIIN P 4858 (B R AR 2R

- HHHHHH |...... DDDDK-

EK cleavage site

1 FEHEEHMTE
Fig. 1 Schematic diagram of recombination construction
Des(1-3)MGF was expressed as fusions to the C-terminus of Trx.
The fusion construction has six histidines, an enterokinase
recognition, cleavage site positioned at the N-terminus
of des(1-3)MGF

22 EHEHWIRIE

WAL OD Wi, il S BsF B) A7 T 20 TR R %
BAKMN ., 458 8%, IPTG B35, MMk
UL, SRR, W% 30°C ISR 4h, 1K
KRR EZ) 20 g/L, WK% SDS-PAGE 4 #T,
TESr FHabrifE 31 kD MHA B B e 450 4k,
Trx/des(1-3)MGF Fl & HE M EIS i 33 kD,
AT A 00 R A S A B O A B T, 2400 AT
EAM 15%, fh & BT Ll b (Fig.2,
Lane S). & FElE RN, W™ 520 120 g/L, @G
HEARBE, AEHAESEAR 12%. @i X5
SR LGEIE . IPTG WREE . IR | R SR 0T
A, e R IB AR TEANLL 1:20 (V)R
BN, 37°C SR, FEMLE SR ODgoo ik 5 0.6, K
W ODgoo 15 E 3 R AT, IPTG #E R 0.2 mmol/L,
75 Sl R R PR AIC 2 30°C, 4keR4E5E 4 he

FEBUTURL

974 | a—
662 | M

27 -

'.—

31.0 em—

14.4 —

2 EHEBFRIL. 4S5BT RA SDS-PAGE SR
Fig. 2 SDS-PAGE analysis of recombinant protein
expression, purification and EK cleavage
M: molecular weight marker; P: pellet sample from the cell lysates;
S: supernatant sample from the cell lysates; Q: fusion protein eluted from
Q Sepharose FF column; N, fusion protein purified by Ni** chelating
Sepharose FF column; E: fusion protein cleaved by enterokinase
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23 EHEHNGUESNFELRE
X% B T R B A R T S R
YEo B Sl B A4 E T, Trx/ des(1-3)MGF fill &
B IR S S (pD) A 5.9, IV pH 8.0 REfH
FlE B g (ol o, 11d Q Sepharose FF 5 [ 2
T34 2 B 8 Tk R & 3] 80% (Fig. 2
Lane Q). 4, WiE— A mve i s Ni**
Chelating Sepharose FF 2% FlJZ AT AL, WRIRAS B2 VLB,

@ 250

— =1 PN
10000~ W B
SO0

o
SOSS S

=1 LI BN NI OO © — 1 2 NN
S22
13.332
&17 582
915
34.082

Umb)

o

A F2AE 80 & 120 mmol/L PR MR Ik 22 [a] 4k
FEATVENE, VML ER 4RI iE 95% (Fig. 2 Lane
N)o 4R 95%M G 8 BT IR 2o vkms, #e [k
Ji it EK VI, 3 h Bl G 2 1 s o B D), g
VI35 5] 80% (Fig. 2 Lane E). rpHPLC 43 & fifH ]
REY), KA AF) 98%M1 des(1-3)MGF (Fig. 3a).
JRi% % E des(1-3)MGF (4> FHA 12123.25, fEiR
2N S ST EE 12123.77 —8(Fig. 3b).

o
[N]
EN
o

8 10 12 14 16 18 20 22 24 26 28 30

32 34 36 38

#(min)

(b) - o g N 1500 chmfolm%d TonSet:A[12123.23] j;sgg_ (‘omponemsz

80 5w 1250 < E a

0 PR B 1000 - 15000] 3

40 o @ 750 < i 100003

= 500 z < <
I AE PR
0 ! S S| . W i
1dao 1300 o 1000~ 1230" " "{sbG " Ti750 " 20 0 20000 40000

3 HkEHE HPLC 5RIEH#
Fig. 3 HPLC and Mass spectrometry analysis of purified des(1-3)MGF
(a)loading sample is the eluted fraction from Source 15 RPC column, 20 pL sample be analyzed, the absorbance was monitored at A214nm,
des(1-3)MGF absorbance peak were detected about 22.9 min, purity is 98%. (b) mass spectrometry analysis of purified des(1-3)MGF.
Mw=12123

0.7F T [ Contral
I des(1-3)IGF-1
I des( 1-3)MGF

0.6

0.4F

ODs3

03+
02

0.1+

0.0

10 20 50 100
Protein concentration(ng/mL)

4 des(1-3)MGF #1 des(1-3)IGF-1 ¥} MC3T3-E1 154
eEA!
Fig. 4 Effect of des(1-3)MGF and des(1-3)IGF-1 on
MC3T3-EL1 proliferation
The result of MTT had shown, des(1-3)MGEF significantly promoted
MC3T3-El proliferation at concentrations 10, 20 and 50 ng/mL, but
not 100 ng/mL. (P<0.01, comparisons were made between des(1-3)
MGEF and control (or des(1-3)IGF-1))

2.4 des(1-3)MGF %t MC3T3-E1 #EFEFNT IR

MTT 5 tran s ss, 451 8K, 76 10, 20,
50 ng/mL MM FEEVEREIN, SXTIEA AL des(1-3)
MGF F1 des(1-3)IGF-1 JfE 2 & it Uk 40 ity 3% 55
(P<0.01), des(1-3)MGF 1EH4 5 des(1-3)IGF-1 {fEH
40 OD EAHLLER, 7F 3 PRI T Ri# 2 e 5 & 1)
1.6. 1.7, 1.3 f%. 7£ 100 ng/mL MW T, Pifhd:K
DKL - 0T 44t 1 364 A T 34008055, b des(1-3)MGF
20 55 )RR [R) A i 2 25 55 (Fig. 4)-

XoF 240 i S A% RE ) 4 5% 3 ) %75 Milicell-PCF
/N IR LA A0 B H RPN (Fig.5a), SEgm
He K IRl BE SR P 25 ng/mL J2 DR R SCHRRGE % ik
FE() IGF-1 BA B B e gn it s ae 1™, A s
B 10 AN R OLEY 20 B T4k, BCE- 3B X IE
41 33 4>, MGF 41 216 />, IGF-1 41 96 /~(Fig. 5b).
I des(1-3)MGF 4 241 L iE #2053 e X BRAA i) 6.5
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¥, EAHRU R des(1-3)IGE-1 AbFRZH Y 2.5 5.

th
=
T

Cell number

100}

S0k

0

Control des(1-3)MGF des(1-3)IGF-1

5 des(1-3)MGF #0 des(1-3)IGF-1 *f MC3T3-E1 Zfi i
paak 2=k |
Fig.5 Effect of des(1-3)MGF and des(1-3)IGF-1 on
MC3T3-E1 migration
(a) migrated cells in one random microscopic field (x200), (b)
average of 10 microscopic fields in each group

3 W

MGF 1 IGF-1 J& TR & RZ I, JE%&KE
JiE & KBS T E KAL), ELTElhIR BTz T 5
JRIGEIGYT, 1IGF-1 5T R A 62%MY AT,
R B BRI A K T, A E. coli
Fik IGF-1 N paE"', MGF & IGF-1 fy—ff
HIARTE S, A SRR YT LA ZE 48 i fi1e 2
R B 25 W i £ 32 R 0814 MGF 475 IGF-1 1y
W FH, BAY IGF-1 MH A —m s F ot 5 =X,
X HIHETF MGF HA C i 40 4> aa (1 E ik, IGF-1 &
A =% wEE, 7E E. coli 19 5 BR S T AR MR i E
WRECXT, ROMESEC LA, oMM IGF-1
A INXE, DIEMOEE SR &k IGF-1 & %
B HA 50%"" 1 [}y MGF 5 IGF-1 4 70 1 aa
— U F A, FRATHED MGF o1 1% E. coli 63k o7k
PERY IR, K B A 5 AT R A R RS R A
SR AR AT A AR, FR AT 4 0 R
PMAL-c2x Fll pET32a(+) B F STk Fg 2 des(1-3)MGF
Al RIKNRGE, Wi H LB 2 W E 8 1 (MBP) I
des(1-3)MGF iy fili & ik, J& & &6 A8 5 M (Trx)
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5 des(1-3)MGF fii &%k . MBP/des(1-3)MGF HE3L
B ik, R PR DAL & A 3 s R R .
Trx/des(1-3)MGF Rl 8 H 1 RIE, Lk A8 75 5 5
FERA AR BHEE, BUEE OISRy
W, ST RS E A RIK.

pET32a(-H) T ki, 7E Trx T ZJ5H S5
6His 25, FFH His 55 Ni* 6] 9 Bc 07 26 FfE A, #i45
G E AR TAESL . T NS E A
B HFRE M, 7E des(1-3)MGF B N 3531 EK i)
I8, T DDA, A AT T 1 2 5 1R A S5 2 o il D) A5 o

S, O BB L S 1 i 2 1 X il 1) LA o

YEH o 524 MGF 1955 0 fili 22 nI e 2R 30 HE S Fm
HFER, Pt b2 R R Ar . e 7L sh i P
FE—F N sk 3 4> aa (#RAE AL IGF-1 (des(1-3)
IGF-1), W58 & des(1-3)IGF-1 HA 5% IGF-1
RGO 2R BN &, AT
MGF N i 3 /> aa, 7EAFEAL MGF 16 VERTHE T £2
TRV, RS0 S0 o X PP A MGF
FLA R 5 10 0 1 20 e 14 5 R T2 A% 1

H AT MGF ZRE RO 92 ik 7R, MGF B8 B 12 11
P HER 303 5 (LA P A=, FF A R X R T g A2
T MGF 36 T WUPR A AL F i J2TR 2 4 JIL T 4
s, Of HAREA0 e R, M= 5 LA a5 58
B AE A S IR AN IRAIESE T X — i, HL#E MGF
F1IGF-1 5Ly C2C12 BULAIME % B, MGF RE{2 2k
ARG A 3k, W OIGF-1 AR e ry 7k
FMI IR Philippe 45 #9525 .78 MGF 9 C 3 E ik
HA RS C2C12 AT R A Th BB, LAIAE A S 56 fil
FATIN A MGF o n] B85 10 77 8T 8% S5 (9 384 n
A P RS v ) A A M AR AT MC3T3-E L,
WEFERTH 45 89 des(1-3)MGF AJ RERYLE MG ME 145
S8 @R, FATIFH R des(1-3)MGF 1E— & I Hk
BE Y BN des(1-3)IGF-1 EL A B &5 iy 2 ik
MC3T3-E1 $5H /EH, H 10, 20 ng/mL Ay i
YK, 7E 50,100 ng/mL ¥ EE R X 40 i ) 4
PEERE FI U, 1 R RS A SRR, — T AT RE
FETEA A M3 5 (0 Vi B BIAE, 55— 5 TR T R S RE
FPE A R S 20 i R A SO A A R R I R e A G A
J TR S0 7R, 25 ng/mL (4 des(1-3)MGF % [ [f]
BT des(1-3)IGF-1 X 4 i 7% 14 fi A FH 3 Ay B
. HETXF MGF 5 IGF-1 R KM RE 2 5,
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FEIN N EHF MGF 1) C i B BRFTE, A M40
RIFAAE—F E IR FRIRSZ 4K, [H K MGF 7] GEAN 18
i IGF-1R #1715 555 5, WAFE s 55 5%
W%, JF H MGF i i 7597 40 i Hh £ 4k 2 (IR R R 58
FIHE I 4 )8 26 11 22 G0 1 e i kA i i s 1210

ARSI R, RATE A RIEN MGF K1)
des(1-3)MGF H & #1009 A= P03 v, 848 B %t
MGF #E47 5 R A B S5 F R D BERFF 5T
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