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8 E 8 & K B F midkine B € 5 g R IRZRIE

ITH, ARE, BH#', WFB, A, THEE, Kep'
(. 0 B 25 0 2 2 B 59 00 28 5 7 AT % K 0 266003

2. W SR SR, IR W 266071
3. EF MR ACE B I o IR H S 266033)

TEE: h#t— P K F0EF H midkine( MK) f& K 7E 5 oh 6, 3 F W0 & 6 £ K HF MK R #
R#TEEKERFER KL, RE KNG E T EDF A, L% F A SOEing PCR % xt
HE MK R K AT R R R, W B W R E B R Bk MK £ 2| 36K R R pET32a
(+) M98 A% %3k # 4k pET32a( + )-MK, 3 %2 ¥, £ kK 7 #F # BL21(DE3)pLysS # # # . SDS-
PAGE £ R E =, 5 HAML, ZEIPTCHF S RA G+ R EFHELZO MK EETAHATHE L
HRE,FHEN ST REA N33 ku, FARENA, REH T H &K H T midkine K 3 347
TEERE ERRARBERGWEFEAGHEFERRA, EXEUTEHRFE
KR FEEH; midkine; R KL BEEH

hESES. Q781; S917.4

midkine( MK ) J& 1988 4 fff Kadomatsu 2" 5
TR IME) RN R RS G HAERK
N1, 5 Z &8 3% H 7 (pleiotrophin, PTN ) J& [5] 2%
o R B PR 2H AR 2R 8L, — 7% [6]J& T Midkine X
Wo TE/N BRI, MK 7E MR IG & & B T2 &
ik A G FRAR R, TR 2 2 AL B RN 22
Tologes 240 e o e 3R, A s L e R S R
N T SR, 1E BE 5 £ ( Danio rerio) AT
i ( Oncorhynchus mykiss) 93 1776 5 f# MK ( mka
mkb) AN [FE T LW TEM G &K BRIk
1K, BELh f8 mka A mkb [958 H A 23 Al BE S,
H AN IG & B IR A R v 8 A A AN T
W IHFLE P 5 a2 MK #E D) g L T RE A7 AE
HrH,

AR A R KW, MK B Z R 49
“FIRE T RE L HE IR 40 AR A R oAb e R b
G KB AT LU K P b 2T i A A
B IE AL HE R o i AN AE 25T 55 4, MK 2 55 i R
M 1G B AF S SR RSt R . MK Y e SCEE
AL AZ B2 RE A R0 40 ) /N B 45 1 g 40 B 1 A

%5 H #5:2012-02-08 &8 B #§:2012-12-23

XA SR A

RO A 95 AT e SEL bR EL 2 T LR o i
A KAV RS X B8 B 5 R ) UESE T MK B AT i
ARETAEN . EAK, MK C 25 k8%
TE N B 22 BB 16 I FP IR 5 A 4 748 A, )
FH T 1 IR B4 e DR 32 W TR T VA DA K BT i R
B ko BT B R AT S, MK R &
IR R PRAJE S A PRIt i Ay ] P A0 2 5 O T 118 6
Z—tenly

(03 th, BE T g0 AT B 5 75 BB ( Carassius
auratus gibelio) % Z AW Fh i) MK & #% 78 [ 1 oF
T TP IRem o . 7EBE G & & i # v,
mdka 7E {45 R 24 v A DX R Rk, 5 A
T AN LA 20 i 234, T mdkb W 2658 T #h 248
DRI, i 0 O A0 B T S R
1, CagMdkb 45 [ TE MR L T2 43 A, 18 1415 i
FENL T — X E K& T b, IF B S &
CagMdkb 7 S50 5 B MBI % 7R 4, BCMEZE
REH, 2h MK BA AT FL s 22
REFIIHPE' L Y24y 1, 4 £ 2% v R LA E 1Y
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AT T MK 3 R 75 A7 7E [F)FE A R R D RE G
P, Tt — 0T MK R HAT B2 5

A S 38 N E 2R 14 F 9 5 85 cDNA SCJE
Hf 445 T MK cDNA 2 <, & B AU A i
MR Rk JF S 5IRIG RIER R B R i
— W FE 1 B MK R R DR, a6 54K A
AAEY WG ER MK & A, H G, A 5T
SOEing PCR Jj ikttt MK JE [N, b4 it Ji A% K ik
A pET32a( + ) -MK, 38 i 5 5 K 18 M 2 415
AEPEE A E B MK, 5 o D e B E
TR A S Rt

1 MRSk

1.1 ##E5iKF

KWt DHS5o \BL21 (DE3) pLysS | Jfi#% 31k
Rk pET32 a( + ) ¥ Z AL 50 % i ; Pfx DNA %
4 T, DNA % £z il B4 ) VI EcoR 1% Not
[y { Fermentas 23 ) ; 5 N-D-fi 14 > LB
(IPTG) Iy H Promega /A ] ; Bitfg 3 W b4 1
ok 5 DNA B i RS 0 & [ R AR A
JIK o3 F b o 2K (1 W [ b R R 22 A R A
7N [P s 95 R i B o s T

®1 MKERBERRBY HESY

Tab.1 Primers for amplification of modified MK fragments

514 % Bk Fea(5'-3")
pimer name primer sequence
Mk-F1 CGGAATTCAACCGCCGCGCAAAGAACC
Mk-R1 GTCGCGCAGACCTTCACCACAGTCACCGT
Mk-2 TGGTGAAGGTCTGCGCGACGCCACCTGTAAGGACCAGACCACCCGTATCAGCTGCCGTA
Mk-F3 CGTATCAGCTGCCGTATCCCGTGCAACTGGCGTAAG
Mk-R3 TTAGCTGGACTTCTTATCACCGCGGGTGCG

Mk-R4

TATGCGGCCGCTTAGCTGGACTTCTTATCACCGC

1.2 KB/HIE

HEZVEIER 44y ARG A S5 28 AT Y
MK 3K 4 ¥ ( GenBank % 5% 2.JQ619874) , F| H
Signal P 3.0 server X H 475 5 BRI . 3 K
Jo kT R W %% 19 % B -, F) il DNAStar, Primer
Premier 5.0 ZE3 1AL 6 MIER R B (£ 1)
(AT N TI 8 iE )G r) MK a2k 2 14
%], Ho Mk-R1 5 Mk-2 Mk-2 5 Mk-R3 43518
19 1 16 bp [ . 4b 751, 4 45 H B 4E i PCR (gene
SOEing, gene splicing by overlap extension ) Z3K

MK # B # SOEing PCR 4 sk i
SOEing PCR & il MK MK 741 . fr 4 PCR
F I Y43 LA e Ot Bt S B AR 2R HEAT o

%—% PCR i 451 : LA MK cDNA 4 K Jit
BN AR , 4351 LA Mk-F1 5 Mk-R1,Mk-F3 5 Mk-
R3 WX 51 W4 e 5L R R B, SO Ay 94 CAE ik
5 min;94 C 30 5,60 € 30 5,72 C 30 s, GIEH 5
K1 C 4 10 ¥ ;94 C 305,50 C 305,72 T 30
s, JRFR 30 Y572 CHEf S min, & )7 BEERBE A6
00 500 B 1mT Wi 4393 iy 44 4 MK MIK3

55 % PCR [N 2511 - LA S5 5 1) MK1 \MK3
G M Mk2 SR A, L5 #) Mk-F1 5 Mk-R4
PIGRE R B, SO &R 94 T E S min; 94

€ 305,65 C 305,72 C 30 s, 753 30 ¥k ;72 C4E
fif 5 min, B 3R PCR 74 1 WL AR Al £ Uitk
4T PCR, JZ i %420 94 T84 5 min;94 C 30 s,
65 °C 30 s,72 C 30 s, 30 ;72 T 5
min, HLJKAL I PCR ¥ )5, B¢ 1Y PCR 4 Jf:
v e % pMDI8-T 44, I J3 % 72 741 o

Jo A% AR R ke 0y M Tkl E S EL
MK () Jfi ki 5 pET32a( + ) ki LA EcoR 1 FI
Not 1 WYIEEREEY) 2 b 5, B Y17~ 9y ik, 3F LA
T, DNA % 4% [ #F 47 % 2 10 7%, #% 1k 2 DHS o Ji&
AN, 2 HEATEHERPEMN LB B Rk
Bt Im  Pe B v e 22 PCR M, I 56 1iE # 2 Ay
21 R IKH AR pET32a( + ) -MK JF#41

ITAAHKRNHERBGEGNIEFFREA
W & A 2 R IR UK pET32a-MK iy % 58 42
WsRE , I % Ak ik fE 3278 BL21 (DE3) pLysS, 7E 4%
WS 100 pg/mL 2 N5 % R 5 34 pg/mL 5
HEM LB VAP ;5% 9 DL Mk-F1 5 Mk-R4
11T PCR I, i 6 T2 B AR IF 005 84 42

PLpET32 a( + ) 25 JiURL 5% A+ o BH % ) B
P TR AR B S RE 2 AP T LB B R W (% 100
pe/mL Z REHER T 34 pg/mL FHHK )37 CE
G, B ALTE DL 1250 BER T 15 mL fY
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o 37 %

LB} R (7% 100 pg/mL N HFH RS 34
pg/mL R )37 CREGHFR, 2 OD, 7 0.6
W07 S 0 57 9 k- -D-B AU FLMEF (IPTG) 2=
AW FE 1 mmol/L,37 TS5 8 h, W\ 437
EESE0.2.4.6 f18 h Bt 1 mL F,6 000
r/ming5 0> 5 min W 4E 40, 2 15% SDS-PAGE
HL YK 73 B H A 3 LR AN [R] 5 18] 9 208 1 B

P53 2 h 5 .0 IFPRIBOR 42 I 1 g (10 ~
50) mL % b ) hn A 2L & % ( Tris-HCI 50 mmol/
L,EDTA 20 mmol/L, NaCl 100 mmol/L, Triton-
100 0. 5% ) B 40 I, I8 A5 I A3 0 4 i, 12 000
r/min, 5.0 10 min YA R BRI L TTVE, &
15% SDS-PAGE g3k 704t H 19 8 H 1y R Ik 3.
2 %
2.1 SOEing PCR £ HRIE A

% —% PCR 45 R4 19" ) Mkl F1 MK3 #FA]
DLV WA Y A e P A CIRT 1-1.2) , DT [l i 5 93
WEARFT R H B R BOS , 24755 % PCR, e
P45 ) — 2% 400 bp o f B AR SR A (I 1-
3), F BER/NE BUBE AR, B, % R B
HEAT B i W 5 M vl vkl Il 28 R AL S

Mk-F1

I, 22 BR324 5 1k 25 B 9 A2 I 1)~ 28 7 65
MK 38 A T R PP 31, WO A7 i 2 SE B T o
RAL I HARFIA AL AL (& 2) , gl T )
JY B 0 I R RS R TR AR

M 1 2 3

1 SOEing PCR ¥ 1= BBk &ER

1.5 —% PCR §" #4724 MK1; 2. PCR ¥ # /=4 MK3; 3. %8
T PCR &4 #7 ¥ ; M. DNA marker( DL2000) ,

Fig.1 Electrophoresis analysis of fusion

products by SOEing PCR

1. PCR product named MKI by the first cycle; 2. PCR product
named MK3 by the first cycle; 3. fusion product by the second
cycle; M. DNA marker( DL2000) .

CGGAATTCAACEGEEGEGCARAGAACCATARAGGTARACAT GAGAARAGT GGACAGGCCT
N R R A K N H K G K H E K S G Q@ A

Mk-R1
CAGARTGCTCTGCTGCAGAGACTCGATACGGGAAGTGTGTTCCTGGTCACGGIGACTGTG
s B ¢ s A A E T R Y G K C¢C V P G H G D C

o ME-R1 Mk-F3 .
GEGRAGGHEC TGEGEGACGCCACCTGTARGGACCAGRCCACCEGEATCAGC TGCEGEATCT
G E G L R DATTCE KD QT TR I S
Mk- F3 -
CBTGCAACTGGEGIARGGAGATCAGTGACTGTAAGTACAAGT TTGGAGCC TGGGGACCAT
P C N WR XU ETISDTCTE XY KF G A W G P
GTGACTCTACCACCAACACCAGGAGTCGTTCAGGGACAC TGAAGARAGCACTGTTCARCG

c b s T T N T R S R s ¢ T L K K A L F N

Mk-R3
CCGAGTGTCAGGCTACAGTCAAAGTGACCARACCCTGCTCTCCGAAAGTCARGCGCACCT

A E ¢ @ A T V K Vv T K p C S P K V K R T
Mk—-R3

A A

Mk-R4
ECGGT GATAAGAAGTCCAGCTAAGCGGCCGCATA

R G D K K s 858 *

2 ZYiEE MK EEMEHANSERF T

&0
17

120
37

180
57

240
77

300
97

360
117

394
124

JIHLE A 43 B N EcoR 1 K Nor VEEYIAL AT, FH 5% A8 US4 B , 35 Sk 7 BT T 5 1 0 000 8, ) 4R BT 48 15 910 O 6 i) MK2
Fig.2 The nucleotide and amino acid sequences of MK gene after SOEing PCR modification

EcoR 1 and Not | restriction sites are highlighted in bold. The nucleotides changed by SOEing PCR are shadowed. The synthesized Mk2

is marked by dotted line. All the primers are shown by arrows.
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2.2 REEHREFHPERE

JE% A B B AR pET32a-MK #{k DHSa %
AN, FOR SR AT B D)2 %E (1 3) , 5 % BE s
KiAA L, pET32a-MK it A7 XUEG ) J5 47 400 bp 72
A7 B AT o R 2 0 56 UE A BH A e 4 IS
KiJa , ¥ AL K AT BL21 (DE3) pLysS a8 k5 &
7% PCR i 16 PH P v e, 45 28 e BLFH R 100% , H.
Al —2(E 4) PRBC L S B AT I Y 25 R R
R SR T i H ) OE BB 5T A A R A
I R A R T - 80 CLRF A

100 bp—

B 3 pET32 a( + ) %1 pET32a-MK &L 19 W EF 1] 45 8
Fig.3 Duble enzyme digestion pattern of
control vector and pET32a-MK

M 12 34 56 78 910

Y 11111115

N

B4 E%EPCREZEHMRE
1 ~10 ¥ ¢4 & 4 # pET32a-MK; 22 [l #£ 7 [ ; M. DNA
marker( DL2000) ,
Fig.4 Identification of recombinant plasmid by PCR
1 - 10. all positive clones detected by PCR; M. DNA marker
(DL2000).

2.3 EAEANFSRIEMABESN
V-0 36 F S A9 BH P 2 3% 5K AR O Ak LB
FI4 IPTG 3 RIK  HIBERF 024,68 h [
ZRRAE S 0.8 h (4N B & LA 15% SDS-
PAGE il , 25 5 7, 55 BF M 0 i 2 2 0k 32 5k
YRR TR ARM L, A FARRRE SR 2 h 5
BITF 4R 76 4% 7 &8 K24 33 ku b A B B 1Y 3k 45
W, 8RR/ NS HEM A B — 3, B Rk

Bea AR, 28 A 2 (E5) . I, %)
AN E A R B R Rk, B S R

2 h,

75 A A T R O PR R R 20 i) BB 9
W ULFEPEAT 15% SDS-PAGE f5: ], 45 R 7R 5
HEAZHET LFRP, Wl EERIE(E6) .

1 2 M 3 4 5 6 7

ku

94 g : ;m

70 — rerm.
L 4

A - & . g

40 7T 0 - »a EAK MK

% - ‘SaniREE-C
R

25

16 -

5 AEFSHETEAEZER MK RiZH
SDS-PAGE 43 #f
1. pET32 a( + ) & FRL AL F RS 2. pET32 a( + ) % Fik:
AL TiES)E 8 h; 3. AW REES; 4 ~7. A WKL IPTG
V535 2.4.6 18 hy M. w43 T4 8 1 marker,
Fig.5 Expression of fusion MK in E. coli host strain
BL21(DE3) pLysS at different induction time
1. uninduced control; 2. control samples collected after induction
by IPTG for 8 h; 3. uninduced samples; 4 — 7. samples collected
after induction by IPTG for 2,4,6 and 8 h, respectively; M.

protein marker.

M 1 2 3 4 5

ku

100

S0 - . - BARFIMK
fusion MK

30

6 BHHBAFSRIZEEXH SDS-PAGE i
1.pET32 a( +) ZE PRI AL T R)5 2 h; 2. BARKE G
2 hy 3. EH R ARORYE 5 4. BE R L 5. R R UINE 5
M. F1 /4y F 1 & 4 marker,

Fig.6 Determination of the fusion MK solubility
1. control samples collected after IPTG induction for 2 h; 2.
samples collected after IPTG induction for 2 h; 3. uninduced
samples ; 4. sonicated supernatant; 5. sonicated pellet; M. protein

marker.
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3 e

WEEE5EKNT MK B2 MY 3G
PR, W 28 SR 40, 2R 4 AL, i 45 AR RN B0 T T
45, HETE N 2 Mok 1R 97 Hh B AR A9 4
. AP MK B H S 121 DE Rk, 5 &
Bl P 2 R A D R, 2 — 13 ku 1Y 23 0 1
MHEEGERKKE T, EAPFREY, MK JE R
Rk, DT 25 A 2 32 1k B & IR B B RPTPR/
PTP'" . AW}, MK t1AE %% MAPK HI PI3 34 i
WA . MK A] DU SR S 8 i 41 M i i 7%, X —
AT % MK 454 3] RPTPR/PTPL, i MAPK
wa L P MK & s TR E N,
BA— XAz (& PTPL 6 A 0] 2D (1 K 2 R 5%
R SEHEA 10 A E AT R E R, —
B RSF L R AETRE D AA A 22 55, T 25
AR N X Py g i — 22 i WE Y, A T Y
MK 25 D)2 5 26 0 50 i) L

KGFFHAE R FEHN TR E RPN ERERR
g8, T HA A AL, A R BB R LR
B, SIS D 3R B 7K &, PR R IR LA, & T
P A A R H AT R R AMIE R A R IA R
G50 ANIREE D AE R I AT B R R K% 2
Pl R 2R S, Herb ) fly T DR A W ) 3 DR X () S
B B8 A AR REALYE ™, & K AT 1 A
FH - 1 BAZ R AT e AE K AF 1 TP A A B
M. % T IR A, AR 9256 1 ] SOEing PCR
Jronr H B R AT T o o AR R K I AT I % 65
TG ARSI A BT AT X 51—
Bt 59 bp KR B, =& Z 4514 19 Fi1 16 bp
{1 B 04y, [ kSR 5 AR L Pfx DNA SR 4 i
/> PCR 5 & JE {1 3o R o (1) 85 152, B ) 6 e 1 B85
MK BT ) HE 4T T e 58 A8, AR AT T % T
it 2 P B A 2 AR AR o 3% A TR A K, R I R
AR, FTAE R —Fh o M7 s H T AR S A R B
R FEDR R K R B R o A
W5E, RV 2 3L B B 7 B AR A T — R
HRATI SRR AR

BARFEEREREARZ IS HIEZER
e N A 20 B b Rk R FE A A B 1V 2 R A
Bl an sl b B s TABM RS, A EE A
WARTE A7 AR, B A 0 52 M EO 3 TR X 55 46, IE 1 1B
PEE 18 M AR R TE F A R TR B ]

R LB Rd v o N 2R AUk MK A% 26 35 2
(NS RN ES o 47 A N S s S DR IR R = w
a2 AT AL AR A A T S AR R A
T 10 1 5 5 Ty e 6 F A B i o

ASLgn TR S MK A 10 A4
1R BE DR ST 19 2 e =R, 78 73 7 N B BT it
S, UL R AT L R A% R IR UK pET32 a( + ) ,i%
AT A S Tag His Tag Ml Trx Tag br%, L S BE
1N T8 R O 7 Ao BRI IR I AR ) Tex FH Y
HE AT RS R, ] gL S O R H
P 2R 1 E B AT S, ok L A R e B TR AT
. His Tag Fl S Tag ] H ¥ 5 41 & [ 1% 5% F1 4l
fb. LA e Western-blotting 46 I , %€ IfiL it 1 17 54 1 37
ST TR La G 75 . 8 S8R 3 0 4K
R ARSI o i R B 4 T MK R &GRS T
B 5 30k, W 8 MK UK 13 ku 5
BAAPR AT 20 ku fl G R IKZ N 33 ku i E 4L
AL EEUEIE A, RS HEAE
F MK 3Rk 84 i A8 g 1 ] 35 T8 =X i o 3R 56
RWEGE T MK [ 25 74 R D RE 28 T Rl
FEA S0 A B Al b, v]3d o 4 R Al 5
RO T A i 25 A S A L R G T 3 2 3R 7K T LA K
R VR R b i 3 R 3R R AR AL SR 2 R
X, — L RE i & ik K+ MK 1) 6g

S 3
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The site-directed mutagenesis and prokaryotic expression of
midkine gene in Cynoglossus semilaevis

WANG Yanan'’, LIU Xudong'’, MU Linlin', LIU Zhipeng', LI Chunmei',
YU Haiyang' , ZHANG Quangqi'*
(1. Key Laboratory of Marine Genetics and Breeding ,Ministry of Education
College of Marine Life Science ,Ocean University of China,Qingdao 266003, China;
2. Ocean and Fisheries Bureau of Qingdao,Qingdao 266071, China;

3. North China Sea Environment Monitoring Center ,State Oceanic Administration ,Qingdao 266033, China)

Abstract. Midkine is a kind of heparin-binding cytokine, and it promotes growth, survival, migration and
other activities of target cells. The expression of fusion protein MK will facilitate further studies for its
biological functions in half-smooth tongue sole ( Cynoglossus semilaevis). Based on the plasmid containing
full length of half-smooth tongue sole MK cDNA sequence, the site-directed mutagenesis of predicted mature
MK sequence was successfully obtained by SOEing PCR method according to the E. coli codon bias. After
being confirmed by sequencing, the resulting gene was cloned to the vector pET32a ( + ) to yield an
identified recombinant plasmid pET32a( + )-MK, which was then transformed into E. coli host strain BL21
(DE3) pLysS. SDS-PAGE analysis revealed that high level of fusion protein MK was induced by 1 mmol/L
IPTG at 37 C and was mainly detected in sonicated supernatant. The yielded fusion protein MK was
approximately 33 ku which was in accordance with the theoretical molecular weight. This study establishes
the basis for further study for its detailed functions in half-smooth tongue sole.
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