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AAEHIBRE R AN TE TR . Nm23-HIBE R G5 M e 55 S iR BB A BV R . RAOTAITHC A E T om23-Hl
1955 & JERNA ( short hairpin RNA, shRNA ) A& L) K n] HEHT L shRNARE A [1nm23-H1 1 cDNAR KR A, 7k
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A549/nm23-H1-shRNA ( FaE i Eknm23-HIFER ) , F ] Western bloth R EA [ 2848 A nm23-H14E [ 321k, &R
IR EE T shRNAHGHT Anm23-H1* | nm23-H1™® | nm23-H1™™ | nm23-H1°"™¢ | nm23-H1"® S0 [ AN geas R A%
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[ Abstract ] Background and objective It has been proven that nm23-H1 gene was a tumor metastatic suppressor
gene. However, it’s molecular mechanism of suppressing metastasis remains unexplored. There is a closely relationship between
the abnormality of stucturs and functions of nm23-H1 gene, and cancer invasion and metastasis. We have constructed the vec-
tor with nm23-H1-shRNA and the vector with nm23-H1cDNA resistant to the specific ShRNA. So, we plan to construct shR-
NA-resistant eukaryotic expression vector of nm23-H1 gene by site-directed mutagenesis, rescue experiment was performed
to verify the nm23-H1 gene expression, and to provide basement for studying the biochemical mechanisms of nm23-HI gene.
Methods Site-directed mutagenesis of nm23-H1 gene was performed by overlap extension PCR method. Pure plasmid con-
taining gene of nm23-HI (shRNA-resistant) was prepared. The desired five mutations were constructed and cloned into the
eukaryotic vector pcDNA3.1Hygro(+). The human lung adenocarcinoma cell A549/nm23-H1-shRNA (stable nm23-H1 gene
silencing) was transfected with the five mutants, and the expression of the mutant proteins was determined by Western blot.
Results Five eukaryotic expression vectors (shRNA-resistant) of nm23-H1, nm23-H1%*, nm23-H1%%, nm23-H1™'"*, nm23-

H1%6, nm23-H1"**"% were successfully constructed. The results of DNA sequencing confirmed that the base sequences

AT 2 E R 973" H AT H (2010CB529405 ) | [E58“863”H KT H ( No.2012AA02A502FIN0.2012AA02A201 ) . [E5 H AR K40 FIi H
(No.81272359 ) FIHhEGEPRA1EDH ( No.09ZCZDSF04100 ) #E 1)

FEE A 300052 Ky, KM FE R 5 I oM R R S0 s, R @asE T, RER RSB ERE GaIEE : JHESE, E-mail:
zhough135@163.com; ik, E-mail: zwulster@gmail.com )
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of the genes were completely concordant with experiment design. The expression of nm23-H1 mutant proteins was verified

by Western blot. Conclusion Five eukaryotic expression vectors (shRNA-resistant) of nm23-H1 gene were successfully con-

structed, and the mutant proteins were verified. The site-directed mutagenesis technical of overlap extension PCRis a efficient,

simple and economical method.

[ Keywords ] Nm23-HI; Overlap extension PCR; Site-directed mutagenesis; Western blot
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WL, Ry nm233E R KR8 i b 2 — 2, %35 A
KM Z LBV C, SRR .
nm23-H1HAG ZFEGEIIE TS, Haaf 22 2R B
KOV H b S A M I REA G 118 YA R R 2
NRNEAR, WRAZT BRI, (B e H
TEIN R DBE s 9615 Ay i 2 iR 5 A8 hy 22 24 iR F1 12015 ) 22
QIR N H AW T AT RIS 1, ek
T RS Y HE R L RS IR M, AN R A E B
FE B GEAR AR T LA I M O e ) bR Y A 2
178 i, A0 HE S SEH PCR Iy 244 HEshRNA

( NM_000269.x-9951c1:GCGTACCTTCATTGCGATCAA )
LA nm23-H154 | nm23-H1P | nm23-HIMF | nm23-
H18120G | nm23-H1Po65$1206 1 A8 AR FLAL Fe ik H AT B ik
HFek, I R idE— 3878 nm23-H L R AE MR (5 515 %
TR A 23— BT 24 A

1 R E

1.1 MKk pcDNA3.1Hygro(+) FH A 5206 25 (R 175 T Fb
KW EDHSaly At 5t 2 X G EWHE ARG RA A
pcDNA3.1(+)-shRNA-resistant-nm23-H1 FH A< SZ 50 25 #4) 4 ;
PCRJZ 5 &4 H Roche /A F] 5 Goldviewlld H AL FE H
BN E] BURERBGR A & . PCR bR & . B
MR & . DNAZE RGN 491 3 QIAGENZA H) ;5 iR
HIPEN VIEEBamH1 . Xballly [FINEB/A ] ; A% Markerll [
2% [E|Fermentas/A F] ; nm23-H1 AP, B-actin RPN H
CSTZ Hl 5 AR 34 Sy [ 7= ik 11 o3 M s 51908
L DNAI 745 i A R EE IR 22 RTS8 A

1.2 ik

1.2.1 JFORI R FEPEY 4 50k, HiSpeed Plasmid Midi Kit#2
WUBORE, ZRAME G RE (I BRIk B e 4l

1.2.2 It EEMESI Y MR ZSIY (K1

#2) , Wi GenBankI & M nm23-HIcDNAJF 5
(X17620) . HEESMEHPCRE S RAFEI | nm23-HI1KE
[H shRN AHEAT 28 25 i 3 7 51 & 2 /& pc DN A3.1Hygro (+)
K%, FF Oligo7 8K A4 AL B 1 XM 38 51 4 [z 4% 2R 25 5|
Yo MBS LR Y)0L S BamH1:GGATCC, T il#il
YIf7 55 Xbal: TCTAGA; 4715378 5553 3 b 44400 1 22 24 R
(TCC) RAENHNEIR (GCC) S44A, 9607 IR
(CCT) A2 58 ( TCT ) P96S, 11874 & R
( CAT ) Z7FNFHNZMR (TTT) HI18F, 1200724
M2 (AGT ) RAENHZEM (GGT ) S120G.

1.2.3 RABFN BEAFF R ASALE #F EE 3P CRILY
KT . B LAk pcDNA3.1(+)-shRNA-resistant-
nm23-H1RFBAR, 1E M35 FMEAE S Y RmN I
TSI AT PCRY S (PCR1) , ¥ RASNL 4 K
H WP S DNAR B, 7 Wdn 4P, (R LLBT AR
pcDNA3.1(+)-shRNA-resistant-nm23-H1 A, DA%
AR5 | W) B IR [ M3 5 MR K bR U5 9117 PCRY”
W (PCR2) , ¥ & RN TIPS FIDNA KT
B, P4 NP2, HJEIPIAIP24 1 LB, LU
IE L R m i E S| P ERR A E RS 1T 3IKPCR
P34 (PCR3) , FHAMUG| Pk 1A P2 DR 82 1M A 5 58
AFE S H B P8 . PCRICN BT A28 ul: 10x
Buffer 2.5 uL, Taq DNA polymerase 0.5 uL, dNTPs ( 10
mM ) 1yL, 1E. SE51% (20 uM ) 0.5 yL, b5
*ﬁpcDNAS.l(+)—shRNA—resistant—nm23—H1 (230 ng/y.L )
0.5 uL, BEAPI, P24%51 uL, AFHXGEKENE . PCRIE
REAEY R94 «CHIZEE2 min; 94 °CAETE30 s, 60 °CiR
k30s, 72 CHEMf4s s, HL30MEIR; RKMEHIE, 72
°CHFIES min, 4 °CZ LA, FHPCR™Y)2lifb i &
B3R PCRIF I LS 5 P 2lidls, 28 196 350G W B J Ha
KEE (El1) , SHMFBER/AN (459 bp) #HFF, 1E
nm23-H1HF R Byl Al WL —2%45, N HHNDABE R (71
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=1 ME3M
Tab 1 Outside primers

x2 RE5|M
Tab 2 Mutation primers

Primer name  Primer sequence(5 —3")

Primer name

Primer sequence(5 —3")

F (GC)GGATCCATGGCCAACTGTGAGCGAA Fm44
R (CG)TCTAGATCATTCATAGATCCAGTTCTGA Rm44
Protective bases in brackets, the restriction sites were Fm96
underlined. Rm96
Fm118
Rm118
Fm120
Rm120

GAAATTCATGCAAGCTG(T)CCGAAGATCTTCTCAAGG
CCTTGAGAAGATCTTCGGC(A)AGCTTGCATGAATTTC
CGGGGAGACCAACT(C)CTGCAGACTCCAAGC
GCTTGGAGTCTGCAGA(G)GTTGGTCTCCCCG
CAAGTTGGCAGGAACATTATATT(CA)TGGCAGTGATTCTGTGGAGA
TCTCCACAGAATCACTGCCAAA(TG)TATAATGTTCCTGCCAACTTG
GGAACATTATACATGGCG(A)GTGATTCTGTGGAGAGT
ACTCTCCACAGAATCACC(T)GCCATGTATAATGTTCC

Normal bases in brackets, the bases for substitutions were underlined.

1.2.4 BEA0 5 (P96S-S120G ) 2878 7k LLF Be K/
FFHInm23-H1™SPCREAL ™ W) WA A T 8 B SE T PCR S
N, AL BRIFHT

1.2.5 HMWER B S8R EZE 3K
pcDNA3.1Hygro(+) X PCRAIAL W) #EA TBamH1 . Xbal X i}
YIRS, BV F=H ik aife, DIDNAM BAH] g
W RIS S DHSa KA . 200 pLEE R
URAT T 77100 pg/mL2 N5 8 R LB A, 37 CREIRIL
L, PRBUSH Y5 /N

1.2.6 %YL N Western blotdiFnm23-H1#E (A5 8miAL:
H shRNAHKHT nm23-H 135 PR 51 41 2 738 o hr s e e e U R
nm23-H 1K PR 3K 1 il 6 41 M Ak AS49/nm23-H1-shRNA,
48 hJF AR LR S PR USRI WSS iE1712%SDS-
PAGEHLJK. 100 VFEET h, Hinm23-H1HB-actin—4i4 °C
PFE R, PeE IR PR E 1h, ECLEY .

2 &R

2.1 RARKFEWPCRYE T BRI L uL AR, DAIF
iEL mEIh RS Y T PCRY I SN, TR
AT 19635 R W B J L VRS I, P45 B 5 H B SE R RV
(459bp) HIFF (E2)

2.2 RASEAIRDNAN FLE R M4 B S R AR RIA 1A
o7 5 5 A8 B4 shRNA nm23-HIKEK , ZDNAN 5
IE, BILR ARSI ST 5E 45, HUshRNAGLIL T 5]
KEAEUE (E3) o

2.3 shRNAJKHUnm23-H1 5L PR H 21 5848 ok 5 Ye ik 52 S 56
B shRNAHEAT nm 23-H 135 PR 51 41 28 738 o hr s e e e U R
nm23-H 1K PR 33K it 6 4 O FRk AS49/nm23-H1-shRNA,

48 hJE WK 41 I 25 11 /FE Western blot#G il , Wonk&E T

nm23-H1E I IEH £k (F4) .
3 it

FETFPCRTIE M R A SR AR AE L R RS (a5 5 |
ARAE, A H B AEDNARF S BB, JEAF 5T 3L N &
FURZEH SR Z M6 R A 1 TRV, EEMEMPCR
HARRTEANEY, HPCRZYZ MR E S, M
FE B 738 521 Fp 3 ik T SR 1 S (R R TR R TR
W Btk R SCHEAE T2 AR 5 [ W T
HET TN 20 IR SE A AT, FF B P) A Tm (B 1
IR . AR F FPCR AT ATEAR SN AT A5 2% i L [ =
41, FERTLEOEELS | Py A BR fil v Y07 4, wT A 5 AR
BRI R B e e ) H IR b, RS & )
BEHH AL IR R AR L R E . &%, A REE T
G AR HLJE I e B M i . R PCRIL T A
TEATRRER S5 PR BRI, T FLS) SR sy, nI R X — 4
ARAR AR AT L b A 55 P U0 IR T 1) 3 X LA 3 1 7
Y, itz AR T2 o AR SEI R AR AR i 5 %
TERARG RN S |9, FEAEMIELS | At B 057 s A
Ty B 3] DU A B 55 2 1 SR AR N — AR o7 a2 AR 2K
T, ZRUE ST

Nm235 [R5 5 [ [ 37 A WIS T 119 Steeg 155 T 1988
AF FHF D844 52 53 B8 1) 5 1 i 1 7V K-173 S/ BB (8 088
2 AR I & B0 85 R B cDNATERE , B R fE2 M
o 4 I Bkt H mRNAFR IR BTSSP A~ i 4% 4% 20 LAk 5 10
¥, RS 7 B 1 KOE BRI P A 2R R B, Nm233E
RN mEREE RSP S E KR, T 2AAET
M. BERE . M. . R ASHEN AR Z Y
Fpz i, 384 NKnm23B AR EE 2 LA AL, B
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N

Fig 1 PCR amplification products were obtained by an overlap extension

PCR

nm23-H1** nm23-H17%%

nm23-H1°'%%¢

nm23-H1"e

nm23_H1P965—S1ZOG

A
w@(\‘& o 9 ‘(\\\q’% ‘\5\1“ ?965’{’\10
Y NI\ SN \
I\

500 bp

2 ERPCREKER
Fig 2 PCR amplification products from the bacteria

B3 MFER
Fig 3 Results of sequencing
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A
Vector (3 ug) «

nm23-H1

B-actin

B 4 A549/nm23-H1-shRNAZRRE F B 48 ki ik S 236, SxfERAEMRLE
nm23-HERE AR ERAENNM23-HIEANEFRIE

Fig 4 shRNA rescue experiment in A549/nm23-H1-shRNA cells
analyzed by Western blot

nm23-H1%nm23-H8, Hinm23-H1W %! 5 A Hhigi iy
R ORI R NEY], HmRNAHS33 ML H IR
M, FEAE AR EA12 MR R, ST i
FRIMF-A (NDPK-A) , 73 F 2 R17kDa, ZHEFEA
Ol P9 2t o Vs B AN S T Jie e /NP g 70l

12 281 B 2 WM e i) B AR W2 AR, e R
R BB ET A R . Nm23-HUZ 3R — Mk B
F14) B L (1) e e RS AR S IR, i i (=28 e A 1 B
FIHEZ AT A S5 A5 8 TUESE, BRI g
1RFEERAVER M FALME AR 8 TR e, [FRE
TENBRE R FERET ST R, nm23-HIKE R PR AR 3 <55 R 41
T GRE AR R, A A 0 56 R o R 8 45 U
FETR ) Rk DT Pl i 4 B 1) 1R 8 B 3R, RS 24t
PG A Z R A 3 RE, (HCAE R (R 22 5 R e
F15 T 53 FAIL o A BB

ARSI 2 F ST TR B 40 B B JRE % B 4 ] 3 A
nm23-HARFRIK | 4G PEBR IR NI A 5 s 1) i S o M F
TR AN R UIMSE, HgmSE AT iR - A i
TGV R RETEAD i Biles (= 28 4% Jr B AR, e
B 5T B nm23-H 13 K i 26 11 5 3> S R
SN . AT R AN 2 R A 1 A A 2 R Y
M, I HACHR B, RAEM nm23-H1 B K 7
MR ER . MG S SR EAA 2R e, Ha4
7 22 B4 TR W B R Ak K -5 L b 8 e B M il Dh e A7 G
L1SHL L Z MR R RN IR , & R A% T BRI I
TEVE, AASE I 26e ;o6 (A2 RR 288 K
22 FA RN 1205 [ 22 28 B2 5378 R T A R MR B T A% 17—
WEIRIA I TG, T2k T A SRR 1) B 1 R IR 5% RE Tl T
PEo ARWFFEHE B AN E SR AR R IR ARG

Rl v, LhshRNAFEHL fnm23-H1cDNA AR ] &2
JEMIPCREGARFYE T shRNAHEHT 1) PU 4~ B 55 58 A8 2 A4
—ANERA PSR RIR, U ATIREDR, FFRUE
THEARE, I F— PG shRNAFRHT T AS49 i 2
BRI S nm23-H 1 DR g e R 100 ) B At A 5%
FHI AL ZEE T

2% X W
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