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Construction of eukaryotic expression vector pEGFP-N,-BMP: and its expression
in human periodontal ligament fibroblast cells transfected via ultrasound -mediated microbubble destruction
ZHONG Lin, ZHONG Xiao-bo, ZHANG Yun-yan, et al.
(Department of Endodontics, Af filiated Hospital of Stomatology, Chongqging Medical University, Chongqing 400015, China)
Abstract : Objective To construct the recombinant eukaryote plasmid pEGFP-N;-BMP; and to detect its transient expression in
HPDLFs transfected by ultrasound-mediated microbubble destruction. Methods Total RNA was extracted from human placenta
trophoblastic cells. The hBMP, ¢cDNA was obtained by RT-PCR and inserted into pMD19-T plasmid. After sequencing the recombi-
nant plasmid pMD19-T- BMP; , the hBMP; ¢cDNA was inserted into the pEGFP-N; vector,and then the pEGFP-N;-BMP; vector
was identified by double digestion and transfected into HPDLFs by ultrasound-mediated microbubble destruction. Its expression was
detected by fluorescent microscopy and RT-PCR. Results The hBMP, gene fragment was successfully inserted into pEGFP-N; and
confirmed by restriction endonuclease analysis and DNA sequencing. After the transfection of pEGFP-N;-BMP, into HPDLFs (cul-
tured in vitro) by ultrasound-mediated microbubble destruction, it could be expressed transiently in HPDLFs, which could be con-
firmed by fluorescent microscopy and RT-PCR. Conclusion Recombinant eukaryotic expression vector pEGFP-N;-BMP; can be
successfully constructed and transfected into HPDLFs by ultrasound-mediated microbubbles destruction; and the hBMP;, gene can
be expressed successfully in HPDLFs. This basis provides a foundation for further studies in the applications of pEGFP-N,-BMP,
and ultrasound microbubble on gene therapy for periodontal regeneration.
Key words: periodontal regeneration; ultrasound microbubble; human bone morphogenetic protein-2; enhanced green fluores-
cence protein;gene transfection;human periodontal ligament fibroblasts
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ST, 8 P I B R R B R AT {2 i pEGFP-Ny % A S J&] Rk
2F 4k 40 i Chuman periodontal ligament fibroblasts, HPDLFs) i)
el ORAESY DL CE IR 88 19 -2 Chuman bone morphogenet-
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1.1 B FBREIME N YIEE EcoR 11 BamH 1, ExTaq [, M-
MLV ¥ %% 5¢ i . TADNA 1% 2/ . Bio Marker Il .pMD19-T %%
& RNA $2H0 ] (Trizo) (RT ik 57 &3 &/ TaKaRa 2 7]
7=l 2 X PCR mastermix i 36358 AR 2 &) 7 b, B¢ [l iz 44k

B BT DU ZE 5 A T AR A R AT BR A R, B R SR IR AR T
BNEME Yy gAY TR AR R 55 A BR A =) CRTFR b AR 1D
P ERWES YA i A e I B 3R 2 i pEG-
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DH50) HHH R ERFR A B A 5 B R A7 8 7 R 7 e
VEIT SCRTRR P TRt 1 5% 700 e 3 DG B R R 2 7 S AR A 5

A,
1.2 5k
1.2.1 B|¥Y¥it4 s L hBMP, # cDNA %1 (Gen-Bank,

NMO001200) M4 , #] F Primer Premier 5 #3144, %115
1 91 B RS 4> 3151 A EcoR I Ml BamH [ i) {7 54,
BIMER T . B (PD) .5 -CCGGAATTCATGGTGGC-
CGGGACCCGCTGTC-3"; F it 51 # (P2). 5-GCGC-
CTAGGGGGCGACACCCACAACCCTCCA-3", L) H i -3
1% S/ (GAPDHD SE R S N 2 |, iS4 P1:5-TGATGA-
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CATCAAGAAGGTGGTGAA-3'; F i8I # P2:5-TTCTTG-
GAGGCCATGTGGGCCAT-3',PCR =¥ 240 bp, B ¥ I
W T AL

1.2.2 JEEHFZMME RNA AER BUE KRS RIFH
JEAR AL 55 240 B . 5 BR Trizol Reagent #4948 FH 13 B 5 2 1
ARNALTJEHEAT 1% Bt AR W %8 15 0k O A 43 0% O B2 3
1.2.3 RT-PCR U HMEEHE 1 EH 5 RNA F %
cDNA % 1 5%, 2 RT Wil & 10 pL 7k R 3047, I %
.37 °C 15 min,85 °C 5 s,4 °C 5 min, #RJ5 KA PCR P
BH R IR L R RAR R H 2 X PCR mastermix 12. 5 pl. ERif
5194 1 uL,RT =¥ 2 pL, IR E 25 L. R 45194
CHIAEME 3 min, 94 “CAFME 30 5,55 CiB ok 45 5,72 ‘CHEAH 1.5
min, 30 MERJG 72 CFALEM 10 min, FT3E PCR =¥ k17
1 %6 B Wk U5 A Pl UK

1.2.4 PCR™Wigifb 5 PCR ™“¥4: 0. 8 Y0 35t IR b it
ATRE W # DNA BISCH) & 3 W1 45 047, M2y 1. 2 kb Y
By B, k5 i DNA gifbisfn & st W] 45 8817, sl B 59
HH

1.2.5 pMDI19-T- BMP, sl SRR KDL F Il i 44k
F) PCR F=# e A pMD19-T # ik s, 52w 14 & - [l g 4l 4k i
PCR 7##) 4.5 pL,pMD19-T #k 1 uL, &4 TADNA 3% 3 i
BB 5.0 pL, IRAJETE 16 C T RIS R . RIG B e ™
WAL DH5 o B2 AN B K 5T+ & 100 mg/L &R 5 %
FH LB E AR 3R AL - FIE LS kLS ddH, O X, 37 ‘C s
F29 16~18 h, BEALPR A K R AP 20 AT 37 “CF 200 1/
min RG I IR, W1 pl FHGEEAT PCR #1045 , LT 200
bp {7 & BB A R 5 B FH P s R, SR R JBORE /N del s
B HRIBUTRL, HEAT T — 5 W V) %5 8 . W P) Ik & . pMD19-T-
BMP; 10 pL,EcoR [ 1 pL,BamH [ 1 pL, 38 H 2% th# buffer 2
pL.ddH, O 6 pl. SAAF H 20 pL IRAIJG 37 CAKM 6 h, B
VI 5 L, 1 %% But i W 68 g R Uk 68 8 - 56 T PR P s B 6 1 R
AR LR IR R HEAT R A AE

1.2.6 pEGFP-N;-BMP, HEZREEMMHE 551420 L
R P 2 IF B B 56 [ SR pMD19-T-BMP, 5 pEGFP-
Ny EcoR | 5 BamH | P9 4) F it 47 WUEG V), BE UMK R AN T -
pMD19-T JF#: 10 uL,EcoR I 1 puL,BamH [ 1 pL. 38 FHZE ik
buffer 2 pL..ddH,O 6 pL, BARFA 20 pL; pEGFP-N; BTk 10
pL,EcoR 11 pl,BamH [ 1 pL, i 2 Wi 2 pL,ddH:O 6
pLs BARFUCA 20 pLs 5 LR B 7= ) 43 342 B DNA 4l 4k 35
B UL S U7 Al 8 B Y i Ak iy B A E M pEGFP-N, 4%
DIFIRRALE 16 CRb % RN, FEHAK & .10 X TADNA % 4% [l
Z i 2.5 uL DNA A E% 0. 3 pmol, # /& DNA 0. 03 pmol,
T4DNA %4 1 pL ddH O %2 25 pL, % # )5 ¥ 1t DH5«
RZAT . AR IR VS PCR %58 B U1 5 8 il ¢ 56 52
R0 1 BH P T . OB O ok £ 09 BH Pk 5 B Ay 4 4 pEGFP-N, -
BMP; ,

1.2.7 4RI FR A% A8k 5L 7 HPDLFs i
A%, BUES 30K 55 B9 HPDLFs 28 M€ J . 79 i & 2 . ik +
HH ABC oy 21 U0 Ak 25 0k R AT B 22 B L bR R A 2R A
iR g 0 % A AC G B 3~5 AR IH T 525,

1.2.8 WA & pEGFP-N,-BMP, ¥ 4t HPDLFs J& LA
SEYOLK M H M E R FE B 3~5 {C HPDLFs 4%
1.5X10° WREE A 24 FLE5 3= P9 (B[] g — L AL 1R, DL G
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PR Sk R G R 7 B T e R 4B AL A sE D) . & 37 C.5%
CO. ¥ H I 24 h, 4k 7096 ~80 %0 i, # A TE IfiL ¥
TohiA # i DMEM 8535 1) 200 pL, BALINABTRL 1 pg. 40
FEN 15 Y MO FEA R 1 MHL AR K 0.5 W/em® 54
T A R R AR S R A 5 2 0 SRS L 0 Uk B TR A L Al
JI0 i) DA 0 e 8 S sF ) Ry 60 s, [ B LA S 7 2 2 R 2 e s Joi K
pEGFP-N, Z1EX I8, AR dl G g 5 L, & 37 C.5%CO, B5 524
g% 4~6 h,PBS Pk )5, AL H M A 200 pl & 20% W R 4
L% A DMEM 85 32 %8, 16 37 °C 5% CO, ¥ FR i gk 4L 1 5%, 48
h J5 28 WA T W AR 9 3R [ I SRR L .

1.2.9 LIRT-PCREMBMEAWRE HEREMSA
W RN 7E 48 h 528 BIHEBUE RNALEL 2 pl RNA # iRk
F S UG s L cDNA 85— %% , Bifi J5 1647 PCR 971 , [AlH L)
GAPDH fE b N 2 B8, 2 W 1K & . 2 X PCR mastermix 12. 5
pL.BMP, b Filf5|#4 1 pL.GAPDH L F#51 ¥4 1 pl,
RT =4 2 pL, MFEAKZE 25 pL, N A5 R . PCR P=4 ik
AT 126 Bt i W68 15 P T

2 # B

2.1 JEFEEFRZAN0E RNA & B E K aifE i 4456
JESE A I BT 4R B RNA W 294 0. 636 pg/pl, OD260/
OD280 7 1. 961, 1% 3t fig bl 35 it ¥ Uk 7T DL UL B R AL (S Ry
28S.18S I 5S 3 A~ 2% , 1 i EL 46 F& 5%, e W BT 48 RNA Jfi
GIESEIE g

2.2 RT-PCR Y BEHAMIER LA I Z MM E RNA

AR, RT-PCR 4 8, J 7= Wy #E 47 106 B IS B 068 02 Hla 9K 76
1200 bp Ze A A 5 S P93 26l /NS B ARAF & 4R
Y09 BMP, B BLE D,

1 2 bp

1:Bio Marker [l ;2:hBMP: .
1 RT-PCR 7=#1#9 1% 35 B % 8 Bz B2 ik

1

2 3 4bp

4700
2700

1200

I

1 200

1: Marker; 2: pEGFP-N,-BMP: W V)74 5 3. pEGFP-Ny XU 1]
72954 : hBMP; PCR 7=¥),
2 EARMNEIR PCR EE

2.3 T4k pMD19-T- BMP, fil pEGFP-N;-BMP, )% &
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2.3.1  EA R AW EEY) B PCR %2 B4 ok pMD19-T-
BMP; % EcoR | #l BamH | XU Y] J5 1% Byt g i e e s ok mT
W25 1 200 bp F1 2 700 bp H ¥ &M, 5 BMP, (1 190 bp) il
pMDI19-T #ifk (2 692 bp) K/NMFF. 4 1Y B A% £ 5 # ik
pEGFP-N;-BMP; Jii ki 4 EcoR M1 BamH [ X EFI G 1% B8 B
BEHL YK A L2 1 200 bp #1244 4 700 bp &4, 5 BMP, (1
190 bp) Fl pEGFP-N, #4& (4 700 bp) K/NEAF, B XU 5 #Y
BMP, 477 5 RT-PCR §" 14 J& 7= ¥y B 3k 47 &b F AH R 42 5, Fig 2]
W 5 4 B I R T 40 FORE pEGFP-N; -BMP, #8 8 (J 2) ,
2.3.2 pEGFP-N;-BMP, 1y DNA JF5 4387 D5 45 5 4 %
Jii %2 BLAST #4438 H A% R 7 %1 5 Gene Bank ' hBMP,
F) mRNA J5 31 (NM001200) ) gt 5% /5 511 7] 5 1 ¢ 4 46 4%, iF
— A5 UE S AR S G T B B 3k K Ol hBMP;

2.4 HPDLFs B UL 5 Y%E  BIH 22 0 E T W
HPLDFs 2 KWIE o 8% , MR 30 . 3K 3550 Mz BE Ja
OB 2~3 AN (E 3K 3. LYt BRIEIE 4
EEPOARR @B 3 | O MR aE O, AEA
U e B P L UF S 40 A R IR SR TR

2.5 SMFEMORRE YIS pEGFP-N,-BMP, 231k 1955 56 W 22
e 48 h R TE 94 AN EE T M 4%, pEGFP-N;-BMP; #% YL 21 7]
VLB K S (B A CBF 3 181 5) . T A e e 4 B WL 51 9%
A M, 4278 pEGFP-N,-BMP, £ # 7 f# il %% e J5 48 HP-
DLFs i £k,

2.6 RT-PCR K HMILEY RS FY 48 h )5 3 4140
$2E RNA G 47 RT-PCR X i, 5 R B8 3 A g4 1%
1200 bp 2% . H ' pEGFP-N,-BMP, %% 4t 4 % 7 B35 Wi
pEGFP-N; B e 21 F1 % 55 e 41 ¥ 84 1 f0 £ 4 22 B O B {I% T
pEGFP-N,-BMP, %Y« 20 . 16 W] i 75 13030 B8 A = pEGFP-N; -
BMP; %} HPDLFs A% 4, 3f-fig in i hBMP, 7£ HPDLFs 1y
Fik (K 6),

5 bp

1

2 3 4

4000
1686
800
gl
~200

1200

1:pEGFP-N;-BMP; % Y2 ;2. pEGFP-Ny # YLl ;3. RIE YL ;4.
N2 ;5. Marker,
& 6 RT-PCR &l B B & F R ik

308 i

AT AT S LA A I DT SR B B A A AR SR B9 A A 1 AR YR T A2 B
PRZIERBFTEE -, R TR -2 AR TR A 2R
TIIRE B AE WG VR N T R 2 R EE B A W PRI 2 I
WL, SRy v AT P IR A A3 B % AR AR AR () A, P DA 5 2
S B2 IR A A P A RE S92 B Aol 1 240 M A R PR R T 3 AR
BB B PR AR P9 T B 2 5 LR R B g R AR L R
T PRI 7 4 2 AL R 2R 1 TR 1 ) 2 PR T e LB R  A
A 0 B 20 M N e DR SR ke R 0 T DR T Rk i A
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R RE A% 78 R XSl 2 i R 3R L I AE R 38 7= AR O B R
LGN E R AN (1B i S /8 A e NS R E g
B Bt O 2 AR VR YT RRAL TR A I R

H I & & 4 8 1 (bone morphogenetic proteins, BMPs) |~
LAET RS FALUMANM N 2B 4 LU il #2 v i £ 4L
SrFIRATE 4 BMPs K% LA BMP, BRI & )7 . 5%
FUE TR RS- . DA TR, BMP, & AT B SCE
I7] B4 240 B I 2 L BB A T O R 21 20k R 434k T 78 5 41 3 b
Sk J A B TS AN R A B A B R R A 8 AT LR A TR
PER) BMP, B 316 A 3244 P9 58 1838 38 FS n I, 3 1 4 py Pk
A LA BMP, 5 40 i 9 09 IR SZ IR A S A G R R AE W) 2
T PED 10 DTS B R R A SO A B

PR B AR pEGFP-N, E g Jr i, A £ B a5
5T H AR A9 HE A  & A =20 H D e5R K 9 31 SV40 A
PCMV., 1] LI B A3 F A 358 A A i h e e ik . Hgmig iy
il 8 R B 0058 5 B 1 (pEGFP) J2& — R i 4k A %8 48 I GFP, 72
A PSR GEP 5 35 £ OHG 5 1 4 5 ik A i Sk
B BRI I kAR e TE AN B R R LA AR Y
FIR RIS T T ExTaq BEEL A A8 T 51
BB 3 AN A”WE e, BT L PCR ¥ 54 i B 19 F B2 7E 3/ s
AR 5RFALRY pMD19-T #4K 59« T7 B 454 Ja T8 il .
AT B RS 9 2 Hh i, BT AS 55 45 5 0 R 22 A Tl ), T 0 B
Res) T 2k b, 32wl AL 7 Br 5 80k i i B2 Rl . AR S
¥R A RT-PCR 75345 H (93 H hBMP, . J6 ¥ PCR 7= 4 72
BEE) pMD19-T #h 4k I, )3 1E # 5 5 508 9¢ ok % ik # 1k
pEGFP-N, 343, il # # pEGFP-N,-BMP; FAZRBHIE.

WEA KRR 75 A 0 5 7 ik 2 ] i )
] 28 250 440 it R R0 O R o 2, 7 A AT Pk B ATk N AL
AT B A 3k 81 25 ) afF A 2 50200 i P 5 S5 300 1 8 i ke P 19 7 9
IR AHIE TR P e 5 3 R B R e A AT R
e M Y S HCT KA B R SE I A% 3R 1k & pEGFP-
N;-BMP, i ¥j%% % A HPDLFs, i@ i RT-PCR A mRNA 7K
SER I Y pEGFP-N; -BMP, J§ HPDLFs i hBMP, f) b it 5%
ik 45 B8 E W HPDLFEs th BMP, Y R BEH /. & s
WO Y pEGFP-N,-BMP;, J5 BMP, 43¢ 5] 1 £, 1K
125G 3 IR B AR TT AR 38 5 X A R s 363k . 3% oAk — B 98 1%
L5 7 SO B i R B R A 2 TR A SRR T b i R R L
—E RS . A O R R PR SR IR ) DL K R IR
A R TR

SE
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ROk AL Z W58 3R W] B B8 A0 M T 4 S A B o T R
LI SEL- . ACBIFST 45 5 % B, A1 2549 4 T 2 65 455 980 40 JHd 04
TR B2 YA AR, fF— 25 UL T R BRI R R
R EERE N, ARSI 2 B-H A M b LS B 6 9% 41 il RPMI-
8226 HAFH K 25 3740 . S WA FL D IR L AT 53 R O 2 i R
I B-495 7 07 XoF B TR 4 M U T B R L 25 R F B 10 pmol /L
S IR T R RN B AT B S B0 5 B - A 0 v O 8
25 200 e B R AN ML TR B L BN B U T A S 3R
F B B 5 40 M0 RPMI-8226 Y47, Al Hoechst33342/P1 ALYt
0 TR 35 - S IR R I AN RV B A A5 0 A B2 B T 1 R
JATTAUNE T LB AL PR T A A I — A S BB A T
WA S A CE B 40 i RPMI-8226 U8 T, 3 ) F s 5, HAE
FAMLHI T RE S T 5 B A 5. (1) B4 7 4 184 1 40 i P9 450 1 #h
FANH O F=4, Ja sh A I 1= 5 (2) B-HE & I 52 i 94 T4
K HE R IR B T R AT Caspase FJE 5 (3) B
B s A A SR R S Fl, 32 T 20 L N Ca® R B Ot 8 o TR P
Ji 98 T AL

AT 45 A3 W] L B-ME 7 4 T BEL ¥ i A R 4 O A= R
TS A0 R T B S R A 0 3R A0 B B R 40 i RPMI-
8226 HAFHMMEI . A H EARHLEI A T RO A a2
W FE UL (25 4 B-H 78 07 76 4 301 R N7 T Hh =% B H8 A g 3
(BN I W N i R g R (7 e D AR A |
R N R T

£ % 30k
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