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Abstract

BACKGROUND: Hypoxia inducing factor 1 is able to regulate co-expression of various gene and induce new vascular
generation in bone defects areas. It can supply nutritional support and metabolism promotion for osteogenesis differentiation and
osteogenesis activity in cells and accelerate bone healing. However, studies regarding the construction and expression of
hypoxia inducing factor 1 are few.

OBJECTIVE: To construct a new adenovirus eukaryotic expression vector which can express mutant hypoxia inducible factor 1 a
(HIF1-a) interest protein and reporter molecule of human renilla reniformis green fluorescent protein (hrGFP) and to transfect it
into HEK293 cells to observe its expression.

METHODS: Three aminoacid including the 402 location, the 564 location and the 803 location in gene coding region in donor
vector pCMV6-XL5-HIF1a carrying HIF-1a were selected to complete site-directed mutagenesis and add new enzyme sites
including Not 1 and Pvu 1 after removing stop codon pre and post gene sequence by polymerase chain reaction. The
mutation was monitored by restriction enzyme and sequencing. The correct HIF-1a gene mutation HIF-1a™ was linked into
adenovirus shuttle vector pShuttle-CMV-IRES- hrGFP-1 directionally. The recombinant adenovirus shuttle vector carrying
HIF-1a™ gene was transferred to BJ5183-AD-1 electroporation competent cell after sequencing identification and Pme 1
restriction enzyme linearization. The transfection status was determined by hrGFP fluorescent expression.

RESULTS AND CONCLUSION: Aminoacid including the 402 location, the 564 location and the 803 location in gene coding
region in HIF-1a turned to alanine after rite-directed mutagenesis and removing stop codon was successful. Enzyme restriction
and sequencing confirmed that the recombinant adenoviral expressing vector was successful constructed. Results of
fluorescence microscope showed there was a large number of green fluorescence expression in HEK293A cells, which
confirmed that the recombinant adenovirus vector was successful transfected into HEK293A cells by Lipofectamine 2000.

Zhang Z, Li C, Hu L, Liu DP. Effects of brain microvascular endothelial cells and astrocytes following treatment with baicalin on
neural stem cell differentiation.Zhongguo Zuzhi Gongcheng Yanjiu yu Linchuang Kangfu. 2010;14(46): 8594-8599.
[http://www.crter.cn  http://en.zglckf.com]
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B89: SR #C4 %A S K T 1a™ (hypoxia inducible factor 1 alpha, HIF-1a) H B A M B S 005O0ER A
(human renilla reniformis green fluorescent protein, hrGFP){XIE K FAZ FRIA AR, JEAG I JHEK293AN L, ML IEL
TE4R R Rk

T3 FIHPCREGAE 5838 H BFE R 44 FokbipCMV6E-XL5-HIF 1 ot 45 9 A HIF 1 ok R 4 T X B 45 402 47, 564 471 803
LI A S B B, S AEEE T BT S ds B DI A siNot T F1Pvu T, FgP). PR INSAR G B,
IERIZEAE HIF 1™ 5 [ 3 B9% 2 5 R 2% A pShuttle-CMV-IRES-hrGFP-1 1, ZllF%5E . Pme 1 MU PEik a1k
BJ5183-AD-1 HUKAZ AL, Wi hrGFPAE B 5 &b A 5 Ye i e o

ER545: SIFMFIESE, HIF-1a 3RS X K55 402 7. 564 47 F1 803 {7 2 I/ & s SSE R N ZIR, #1L% 5+
JE F Bk o BT S SN RS, AN R R A B R T . PO A U ERR I, R A 1K) HEK293A
A0 A P A K R S (0 9 6 R Sl i Lipofectamine 2000 3442 1] 75 0 20 s 15 2 A )ik D 5 4t HEK293A 41t

8. RAFEFHEF 1a; R, RAERE; SESO6E A HEK293A 4
doi:10.3969/j.issn.1673-8225.2010.46.011

SRIE, 2R, #H5E, XPRE. #EHHRAE S B o™ R I B Ak (SO 1 XGE R RS B AR i K FE/EHEK293A
AP RIS E LR TS IR RS, 2010, 14(46):8594-8599.
[http://www.crter.org http://cn.zglckf.com]

ISSN 1673-8225 CN 21-15639/R  CODEN: ZLKHAH




KIE, 5 BHICHE G T 1™ FATHA IR TN VIV BI RSB LRIL
- \ 1T EFRRE
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998 BRIV T HR I A ) B ORI A K I A R AR i
PR EEIRTT, 4R T ITX R AR
B, M H AL FEA G 2 — RIVEKK T
PR, Wi E W R AEKE T A4 A
K7, REEKEFRMESRES, HX
Lo KK FAHE A, AHERNTE, TERANAEK
PR 7 E A A DA S B ot A A

VA R IR e s N —— RS
S K F1a(hypoxia inducible factor 1 alpha,
HIF-10) & 24 ik S AT DO IR S A1 A0 422
R ML T A R DRI PR s AR R DR/ Bl Ak P S
IOESE, BEHRIHIF-10m] DR R kRS ThiE
EFEMER AR, i THIF-1ai% S H¥ 4
EABI. TAZUKM . RERN/DN, &R
A AT BN ML TR, AR B v
BT, Bl IA A 2 d5e B I AR B P 5 ) ik A
2T, X R R R TR AN B B R
TR R AT, EEALKHT,
HIF-10% 3 4% 5 4 A A 235

LA AANEE T SARLEA
(human renilla reniformis green fluorescent
protein, hrGFP) A5 HE A, M e e 71
AAAE T RN RIE B HUR KA FLAGHR id 1
HIF-10™ 2 K A hrGF P2 B () 397 704 i s 2 X0
B % 41 L R & & % pAd-HIF1a™-IRES-
hrGFP-1°"%, 33 37 Ji§ /i 4% Lipofectamine
20004 H A% GRS Ry F7 FTHEK293A40 g, it
P AR B H LA

1 #RFnAE

Wt BRI, RSN

At (E) Rt 2. T2008-11/2009-127F 1L T
B 2 o B e B — = Bt HP o SE B B SE

b A ANHIF1a B 3 B At 4 5k
pCMV6-XL5-HIF 10/l [ Clontech 22 v ; i 25
7F K ik pShuttle-CMV-IRES-hrGFP-1 % it
#H 24k pAdEasy-1/l 5 Stratagene /A 7] ;
BJ5183-AD-1 HUEKZ 540 iy B bilg AN SR K
EZREHRAF; pMD19-T Simple#ik
TaKaRa2 ) $efik; KW B DH5 o 2 245 40 i
HEK293AZH il i 1L 7 = 2 B B J8 28 — = Bt
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FERFIRILEE kiR
HR BRI Py DI, DNA TaKaRa A

Ligation Kit Ver. 2.0, miff
DNA % 45iiff, Prime STAR™ HS
DNA Polymerase. Agarose Gel
DNA Purification Kit Ver.2.0,
DNA A-Tailing &7, ki
w3 R 7 &, ANTP, DNA
marker , 1 kb DNA ladder
marker, DL15000, DL2000 %
Pmel . Pac 1 ANIAE DA
ety A w
QIAGEN 7+
Invitrogen /A

FR AL TR A £
JI§ 44 Lipofectamine 2000,

]

OPTI-MEM
DMEM 5973, Wik (1 TR A R
SW-CJ-1Cp BN LT 4k Gibco 2 F]
CLAER
GSKP-01B II 24 H FAvfi i, WAL AT T
kK A KGR A i il)
CelljecT Pro #Hi %7 L1, PCR 1%, Thermo A
HERA cell 150 #4941 it & 46
GL-16G A vk & 30 0L, [t 2 S R )

TDL-5-A 8 faj =0 AL

RWAHE:

HFIoEEMRERETRTRFERH(IZE
HIF1a™) 893 52 b :

PCR5|¥) i TaKaRa/A & & it 3 & i, F
FItnF

S FE3(5'-3') (#]‘ér*s)

B-F1 GTG AAC CCA TTC CTC ACC 22
CATC

B-F2 CTG GCC GCA GCC GCT GGA 23
GACAC

B-F3 GAT GTT AGC TGC CTA TAT 25
CCCAAT G

B-R1 TCT CCA GCG GCT GCG GCC 25
AGC AAA G

B-R2 GGA TAT AGG CAG CTA ACA 23
TCT CC

B-R3 TTC ACC CTG CAG TAGG TTT 54
CTG CTG CCT TGT ATA GGA
GCA GCAACT TCA CAATC

C-F1 GCG GCC GCA TGG AGG GCG 33
CCG GCG GCG CGAACG

C-R1 CGA TCG GGT TAA CTT GAT 32
CCA AAG CTC TGA GT

C-P1 TGG TTT TGT TAT GGT TCT CA 20

C-P2 TTTAGG CCG CTCAATTTATG 20

C-P3 GAT GTA ATG CTC CCC TCA 20
cc

M13-47 CGC CAG GGT TTT CCC AGT 24
CAC GAC

RV-M  GAG CGG ATA ACA ATT TCA 24
CAC AGG

FKIEK, %, 1968
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PApCMV6-XL5-HIF1aitfi AR, LAC-F1/C-R14 514
HEATY 1, [ £92.5 kKbIIPCR™“ 4 . fili [Tl TaKaRa DNA
Ligation Kit [f1Solution 1, ¥ [ald 45 pMD19-T
Simple Vectori& 4% )5, ##1k 2 E.coli Competent Cell
DH5aH, @A T, 37 CER K%, 70 PR #v%
A FH 3 AR 4 3 () 5 | IM1 3-4 7 /RV-M#EATPC R, §7i%
R P Y eb SR @ el B S Vb e R CEL
B T B TR VR EAT AR B, R IBUSORL IR T 51 M 13-47

RV-M. C-P1. C-P2FIC-P3X} J5thidt 47l FE I iE, 45 5
1A, FESnS DX RG2S 1 HTR I Not 1B DI 55, 21k
RIS INPvu T BEVIAL 8 5k T PRAIE LA AE 1 A
MR IEG, 58 KpMD19-T-HIF 107 [ (HIF 1ad
KICDSX Z:45i T £ 1F %5051

PLUF R pMD19-T-HIF-1a A #5i ki, ] PCRE A,
LIB-F1. B-F2. B-F3. B-R1. B-R2. B-R3451¥), fii
fiPrime STAR™ HS DNA PolymeraseX} Hit{7PCR
34, B FRPCRy™ )43 AT VIR I, FH RIS
(=0 N IRPCRY 4 (ki . LAB-F1/B-R34 5141,
P TPCRY 1Y o K= EAT V)[R Hic 21 800 bp
W BE, BRI DIRGSal T fiPst 1 HEAT XU
VI, 4FEPLsE . f# i TakaRa DNA Ligation Kit 1 [t
Solution 1, # [ BF1pMD19-T Simple Vectori&
)5, PUEALEE coli Competent Cell DH5ar, 434
P, 37 CREAEGFR. PRI P VAR, $EHUTR,
5 1%M13-47. RV-M. C-P1. C-P2#1C-P35%} il
FPUAE, 2RI, 5EMpMD19-T-HIF-1a™ 7 % .

A PR iR 5 R A K pAd-HIF1a™-IRES- hrGFP-189#4
. 4y 7 LA pMD19-T-HIF-1a™ )i ¥i F1 pShuttle-CMV-
IRES-hrGFP-1 55 R & A 4 JiKA), £ 32 A A7 1) Not
[/Pvu T XY RINARZR, N = 0AE A Yo St B 5t I
Yk, YRR NZ12.5 Kb IHIF-1a™ 3 PR BRI
£18.9 kbf¥jpShuttle-CMV -IRES-hrGFP-1% 44 K 4 Bk .
AT ARUERERE RNVARFR, #5AR JE IHIF-10™ LR 5
pShuttle-CMV-IRES-hrGFP-1# 1k K A Bodif . #uki1k
% E.coli Competent Cell DH5a, #5745 K% &
PUPEMILB M, 37 “Cilad55%, Bk I v A i
PWUTRL, FINot T /Pvu 1 HEATXEEY) %5, Jifiidk BH
e, FA FUkIX TaKaRa 2w il F 4 5E .

i Pme 1 %M 1) pShuttle-CMV-HIF1a™-IRES-
hrGFP-1 13 &5 b ok, L ek AL T34, e
LRI (BAP) N AR Ry 4 i ZE AL B /E200 Q,
2500V, 25 pF, FIH4HE P RS ELHLHE Pme 1
VEHZEHRAENFREGE S BIEZESNN
BJ5183-AD-1 44 i — 5 LU AZ) JEON P4 110 H o 4 28 L
1R, AT RIR&E R R, 37 CidiisR. $hik
PHPE BRI, SO0k, i Pac 1 BEATHREL) %52 .

EHRRF S H K R HEK293A: Pac 1 B V)
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pAd-HIF1a™-IRES -hrGFP-1 5 40 I #5244, S lg b
e YK, MR B, ik, s BOLE =R
HEK293A4A i1, WM 75, AR E3R4 i, 47
PN K2I70%mE 4, JE R Ff£Lipofectamine 2000
B PR e 2 Le) 5 R i B A G, e geal
M1, 24~48 hu b Wil FEPERIATE L, HiFRT~
10 dfF 2040 M HH IR AR RN I s B2 VR R S UKL A 0 1 5
B FREAE3R, PR LY, 152 E AN
B o

FENEIENR: FERIMFERFEHE N B sk
DA R 5 WA Be T W 52 B g 7 A1 R 75 I HEK293A41
JH 1% B o

Wit EhE. EEE WRw SR . .
AR, YRS AL

2 #HR

2.1 HIF-10A& B 692 5 R TAHIF1a™AE  WFL
SR IRHIF-1 oI E B h S8R T 5 111402, 564

803 M1 ZILMR 7413 B ILEI1~6. 45 TR, H40247
ZAMR(CCA)E 545 A TR(GCA); 5641 fili Z i (CCC)
SE AR NN EBR(GCC); 80310 K A& I (AAT) E 15 58
A5 N N IR(GCT)(H1 T-803 A7 & LR Fe 41 A Je X,

DR R A Bl 55 TR 2R TR 1E SUBE 23 ) I AAT FIGCT) .

Figure 1 The 402 location proline sequence in CDS area in
the oscillograph trace of hypoxia inducible factor 1 a
(HIF-1a) gene sequencing before mutation (CCA
with underline)
B HIF-Tan 2 0 i JE 1T rh S AR 11X 8 402 {72
TRITA)( Xl Zk)

660 670
GAGATGTTAGCTECCTATATCCCAATG

Figure 2 The 564 location proline sequence in CDS area in
the oscillograph trace of hypoxia inducible factor 1 a
(HIF-1a) gene sequencing before mutation (CCC
with underline)
B2 HIF-1o kKN B IR 984S| ) CDS XI5 564
LR IR P 5 (R RIZ)

P.O. Box 1200, Shenyang 110004  cn.zglckf.com
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TKIE, . - F LT T 1d™ TN T 1R T 15 IR R A% ZE LB R RIL -+
2.2 pAd-HIF1a™-IRES-hrGFP-1#k#5&  K7 h#)
130 140 i
SCTTGTATAGGAGCHTTAACTTCACAAT @EEIJJEK]pAd-HIF1am“-IRES-hrGFP-ﬁ*/:{ZIiééPaC I @’g
DIse g g, M4 R BoR, 2. 3k 2 B
KT BefE10 000 bpld b, i/ Beh3 000 bp, #ié
Pac 1 BgV) [ Nas R, BAkd .
1 2 3
Figure 3 The 803 location asparagine sequence in CDS area \ 30 kb
in the oscillograph trace of hypoxia inducible factor 1 10 000 bp
a (HIF-1a) gene sequencing before mutation (ATT
with underline)
B3 HIF-1a I B i JE 1 rh S8R i (1) CDS X3 803 4ir 3000 bp
RAWEIE R4 RIIZk)
130 140
TTTGCTGGCC&\GCCGCTGG AGAC
Lane 1: 1 kb DNA ladder marker; 2-3: identification result of
pAd-HIF1a™-IRES-hrGFP-1 adenovirus eukaryotic cells vector by
[ \ restriction enzyme
j ‘\ Figure 7 ldentification result of pAd-HIF1a™-IRES-hrGFP-1
(\ ) ] adenovirus eukaryotic cells vector which is
\ | constructed successfully by Pac 1 restriction
o oo o enzyme.
2 LT R T T - mu. - -1 I T A
Figure 4 In the sequence the 402 location proline has been ! z%%iié{ii%gi l}'lg;;]%l}i,is* hrGFP-1 B i3 5%
turn into alanine in CDS area of hypoxia inducible R e
factor 1 a (HIF-1a) gene after rite-directed mutage-
nesis (GCA with underline) .
B4 HIF-10 575 M55 CDS X 402 frfifi a5 2.3 R R EHEK293AME L IR 3R
AR N R JE A (R RIIZk) “
HEK293AZ1Jif I <18 fii 75 5% J¢HEK293A4 i J524 h
PGB PR S 0 PO RIL N9 H P9 d)E
e ATX G I,k 4 0 58 e 26 i [ j
R —— P RAMBE N AT LK R AR (5 5 6 R KN 5 1K) 40 i
\ RN, W10,
|
| i
A |
I\ f{
i IR
\/{Y ‘\ i
I
| | _ AAARA
Figure 5 In the sequence the 564 location proline has been
turn into alanine in CDS area of hypoxia inducible
factor 1 a (HIF-1a) gene after rite-directed mutage-
nesis (GCC with underline)
KI5 i HIF-1a JERIATE FUR AR 5 CDS X 4k 564 71215
'/‘i/fl\‘ U TG A TR /'F;"W + ?<
RERPRRIEFII(TAUE) Figure 8 The third passage of normal HEK293A cells (x100)
K8 IEHH 31t HEK293A 41 iiu(x100)
720 730
TATAG GAGC&A ACTTCACAA"
Figure 6 In the sequence the 803 location asparagine has
been turn into alanine in CDS area of hypoxia in-
ducible factor 1 a (HIF-1a) gene after rite-directed
mutagenesis (AGC with underline) . .
B16 h HIF-1a JE K475 45605 5 CDS [X 35 803 fir 7 A ik Figure 9 At 24 h after transfection into HEK293A cells (x100)

&I N AR Je 41 Ril2k)

ISSN 1673-8225 CN 21-15639/R  CODEN: ZLKHAH

9 Y HEK293A 4ilfLJ5 24 h(x100)
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Figure 10 At 9 d after transfection into HEK293A cells (x100)
K10 by HEK293A 4iJf1)5 9 d (x100)

3 g

HIF- 12 S8 & BT 2 A7 T SLah AR
(1) — s A1, HAA MBI /NIEEE, e A BAEH &
B I P FE T SR LU B T FHIF-1
Fik, HFERGHE RN AT, KRERTSY
T, LEH A N RIESNETERIF-1alfy Fokin] DL F)
ERASE AU ZAE B . (H AR AURE T, 41
FEAE I HIF-1 e AR PR LR B AR (B i), LR
HIF-1a CDSIX Zwfi4 {18264 & &k, Hiha&—Ah
2002 AN LR ZH B IR S A P B gt 8 R,/ A 2 PR
FALBEIOHEAL T, fTHIF-1a%> TODDIX H[#155402. 564
PR RIS AL, PR B S HIF-1aifui gl iz 2R
FIE RO, TR N, T 2402, 564
AHEW RN, X RER RN, HIF-1of5 AR, JfE
B BN ANMIAZ N 00 BLBOT AR SR N S D o AN i,
w8 HIF-1a 1 #% 5% 305 T X A7 F 3L 7R 3 i (COOH-
terminal transactivation domain)[¥) £ 80317 K & Hik i ,
AR 2F 75 ko DR F A VA B E Rtk i S EHIF-1a
i Z A PR AT, B T HIF-1aff A5 X
AL ALHEODDIX [ il 2 12402 H1564, T HiE LG T3k
FE i R A 803

20 AT PAY T 9050 L A A e o 2 s R A A
Dk, RO VEIE I AN v P RIIE ALY LR B 3N A
LA B AN rp 2R3 BT 0 5 (0 I 342 328 TG 1 4 N iR
L K 41 P%%° . pShuttle-CMV-IRES-hrGFP-1 /2 25 [H
Stratagene /A i FF & 11— P B s 55 AR ok, HA
CMVIEEI T £ el S RIPolyAfs 5 X 25 A% FE N 3
32 T 0 P A 42 e A [ e 2E 1 . 9 AR o
B 37 555 MR 22 HE T FLAGHT R e fr 3[R L P 3%
BEAATE N S5 FINrGFPEE R . (1 TIRESIUAEAE, flifdiA
%2 v A S H 3 R e 5 GFPJE IR LLXSUI i 1 11 1
SIAJ I R IK o XU DR 3028 28 A I 28 A A 10 R e
), PAXU 1 2R A hrGFPHR & 2L IATHIF-1a H 1
LN, [ RE RS X HIF-1 o AT PR A Aid (1) s 15 3%
RERAR T B 7 fEHIF-1 0 IR R 17 5 8 o 75
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PR AL, hrGFP R F0 %% 5 1% B2 45 1)
%, [RICAE 25 Pt 25 v 35 L 3 i 20 4 (0,79 Ol i 1 B2
5%, WEAS A, AR e RSt RK, BRI
AR R A R A S P28,

S &5 LR, pCMV6B-XL5-HIF 1o #5717 HIF 1a
K FEY4 K4 082 bp, 5GenBank I & 5% N3
HIF1a%: X mRNAF %1) (NM_001530) i 3 5¢ 4= — 5L,
CDSIX 4ifih826 M= 551, ¥4I 542 481 bp (405~
2 885 bp). FIHIPCREANHIF1aZ: A 1155402, 564
T80 FEMRUEAT 2 i AP0, Hg 572 B 2R
i IL BRI 71 A A R M R A . S DD 5
pShuttle-CMV-HIF1a™-IRES- hrGFP-1 3 % Jlj 5 5 %F
WAk, R HBJI5183-AD-1H ik 41 & P [l 5 AL ML
Py gt 7 9% 7% 50k Ad-CMV-HIF 1a™-IRES-hrGFP-1.
Pac T BgU) IR B, T 28 B2 JSORL RIS 25 JTURL 3 47
TEDNAJUAZ S s Orif 41, H5 4 B Dy I I 2 R
ZPac 1 MV)JG Nz A —4~ K123 kblfIDNA Ji B Al
213 kbuli4.5 kb Be iRt ] AEEZ () 1. AR
U 5E I Ad-CMV-HIF 1a™-IRES-hrGFP-1 [ % 5 [ o,
Pac | B4 7 K T10 kb3 kb ffK: % [t DNAFE
YIR B G Do

A IR 2EDNAZ Pac 1 1) 5 5% 1 2 17) A i
HIFPHE, HY NHEK293AZH L, LL5¢ g i i a2
Ry, 210 dE5E, 6B FUERLI4T80%40 il H IR 41
R SRR A e M A 530 60 40 o A B S AR DR S5 B AR
A2 T BT SR AN M AR R I . S 45 IR W A
PR, MO TE, IR —DARNSERAT I TR
LSRIOE SR

ZE EPTIR, ARSI IR T R A A R B 5
AT PR AN R IL 3 /A pAd-HIF 1a™-IRES- hrGFP-1,
It Lipofectamine 2000:i4: 42 {4 #3 5 2H s 1 484 il
Dy JeHEK293A4M il . A4 J5 IS 58 44 - BMP2FIHIF-1
BRSO RAT T T IRSESERT, I H A5 s ph s L
FALCIRD T M g A &, b — 200800 T R B2 1K) B
P, LU T IR IR LI HT R T RS i At o

4 SEHK
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