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Enhancement of GFP Expression by Kozak Sequence +4G in
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Abstract: To investigate the effect of Kozak sequence (+4A or +4G) on expression of green fluorescent protein (GFP) gene in
HEK293 cells. The eukaryotic expression vectors containing GFP gene with different Kozak sequence (+4A or +4G) were
constructed by classic DNA recombination methods, including PCR, enzyme digestion, ligation, transformation, identification, et al.
Two different Kozak sequences (+4A or +4G) were obtained through PCR with different mutagenic primers. The right recombinant
plasmids pHGFP-A and pHGFP-G were transfected into HEK293 cells by liposome-mediated gene transfer method. The expression
level of GFP was observed by fluorescent microscope, flow cytometry and Western blot. The flow cytometry revealed that the
expression levels of GFP fluorescence in pHGFP-A and pHGFP-G transfected cells were about 15% and 45%, respectively. Western
blot showed the specific bands of about 27 kD (GFP) both in pHGFP-G and pHGFP-A sample lanes; and the GFP expression density
of pHGFP-G was about 3.87-fold as that of pHGFP-A by ImagelJ software analysis. These results indicated that the +4G in Kozak
sequence (when —3 site is purine base pair) plays an important role in GFP protein translation, which enhances the GFP expression up
to 4-fold in HEK293 cells.

Keywords: Kozak sequence, green fluorescent protein, Western blot

Received: July 23,2007; Accepted: October 16,2007

Supported by: the National Natural Science Foundation of China (No. 30472172).
Corresponding author: Ling Ye. Tel: +86-10-66937373; E-mail: lye301@yahoo.com.cn
F X ARG B (No. 30472172).



492 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

March 25, 2008 Vol.24 No.3

, Kozak GCCA/
GCCAUGG _ [ AUG
,A +1 c -1, G +4,
) mRNAs
[2] [3]
Kozak -3 A/G( )
; +4G
R -3 s +4G
pHGFP-A(Kozak
GCCGCCATGA) HEK293 ,
, GFP
+4 A , Kozak
+4 G pHGFP-G,
HEK293 , GFP
-3 G Kozak +4G
GFP
1 MH57%®
1.1 #R
11.1
pcDNA3.1 Invitrogen ;
E. coli DHsa ;
GFP pGFP ; HEK293
11.2
DMEM Gibco ;
; Lipofectamine 2000
Invitrogen ; PVDF Osmonics ;
GFP , HRP- IgG
; B-Actin , HRP- IgG Santa
Cruz ; Invitrogen ;
1.2 A&
121 PCR
, Kozak +4
A( Y65) G( Y77),
Y65/ Y74, YT7/Y74, (Y65 Y77 EcoR I

Journals.im.ac.cn

, Y74 Xbal ,
pGFP , PCR
GFP PCR
94 50s,57 50s,72  50s, 30
7 min

Kozak )

2
5 min;

;72

Y65 5 “GTGGAATTCGCCGCCATGAGTAAA

GGAGAAGA-3~

Y74 5 ZTCCTCTAGAGCCTTTGTATAGTTCAT

CCATGC-3~

Y77 5 “GTGGAATTCGCCGCCATGGTGAGT

AAAGGAGAAGA-3~

1.2.2 pHGFP
Xba I/EcoR 1 GFP
, T4 DH;sa

R Invitrogen

pcDNA3.1
PCR
DNA

, pHGFP-A(Kozak

+4A), pHGFP-G(Kozak

1.2.3
pcDNA3.1
4x10°

HGFP-G
, (1)

35 mm s 48 h

60%~80% 2)
pHGFP-G 5 6.5 8pug
pcDNA3.1

35 mm s

6.5 ug, Lipofectamine 2000
Lipofectamine 2000

+4G), Qiagen

pHGFP-A,
HEK293

pHGFP-A,

10 uL,

(3)5% CO,, 37

48 h
124 HEK293

48 h,

E

(4]

3 min, 37

4 min,

3 min,
r/min
=20
1.2.5 Western blot
Western blot(BIO-RAD
GFP : Bradford

12 pg,
SDS-PAGE

HEK293
GFP

3, 10 000



: Kozak +4G HEK293 493

PVDF 5% , 1:1000 GFP
GFP () 1:500 HRP- 12G(
), X
B-Actin ( B-Actin 1:1000
HRP- 1:5000 )
2 &
2.1 AR Kozak F5IBIEH R E
, Y65/ Y74,
Y77/Y74 pHGFP-A , pHGFP-G 2 EHRHM pHGFP-A, pHGFP-G ¥ # HEK293 4
PCR 740bp (1), il (x200)

bp

2000

1000
750

B 1 ZEHFEH pHGFP-A, pHGFP-G ) PCR ¥ %E

Fig. 1 Identification of recombinant plasmids pHGFP-A

and pHGFP-G by PCR
1: pHGFP-A; 2: pHGFP-G; M: DNA marker(DL-2000)
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Fig. 2 HEK?293 cells transfected with the pHGFP-A and
pHGFP-G recombinant plasmids(x200)
A: HEK293 cells transfected with 6.5 pg pHGFP-A; B: HEK293
cells transfected with 6.5 pg pHGFP-G
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Fig. 3 Expression of GFP and B-Actin proteins in HEK293
cells
M: protein marker; 1: negative control; 2,3,4: GFP expression trans-
fected with 5 ng, 6.5 pg, 8 ug pHGFP-A, respectively; 5,6,7: GFP
expression transfected with 5 ng, 6.5 pg, 8 ng pHGFP-G, respectively
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