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Preparation and penetrating effect of the polyarginine-
enhanced green fluorescence protein fusion protein

Nan Zhang, Yin Bai, Jingzhuang Zhao, Xianlong Ye, Wenfei Wang, Guiping Ren, Deshan L.,
and Yan Jing

College of Life Science, Northeast Agricultural University, Harbin 150030, Heilongjiang, China

Abstract: The aim of the study is to establish a platform to deliver therapeutic proteins into target cells through a
polyarginine-based cell penetrating peptide. To facilitate the expression of therapeutic proteins, a pSUMO (Small
Ubiquitin-like Modifier)-R9-EGFP (enhanced green fluorescence protein) prokaryotic expression vector was constructed.
After induction, the fusion protein SUMO-R9-EGFP was efficiently expressed. To validate the cell penetrating ability of
the fusion protein, HepG2 cells were incubated with the purified R9-EGFP or EGFP protein as control, internalization of
the fluorescent proteins was examined by either flow cytometry or confocal microscopy. The result obtained by flow
cytometry showed that the R9-EGFP fusion protein could efficiently penetrate into the HepG2 cells in a dose and
time-dependent manner. In contrast, the fluorescence was barely detected in the HepG2 cells incubated with EGFP control.
The fluorescence intensity of the RO-EGFP treated cells reached plateau phase after 1.5 h. The result obtained by confocal
microscopy shows that R9-EGFP efficiently entered into the HepG2 cells and was exclusively located in the cytoplasm,
whereas, no fluorescence was detected in the cells incubated with the EGFP control. The heparin inhibition experiment
showed that heparin could inhibit penetrating effect of the R9-EGFP protein by about 50%, suggesting that the penetrating
ability of the fusion protein is heparin-dependent. In summary, the study has established a platform to deliver therapeutic

proteins into target cells through a polyarginine-based penetrating peptide.

Keywords: cell penetrating peptides, polyarginine, fusion protein, soluble expression
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Table 1 Primers used in this study
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1.1 ##l
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IRy
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Primer name Primer sequence (5'-3") Size (bp)
RF AGGTAGAAGGCGTAGAAGAAGGAGAAGGAGAG 32
RR CTAGCTCTCCTTCTCCTCTACGCCTTCT 28
LF CTAGCGGTGGCGGTGGCTCGGGCGGTGGTGGGTCGGGTGGCGGCG 45
LR GATCCGCCGCCACCCGACCCACCACCGCCCGAGCCACCGCCACCG 45
El GGATCCGTGAGCAAGGGCGAGG 22
E2 GCGGCCGCTTACTTGTACAGCTCGTC 26
E3 AGGTCTCAAGGTGTGAGCAAGGGCGAGGA 29
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Fig. 1 Expression analysis of the SUMO-EGFP fusion
protein. 1: protein molecular weight marker; 2:
supernatant of SUMO-EGFP cell lysates before induced;
3: precipitate of SUMO-EGFP cell lysates before
induced; 4: supernatant of SUMO-EGFP cell lysates
after induced; 5: precipitate of SUMO-EGFP cell lysates
after induced.
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Fig. 2 Expression analysis of the SUMO-R9-EGFP
fusion protein. 1: protein molecular weight marker; 2:
supernatant of SUMO-R9-EGFP cell lysates before
induced; 3: precipitate of SUMO-R9-EGFP cell lysates
before induced; 4: supernatant of SUMO-R9-EGFP cell
lysates after induced; 5: precipitate of SUMO-R9-EGFP
cell lysates after induced.

kDa 1 2 3
116 —

45—

T

25— —
18—
14—

3 4ifkj5 EGFP R R9-EGFP ERH XS
Fig. 3 SDS-PAGE analysis of the mature EGFP and
R9-EGFP peptides. 1: protein molecular weight marker;
2: purified mature EGFP protein; 3: purified mature
R9-EGFP protein.
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Fig. 4 Incubation of HepG2 cells with time gradients
of R9-EGFP. 1: HepG2 cells without protein; 2: HepG2
incubated with EGFP 2 h; 3: HepG2 incubated with
R9-EGFP 0.5 h; 4: HepG2 incubated with R9-EGFP 1 h;
5: HepG2 incubated with R9-EGFP 1.5 h; 6: HepG2
incubated with R9-EGFP 2 h.
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Fig. 5 Incubation of HepG2 cells with dosage gradients
of R9-EGFP. 1: HepG2 cells without protein; 2: HepG2
incubated with 20 pg/mL EGFP 1 h; 3: HepG2 incubated
with 5 pg/mL R9-EGFP 1 h; 4: HepG2 incubated with
10 pg/mL R9-EGFP 1 h; 5: HepG2 incubated with
15 pg/mL R9-EGFP 1 h; 6: HepG2 incubated with
20 pg/mL R9-EGFP 1 h.
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Fig. 6 Confocal fluorescence microscopy of HepG2 cells incubated with R9-EGFP. 1: HepG2 incubated with
50 pug/mL EGFP 1.5 h; 2: HepG2 incubated with 50 pg/mL R9-EGFP 1.5 h.
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Fig. 7 Competitive inhibition of HepG2 uptaking
R9-EGFP by heparin. 1: HepG2 incubated with
40 ng/mL EGFP 1.5 h; 2: HepG2 incubated with
40 pg/mL R9-EGFP 1.5 h; 3: HepG2 incubated with
1 pg/mL heparin 30 min and 40 pg/mL R9-EGFP 1.5 h;
4: HepG2 incubated with 2 pg/mL heparin 30 min and
40 pg/mL R9-EGFP 1.5 h; 5: HepG2 incubated with
3 ug/mL heparin 30 min and 40 pg/mL R9-EGFP 1.5 h;
6: HepG2 incubated with 4 pg/mL heparin 30 min and
40 pg/mL R9-EGFP 1.5 h.
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