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Abstract: Accumulating evidence has shown that the cell-penetrating peptide TAT can be applied to deliver
different types of drug molecules, including nucleic acids, proteins and small molecule drugs. Usually TAT delivers
cargoes on the basis of their covalent bonds or non-covalent interactions. However, there are few reports on the
delivery of proteins by TAT in a non-covalent manner, and no quantitative comparisons have been made on the
protein delivery ability of TAT in fusion and non-fusion manners. In order to explore the ability of TAT to deliver
proteins in non-fusion manner, here we used fluorescence microscopy and flow cytometry to investigate the ability
of TAT to deliver enhanced green fluorescent protein (EGFP) into non-small cell lung cancer cells A549 in a non-

fusion manner. It was found that TAT could deliver EGFP into A549 cells, and its delivery ability was positively
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correlated with its concentration. In addition, the fusion protein TAT-EGFP was overexpressed and purified, and its

permeability across cell membrane was also investigated. In this paper, based on quantitative comparison, we

found that the delivery of EGFP by TAT in fusion manner is significantly efficient than that of TAT in non-fusion

manner. This is the report that TAT can deliver EGFP in a non-fusion manner. Although its delivery efficiency

remains to be improved as compared with the fusion manner, the non-fusion manner has shown incomparable

advantages in ease of operation, suggesting that it is also a candidate for delivery strategy in the future.
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Schematic diagram of two delivery manners. A: TAT-

Figure 1
EGFP, the fusion protein of TAT and EGFP, was incubated with
A549 cells; B: TAT and EGFP were co-incubated with A549 cells.
TAT: Cell-penetrating peptide TAT; EGFP: Enhanced green

fluorescent protein
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Figure 2 The transmembrane delivery of EGFP into A549 cells by TAT. A: A549 cells were observed under fluorescence microscopy after
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incubation with 40 umol-L" EGFP and TAT at different concentrations. Scale bar: 500 um; B: Flow cytometry analysis of EGFP-positive
AS549 cells after they were incubated with 40 umol-L"' EGFP and different concentrations of TAT; C: The mean fluorescence intensity of
EGFP-positive A549 cells were obtained based on the flow cytometry analysis in B. n = 3, x £ 5. P < 0.05,
(0 pmol-L™"). ns: P> 0.05
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Figure 3 Expression and purification of fusion protein TAT-EGFP. A: pET28a-TAT-EGFP-His plasmid map. TAT-EGFP with a His tag at
its N-terminal can be overexpressed by in E. coli containing pET28a-TAT-EGFP-His; B: The purification of TAT-EGFP protein using Ni-
NTA. Lane | and 2: The lysate of E. coli overexpressing TAT-EGFP before and after IPTG induction; Lane 3: The lysate of E. coli
containing pET28a after IPTG induction was used as a control; Lane 4 and 5: The supernatant and pellet fractions of E. coli lysate when
TAT-EGFP was overexpressed; After the supernant of E. coli lysate was loaded on Ni-NTA column, we collected the flow-through sample,
washed the column with binding buffer and eluted TAT-EGFP with 50 mmol-L" imidazole. Lanes 6-8: Flow-through sample, flow-through
binding buffer, and eluted TAT-EGFP sample. IPTG: Isopropyl-beta-D-thiogalactopyranoside
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Figure 4 The transmembrane ability of TAT-EGFP fusion proteins. A: A549 cells were observed under fluorescence microscopy after

incubation with TAT-EGFP at different concentrations. Scale bar: 200 pm; B: Flow cytometry analysis of TAT-EGFP A549 cells after they

were incubated with different concentrations of TAT-EGFP; C: The mean fluorescence intensity of EGFP-positive A549 cells were obtained

based on the flow cytometry analysis in B.n=3,x+s. " P <0.001 vs control group
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Figure 5 The comparison of TAT+EGFP group and TAT-EGFP
group by flow cytometry analysis. A: The mean fluorescence
intensities of EGFP-positive A549 cells in control, TAT+EGFP
group and TAT-EGFP group were obtained from flow cytometry
analysis. The growth rates of mean fluorescence intensity for TAT+
EGFP group and TAT-EGFP group were listed after compared with
control; B: Percentages of EGFP-positive A549 cells in control,
TAT+EGFP group and TAT-EGFP group were compared. The
growth rates of positive percentages for TAT+EGFP group and
TAT-EGFP group were listed after compared with control. n = 3,
¥+s5. "P<0.01, P <0.001 vs control group
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