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Synthesis and evaluation of a dendritic poly(L-glutamic acid)-graft-
polyethylenimine copolymer as an efficient gene delivery vector
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Abstract: The study was designed to synthesize a novel dendritic copolymer composed of polyamidoamine
dendrimer GO as the inner core and poly(L-glutamic acid) grafted low molecular weight polyethylenimine (PGLP)
as surrounding arms for gene delivery vector. The molecular structure of PGLP was confirmed by *H NMR (proton
nuclear magnetic resonance spectroscopy). The DNA combination capability of PGLP was examined by gel retarda-
tion electrophoresis. The particle sizes and zeta potentials of PGLP/pDNA complexes were determined by dynamic
light scattering (DLS). The cytotoxicity of PGLP was evaluated by Cell Counting Kit-8 (CCK-8) and hemolysis
assays, which was approved by Research Ethics Committee of the First Affiliated Hospital of Nanchang University.
The in vitro transfection efficiency of PGLP was measured by a flow cytometry. The results of physicochemical

Wik H 390 2018-12-24;  f&[81 H #1: 2019-01-21.

& H: KA AR A S T EIE (81660591); YLVE 44 T 4F Rl 2% 5 4 % Bh I H (S2017QNJJIB0922/612080930043); V1. 76 44 T i 2 317 1 A 44 v1- % 1t
F (20191053).

*J@ INE# Tel / Fax: 86-791-88695125, E-mail: dwyss66@163.com;
Tel / Fax: 86-791-88696232, E-mail: wxh-hello@163.com

DOI: 10.16438/j.0513-4870.2018-1143



- 920 - Z4%% %4 Acta Pharmaceutica Sinica 2019, 54(5): 919 -926

properties suggested that PGLP could self-assemble with DNA to form complexes with average particle sizes of
about 105-200 nm and zeta potentials of about +10 — +28 mV, which could protect DNA from serum degradation.
The results of biological properties suggested that PGLP showed more higher transfection efficiencies but lower
cytotoxicity than PEI 25K or Lipofectamine 2000 in various cell lines (HEK 293T, HelLa, BEL 7402, RASMC).
Importantly, it was found that PGLP/pDNA complexes at w/w = 8 showed more strong serum-resistant capacity
than PEI 25K/pDNA complexes. Therefore, PGLP is a promising candidate vector for gene delivery.
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Scheme 1  Synthesis of PGLP composed of polyamidoamine

dendrimer GO as the inner core and poly (L-glutamic acid) grafted
low molecular weight polyethylenimine as surrounding arms. BLG-
NCA: y-Benzyl-L-glutamate N-carboxyanhydride; DMF: Dimethyl-
formamide;PAMAM GO: Generation 0 polyamidoamine; PAMAM
GO0-PBLG: PAMAM GO0-b-poly(y - benzyl-L-glutamate); PEI 423:
Polyethylenimine with average molecular weight of 423 Da
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Figure 1 'H NMR spectra of PEI 423 (A), GO-PBLG (B), PGLP
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Figure 2 Gel retardation assay. Agarose gel electrophoresis of
different polymer/pDNA complexes at various w/w ratios (A).
Serum degradation assay (B). Lane 1: Naked plasmid DNA; Lane
2: Naked DNA treated with 10% fetal bovine serum (FBS); Lanes
3-6: PGLP or PEI 423/pDNA complexes at w/w ratios of 0.1, 0.5,
1.0, 5.0 treated with 10% FBS, respectively. PEI 25K /pDNA
complexes at w/w ratios of 0.1, 0.5, 1.0, 1.3 were used as positive
controls
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Table 1 Particle sizes and zeta potentials of PGLP/pDNA
complexes at different w/w ratios

wiw ratio Particle Polydispersity Zeta potential
size/nm index (PDI) /mV
0.5 238.3+1.8 0.08 £0.04 +8.5+0.5
1 153.0+9.9 0.30 £ 0.02 +13.5+0.8
3 110.2+4.5 0.34 £0.02 +21.0+28
5 1255+7.7 0.34 +£0.01 +28.5+0.7
8 105.2+11.9 0.30 + 0.01 +28.1+0.6
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Figure 3 Size distribution by intensity of PGLP/pDNA complexes
atw/w =28
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Figure 4 Cytotoxicity assays. Relative viability of HeLa cells (A) and BEL 7402 cells (B) treated with different polymers at various
concentrations. Percentage of hemolytic activity of polymer/DNA complexes compared to total hemolysis caused by 1% (v/v) Triton

X-100 solution (C). n = 3, x +s. *"P<0.001 vs PEI 25K
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Figure 5 Confocal laser scanning microscope images (400 x

magnification) of PGLP/rhodamine-labeled pDNA complexes in
HEK 293T cells after incubation for 0.5 h (A), 1 h (B) and 4 h (C)
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Figure 6 Transfection efficiencies of PGLP/pDNA complexes at different w/w ratios in HEK 293T cells without serum (A) and with serum
(B). PEI 25K and Lipofectamine 2000 (Lip02000) at their optimal transfection ratio were used as controls. Fluorescence images (right) of
cells transfected with PGLP/pDNA complexes at w/w = 8 and PEI 25K/pDNA complexes at w/w = 1.3 (the optimal ratio) in the absence or
presence of serum were showed for qualitative comparison (100X magnification). n = 3, X + s.”P<0.01, ™*P<0.001 vs PEI 25K and Lipo

2000
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Figure 7 Transfection efficiencies of PGLP/pDNA complexes at
w/w =5 and 8 in different cell lines without serum (A) and with
serum (B). PEI 25K/pDNA complexes at w/w =1.3 (the optimal
ratio) were used as control. n = 3, x + s. “P<0.05, "“P<0.001 vs
PEI 25K
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Table 2 The rates of average transfection efficiency of PGLP/

pDNA (w/w =8) and PEI 25K/pDNA (w/w = 1.3) with serum/without
serum in different cell lines

Polymer/cell line  HEK 293T HeLa BEL 7402 RASMC
PGLP 1.03 0.67 0.88 0.65
PEI 25K 0.56 0.10 0.10 0.13

AL AR T — L PAMAM GO N #% .
BABRNERIFEE NS TFPEIMMEREEY
(PGLP). PGLP A] LA 5 DNA JEBURLAR AR AT K /N i
()40 KT - FR 37 DNA IBE G 1L 375 i 11 P it . PGLP B AT
Y1 25 PEAR B YR s A — B B ILE BE ), & —Fh
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