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Preparation and in vitro evaluation of biodegradable polypeptide gene vector
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[Abstract] Objective To prepare a lipoic acid modified polyarginine polypeptide nanocomplex for gene delivery system,
and to observe its transfection efficiency and cytotoxicity on HEK293 cells. Methods We synthesized four disulfide cross-linked
lipoic acid modified polyarginine peptide and histidine (ILHRss) at different cross-linked degrees using different mol fraction of
L-cysteine as cross-linking agent. The construction of LHRss was characterized by ' H nuclear magnetic resonance (' H NMR)
and gel permeation chromatography. The LHRss/plasmid DNA (pDNA) nanocomplexes were self-assembled with LHRss and
pDNA at different nitrogen/phosphorus (N/P) ratios. The size and zeta potential of LHRss/pDNA nanocomplexes were
characterized by particle size analyzer, and the pDNA enrichment capability was determined by electrophoretic mobility shift
assay (EMAS). Then, the intracellular uptake and gene transfection efficiency of LHRss/pDNA nanocomplexes in HEK293
cells were investigated. CCK-8 method was used to determine the cytotoxicity of LHRss/pDNA nanocomplexes on HEK 293
cells. Results 'H NMR results showed that LHRss was successfully synthesized. The nanocomplexes had a uniform
distribution of particle size, and the zeta potential of LHRss3/pDNA and LHRss4/pDNA nanocomplexes were more than
30 mV when N/P=40. EMAS results showed that pDNA could be completely wrapped by LHRss3 when N/P=5. When
N/P=40, the intracellular uptake and transfection efficiency of LHRss3/pDNA nanocomplex by HEK293 cells was significantly
higher than that of other three nanocomplexes and lipoic acid modified polyarginine peptide and histidine (LHR)/pDNA; the
mean fluorescence intensity of LHRss3/pGL3 nanocomplexes was approximately 3. 98 times that of the LHR/pGL3
nanocomplex (P<C0. 05). Cytotoxicity results showed that the cell survival rates were more than 80% at 24 h after transfected

with LHR/pGL3 and LHRss/pGL3, and its toxicity was significantly lower than that of bPEI-25K, with the cell survival rates
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being about 25% at 24 h after transfected with 20 pg/mlL bPEF25K (P<C0. 05). Conclusion The prepared lipoic acid modified

polyarginine polypeptide nanocomplex is expected to become an efficient gene vector.

[Key words ] polyarginine polypeptide; plasmid DNA; transfection; gene transfer techniques

UEAFRFE RR YT B & R — R AR F A A= 1Y
i JEPIAT R SN IE 4 P A AN
s 2H A A R 3 PR SR L 5 S B 0 s s £
97 HA. SN ) 3 AU Bl — 5 1977 1k 5
RN T R 1 R PR R SRR AT B 1 2
WIAA A L JC S i B AR P T A

ZIRRBMAIE IR A P AN 20 K, 32 2 45 A
NIRRT BIER . 2 IRIERARAEIE DG Y7 AP
HA mufeid ARTEE A 5 il 4 145 s e 2 20
ZAET TR . BRI R L. 2 IR A
FIRPHE 22 PR 3 T 2 P I R P A 2880 P B 7 670 1L
3 PR 5 T R A /D 25 R A 1T T 45 200 L i
(A AR/ 3 N A2 5100 » DT B — i BE 25 I 4% 3 TN
7Y iDE= L

AR5 W 0 N A A PR A RN
AT VAT I 2E 1T 5 9 AR 5 6k TR 245 ) R AT
it A I 25 i WS T A o ) T A A D g R TR D Jit R
AT TE PR i A v i 1 ke A RE R HEAE L
WF5E A B AR PR o 200 A3 i B AT 9 A
HEIRATRE ST L PR A BIF 5 R RS 2R 5 20 R AW
RS T 2 UK BN 5 W) Rl g A wilk
i N AR FY

AT [ A AR T R AR A 50 32 24 vp A
] A A 1) LB SR AR L AT A e A 114 2 A
AR BRI S A AL Tk A5 B B . i R (lopoic
acid, LA) &—Fp HA 73 N TLCH i S5 4 FIR
Ui PRI MR 5. e 1 A R ] A A
BT T RS T A =S I SRR 2 T
Jit» 5 AR B A AR X312 S5 A0 g i B B Y
CLBNRTENELS W) BT s HLL BB n] 7 40 L ads i
PEFEAE T 200 D 25 W07 I AL 1 A 20 i A3t
FAFTH L AR RS R TR A AR (R Ha) 1Y
HARA 28 BB LA IRl LA — B 52
BRI R B R 1 28R [ I 8 £ AR ' 44 R
HEK293 A 5250 5. 813 LA i) SRoK
RIREAR ) DNA LR T . B (6 T4k — F % L fig
Ty EPA LR PR B DR A0

1 ##m7IE

1.1 ZBALEBRKA  Zeta sizer ZS90 Fir & I 2
X (Malvern 2\ &), ¥ [E); JEM-2010 % 5 g 4%

[Acad ] Sec Mil Med Univ, 2016, 37(11). 1353-1359]

JEOL A7), HAD ; 4 H 3 i b5 (Thermo 23 7],
KD 9% B M (Leica 24 ®], 18 H);
FACSCalibur i 41 id{X (BD 225, 32 FD , GloMax
20/20 KK AL (Promega /3 ], FEFED 5 L-2H & R
ERIRER LAFE A LALA: TAY TR R K hy
AR E] ] pEGFP pGL3 kL (1 i3 15 AR W
Fe A BR2FD s BPEICHHXT 43+ it it 25 000; Sigma 2
A, SEED s BCA 8t 1k B2 I 2 12058 & (Thermo 24
A, 3£ ED s DMEM K383 IR 4 1134 (Gibeo 23 A] . 3¢
ED s oAt 35 Ry 43 pr 4

L2 &JRMH LA S A6 LB R A 2R 4 2R
(disulfide cross-linked lipoic acid modified polyarginine
peptide and histidine, LHRss) % Ak &5 4 . 5 &
AE (L-R) (RRRRRR) 1 Hy (HHHD fik &% LA fE{i#
FHZ5 W AR BEORAP B RTHR B AR 22 Bk & 02 6
I AR RO 3k (HPLO) gk 4744k . R
R FRERFRER A TACHE A i LHRss ¥ LA &1 1) R
K R H A R (LHR) 2 ks T i fim A 10
mg/ mLAE PR ER IR,  AE IR T RA 12 hy N 1k
TR ; P 2 5 1 /K 4838 A TS R B R X6 31 o
A 3 50044k 12 ho kT, BBRZ Rk, B 7L
1 LHRss 5 1 A 5250 e £ 4 FhoAS [6] BE IR 23 50
ISR (2. 5%0.5. 0%.,10. 0%0.20. 0%) AR = 414)
a4 & LHRssl, LHRss2, LHRss3, LHRss4, %
REHR S (CH NMR; 600 MHz) F15E I 2,55 (GPC)
BT AT

1.3 LHRss/pDNA 2y K £ &4 egbm b &4 B
2 pg pDNA(pGL3) Fl LHRss DUA R A B HL (N/P)
ZHATE K, LHRss/ pDNA 90Kk E 59 (B D HUEEE
BYET 1 ml SRR vh I (PBS; 19 mmol/L, pH
7.0, ZRTFIFE 30 min, JH Zeta sizer ZSO0 B J&
T S 72 KSR DR RAR IR

® Lipoicacid (LA)
wwwu Histidine (Hj)

www» Arginine (Rg)

A, N pDNA

G v""v% B Grog ik
it

1 LHRss/pDNA #ikE &Y= E
Fig 1 Diagrammatic sketch of LHRss/pDNA nanocomplex

LHRss: Disulfide cross-linked lipoic acid modified polyarginine
peptide and histidine; pDNA: Plasmid DNA
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LHRss: Disulfide cross-linked lipoic acid modified polyarginine peptide and histidine; !H NMR: 'H nuclear magnetic resonance; a, b, c, e, f,

1: Lipoic acid; d, h: -CH- of arginine; g: Hydrogen on the methylene group of the carbonyl group; i, m: Tertiary carbon in arginine and

histidine; j, k: Imidazole in histidine
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Tab 1 Synthesis conditions and relative molecular mass

of LHRss at different cross-linked degrees

Polymers LHR Cysteine Feed ratio® Mrbv
m/mg m/mg % (X10%)
LHR — - - 1. 555
LHRssl 50 0.098 2.5 17.2
LHRss2 50 0.195 5.0 18.8
LHRss3 50 0. 390 10.0 22.9
LHRss4 50 0. 780 20.0 24.4

a

: Molar ratio of LHR to cysteine; P; Data obtained by gel
permeation chromatography. LLHR: Lipoic acid modified polyarginine
peptide and histidine; LLHRss: Disulfide cross-linked lipoic acid

modified polyarginine peptide and histidine
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Fig 3 The size (A) and zeta potential (B) of LHRss/pGL3
nanocomplexes at different N/P ratios
N/P: Nitrogen/phosphorus; LHR: Lipoic acid modified polyarginine
peptide and histidine; ILHRss: Disulfide cross-linked lipoic acid
modified polyarginine peptide and histidine; pGL3: Plasmid GL3.
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Fig 4 Agarose gel electrophoresis retardation diagram
of LHRss3/pGL3 nanocomplexes at different N/P ratios
1: Naked pGL3; 2-8. LHRss3/pGL3 (N/P=0.1, 1, 2.5, 5, 10,
15, and 20, respectively). N/P: Nitrogen/phosphorus; LHRss:

Disulfide cross-linked lipoic acid modified polyarginine peptide and
histidine; pGL3: Plasmid GL3
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A Flow cytometry figure; B: The percentage of positive YOYO-1 cells
and mean fluorescence intensity of LHRss/pGL3 nanocomplexes when
N/P=40. LHR: Lipoic acid modified polyarginine peptide and histidine;
LHRss: Disulfide cross-linked lipoic acid modified polyarginine peptide and
histidine; bPEF25K: Branched polyethylenimine (Mr=25 000); pGL3:

Plasmid GL.3; N/P: Nitrogen/phosphorus. * P<C0. 05. n=3, x=*s
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Fig 6 Invitro transfection efficiency of

LHRss/pDNA nanocomplexes

A: Fluorescence images of transfection efficiency of LHRss/pEGFP
nanocomplexes at different N/P ratios on HEK293 cells; B: Luciferase
assay of LHRss/pGL3 nanocomplexes on HEK293 cells. N/P: Nitrogen/
phosphorus; LLHR: Lipoic acid modified polyarginine peptide and
histidine; LHRss: Disulfide cross-linked lipoic acid modified polyarginine
peptide and histidine; bPEI-25K. Branched polyethylenimine (Mr =
25 000); pGL3: Plasmid GL.3; pEGFP: Plasmid EGFP; RLU. Relative
light unit. Bar=250 pym. * P<<0.05. n=3, x=Ls
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Fig 7 Cytotxiocity of blank polymer (A) and LHRss/pGL3 nanocomplexes (B) on HEK293 cells

LHR: Lipoic acid modified polyarginine peptide and histidine; I.LHRss; Disulfide cross-linked lipoic acid modified polyarginine peptide and histidine; bPEI-

25K Branched polyethylenimine (Mr=25 000); pGL3: Plasmid GL.3. * P<C0. 05 vs LHR group and LHRss groups. n=3, =+t
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