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Cellular delivery of modified peptide nucleic acids: a review

Chundong Liu, Jianhua Wang, and Fang Zeng
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Abstract: Peptide nucleic acid (PNA) is a DNA surrogate in which the phosphate deoxyribose backbone of DNA is
replaced by repeating N-(2-aminoethyl)glycine units. PNA can hybridize to the complementary DNA and RNA with higher
affinity than their oligonucleotide counterparts. This character of PNA not only makes it a new tool for the studies of

molecular biology but also the potential candidate for gene-targeting drugs. The non-ionic backbone of PNA leads to stable

Received: June 15, 2015; Accepted: August 31,2015
Supported by: The Natural Science Major Project of Chongqing Natural Science Foundation (No. cstc2013jjB0011), Chongqing
Application Development Project (No. cstc2013yykfB10013), Agricultural Science and Technology Achievements Funds of Sichuan
Province (No. 14NZ0027-1).
Corresponding author: Jianhua Wang. Tel: +86-23-65102507; E-mail: wjh@cqu.edu.cn

(No. cstc2013j3B0011) (No. cstc2013yykfB10013)

(No. 14NZ0027-1)
2015-09-17 http://www.cnki.net/kcms/detail/11.1998.Q.20150917.1533.001.html



NEE F/AEImEREERIMIREE 293

hybrids with the nucleic acids, but at the same time, the neutral backbone results in poor cellular uptake. To address this

problem, studies on modified PNA progress rapidly in recent years. We reviewed literature reports combined with our study

about the delivery methods, including backbone modified PNA and PNA-ligand conjugates, and the cellular uptake of

modified PNA. In addition, we summarized the problems and future prospect of the cellular delivery of modified PNA.

Keywords: peptide nucleic acids, modified, cellular delivery
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Table 1 Examples for delivery of PNA-CPP conjugates

CPP Conjugation strategy Cell type Reference
Arg; POPNA-AEEA-CPP CHO [31]
Octa (L-lysine) PNA-CPP BCL, [32]
D-Arg, (n=7,8,9) PNA-CPP HeLa pLuc705 [33]
NLS PNA-SMCC-CPP HeLa pLuc705 [33]
(KFF);K PNA-SS-CPP HeLa pLuc705 [33]
Tat HTERT-PNA-Tat DU145 [34]
Tat PNA-AEEA-CPP 3T3 [35]
NLS PNA-NLS-metal Mimetic membrane [36]
(KFF);K PNA-CPP E. coli [37]
MI18 CPP-PNA-azobenzene-PEG HT-29-luc [38]
Signal peptide PNA-CPP Erythrocyte [39]

AEEA: 8-amino-3,6-dioxaoctanoic acid; SMCC: succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate; SS:
disulfide; PEG: polyethylene glycol.

%2 CPPHIEEEFT
Table 2 Sequences of selected CPPs

Peptide Sequence Reference
Arg; RRRRRRR [31]
D-Arg, RRRRRRR; RRRRRRRR; RRRRRRRRR [33]
octa (L-lysine) KKKKKKKK [32,34]
HIV-Tat RKKRRQRRR [34]
D-Tats7.49 RKKRRQRRR [35]
NLS PKKKRKV [33,36]
(KFF);K KFFKFFKFFK [33,37]
M918 MVTVLFRRLRIRRACGPPRVRV; MVTVLFKRLRIRRACGPPRVKV [38]
Signal peptide LALLAK; ALLPLALLAK; AAVALLPAVLLALLA [39]

R: arginine; K: lysine; Q: glutamine; P: praline; V: valine; F: phenylalanine; M: methionine; T: threonine; L: leucine; A:
alanine; C: cysteine; G: glycine; R: arginine; I: isoleucine.
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#x3 HBATHiER PNA-FERMHRIKEEY
Table 3 Examples for delivery of PNA-lipophilic ligand conjugates

Cationic lipid Conjugation strategy Cell type Reference
Cholic acid PNA-cholic acid-ester hemisuccinate HeLa pLuc705 [44]
Cholesterol PNA-cholesterol-ester hemisuccinate HeLa pLuc705 [44]
Cholesterol PNA-Lys-cholesterol DsRed [45]
Heteroaromat PNA-heteroaromat HeLa pLuc705; p53R [46]

PNA-(Gln-phosphonate),,
PNA-(Lys-bis-phosphonate),

PEI PNA-Cys-SS-PEI HeLa pLuc705 [48]
m=3,7,10; n=4, 5, 6. PEI: polyethyleneimine; SS: disulfide.

Oligophosphonate HeLa pLuc705 [47]

PNA
PNA
PNA (PEI) (PEG) Shiraishi ~ *7
3 7 10 PNA-
(441 Shiraishi 4 5 6 PNA-
441 pNA PNA HeLa
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PNA PNA
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PNA PEI
PNA
HelLa
pLuc705 pS3R PNA PEI PEG
Llovera
PNA PNA

® 010-64807509 K cjb@im.ac.cn



300 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech March 25,2016 Vol.32 No.3

PNA

PAPNA Isox-PNA am-PNA amp-PNA

CPP

PNA
PNA

2.3 PNA-Inge Bk ZE %Y
PNA
PNA
PNA
PNA
PNA-
PNA

PNA-
[50-51]

% 4 FATHIEZH PNA-TIREMEELIKIEZEY

PNA

PNA

PNA

Table 4 Examples for delivery of PNA- functional

ligand conjugates

Functional ligand Conjugation strategy Reference
Aspirin PNA-aspirin [50]
Flunixin PNA-flunixin [51]
Adamantane PNA-ester-adamantyl [52]
Neomycin PNA-aminosugar [53]
Tocopherol PNA-triazole-tocopherol [54]
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