
1. mRNA and PNA 
library pair. 
2. DNTP  bonds 
mRNA and PNA. 
3. GSH reduces the 
bonds, releasing 
mRNA from PNA. 

Methods

DNTP

GSH

1

2

3

Peptide Nucleic Acid as a Messenger RNA Delivery Vehicle
Megan Garcia1, I-Che Li2, Niren Murthy2

Irvine Valley College1, Department of Bioengineering, University of California, Berkeley2

2019 Transfer-to-Excellence-Research Experience for Undergraduates (TTE REU) Program
Abstract: Innovation in medicine have been growing exponentially in the recent years, especially in the area of gene therapy. An area of major interest is DNA-based nucleic acid therapeutics and vehicles for delivery. Here

we demonstrate peptide nucleic acids (PNA) potential for being a successful delivery vehicle for mRNA through testing the structure’s binding and releasing capabilities. Our interest in PNA stems from its neutrality and
nontoxicity, making it a stable option for mRNA delivery into cells. This experiment establishes PNA’s use as a delivery vehicle for any mRNA, making it a viable gene therapy option.

• Goal of DNA-based therapeutics - restore 
function in cells by introducing the correct 
functioning gene to produce proteins the 
body needs. 
• Problem - finding safe and effective vehicles 

to delivery genomic material
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Peptide Nucleic Acid
-nontoxic  -not recognized by immune system  -naturally reduced in cells
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1 & 2. PNA/mRNA taken 
in by cell in vesicle.
3. Lysosome breaks 
digests vesicle.
4. Bonds reduced and 
mRNA escapes from 
lysosome.
5. mRNA is transcribed 
into protein. 

PNA 
Concentration 

Assay (uM)
• mRNA and PNA 

have bound 
between 1000 uM 
and 2000 uM of 
PNA. 

DNTP 
Concentration 
Assay (mM) w/ 
PNA 900 uM

• 13.5 mM of DNTP 
chemically binds 
PNA to mRNA. 
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Dynamic Light Scattering Measurement
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GSH Concentration 
Assay (mM) w/ PNA 

900 uM and 1000 uM
• The condition of 900 

uM PNA, 13.5 DNTP, 
and 5 mM GSH releases 
mRNA from PNA. 

La
dd

er

90
0/

13
.5

Co
nt

ro
l

10
00

/1
5

10
00

/5

Before GSH (3353 d.nm) After GSH (164.4 d.nm)

Conclusion                               Future Work 
• Evaluating the optimal time frames of each

reaction.
• Using PNA for green fluorescent protein (GFP) 

mRNA binding instead of Luciferase mRNA 
• In vivo studies including cell transfection of GFP 

and Luciferase mRNA.

• Optimal binding and release condition found: 
900 uM PNA, 300 ng/mol mRNA, 13.5 mM 
DNTP, and 5 mM GSH.

• Data shows a PNA delivery vehicle has potential 
to be an effective DNA-based therapeutic 
option. 


