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MESSENGER RNA ISOLATION USING
NOVEL PNA ANALOGUES

D. Phelan,1,∗ K. Hondorp,1 M. Choob,2

V. Efimov,2 and J. Fernandez1

1Active Motif, Carlsbad, California
2Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry,

Moscow, Russia

ABSTRACT

Homo-Thy hetero-oligomer probes composed of trans-4-hydroxy-L-proline
based PNA-like (HypNA) monomers and phosphono PNA (pPNA) monom-
ers demonstrated strong binding to complementary poly A+ RNA strands. We
used a mixture of chimeric oligomers containing both “linear” and “clamping”
PNA-analogues to develop an mRNA isolation procedure and demonstrate the
improved recovery of RNA molecules with secondary structure at the 3′end as
well as RNAs with short poly A tails.

Current techniques for the isolation of mRNA require the hybridization of
oligo dT to the 3′ poly A tail present on all mRNAs (1). Given the high amount
of stable secondary structure in RNA, resulting from RNA/RNA interactions, it
is difficult for oligonucleotides to penetrate these structures and hybridize to the
target RNA sequence. Peptide nucleic acids (PNAs) (2–5) are a relatively new
class of DNA mimics that may be able to overcome some of the problems as-
sociated with oligo-dT based purification of mRNA. These DNA mimics bind to
complementary DNA or RNA stretches with affinities significantly higher than
those of the corresponding deoxyribooligonucleotides (6,7). Furthermore PNAs
are resistant to nucleases allowing for a DNase digest of captured material (8).
Finally some PNAs can “invade” into double stranded nucleic acids, resulting in
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Figure 1. Schematic drawing of linear (A) and clamping (B) HypNA-pPNA poly-Thy hetero
oligomers hybridizing.

the capture of mRNAs with high degree of secondary structure (9). However, their
poor water solubility and tendency to self-aggregate limit the biological appli-
cations of PNAs. Recently, novel classes of PNA-related oligonucleotide mimics
containing trans-4-hydroxy-L-proline based (HypNA) monomers and phosphono
PNA (pPNA) monomers have been designed (10–11). The introduction of negative
charges into the PNA backbone leads to excellent solubility characteristics of
pPNAs and HypNAs while preserving the high affinity of these mimics to DNA and
RNA targets.

In this study, an mRNA isolation procedure using poly-Thy PNA-analogues
has been developed. We used a mixture of chimeric oligomers containing both
“linear” and “clamping” molecules (Fig. 1) (12). The “linear” chimeras contain a
chain (12–15 residues) of pPNA monomers or alternating HypNA and pPNA units
in a 1:3 ratio. The “clamping” PNA-analogue consists of two pPNA or HypNA-
pPNA chains connected via a flexible linker. We tested these poly-Thy oligomers
for their ability to bind to RNA transcripts with extensive secondary structure and
short poly-A tails (Table 1) and demonstrated that mRNA purified using negatively
charged PNA analogues is free of genomic DNA contamination. We subsequently
developed a line of mRNA isolation Kits, mVADER, using PNA-analogues and
currently offer these Kits to the research community.

As it is shown in Figure 2, pPNA2/DNA triplex is more thermodynamically
stable than pPNA2/RNA triplex. This ensures that even in the absence of a DNase
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Table 1. The Comparison of the Elution Efficiency
of Poly A +RNA Transcripts from Oligo-dT and from
Clamping Oligo-Thy pPNA∗

Oligo-dT Clamping mimic
(% recovery) (% recovery)

ss RNA 7.6 52.4
stem/loop RNA 2.0 23.6
ds RNA 8.6 39.7

∗Approximately 11 pmoles of each transcript were in-
cubated with 100 pmoles of either biotinylated oligo
dT or biotinylated clamping oligo-Thy pPNA. After
extensive washing, the captured RNA was eluted off
the probes with water. Recovered RNA transcripts were
quantified by spectrophotometric analysis and agarose
gel analysis.

digest, by using water at ambient temperature the researcher can be confident that
no genomic DNA will be co-purified with the mRNA.

Finally we have used pPNA as well as HypNA-pPNA hetero oligomers (linear
and clamping) in a mRNA isolation procedure from both cells and tissue. Essentially
10–15 molar excess of biotinylated PNA probe is allowed to hybridize to the target
poly-A+ messages in a cell lysate for up to 2 hrs at room temperature. Addition of
streptavidin coated magnetic beads captures the PNA/RNA complexes. Following

Figure 2. In two separate experiments, poly-rA30 and dA30 were allowed to anneal to a linear pPNA
for 1 h at room temperature. Streptavidin coated magnetic beads were subsequently added to capture
the oligo/pPNA complexes. After extensive washing, the captured RNA or DNA was eluted off
the mimic oligomer probe with water at 4◦C, 22◦C, 50◦C, 70◦C and 90◦C, successively. PNA2 /RNA
triplexes dissociate at room temperature, while PNA2/DNA triplexes dissociate at higher temperatures.
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Figure 3. Analysis of mRNA isolated from total RNA in 3 separate enrichment experiments using
Total mVADER. Lane 1 - dsDNA ladder, lanes 2, 3 and 4 - 1 µg of HypNA-pPNA selected mRNA.

washes of the beads with a low salt buffer and an optional DNase digest, the
mRNA is eluted off the PNA analogue using water at ambient conditions. We have
developed this technique for the isolation of mRNA using PNA analogues from
various amounts of cells or quantities of tissue, including a 96-well version and a
version for the isolation of mRNA from total RNA (Fig. 3).

REFERENCES

1. Aviv, H.; Leder, P. Proc. Natl. Acad. Sci. USA, 1972, 69, 1408–12.
2. Nielsen, P.E.; Egholm, M.; Berg, R.H.; Buchardt, O. Science, 1991, 254, 1497–1500.
3. Egholm, M.; Buchardt, O.; Nielsen, P.E.; Berg, R.H. J. Am. Chem. Soc., 1992, 114,

1895–1897.
4. Harvey, J.C.; Peffer, N.J.; Bisi, J.E.; Thomson, S.A.; Cadilla, R.; Josey, J.A.; Ricca,

D.J.; Hassman, C.F.; Bonham, M.A.; Au, K.G.; Carter, S.G.; Bruckenstein, D.A.;
Boyd, A.L. Noble, S.A.; Babiss, L.E. Science, 1992, 258, 1481–1485.

5. Buchardt, O.; Egholm, M.; Berg, R.H.; Nielsen, P.E. Trends Biotechnol., 1993, 11,
384–386.

6. Egholm, M.; Buchardt, O.; Christensen, L.; Behrens, C.; Freier, S.M.; Driver, D.A.;
Berg, R.H.; Kim, S.K.; Norden, B.; Nielsen, P.E. Nature, 1993, 365, 566–568.

7. Orum, H.; Nielsen, P.E.; Jorgensen, M.; Larson, C.; Stanley, C.; Koch T. BioTech-
niques, 1995, 19, 472–480.

8. Demidov, V.V.; Potaman, V.N.; Frank-Kamenetskii, M.D.; Egholm, M.; Buchard, O.;
Sonnichsen, S.H.; Nielsen, P.E. Biochem. Pharm., 1994, 48, 1310–1315.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

MESSENGER RNA ISOLATION 1111

9. Peffer, N.J.; Hanvey, J.C.; Bisi, J.E.; Thomson, S.A.; Hassman, C.F.; Noble, S.A.;
Babiss, L.E. Proc. Natl. Acad. Sci. USA, 1993, 90, 10648–10652.

10. Efimov, V.A.; Choob, M.V.; Buryakova, A.A.; Kalinkina, A.L.; Chakhmakhcheva,
O.G. Nucleic Acids Res., 1998, 26, 566–575.

11. Efimov, V.A.; Buryakova, A.A.; Chakhmakhcheva, O.G. Nucleic Acids Res., 1999,
27, 4416–4426.

12. Efimov, V.; Choob, M.; Buryakova, A.; Phelan, D.; Chakhmakhcheva, O. Nucleosides,
Nucleotides and Nucleic Acids, 2001, 20, this issue.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Order now!

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081NCN100002499

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request 
Permission/Reprints Here" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
1
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=NCN&title=MESSENGER+RNA+ISOLATION+USING+NOVEL+PNA+ANALOGUES&offerIDValue=18&volumeNum=20&startPage=1107&isn=1525-7770&chapterNum=&publicationDate=03%2F31%2F2001&endPage=1111&contentID=10.1081%2FNCN-100002499&issueNum=4%267&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A56%3A10&publisherName=dekker&orderBeanReset=true&author=D.+Phelan%2C+K.+Hondorp%2C+M.+Choob%2C+V.+Efimov%2C+J.+Fernandez&mac=4tx3VGvLFP0XnOZJEV9idw--

