JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Binary Malachite Green Aptamer for Fluorescent Detection of Nucleic Acids
Dmitry M. Kolpashchikov
J. Am. Chem. Soc., 2005, 127 (36), 12442-12443+ DOI: 10.1021/ja0529788 « Publication Date (Web): 19 August 2005
Downloaded from http://pubs.acs.org on March 25, 2009

binary - C 4 - G+C
malachite green éj c rgilgihllzigereen g-g ﬁ:g
aptamer A T eA incing;sie. UsA Fluorescence s
PA Gay, : CeGg A Gy
A A g A
c «CA N CAA GaCA
c CGA £ malachite green -
c. A DNAanalyle GeGA, oty CeGA,
I GU _> CeGU _> CeGU
SJG 0 G C*G CeG
SCAGEaY <A UsA UsA
A V] U U u
A u
-t U Uy S Uu
! pISYCVERT segaccoacycucye  SGCACECACUC UCUGC
DNA binding amms -~ 40 6 T A G AGTAG 04 4G JR A6 dA G -5 OC 46 T dG dG dGTAG dA dG dA 06 dA d& - 5

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information
. Links to the 9 articles that cite this article, as of the time of this article download

. Access to high resolution figures
. Links to articles and content related to this article
. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications
Journal of the American Chemical Society is published by the American Chemical

High quality. High impact.
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja0529788

JIAIC[S

COMMUNICATIONS

Published on Web 08/19/2005

Binary Malachite Green Aptamer for Fluorescent Detection of Nucleic Acids

Dmitry M. Kolpashchikov

Division of Experimental Therapeutics, Department of Medicine, Columbiadudsity, Box 84, 630W 168th Street,
New York, New York 10032

Received May 6, 2005; E-mail: dk2111@columbia.edu

Sequence-specific detection of nucleic acids is crucial to disease
) ; N mea @ biMGA probe Cc
diagnosis, genome study, and mRNA monitoring in living cells. Ao R 5
Among the numerous methods for nucleic acid analysis of particular ce g ¢ %:E Stem-2
interest are those that provide immediate visible or fluorescent [$:5 Stem-2 g. ‘os C-Gg,
e . . . . A U
response after hybridization to complementary nucleic acid analytes, '; Glg ,V s JcAR  DNAznayte Y ad
thus offering easy and instant detection of the specific DNA and Sa& -=r S - oA oo i
RNA.12However, the selectivity of these methods is limited under A b 8 Stem-1
physiological conditions, and this limitation hinders the applications Stem-1 v ﬁ B Uyt
in living cells S8LACCCA [CUCUCUE 5GcACCCACUC UC UG
g o : it H nuclei:acid bind: arms Eé t .9.9.91 'g'a'g'a 'g'a'gs
The specificity of biopolymer recognition can be increased by g

separate binding of two ligands to a target biopolymer for the
recognition event to occur only as a tripartite complex, that is, ligand
1—target biopolymerligand 2. Previously, we applied this concept
for selective cross-linking of DNA polymerasé#n these experi-
ments, a photoreactive primer was activated by energy transfer from gy
a dNTP analogue in a tripartite complex DNA primer/temptate

Figure 1. (a) Structures of MGA in complex with MG. (b) biMGA probe

free in solution. (c) biMGA probe bound to complementary DNA.
Ribonucleotides are represented in uppercase, whereas deoxyribonucleotides
are in lowercase.
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DNA polymerase-dNTP. This approach allowed us to label only 12 // ~\ o 12
DNA polymerases in the presence of a large amount of other o 14 \\ seeeeeses 3
proteins in cellular extractl now report an extension of this idea /’ N
to highly selective recognition of nucleic acids by creating a binary ® / N
malachite green aptamer (biMGA) probe for fluorescent monitoring / A
. . / 5'-gca ccc act cte tc ~

of nucleic acids. 41, complement to A14 S~

The malachite green aptamer (MGA) is an RNA molecule that 2 / ’-' Tee-al.
has submicromolar affinity to malachite green (MG), a triphenyl- 0 e — . , .

620 640 660 680 700 720 nM

methane dyé&.Upon binding, MGA increases the fluorescence of
the dye>2000-fold (Figure 1Af We used this aptamer previously
to develop modular aptameric sensors for small molectlieshe . _and biMGA (1uM) were recorded in the absence (1) or presence (2, 3) of
present work, MGA was separated into two strands, and nucleic 5\ a14; curve (3) in the presence of M DNA competitor, which is

acid binding arms were added to each strand through UU dinucleo- complementary to A14.

tide bridges, as depicted in Figure 1B. Furthermore, the inessential

GAGA loop was removed. Stem | was shortened to three and Stemamounts of DNA fully complementary to the analyte (curve 3).

Il to four base pairs in order to diminish the association of RNA This confirmed the hypothesis that the increase in fluorescence is
strands in solution in the absence of nucleic acid analyte. In the triggered by hybridization of the analyte binding arms to A14, and
presence of DNA complementary to the nucleic acid binding arms, the structure of such a hybrid allows RNA strands to form an MG
the two RNA strands of the probe cooperatively hybridize to the binding site.

adjacent positions of the target DNA and re-form MGA, which The fluorescence intensity of the probe in the presence of fully
allows binding of MG and an increase in fluorescence (Figure 1C). matched target A14 was compared to the fluorescence intensities
Since each RNA strand of biMGA is bound to a relatively short in the presence of oligonucleotides containing all possible single
analyte fragment, a single mismatched base pair substantiallynucleotide substitutions (Table 1). The discrimination factor was
destabilizes such a hybrid, thus destabilizing the whole complex. calculated as a ratio of the fluorescence intensity of biMGA in the
Therefore, high selectivity of the probe should be expected. In this presence of A14 to fluorescence in the presence of mismatched

Figure 2. Binary malachite green aptamer probe increases its fluorescence
upon hybridization to DNA analyte. The emitting spectra of MGu({2)

report, we demonstrate the ability of biMGA to perform both real-
time DNA detection at room temperature in a buffer simulating
physiological conditions (140 mM NaCl, 5 mM KCI, 1 mM Mggl

50 mM Tris-HCI, pH 7.4) and discrimination abilities against a
single nucleotide substitution in all possible positions of a 14
nucleotide DNA analyte.

oligonucleotides (after subtraction of background fluorescence). The
discrimination factor was estimated as being higher than 20 for
those oligonucleotides that trigger no increase in fluorescence above
background. The probe reliably discriminates against mismatches
at all positions of the analyte except substitution of T by A at the
8th position. The best discrimination was observed against mis-

In the absence of DNA analyte, the probe emits low background matches located at internal positions of the two RNA/DNA hybrids.

fluorescence (Figure 2, curve 1), whereas addition g2 A14

Thus, for 25 out of 42 oligonucleotides, the fluorescence intensity

increases the fluorescence intensity about 20 times (curve 2). Thedid not exceed the background. Particularly remarkable demonstra-
fluorescence was reduced to background level upon adding excesgions of the specificity of the probe are a good discrimination
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Table 1. Discrimination Factors for Oligodeoxyribonucleotides linear oligonucleotide&’-12 At the same time, one comprehensive
g_i’rfelr ing frc|>m '%1‘2 (5'-91220384053607t899910911t12013C14) DY @ study revealed that MBs with a probe length of-1IB bases possess
ingle Nucleotide good single mismatch discrimination properties only at80°C 3
substituted Substituted with and another report demonstrated that MBs were not able to
position a c g t discriminate against single mismatches within a 20 nucleotide-long
1 284 0.4 2.4+05 20+0.2 DNA analyte at room temperatuteThus, the problem of selectivity
2 13.7+1.2 >20 5.5+1.8 still remains for the MB approach.
3 >20 >20 >20 In the present work, a probe/analyte hybrid was destabilized by
‘51 -0 228 >20 i%g dividing the probe into two fragments. Due to the cooperative nature
6 153+ 4.4 >20 554+ 1.7 of the biMGA—DNA tripartite complex, it dissociates into three,
7 8.4+ 2.0 6.0+ 2.0 6.3+ 2.2 rather than two, nucleic acid fragments, leading to a higher entropy
8 0.7+ 0.2 2.1+ 0.6 2.0+ 04 gain in comparison to the conventional monolith probes. This
1?) 38 38 Zgg reduction in free energy of the probe/analyte dissociated state
1 =20 =20 =20 en_hances the d|s§QC|at|on process, especially in the presence of
12 >20 >20 155+ 3.6 mismatch base pairing.
13 >20 >20 >20 In conclusion, the design of the probe allows the hybridization
14 7.0£12 7.0+ 18 4.5+ 09 event to be accompanied by an increase in fluorescence, which is

) ) ) ) easily and instantly detectable. The binary probe reliably discrimi-
a2The concentrations of all oligodeoxyribonucleotides werel2 all tes 41 out of 42 ible sinal leotid bstitut in 14
other conditions were as described in the legend of Figure 2. The values Nat€s 41 out o possible singlé nucleotide substtutions In 14-

are averages of four independent experiments. mer DNA analyte with extremely high discrimination factors2Q)

(DF = 4.5+ 0.9) of the T-G from C—G base pair at the’ Eerminal for more than half of the possible substitutions. These high
position. of thé DNA analyte (Table 1, last row, 5th column) and a discrimination abilities of the biIMGA probe is demonstrated at room

discrimination A-U from G—U (DF > 20) at 4th position of A14 tempergture ina b_uffer smulatmg phyS|o_I(_)g|caI conditions. More-

over, biMGA consists entirely of unmodified RNA and thus can

(Table 1, row 4, column 4). b din livi I duct. All th facts tak
Interestingly, an oligonucleotide containing T to A substitution te ei(rt)ressek 'r;)_mggAce sasagene E)ro uct.f hi esle acl S t‘? en

at position 8 triggered higher fluorescence then A14 (©B.7 + ogether make bi apromising instrument for highly selective

0.2). This may be due to base pair formation between the A8 of fluorescent monitoring of nucleic acids in cell culture and in vivo.
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result indicates that biMGA probes can be designed for selective
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Biophys 2002 37, 71-81. (b) Tan, W.; Wang, K.; Drake, T. Zurr.

References

fragments separated by a few nucleotides. _ Opin. Chem. Biol2004 8, 547-553. (c) Vet, J. A.; Van der Rit, B. J.;

A general approach for distinguishing between mismatched and @ I(3|<))m, H. J.Expert Rke'- Mol. Dlaﬁn.ZOOZ 2, 77-86. ®

; ; ; " 2) (a) Rosi, N. L.; Mirkin, C. A.Chem Re. 2005 105 1547-1562.
fully complemgntary nucleic acid dupl(_e_xes is to_des_tabmze the Taton, T. A.; Mirkin, C. A.: Letsinger, R. LScience2000 289, 1757
duplexes, causing them to become sensitive to a minor imperfection, 1760. (c) Zhao, X.; Tapec-Dytioco, R.; Tan, \l.Am. Chem. So2003
. B ; 125 11474-11475.

such as a smgle base m_lspalrlng. Fo.r 13 and .more nuc!eotlde (3) (a) Kolpashchikov, D. MJ. Biomol. Struct. Dyn2003 21, 55-64. (b)
fragments, which are statistically required to uniquely define a Kolpashchikov, D. M.; Rechkunova, N. |.; Dobrikov, M. I.; Khodyreva,
particular site in a mRNA pool of the mammalian celsuch @ Eé\’/\:i-l?( Lgb?qi’;’ ;\‘S-hﬁ-ri"t:\\/’”g % _Fp'fgssageg1_9593bg|48R13\}fwi‘|1§0n
destabilization can bg §ucceeded at elevated temperatures or inthe *” 5 1 Nucleic Aciﬁ’,s Re2002 30, e73. T B '
presence of denaturizing agents, such as formafigléhough (5) ?{Sée' D.; Wilson, CProc. Natl. Acad. Sci. U.S.AL999 96, 6131~
some of these mgthods have shown impressive results (for example, ®) Babendure, J. R.: Adams, S. R.: Tsien, R.JYAm. Chem. So2003
methods employing gold or fluorescent conjugated nanopartitles), 125, 14716-14717. _
they are not fully applicable for highly specific monitoring of @) ggggfgg'?% M. N.; Kolpashchikov, D. MI. Am. Chem. So@004 126,
nucleic aCidS.in living cells. o (8) MccCall, M. J.; Hendry, P.; Mir, A. A.; Conaty, J.; Brown, G.; Lockett, T.

An alternative method for duplex destabilization is demonstrated © fJ.MI?I. BIO}-(IEChEnIOIJ: 200Q 14,_5gl7s. S 1. Tribou E. H
. rakawa, H.; antroussi, S.; Smidt, H.; Smoot, J. C.; Tribou, E. H.;
In th?_case of molecular t?ef"lco_”s (M_Qsand probes based on Kelly, J. J.; Noble, P. A.; Stahl, D. AAppl. Erviron. Microbiol. 2003
specific displacement hybridization (Yin-Yang prob&s)n both 69, 2848-2856.

cases, the probe design allows the formation of an alternative to (10) Tyagdi, S.; Kramer, F. Rat. Biotechnal 1996 14, 303-308.
; . . (11) Li, Q.; Luan, G.; Guo, Q.; Liang, Nucleic Acids Res2002 30, E5.
the probe/analyte hybrid structures: stem loop in the case of MBs, (12) Bonnet, G.; Tyagi, S.; Libchaber, A.; Kramer, F. Roc. Natl. Acad.

or a duplex with a DNA competitor in the case of the Yin-Yang Sci. U.S.A1999 96, 6171-6176. _ o
probe. The facilitated dissociation of the probe/analyte hybrid is %) gggé’rlgis’léa‘iff%%?’ M. A Rose, S. D.; Bao, Rucleic Acids Res

achieved due to the reduction of the enthalpy component of the (14) Ramachandran, A.; Flinchbaugh, J.; Ayoubi, P.; Olah, G. A.; Malayer, J.
free energy of the probe/analyte dissociated state. This effect allows R. Biosens. Bioelectror2004 19, 727-736.
MBs and Yin-Yang probes to bind DNA more selectively than JA0529788

J. AM. CHEM. SOC. = VOL. 127, NO. 36, 2005 12443



