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Genomic expansion of trinucleotide repetitive sequences is rmsom soquncn_1, random soquence
connected with inherited neurodegenerative diseases such as fragile A romean _
X syndrome (CG@CCG triplet), Huntington’s disease (CAGTG), . Ovbipy modifiemion
myotonic dystrophy (CT@CAG), or Friedreich ataxia (FRDA,
GAA-TTC triplet)12Diagnostics of these diseases at the DNA level B e copture of (DNA ot By
is important for confirming clinical diagnosis, for genetic screening =
of families at risk, and for early recognition of heterozygous carriers.
The current methods of detection of triplet repeat expansion involve bybidizsion vith RPBiot |t O
Southern blotting or PCR amplification of DNA regions spanning _ r TT— H
the repeat followed by determination of the amplicon length using D & [ E
gel electrophoresi:# - e
DNA arrays and biosensors are increasingly used for sequencing T o
DNA by hybridization. Recently, it has been shown that optical E pinding of sreplavidi- AL confugate M T
detection usually used in these devicean be complemented by soduction 3
electrochemical methods, offering low-cost, simple design, small of tasghihel 2

oP "

. . . determination of RF-biot TRIPLET
dimensions, and low power requiremefit3 Double-surface tech- oY 0O by engymelioked u/ REPEAT
niques (DST) have been proposed, in which DNA hybridization is ~ Q" "oLecies "'};f;,m
performed on one surface (H), and electrochemical detection on prak R

. P .

another surface, the detection e_Iectrode (BE): Using maglnetlc Figure 1. Scheme of the detection of the (GAAEpeat expansion in PCR
beads as the surface H and solid amalgam or carbon as'BEs,  products by means of the electrochemical B/bridization assay using
great increases in specificity and sensitivity were obtained, par- biotinylated (TTC), reporter probe (RP-biot). (A) The target DNA (tDNA)
ticularly in combination with nanoparticlé$¢ Magnetic beads can  is thermally denatured and modified with Os,bipy. (B) tDNA strand

. - ‘ , ; containing the (GAA) sequence is captured at the Ba its stretch of Ag
be incorporated into microfluidic platforms and can work in an residues. After being washed, the Buspension is split into two aliquots.

array format/ offering parallel DNA hybridization analysis. (C) Aliquot I: the tDNA-Os,bipy is released from ther&nd determined
We propose a new electrochemical detection of the length of using osmium peak at the pyrolytic graphite electrode (PGE). The number
the triplet expansion based on multiple hybridization of the DNA ?f Fleyrift'nichiiSe reSiSLl)J?S mOdtifietti bdes(,‘bipy ir(]jth? Gf?rf-ftrant?] Offtt?]e tDNAt
i ; ; reflected by peak) is constant and independent of the length of the repeat

repetitive sequence with a short labeled reporter probe (RP) (Figure, - 5" 2 "ajic ot 11 Rp-biot is hybridized with the target (GAA)

1). To determine lengths of guanine (G)-containing triplet repeats, soquence at the beads followed by binding of streptavidin-alkaline phos-
Thorp et al*® combined electrochemistry with radioactive labeling. phatase conjugate (SALP). The beads are then transferred into a solution
In contrast to their approadf,our DST is not limited to G-con- of 1-naphthyl phosphate which is enzymatically converted to electroactive

taining sequences and offers improved separation and specificl'naphthm yielding anodic peak N at the PGE. The resulting 1-naphthol

B . concentration depends on the number of RP-biot molecules captured at the
enrichment of the target DNA (IDNA). In this paper, we propose B+t which is directly proportional to the (GAA)length. The triplet repeat

a method for detection of the (GAAJepeat expansion in FRDA.  expansion length is estimated from the peak height ratio. N/
PCR-amplified tDNA fragments were denatured and modified by

osmium tetroxide 2,2oipyridine (Os,bipy) (Figure 1A) known to  anodic peak N215The relative length of the triplet expansion was
react with pyrimidine but not with purine bas&sTo capture the  calculated from the ratio of the electrochemical signal intensities
(GAA)-containing DNA strand at the magnetic beads with co- of hybridized RP-biot (enzyme-linked assay)/tDNA (Os,bipy label).
valently attached oligo(dg (Br), serving as surface H;* we Figure 2A shows the effects of tDNA concentration on peak N
utilized the (dA)g stretch that occurs naturally next to (GAAN arising from the RP-biot enzyme-linked hybridization assay and
the genomic locus of human frataxin gér{Eigure 1B). Because  on the peaku!* of Os,bipy-labeled tDNA (tDNA-Os,bipy), both
there are no pyrimidine residues in GAA, the number of pyrimidines measured at a pyrolytic graphite electrode (PGE). Two amplicons
in the captured tDNA strand was independent of the (GA@)gth differing in the (GAATTC), repeat length, RW59 (59 triplets) and
and the electrochemical signal of Os,bipy-modified pyrimidines in RW150 (150 triplets), were used as the tDNAs. The intensities of
the tDNA (Figure 1C) was thus related to the number of DNA peak oo were similar for both amplicons and increased almost
molecules captured. Biotin-labeled RP (CT\RP-biot) was linearly with their concentration between 0.5 and 1Quhg? (i.e.,
hybridized to the captured tDNA to obtain a signal characterizing 10—-200 ng of DNA per sample). Peak N also increased linearly
the (GAA), length (Figure 1D,E). The RP-biot was detected via with the amplicon concentration (Figure 2A), but the slope of the
an electrochemical enzyme-linked assay involving binding of dependence was about 3 times higher for RW150, as compared to
streptavidin-alkaline phosphatase conjugate to the RP-biot andRW59. Signals of the (GAA)repeats normalized to the captured
conversion of electroinactive 1-naphthyl phosphate to electroactive tDNA amounts, that is, the N/ratios calculated for each individual
1-naphthol which was determined at carbon electrodes using ansample (Figure 2B), were practically constant for tDNA concentra-
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{DNA concentration (ug mk1) on the triplet repeat length, only—2 ng of tDNA per assay is
0 : 4 § ;i woon required when mercury or amalgam electrodes are used for tDNA-
Os,bipy determination. Nonradioactive electrophoretic techniques
usually require at least-510 ng of DNA per band, but their
sensitivity may be considerably lowered, for example, due to band
smearing. Linearity of the signal versus triplet expansion depen-
dence (Figure 2C) makes it possible to differentiate between small
normal, large normal, premutated, and mutated alleles with an

peak N height (nA.mm?)
uamuryu) By » yeod

|

Nie] B —— C accuracy comparable to the electrophoretic assay (reporte8@s
409 N\—;-H triplets for expanded allelés As compared to electrophoresis, the
304 3,,: % electrochemical analysis is faster, it determines just the length of
Nia 13 the repetitive sequence regardless of the length of the flanking
DNA cone (vg ) sequences, and the results are less affected by the formation of
0 heteroduplexes of the expanded allélédthough the electrochemi-
cal method yields average repeat lengths (not providing specific
signals for individual alleles), our results demonstrate that the
104 RWS9 presence of an expanded allele in a heterozygote can be easily

recognized, offering a potential application in preventive screening
of FRDA carriers. The principles of this method can be applied
for the determination of the triplet repeat expansion in other

N1

mﬂ”cmm 0 neurodegenerative diseases. Low-cost systems can be developed,
Figure 2. (A) Dependence of the heights of tDNA-Os,bipy pealand and their use for screening large numbers of people could help to
RP-biot peak N on the tDNA amplicon concentrations) . for RW59; diagnose the incidence of neurodegenerative diseases in populations.
(2) N for RW59; @) o for RW150; (&) N for RW150. (B) Dependence of .
the peak height ratio N/ on the tDNA concentration: @) RW59; (a) Acknowledgment. This work was supported by GA ASCR
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expanded alleles was used; the zero signal corresponds to a tDNA lacking

the triplet repeat. (D) Agarose gel electrophoresis showing the analyzed . . . . . T
PCR products: lanes 1 and 6, length markers; lane 2, HZ: lane 3, NI; lane Supporting Information Available: Details of the B hybridization

4 RWI50: lane 5. RW59. assay, electrochemical measurements, and optimization of the technique.
This material is available free of charge via the Internet at http://

tions between 2 and 10 ng-~* (RW59) or between 5 and 10 ng ~ PuPs-acs.org.
uL™1 (RW150). N& values were about 3.3 times higher for the

RW150 PCR product, as compared to the RW59, exhibiting a
correlation with the lengths of the repeats in the amplicons (150/ (1) ;’g;"son' H. L.; Fischbeck, K. FAnnu. Re. Neurosci.1996 19, 79—
59 = 2.5). When the tDNA-Os,bipy was determined at a mercury
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