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Detection of genetic polymorphisms with high sensitivity
by DNA–perylene conjugate
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Abstract—Modified oligodeoxyribonucleotides (ODNs) involving two perylene moieties are synthesized. By using this ODN, one-
base deletion can easily be distinguished with high sensitivity. In addition, emission color of the solution greatly changed so that the
detection was possible even by naked eyes.
� 2007 Elsevier Ltd. All rights reserved.
In the human genome, there are more than 300,000
genetic polymorphisms including single nucleotide
polymorphisms (SNPs) and insertion/deletion (indel)
polymorphisms, and the relationship between these dif-
ferences and genetic diseases has been elucidated.1 To-
ward the tailor-made medicine, various kinds of
fluorescent probes have been proposed to detect genetic
polymorphisms for high through-put analysis.2 Among
the fluorescent dyes, pyrene is widely investigated
because of its characteristic fluorescent behavior:3

microenvironment around pyrene greatly affects the
fluorescence intensity. Furthermore, pyrene exhibits
monomer emission at around 390 nm whereas it shows
excimer emission at around 480 nm when two pyrenes
come close. Such fluorescent behavior based on the
assembled structure made it possible to detect genetic
polymorphisms by the change of emission maximum.4

We have also reported that DNA probe that tethers pyr-
enes on DD-threoninol could detect deletion polymor-
phism efficiently by the excimer or exciplex emission.5

For the practical application, however, pyrene has two
problems: its low quantum yield and emission maximum
in near-UV region. Quantum yield of pyrene is usually
below 0.2,4 although it depends on the solution condi-
tions. Furthermore, pyrene has its monomer emission
at around 390 nm as described above. Such short wave-
length emission is often disturbed by the background
fluorescence from other natural molecules.6
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Perylene is a promising candidate that can overcome
these demerits, because its fluorescence exhibits in visible
region (ca. 460 and 490 nm) with relatively high quan-
tum yield.7 By using perylene as a fluorophore instead
of pyrene, improvement of sensitivity is expected.8 Fur-
thermore, perylene is also known to form excimer as
pyrene does:9 its emission maximum appears at ca.
530 nm. Although excimer emission of perylene has
scarcely been applied to the detection of gene polymor-
phisms, utilization of monomer! excimer change will
make it possible to detect the polymorphisms by naked
eyes without serious background emission. In the pres-
ent paper, we synthesize DNA–perylene conjugates
and demonstrate that they can detect deletion polymor-
phisms as well as single nucleotide polymorphisms
(SNPs) by naked eyes with high sensitivity.

Probe designs for detecting genetic polymorphisms are
depicted in Scheme 1A, and sequences of ODNs are
shown in Scheme 1B. Two perylene molecules are intro-
duced into the middle of ODN and one base is inserted
between them where deletion or substitution (SNPs)
occurs (EAE in Scheme 1B). With wild type (T1), two
perylene moieties intercalate between the base-pairs
and thus they are separated by the intervening base-pair.
As a result, only monomer emission should be observed.
With one-base deletion (N in Scheme 1B), however,
three-base bulge is formed and two perylene molecules
come close enough to form excimer. Therefore, one-base
deletion can be distinguished by monitoring emission
maximum. Detection of substitution (SNPs) is also
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Scheme 1. (A) Schematic representation of the detection of genetic polymorphisms and (B) the sequences of ODNs synthesized in this study.
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Figure 1. Fluorescent emission spectra of EAE/N (solid line), EAE/T1

(dotted line) and single-stranded EAE (broken line) at 0 �C in the
presence of 100 mM NaCl at pH 7.0 (10 mM phosphate buffer).
Concentration of each DNA is 5 lM. Excitation wavelength was
425 nm. Melting temperatures (Tms) of each duplex were EAE/N:
44.7 �C, EAE/T1: 48.9 �C.
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possible by this probe because mismatched intervening
base-pair will associate the interaction of two perylenes.

Introduction of perylene moiety to ODN was carried
out through the corresponding phosphoramidite mono-
mer synthesized from perylene as shown in Scheme 2.
Perylene-3-carbaldehyde (compound 2 in Scheme 2)
was synthesized from perylene according to the litera-
ture.10 Then it was converted to 3-(3-perylenyl)propi-
onic acid (compound 5),11 followed by the coupling
with DD-threoninol through amide bond. Obtained com-
pound 6 was further converted to phosphoramidite
monomer (compound 8) for the incorporation into
ODN.12 Here, DD-threoninol was used as a linker because
most of non-natural molecules tethered on this linker
are intercalated between base-pairs.13 All the modified
ODNs are characterized by MALDI-TOFMS.14

Single-stranded EAE involving two perylenes at both
adjacent sides of adenosine showed distinct monomer
emission at 461 and 491 nm as shown by the broken line
in Figure 1.15 Excimer emission, which usually appears
at around 530 nm,16 was scarcely observed. When
EAE was hybridized with wild type DNA (T1), mono-
mer emission of perylene was strongly enhanced (dotted
line). Since two perylenes were intercalated between the
hydrophobic base-pairs, monomer emission was fairly
enhanced. It should be noted that this fluorescence
behavior was entirely different from that of pyrene
whose monomer emission was lowered by its intercala-
tion.17 In contrast, hybridization with one-base deletion
mutant (N) greatly quenched its monomer emission
(solid line in Fig. 1). Furthermore, weak but distinct
excimer emission appeared at 529 nm due to the close
CHO

OEt
O

O

O

OH

HO

NH

O

OH

DMTrO

NH

O

i, ii iii

vi vii

21 3

76

Scheme 2. Synthesis of phosphoramidite monomer involving perylene. Re
dichloroethane, 80 �C, 18 h; (ii) H2O, rt, 3 h, 72%; (iii) diethyl malonate, piper
73%; (v) KOHaq, benzene, ethanol, o-dichlorobenzene, 80 �C, 1 h, 91%; (vi) DD

rt, 5 h, quant.; (vii) dimethoxytrityl chloride, pyridine, CH2Cl2, rt, 2 h, 67%;
proximity of two perylene chromophores. This change
of fluorescence was quantified by the intensity ratio of
excimer emission to monomer emission (I550/I461), which
was 0.51 for EAE/N whereas 0.04 for EAE/T1.18 Thus,
one-base deletion could easily be detected from the
change of its fluorescence.

As described above, merits of perylene against pyrene
are its high quantum yield and emission in visible region.
These merits were apparently demonstrated when these
changes were observed with naked eyes. Photographs
of EAE/N and EAE/T1 are depicted in Figure 2A and
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agents and conditions: (i) SnCl4, dichloromethyl methyl ether, 1,2-
idine, dry benzene, 80 �C, 48 h, 75%; (iv) H2, Pd–C, THF, rt, overnight,
-threoninol, dicyclohexylcarbodiimide, 1-hydroxybenzotriazole, DMF,
(viii) (iPr2N)2PO(CH2)2CN, 1H-tetrazole, acetonitrile, rt, 1 h, 68%.



Figure 2. A photograph of (A) EAE/T1, (B) EAE/N, (C) PAP/T1 and
(D) PAP/N. Concentration of each DNA is 5 lM. This photo was
taken at room temperature in the presence of 100 mM NaCl at pH 7.0
(10 mM phosphate buffer). Fluorescence is observed over a UV
transilluminator (365 nm).
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Figure 3. Intensity ratio of the emission at 550 nm and 461 nm (I550/
I461) of wild type (EAE/T1) and one-base deletion mutant (EAE/N) at
various concentrations. Fluorescence intensity was measured at 0 �C in
the presence of 100 mM NaCl at pH 7.0 (10 mM phosphate buffer).

Table 1. The ratios of excimer emission to the monomer emission of
EAE with various counter strands at 0 �Ca

Counter strand N T1 C1 G1 A1

I550/I461
b 0.51 0.04 0.14 0.06 0.09

a Concentration of each ODN was 5 lM.
b The intensity ratio of the emission at 550 nm to that at 461 nm.
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B, which correspond to the dotted and solid lines in Fig-
ure 1, respectively. Blue emission was observed from
EAE/T1 over UV illuminator because monomeric emis-
sion appeared at 461 and 491 nm (see Fig. 2A). In con-
trast, EAE/N emitted green light due to the quenching
of monomer emission (blue light) and appearance of
excimer emission at 529 nm (see Fig. 2B). Such shift
was distinctly observed as color change with naked eyes
(compare Fig. 2A with B). In order to compare perylene
with pyrene, same DNA probe involving two pyrenes,
PAP, (see Scheme 1B) was synthesized. With this pyrene
probe, one-base deletion could also be detected in a
same manner as EAE as reported previously:5a PAP/
T1 exhibited monomer emission at 380 and 400 nm
whereas PAP/N did excimer emission at 480 nm (see
Supplementary Fig. S-1). But as shown in Figure 2C
and D, such shift was not observed clearly because of
its low quantum yield. In addition, since emission from
PAP/T1 occurred in near-UV region, we could hardly
see it with naked eyes. Although excimer emission ap-
peared at visible 470 nm for PAP/N, its emission was
very dark (see Fig. 2D) due to the low quantum yield.
It should be noted that EAE/T1 showed 7-times stron-
ger emission than PAP/N, each of which emitted in sim-
ilar wavelength range.19 With perylene probe of high
quantum yield, one-base deletion could be detected even
at lower concentration. The intensity ratio of excimer
emission (550 nm) to monomer emission (461 nm) was
depicted in Figure 3 as a function of concentration.
Even at 5 nM, wild type and deletion mutant are distin-
guishable. Thus, sensitivity was substantially improved
by using perylene instead of pyrene.20

This probe is also applicable to the detection of substitu-
tion mutants (SNPs) from the change of I550/I461.21 As
listed in Table 1, I550/I461 of mismatched sequence (C1,
G1, or A1) was higher than that of full-matched one
(T1). Increase of I550/I461 by the mismatch would be
attributable to the increased interaction between the
two perylenes due to the disorder (see Scheme 1A).
Although the difference is still small, optimization of
the linker and length of methylene chain between the
perylene and main chain would improve the difference.

In conclusion, one-base deletion as well as substitution
mutants was detected with high sensitivity by using per-
ylene-modified ODN. Wild type and one-base deletion
mutant could easily be discriminated from the change
of emission even by naked eyes.
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Supplementary data

The fluorescence emission spectra of EAE/N, EAE/T1,
PAP/N and PAP/T1 (excited at 365 nm) are presented
in Supplementary data. UV–vis spectra of these
duplexes are also presented. Supplementary data associ-
ated with this article can be found, in the online version,
at doi:10.1016/j.tetlet.2007.07.084.
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