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dynamics, we also developed a new approach to realize multicolor chromosomal loci imaging based
on a modified single-guide RNA (sgRNA) of the CRISPR/Cas9 system. We demonstrated that the
new approach is easy to implement and enables robust multicolor labeling of genomic elements
with superior counter-bleaching capacity for continuous, long term tracking of chromosomal dy-
namics.
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Single-walled carbon nanotubes (SWNTs) has physically and chemically superior properties. Al-
though SWNTs are generally hydrophobic, SWNTs can be dispersed in aqueous solution by forming
complexes with DNA (DNA-SWNTs) [1]. Nanobiosensors using optical responses of DNA-SWNT
complexes such as near-infrared photoluminescence (PL) of SWNTs have been proposed by many
research groups. On the other hand, it is known that the optical responses of SWNTs are affected by
chirality of SWNTs although the chirality effects in the nanobiosensing with DNA-SWNT complexes
have not been well understood. If we understand and regulate the chirality effects, it is expected that
more sophisticated nanobiosensing techniques can be established. In this study, we investigated the
chirality effects on PL from DNA-SWNT surfaces in absence and presence of fluorescent dyes. We
previously reported attachments of fluorescent dyes to DNA-SWNT surfaces for functionalization
[2].
SWNTs were dispersed with single stranded DNA (ssDNA) or double stranded DNA (dsDNA). Ex-
citation wavelengths for PL measurements were 550 to 750 nm. PL of SWNTs were measured from
850 to 1600 nm (every 1 nm). When rhodamine B solution (RB) or uranine solution (UR) was added
to DNA-SWNT suspension as fluorescent dyes, molar ratio of the fluorescent dyes to carbon atom
in the samples were adjusted to 1:200. Normalized PL intensities before and after addition of dyes
were plotted for several different chiralities of SWNTs. For normalization, PL of (9, 4) chirality was
defined as 1. The data indicated average values of independent three experiments.
PL intensity was decreased in all the chiralities when RB or UR were added to the DNA-SWMT sus-
pension, however, quenching ratios were different due to chirality of SWNTs and combinations of
types of DNA and dyes. In the case of ssDNA-SWNT complexes with RB, quenching ratios of (8,6),
(8,3), (8,4), (7,5), (7,6), and (9,4) were 5%, 3%, 4%, 10%, 10%, and 10%, respectively (Fig. 1). Based on
this result, we propose categorization of the six chiralities. In group (a) ((8,6), (8,3), and (8,4)), the
quenching ratios were low (average quenching ratios of the three chiralities = 4%). In the groups (b)
((7,5), (7,6), and (9,4)), those were relatively higher (average quenching ratios of the three chiralities
= 10%).
In ssDNA-SWNT with UR, average quenching ratios of groups (a) and (b) were 3% and 3%, respec-
tively (Fig. 1). In the case of dsDNA-SWNT with RB, the ratios of (a) and (b) were 3% and 3%,
respectively (Fig. 2). In these samples, there was no difference between groups (a) and (b). In
dsDNA-SWNT with UR, the ratios of (a) and (b) were 2% and 0%, respectively. In this combina-
tion, group (a) indicated slightly higher quenching ratios. Our results revealed that each chirality of
SWNTs involves its specific optical responses. The different responses originated from chirality are
probably useful to establish nanobiosensing techniques using DNA-SWNT complexes.
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