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Gene diagnosis shows tremendous promize for medical,
pharmaceutical, and other applications. The rmost reliable method
for detection of singlenuclectide polymorphisme (SNPs) iz direct
sequencing. However, this approach suffers from high cost and low
thronghput. Instead of the direct sequencing, various assays have
been developed. Especially, combination of the allele-specific
hybridization and the fluorometric detection has provided a varety of
aszay techniques such as molecular beacons and DNA microarrays.
These techniques usually require bulley and expensive instruments for
the fluorometric detection. As an easy and inexpensive altemative,
gene diagnosis using gold nanoparticles (GNPs) has been attracting
considerable interests [1]. Aggregation of GNFPs, accompanied by
the surface plasmon shift, can be clearly recognized with the naked
eve (color change from red to purple, and to black). Therefore, no
specialized instmment is required. Mozt of the previously reported
GNP aggregation systems rely on cross-linking of the GNPs by
hybridization. In principle, these systerns detect the difference
between single-stranded (zz) DNA and double-stranded (ds) DNA.
In thiz cagze, dizcrimination of SNPs& requires strict control of the
hybridization temperature depending on the sequence, becanse a
single-base mismatch gives only little instability to the dsDNA.  This
limitation iz common to all the assay methods baszed on the allele-
specific hybridization.

In contrast, we have prepared a series of DMNA conjugate
raterials which can recognize DNA fragments with one-base
gpecificity [2]. A conjugate consisting of water-soluble synthetic
polymers and oligo DMNA are uzed in its aqueous solation [3]. DNA
conjugate materials are very rmich different from conventional zolid
raterials on which DNA probe is immobilized. In addition to
soluble DNA conjugates, dispersed colloidal nanoparticles carrying
DNA are prormising for biological and medical diagnosis [4].

Quite recently, we discovered a simple method for detecting
single nuclectide rmtation by using reversible aggregation of a DNA-
carrying colloidal nanoparticle, which was composed of a
Irdrophobic core from poly(N-1scpropylacrylamide) (NIPAA M) and a
hydrophilic shell from DNA. The particle with the diameter of 50
nm wag found to form through the self-assenbly of polyNIPAAmM-
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graft-DNA copolymers above the phase transition temperapure of
polyNIPAAM pan. A typical preparation procedure of
polyNIPAA M graft-DNA  copolymer iz as follows: the DNA
racrompnoner was synthesized by the coupling reaction between
methacryloylozymceinimide and amino-linlked DNA and was purified
by reversed-phase high-performance liquid chromatography. The
graft copolymer was prepared by radical copolymerization between
NIPAAmM and the DNA macromonomer. The DMNA-carrying
nancparticle with the diameter of 50 nm was formed through the self-
asserrbly of the graft copolymers above the phase transition
termrperature of polyNIPAAm part (ca. 3770 [4].  The typical
sequence of anchoring DNA examined was 5°-GCCACCAGC-3*
which iz a part of oncogene, ras.
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When adding the complerentary DNA into the DNA-carying
colloidal nanoparticls dispersion at 40T, the particles were found to
aggregate rapidly in 10 mM Tris-HCI buffer (pH 7.4) containing 500
i NaCl.  Since we added here the emact match DNA (3%
CEGETGEGETCG-5") in terms of not only the sequence but also the
length, the aggregation iz considered to take place by a non-
crosglinking mechanizm [4]. In confrast, the colloidal systern lkept
dispersing in the presence of the point-rtated DNA  (3'-
CEGTAGTCG-5") under the identical conditions. Cther
mismatched DMNAs  including  3-AGGTGGTCG-5"  and  3'-
CEGTGGETCG-5"  did not  induce the aggregation either
Interestingly, the complementary DNA but having one pretmding
miclectide (3*-CGGTGGTCGA-S") did not trigger any aggregation.
This wag really surprising since the DNA should form stable double
helical structure ag well ag the exact match DNA.,

In the presence of the complementary DNA, the DNA-camrying
colloidal nanoparticle dispersion aggregates rapidly in the conditions
of relatively high salt concentration by a non-crosslinking mechanism.
In contrast, they kept dispersing in the presence of the point-rmitated
DNA under the identical conditions. Thus we found a novel
behavior; at cerain critical salt concentrations the stability of the
colloidal particle iz destabilized by the hybridization of the surface
DNA with the cormplementary DNA in solution.  This system is very
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sensitive to exact matches in DNA sequence between the immobilized
DNA on the colloid and DNA fragment in the suspending fluid. The
phenomenon appears to depend on a delicate balance between
electrostatic forces between particles that promote dispersion, and
hydrophobic interaction of the polymer cores that favor aggregation.
Using thiz method, the single-nucleotide mutation of 3% mer DNA
was successfully detected by turbidity change.

The core material is not restricted to polyNIPAAMm, DNA-
functionalized gold nanopaticle was found to show a similar
aggregation behavior induced by the fully-complementary DNA
which does not crosslinle the nanoparticles [5]. At high NaCl
concentration (= 0.5M), hybridization with complementary target
DNA induces nanoparticle aggregation. The aggregation can be
detected by colorimetric change of the colloidal solution within 3 rmin.
Furthermore, umisual sensitivity of thiz system for single-base
mismratch at the terminus opposite to the anchored side has been
discovered. In fact, target DNA with such kind of mismatch does not
induce the colorimetric change at all. (Figure 1)
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Fig. 1
nancparticles at wvarions NaCl concentrations at room
termperature: (A) without a target DNA, (B) with the
conrplementary target, and (C) with a target containing a
single-base mismatch at its 5° terminus.

Aggregation

Thus, we have been developing a GNP-bazed SNPs typing
rmethod which does not depend on the specificity of dsDNA formation
Instead, this method detects difference betwesn dsDMAs with and
without a rmismateh.  We call this method non-cross-linking method;
becanze the aggregation of GNPz iz induced not by the cross-linlking
rechanizm, but by the formation of fully cormplementary dsDNA on
the GNP surfaces. We have reported that; (1) the NCL aggregation
occurs at relatively high salt concentrations [5]; (2) single-base
misrratches at the distal ends greatly stabilize the colloidal dispersion
[5.6]; and (3) the NCL method can be applied to products from the
single-base primer extension reaction for SNPs typing [6].

In general, a single medical decizion requires information of
rultiple SNPs of an individual patient. For this pamposze, a low
detection limit iz desirable to minimize the blood sarmple volume.
We discovered that larger GNPz enable lower detection limits in the
MCL method. However, thiz effect saturates around 40-nm in
diameter. Taking into account the gravitational sedimentation, we
decided that 40-nm is the optimal diameter for SNPs typing [7].
Selectivity of the 40-nm GNPz was confirmed with the primer
exfension products which were ten times az dilute as those in our
previons report using 15-nm ones.

On the other hand, efforts for reduction of sample volurme and
for rmltiplexing using microfluidic devices are now in progress [8].
We believe that the NCL method has a great potential for point-of-
care SNFPs typing.
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