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Abstract. A rapid, simple, and reproducible assay is described that
can be used to detect differences in the ability of oligonucleotides to
influence the aggregation of colloidal gold nanoparticles. The aggre-
gation reaction of the gold colloid was monitored through UV-visible
absorption spectroscopy. Single isolated colloidal gold particles have
a surface plasmon resonance manifested as a single absorbance peak
at approximately 520 nm, and aggregated gold complexes develop
new red-shifted peaks/shoulders depending on the nature and extent
of the aggregated complex. A simple ratiometric study of the area
under the single and aggregated plasmon resonance peaks thus gives
information about the extent of the aggregation. It is postulated that
differences in dynamic flexibility of the oligonucleotides affect their
influence on the aggregation state of the gold nanoparticles. The re-
sults of this study provide new clues toward unraveling the causes
behind the preferential affinity of the Hermes transposable element for

certain insertion sites compared to other sequences that also contain
recognizable target sites. The technique is robust and thus can poten-
tially be used to study similar questions for numerous transposable
elements and target sequences. © 2004 Society of Photo-Optical Instrumentation
Engineers. [DOI: 10.1117/1.1803847]
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1 Introduction Some transposons in bacteria are known to carry genes that

Transposable elementSES) or transposons are mobile seg- confer antibiotic resistance and hence have tremendous poten-
ments of DNA that are capable of being excised and moved tial to impact public healtf.However, one of the most im-
from one chromosomal location to another by a process portant features of TEs are their contributions to the evolution
known as transposition. TEs are a heterogeneous class of geof genomes due to mutations resulting from insertions, dele-
netic elements that vary in structure, mechanism of transposi-tions, and recombination events. TEs have also been found to
tion, and choice of target sites. TEs of some form are found in be the cause of mutations responsible for some human genetic
all prokaryotic and eukaryotic organisms. Transposable ele- diseases, including hemophilia A and B, porphyria, and Duch-
ments in eukaryotes are of two types: those that are mobilizedenne muscular dystropﬁyﬂence there is a need to study TEs
by a DNA-only mechanismiclass 2 and those that use an o explore various advances in transgenic research, and this
RNA intermediate(class 1! Class 2 transposons move by & may also serve to better understand mutations that lead to
cut-_and-paste _mech_a_msm whe_reln the transposon is cut out Of.artain diseases.

excised from its original location and pasted or transposed When a TE moves from one genomic location to another, it

into a new locationtarget sit}. This process requires an en- .o cause changes in the DNA at both the original site and the
zyme called the transposase that performs the excision reac-

tion, recognizes specific target site sequences, and then pro_target site, her:ceggneratltpg gene mutat!g]r)s ar:d ch;omosomal
motes insertion of the TE at the target siteansposition rearrangements. Insertions near or within a target gene can

Hence, TEs are also known as jumping genes and are Vamab@ctivate.or inactivate the target gene, thereby affecting gene
molecular tools for creating transgenic or genetically modified €XPression. However, in some systems, the process of gener-
organisms(GMOs). Transposable elements are key to many ating transgenic organisms is not very efficient due to integra-
applications in molecular genetic research. They can be usedtion into unstable or transcriptionally inactive genomic re-
for genetic analysis as markers to tag other genes and forgions that prevent transgene expression. It is expected that a
mutagenesis experiments to localize and characterize genesgreater understanding of how and where TEs integrate into
target genomes will enable the engineering of TE movement
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TE movement exhibits variable specificity in selecting tar- Previous bioinformatics research, performed on the same
get sites while integrating into host genonieSlass 2 TEs set of controls and samples studied in this investigation, ana-
typically use 2 to 8 base paifbp) target recognition se- lyzed bendability values given by a trinucleotide scale and
guences, which are then duplicated on insertion. However, it stacking energy values given by a dinucleotide staiend-
is clear that not all potential target sites within a genome are ability is a value of anisotropic flexibility and corresponds to
used with unbiased frequenty’ Sites that have been targeted 32 complementary trinucleotides that range from0.28
by TEs are called insertion sites. The TE-targeted sites that(rigid) to +0.194(bendablg'* Stacking energy relates to the
have been used at high frquencies are called hot spots,interaction energy between adjacent base pairs in the double
whereas those sites that match the primary target recognitionhelix and is estimated using a set of dinucleotide values. It is
sequence and yet remain unused are called cold spots. Base@Xpressed in kcal/mol and ranges fron8.82 (will melt eas-
on the observation that TEs do not insert at every site that ily) to @ maximum value of- 14.59(requires the most energy
matches their primary target sequence, it is likely that there to destack or melt the heliX® Hence values closer te 3.82
are other factors contributing to target choice. It has been reflect regions of the helix that would destack or melt more
shown by previous research that besides the primary nucle-€asily. Conversely, larger negative numbers would represent
otide sequence, certain transposable elements show a prefeflore stable regions of the DNA helix. .
ence for particular secondary structures in target DNA, thus 't was seen that the values of bendability for the flexible
playing a vital role in target site selectiéfi-® It has been \(/:v%?rerotlhgnr(ijgi}:joégrﬁ)t?gsl xeéeczglzt\;vs;rso.rg\%giﬁer:jd\;&g:%i?v’veen
poslted e ceran locl and unusual DA st 1 icha T e ity vl

ognition by the transposition machinery, and hence influence th€ flexible control and hot spots ranged betwee®.89971
insertion of elements at those sifes. and —8.5153,while the rigid control and cold spots revealed

_ 13 ;

Hence we postulate that secondary and tertiary local DNA Values between-8.71838and —9.60647." Hence it was
structures, such as supercoiled DNA, bending of target DNA concluded from bioinformatics _that the flexible control a_n(_j
and curved flanking DNA, may also contribute to target site hot spots were both more flexible and stable than the rigid
preferences for the transposon of our interest, lHemes control and the °_°'_d spots. .
transposable element from the houseMlysca domesticalo The goal of this investigation is to spectroscopically detect

better understand the concept of selective choice of TE targeta'gﬁ;znscfrzr'; tgiggﬁgi?ggg;thg;Sj[?]ztsaan?ecglt?oipg]fscg?lgzgl
sites, we used UV-visible absorption spectroscopy to investi- P ggreg

b . gold nanopatrticles. The samples tested were two known hot
gate the effect on th_e aggregation of colloidal gold nanopar- spots and two known cold spots for the Hermes element, as
Eﬂ?:qek;ye?eﬁggia%:ggoggvrg dh?jtifle::ngglsdir?%?ft:cgrot:?hewe” as controls for rigid and flexible DNA. The sequence-

. ' . dependent DNA controlled aggregation of gold nanopatrticles
aggregation .Of the coI_I0|daI gold was |o_o§_tulated to be c_jue ' \vas monitored here by UV-visible absorption spectroscopy.
dlfferences- in_dynamic structur.al flexibility: of Fh-e. various Single isolated colloidal gold nanoparticles have a surface
Ol'OHUC|eOF'de samples. Dynamic structural f'ex"?"'W of the plasmon resonance manifested as an absorption peak located
D.’t\)lA flanking knqwn ho;f and coIc;I Sng could directly t;on- at approximately 520 nm. This is due to the sum of the effects
tr|| ute to tar.get S'Ite hpre erences for tﬁ rmestr.a;;sposfa eh of light absorption and scattering, which in turn is dependent
element, or it could have an indirect effect by influencing the ) 1 sjze and the dielectric constant of these particles. When
formation Qf different secondary and tertiary local DNA struc- haqe gold nanoparticles aggregate, their surface plasmon
tures flanking known hot and cold spots. resonance shifts to longer wavelengths, depending on the size

It is well established that the ability of DNA to wrap or 554 shape of the aggregate complex and the interparticle dis-
bend around minute nanoscale structures plays a critical roleignce petween individual particles within the aggred@té
. . . . lo . . . B . . ) N s '.
in its functionality.” Central to this phenomenon is the intri-  Ths translates to a different light scattering profile according
cate sequence-dependent structure and flexibility of the DNA 5 the Mie scattering theory, and manifests itself as a visible

molecule, which leads to the wrapping, bending, and other color change of the solution from wine red to various shades
conformational states of the double helxThus significant of pink, purple, or gray, depending on the state of

efforts have focused on the binding of oligonucleotides aggregatiort”:1°

around metal nanostructures and colloids to study various

characteristics of DNA and in the development of a myriad of .

DNA-based applications, such as elucidating the mechanism?2 Materials and Methods

of electron transfer through DNA and developing revolution-

ary DNA detection technologi€s.For this current mode of 2.1 Materials

research to successfully design DNA probes that can targetGold (Au) colloidal particles with a mean diameter of 15.5
DNA sequences with optimal specificity, and selectivity, and nm and a coefficient of variation of 10% were purchased from
to study various DNA conformational states, it is crucial to Ted Pella, Incorporate@dRedding, California The cuvettes
have a sound understanding of the mechanism of interactionused were disposable semimicro polystyrene cuvettes pur-
of the DNA molecule and its constituent building blocks with  chased from VWR International Incorporatéd/est Chester,

the metal surfaces on a molecular level. To this end, there Pennsylvaniathat allowed the use of small sample volumes.
have been several studies documented in the existing litera-The KCl used to induce aggregation was purchased from EM
ture dealing with the binding and conformation of oligonucle- Science(Gibbstown, New JersgyThe primers used to pro-
otides on metal surfacés!? duce each double-stranded oligonucleotide were obtained
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from Invitrogen Life TechnologieéCarIsbad, Californip The Rigid control: 5" AAAAAAAAACGACGACGACGAAAAAAAA 3.
1X annealing buffer consisting of 5-mM Tris-HQbH 7.4),

5-mM NaCl, and 0.5-mM EDTA was made from reagents
purchased from SigméSaint Loius, Missoupi

The flexible control was designed using repeating triplets of
CAG trinucleotides corresponding to the highest bendability
value of +0.28,and these are also flanked by A-tracts.

] ] . 5 3
2.2 Deszgn of Primers for Hot/Cold Spots and Flexible control:> AAAAAAAACAGCAGCAGCAGAAAAAAAA .

Flexible/Rigid Control
exible/Rigi -on rors . 2.3 Annealing of DNA Primers
Based on previously performed transposition assays, Sarkar

et al. revealed 65 insertions of titermeselement into the Each p””?ef with its forward F and_ reverse R compliment
target plasmid pGDV?2.0f these 65 insertions, only 22 were were .prowded by the manufactur(enyltrogen Life Technolo- .
used more than twice and hence were called hot or preferredg'eS) In-a lyophilized form. Each primer was resuspended in
spots® The two hottest spots for integration of théermes approprla_te volumes OI>.< annealing b_uffer SO as to ensure
element into the target plasmid pGDV1 were chosen for this tat the final concentration of each primer was 3 mM. They
analysis. The most frequently used hot speiS1) for the were then allowed to sit at room temperature for 20 min to
Hermes element is located at base [2l54+ in pGDV1 allow proper hydration of the lyophilized primers with the
with 14 integration events at that site, while the other hot spot anr_1ea|mg buffer. Each primer went through a process (_)f_vor-
(HS2) used in this analysis was located7&6+ in the target texing and centrifugation twice to ensure proper mixing.
plasmid pGDV1 with 12 integration events at that site. The 8 Equal volumes of the F and R primers of each Sa”.‘p'e were
base-pailbp) target sequence at each of these sites was iden-then combined together so that the final concentration of the
tified and 10 bp of flanking upstream and downstream se- doublle-strandedh sample WZS 1.dS mM’.ffOHO(;ng which the
quences were incorporated into oligonucleotide primers. In Samples were then vortexe an centrifuged twice _to_ ensure
effect, each primer was 28 bp in length with the 8 bp consen- proper mixing of samples. In this process of combining to-
sus in the middle flanked by the 10 bp of the up/downstream gether equal volumes of the F and R primers of each sample,
sequence. The DNA sequence for the hot spetsich are in unstable double-stranded complexes are formed. To ensure

duplex form) are as follows, where the bold letters represent correct base pairng of the F and R strands to form stable
bases that are the consensus sequence. double-stranded oligonulceotides, the samples went through a

process of heating @&5° for 10 min, during which the DNA

is denatured into single-stranded DNA. This process was im-
mediately followed by a gradual cooling of the sample to
room temperature for approximage? h to allow the anneal-

ing of the primers to form stable double-stranded DNA com-
Oligonucleotide pairs for each hot spot representing the se-plexes.

quences as shown and the reverse complement sequence were
synthesized by the manufacturer. The two complementary 2.4. (J\-Visible Experiments
primers were annealed in the lab to form the double-stranded
DNA targets.

Putative target sites that matched the 8-bp target primary
consensus sequence for thermeselement, NTNNNNAC,
that had not been targeted previously in transposition assays

were identified as cold spots. Two cold spots were chosen for .
this analysis. Their 8-bp target site was identified and 10 bp of ?EA;?AT?rlgst(ev?g?el)gli?si?\gzlﬁ: ag r?]f/lto.?lr(i SC Ogii:zralﬂgglm

upstream anq downstream sequence was included in the de'buf'fer (pH=7.2). Then 50ul of the colloidal gold particles
sign of the primers for the cold spots, as shown ne?(t. Hence’were added to this salt-DNA mixture and thoroughly mixed.
the primers for the cold spots were also 28 bp in length,

e . X This final 100ul reaction mixture was transferred to a semi-
similar to that of the hot sppts, the_ qlfference pelng th.at the micro disposable polystyrene cuvetigsed for small sample
hot spots were actually previously hit insertion sites, while the

cold spots are only putative target sites volume assayfsand its absorption spectra was collected.

) Three equal aliquots of each sample were prepared and tested
for studying intra-batch consistency for each sample. The final
DNA concentration in each sample was 0.375 mM. It is criti-
cal that KCl is added to the reaction mixture as it greatly
assists the aggregation of the gold nanoparticles. This aggre-
The rigid control was designed using repeating triplets of gation causes a shift in the surface plasmon resonance of the
ACG trinucleotides flanked by A-tracts. DNA bendability is a particles, which is then analyzed to determine the extent of
measure of anisotropic flexibility of DNA and is given by a colloid aggregation, and thus a postulate on the nature of the
trinucleotide scale, wherein each triplet is assigned a bend-dynamic flexibility of the oligonucleotide samples. A variety
ability value in the software HMMPro that uses bioinformat- of KCI concentrations(from 0.1 to 0.3 M were tested to
ics algorithms to simulate structur€s%2'We designed the  induce aggregation of the gold colloid-DNA complex, from
rigid control using ACG trinucleotides, which are assigned the which 0.3-M KCI was identified as the most reliable. The
lowest bendability value of-0.174,and these repeating trip-  order in which the KCI was added to the gold colloid was also
lets were also flanked by highly rigid A-tracts. very important. This is in agreement with similar observations

Hot spot 1:5 CGAGATAGAGGTATGCAC TTATAGAACA 3.

Hot spot 2:5 TTGAAGTTATGTCTGAAC ATTTATGGCG 2.

UV-visible absorption spectra were collected using a Beck-
man DU-640 spectrophotometer. Each sanjfilexible con-
trol (FC), hot spot 1(HS1), hot spot 2(HS2), rigid control
(RC), cold spot 1(CSJ), and cold spot 2CS2] was prepared
by combining 25ul of 0.3-M KCI with 25 ul of the various

Cold spot 1:5 AGAGATATGGTTGATTAC TGGAATGATT 3.

Cold spot 2:5 ATTTACACAT TTTGAAAC CCGATTGGAC ¥'.
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Fig. 1 Absorption spectra of rigid control at 1, 17, 32, and 52 min after addition of salt and the DNA to the colloidal gold. The top graph is the
1-min scan and it goes down progressively little with time. As can be clearly observed, the change in aggregation profile of the sample varies very
little with time.

made by other group§Adding KCl to the gold colloids prior aggregated complex, determine the nature, intensity, and sta-
to the addition of the DNA samples made the nanoparticles bility of the red-shifted peak and/or should&f6

very unstable, as it induced them to aggregate extremely fast Figure 1 shows the results of the preliminary time-
and fall out of solution within minutes. However, if the KCI  dependent study. The purpose of this study was to observe the
and DNA are mixed together first and then added to the gold stability of the aggregated colloids on addition of KCI and
colloid, a time-dependent study of the aggregated gold-DNA DNA. As can be clearly observed, the spectra of the colloid
complex by measuring the absorption spectra of the DNA remained fairly stable until roughly 52 min. While only the
samples at 1, 17, 32, and 52 min after the initiation of the data for the rigid control is shown, this was observed for all
aggregation process showed that the spectra changed little inhe samples. As a result, 10 min was chosen as a suitable
this time frame. Thus, 10 min was chosen as the referencereference point from which to collect spectra of all subsequent
point to collect the absorption spectra after mixing the samples in the second round of experiments. A series of KCI

samples for all further experiments. concentrations, from 0.1 to 0.3 M, were tested to induce ag-
gregation of the gold colloidal particles, from which 0.3-M

3 Results and Discussion KCI was found to induce an optimal level of repeatable ag-

The goal of this research is to study the effect of each of the 9regation. o

following oligonucleotides on the aggregation of colloidal ~ The data shown in Figs.(@-h are the mean of the ab-

gold nanoparticles: flexible contr¢FC), hot spot 1(HSY), sorption spectra of three aliquots of each sample with error

hot spot 2(HS2), rigid control (RC), cold spot 1(CS1), cold bars depicting one standard deviation above and below the
spot 2(CS2, and control(buffer sample—no DNA present mean. The data are displayed in this manner to show the ex-
with 15.5-nm Au colloidal particles. The gold colloid is citrate Perimental variability in the data collection process for each
reduced and thus possesses negative charge due to the pre8f the samples. A careful observation of the graphs show that
ence of citrate ions. Single isolated Au colloidal particles have the effect on the aggregation of the gold colloid by flexible
a surface plasmon resonance that is manifested spectrally agnd rigid DNA is markedly different. The flexible control
an absorption peak at approximately 520 nm. This resonance(FC), hot spot 1(HS1), and hot spot ZHS2) reacted with the
peak is sensitive to the aggregation of the colloidal particles, gold colloid to induce a stable nanoparticle aggregate with a
which then results in the development of a second peak or plasmon resonance located at roughly 630 nm. This new
shoulder at longer wavelengths, depending on the state of theshoulder at 630 nm was relatively low in magnitude, suggest-
aggregation and the nature of the aggregated complex. Sev4ing that the extent of the aggregation was limited and thus the
eral factors, such as the size of the aggregated complex, theirsize of the aggregates were relatively small. This is in agree-
shape, orientation, and the interparticle spacing within each ment with the observation that these aggregated solutions had
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Fig. 2 Absorption spectra plot with error bars showing experimental variability of the mean of three aliquots of: (a) unaggregated colloidal gold, (b)
colloidal gold with flexible control, (c) colloidal gold with hot spot 1, (d) colloidal gold hot spot 2, (e) colloidal gold with rigid control, (f) colloidal
gold with cold spot 1, (g) colloidal gold with cold spot 2, and (h) control sample (colloidal gold with buffer only). Here the state of aggregation is
depicted by both the size of the aggregated plasmon resonance peak/shoulder as well as the extent to which it is red-shifted.
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Fig. 2 (Continued).
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a reddish-violet color and remained stable for a longer period that the extent of gold aggregation on addition of the two hot
of time than those samples with rigid DNA that were dark spots and flexible control is much less than the extent of gold
purple-gray in color and began to become unstable after 52 aggregation on addition of the two cold spots and rigid con-
min. The absorption spectra of the rigid cont(®C), and trol. This is shown by a stronger and more red-shifted aggre-
cold spot 2(CS2 samples showed a large aggregated plasmon gated plasmon resonance peak for the cold spots and rigid
resonance band at approximately 658 nm. The spectra of coldcontrol when compared with the hot spots and flexible con-
spot 1(CS) had a very large shoulder at 630 nm. On the trol. This points to a similarity in behavior of the hot spot
basis of this spectroscopic evidence, it can be said that thesamples to the flexible control sample and the cold spot
rigid DNA samples promoted greater gold-to-gold particle ag- samples to the rigid control sample.
gregation than that of flexible DNA samples. A clue that could lead to a possible explanation for the
Figures 3a) and 3b), broken down into two charts for  difference in aggregation characteristics can be seen when the
clarity, show the mean absorption spectra of three separatespectra of the control samp{hich has colloidal gold, KCI,
aliquots of the samples that were tested 10 min after mixing and buffer only but no DNAIis studied. This spectra shows
the colloid and DNA, and unaggregated gold colloid only. As the highest degree of aggregation of the nanoparticles by vir-
can be seen in the graphs, the gold colloidal particles begin totue of the large and most red-shifted plasmon resonance peak
aggregate after the addition of the salt and DNA. This is vi- at 687 nm. The sample had a light gray appearance immedi-
sually confirmed by a rapid change in color of the colloid ately after mixing and began to fall out of solution within 5
from wine red to purple and/or gray, depending on the speed min. This is confirmed by the control sample in Fig&)3and
and extent of the aggregation process. Here it is clearly seen2(h) having the lowest absorption values when compared to
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Fig. 3 (a) Absorption spectra of mean of three aliquots of (A) unaggregated colloidal gold, (B) colloidal gold with flexible control, (C) colloidal gold
with hot spot 1, and (D) colloidal gold with hot spot 2. (b) Absorption spectra of mean of three aliquots of (E) colloidal colloidal with rigid control,
(F) colloidal gold with cold spot 1, (G) colloidal gold with cold spot 2, and (H) control sample.

the rest of the samples. It is thus confirmed that without the nanopatrticles, i.e., the higher the affinity, the more the oligo-
interference of DNA, the gold colloids rapidly aggregate, be- nucleotides bind to the gold colloidal particles and thus re-
come unstable, and fall out of solution. With this in mind, it duce direct gold-to-gold interaction. This prevents the forma-
can then be postulated that the presence of DNA in the sampletion of extremely large clusters of gold particles, which are
helps to stabilize the aggregation of gold colloid by slowing primarily responsible for the instability of the reaction mix-
the rate and amount of uncontrolled gold aggregation. The ture. Based on this hypothesis, it can be said that the flexible
extent of this stabilization procedure seems to be a direct (bendablé nucleotide samples displayed more affinity to gold
function of the affinity of the oligonucleotides for the gold colloids than the rigid samples. Therefore, we propose that the

1354  Journal of Biomedical Optics * November/December 2004 « Vol. 9 No. 6



Detection of differences in oligonucleotide influenced aggregation . . .

05

0.45 A

0.3

Absorbance
o o
o o
[4,] N N

o

0.05 A

400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig. 4 Plot of absorption spectra of flexible control showing the region under which the areas of the curve were computed for all the samples.
Region A spanning from 490 to 540 nm was chosen for the single-particle plasmon resonance region, while region B spanning from 570 to 750 nm
was chosen for the aggregated particle plasmon resonance region.

inherent dynamic flexible nature of the bendable DNA allows Table 1 shows the mean of the ratio of the areas of three
it to wrap around gold particles more easily and thus form aliquots of each sample, along with their standard deviation.
more stable complexes when compared to the rigid DNA  Figure 5 is a pictorial representation of the data shown in
samples. Table 1, where each point labeled represents the mean of the
One caveat for these reactions was that the inter-batch con-atio of the area under B to the area under A for the three
sistency of the data were significant. Although the data were aliquots of each sample, along with their standard deviation
consistent within each batcfit followed the same trend  (error bars. As can be seen from the charts, there is a signifi-
within each batch for each samplend thus displayed intra-  cant difference in the area ratios between the flexible DNA
batch consistency, the DNA samples showed different overall and the rigid DNA, as they occupy different areas in the area
reactivity to the gold colloidal particles between batches of ratio plots. The flexible control and hot spot samples all have
primer synthesis. This is, however, not surprising, as the resulttheir area ratiogincluding error barsbelow 1.7, whereas the
of the annealing process of individual primers is invariably rigid control and cold spot samples have their area rdtios
different from batch to batch, since it is not possible to control cluding error barsabove 1.7. A simple two-tailed t-test was
the extent of the annealing reaction for every run. It is pos-
sible that unstable complexes and pieces of unannealed
single-stranded F and R primers remain in the final double- Table 1 Mean and standard deviation of (area under B/area under A)
stranded annealed oligonucleotide, and this cannot be compre?f three aliquots of each sample.
hensively monitored or controlled.

A more lucid picture of the difference in the affinity of [Area under B/area under A)
these oligonucleotides toward gold colloidal particles can be mean* standard deviation
drawn when the ratio of the area under the single particle
plasmon resonance peak to that of the area under the aggre- FC 1.60+0.02
gated particle plasmon resonance peak/shoulder is taken for HST 1154005
all the relevant samples. Here the areas under the curve were T
taken, as they are more robust in quantifying the continuous HS2 1.32+0.16
change in spectral shape of the aggregating gold particles
through many wavelengths. Figure 4 shows the region under RC 3.25+0.28
which the areas of the curve were computgexible control cS] 226+0.08
sample shown here onlyRegion A spanning from 490 to 540
nm was chosen for the single-particle plasmon resonance re- CS2 3.77+0.03
gion, while region B spanning from 570 to 750 nm was cho-

Control 3.78+0.02

sen for the aggregated particle plasmon resonance region
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Fig. 5 Plot with error bars of the mean ratio of area under the region B to the area under region A, showing a clear higher degree of aggregation
for the rigid cold spot samples than the flexible hot spots samples.

performed where the null hypothesis tested was to determineinteract better with transposases and/or transposons, and
if the ratio of mean of the area under B to the area under A for hence serve as favored substrates or targets for TEs to insert
three aliquots of each of the three rigid DNA and the three into.

flexible DNA samples are equéle., not significantly differ- The technique described can be used to detect differences
end. Here the datdindividual data points not shownwas in the effects on aggregation of colloidal gold nanoparticles
divided into two groups. The first group had the mean ratio of by the oligonucleotides of interest. The next step will be to
the area under B to the area under A of the three aliquots of optimize this technique to obtain quantitative information on
flexible control(FC), hot spot 1(HS1), and hot spot ZHS2). the degree of gold aggregation and thereby possibly gain
The second group of data contained the mean ratios of themore insight on the dynamic flexibility of the oligonucle-
area under B to the area under A for the three aliquots of rigid otides. These postulated differences in the dynamic flexibility
control (RC), cold spot 1(CS1), and cold spot 2ZCS2. The between the cold and hot spots could directly contribute to
results of the t-test gave a probability 8222x 10~ ° for the target site preferences for thiermestransposable element, or
null hypothesis to hold. This represents over 99.99% probabil- could do so by indirectly influencing the formation of various
ity that the ratio of mean of the area under B to the area undersecondary and tertiary local DNA structures flanking known
A is statistically different for the two forms of DNA, respec- hot and cold spots. The simplicity of the procedure has a clear
tively. Therefore as a coarse study, the t-test result does sup-advantage as it only involves mixing the sample DNA with
port our hypothesis that rigid and flexible DNA samples in- salt and colloidal gold particles and then obtaining a UV-

teract differently with the gold colloidal particles. visible absorption scan. It thus requires basic instrumentation,
minimal sample preparation, and minimal technical expertise.
4 Conclusion Each of these advantages makes this method a simple and

attractive option to study DNA properties that might ulti-

The results of this study show that the trends in the absorption . .
mately influence its secondary structure.

spectra of the samples and controls are clearly different and
can be grouped under two categories, the first including the
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