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We have exchanged TOPO (trioctylphosphine oxide) ligand of CdSe/ZnS core/shell quantum dots (QDs)
with an amino acid t-arginine (Arg) at the toluene/water interface and eventually rendered the QDs from
toluene to aqueous phase. We have studied the interaction of the water soluble Arg-capped QDs (energy
donor) with ethidium (EB) labeled synthetic dodecamer DNA (energy acceptor) using picoseconds
resolved Forster resonance energy transfer (FRET) technique. Furthermore, we have applied a model
developed by M. Tachiya to understand the kinetics of energy transfer and the distribution of acceptor
(EB-DNA) molecules around the donor QDs. Circular dichroism (CD) studies revealed a negligible
perturbation in the native B-form structure of the DNA upon interaction with Arg-capped QDs. The
melting and the rehybridization pathways of the DNA attached to the QDs have been monitored by the CD
which reveals hydrogen bonding is the associative mechanism for interaction between Arg-capped QDs
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1. Introduction

Semiconductor quantum dots (QDs) have attracted great
interest over the past decade due to their unique optical
properties, such as a bright, narrow and tunable fluorescence
signatures, broad excitation but specific emission spectra and
good photochemical stability [1-3]. Because of these distinct
optical properties, QDs are being extensively explored with
respect to biomedical use as imaging contrast agents, traceable
therapeutic vectors and for energy applications including
photovoltaic solar cells [4-7]. However, their advantageous
properties are undermined by the inherent insolubility of QDs in
aqueous solution. While, water solubilization of QDs is essential
for many biological applications, it presents a significant
challenge. Use of mercaptoacetic acid ligands was one of the
first strategies applied to produce water soluble QDs [8]. Since
then, a number of other thioalkyl acid ligands have been used,
including 3-mercapto-propionic acid [9,10] and dihydrolipoic
acid [11]. These ligands form a self-assembly on the surface of
the QDs that proceeds via a metal-thiol affinity interaction and
other polar groups of the ligands are exposed to the surrounding
aqueous solution [12]. Other approaches using non-thiol based
organic ligands have also been employed including 4-substitut-
ed pyridine, oligomeric phosphine, poly (dimethylaminoethyl)
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methacrylate [13], polymers [14], amphiphilic polymers [15,16]
and phospholipids [17]. There has been a growing emphasis on
assembling biological molecules to the water-soluble QDs
through different types of interactions. In most cases these
interactions involve covalent conjugation or simple adsorption
of the biological molecules to the solubilizing layer around the
QDs [8,9,14,18]. In addition to these, the formations of
nanobioconjugates through various nonspecific interactions
(electrostatic, hydrogen-bonding interactions, etc.) between
biological molecules and nanoparticles have also been explored
[1,19-21].

To date, CdSe/ZnS core/shell QDs remain among the best
available for many biological applications [6,22,23]. However,
QDs synthesized in organic solvents contain hydrophobic
surface ligands such as trioctylphosphine oxide (TOPO), trioc-
tylphosphine (TOP) [24], tetradecylphosphonic acid (TDPA) or
oleic acid [25]. As a result they are insoluble in water and in
other protic solvents namely methanol or ethanol [26]. So, their
biological applications are restricted, where water solubility is
highly desirable. Hence, the main challenge, to make quantum
dots soluble in water for their further prospective bioconjugate
reactions, remains.

Amino acids are inherently biocompatible and among
common amino acids L-arginine along with Lysine are positively
charged. Upon functionalization of nanoparticle with these
amino acids, the nanoparticles become positively charged and
their interaction with the negatively charged biomolecules is
much more efficient. However, in comparison with Lysine, due
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to the presence of a guanidyl group, arginine molecules can
highly facilitate the interaction of nanoparticle with biological
macromolecules [27].

In the present work, we have exploited the toluene/water
interface to replace the original TOPO capping of CdSe/ZnS core/
shell QDs dispersed in toluene, with a natural amino acid L-
arginine (Arg) using the reactivity of the amine groups. This
allows a dispersal of the QDs in aqueous solutions with a
quantum yield of 14%. We have confirmed the conjugation of
arginine molecules with the QDs by using FTIR spectroscopy.
The structural integrity of the QDs upon water solubilization has
been confirmed with HRTEM. Using picosecond-resolved photo-
luminescence measurements, we have explored an efficient
ultrafast energy transfer from Arg-capped CdSe/ZnS QDs (donor)
to Ethidium bromide-labeled-DNA (acceptor) applying the
sensitivity of FRET. Employing the kinetic model developed by
Tachiya (for the quenching of luminescent probes), we have also
analyzed the picosecond-resolved photoluminescence measure-
ment results to understand the kinetics of energy transfer with
the dye labeled DNA and the distribution of acceptor (EB-DNA)
molecules around the donor QDs, as it is a driving factor for
efficient energy transfer and for the accurate donor-acceptor
measurements. In order to confirm any structural perturbation
of dodecamer DNA in the nanobioconjugate, circular dichroism
(CD) studies have also been performed on both the DNA and
DNA-QD conjugate. To investigate in more details the type of
interaction taking place between the QDs and DNA, using CD we
have monitored the melting and rehybridization pathways of
the dodecamer DNA, conjugated to the QDs. This reveals that
hydrogen bonding is the accompanied mechanism involved
during the formation of this QD-DNA nanobioconjugate.

-
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-
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2. Experimental
2.1. Materials and instrumentations

Lake Placid Blue CdSe/ZnS core/shell semiconductor nanocrys-
tals (QDs) in toluene were purchased from Evident Technologies
(Troy, NY) and had an emission maximum at 483 nm. L-Arginine
hydrochloride (minimum 98%) was purchased from Sigma (USA)
and was used as received without further purification. Phosphate
buffer was obtained from Sigma. The dye Ethidium bromide (EB)
was obtained from Molecular Probes. Steady-state absorption and
emission were measured with a Shimadzu UV-2450 spectropho-
tometer and Jobin Yvon Fluoromax-3 fluorimeter respectively. A
JASCO FT/IR-6300 spectrometer was used for the Fourier transform
infrared spectroscopy (FTIR), to confirm the interaction of arginine
molecules with the QDs. For FTIR measurements, powdered
arginine capped QDs sample was mixed with KBr powder and
pelletized. The background correction was made by using a
reference blank of a KBr pellet. Circular dichroism (CD) experi-
ments were done in a JASCO 815 spectropolarimeter. TEM samples
were prepared by dropping sample stock solution onto a 300-mesh
carbon coated copper grid and dried overnight in air under an
electric lamp. Particle sizes were determined from micrographs
recorded at a magnification of 450,000x using a FEI Tecnai TF-20
field-emission high-resolution transmission electron microscope
operating at 200 kV.

2.2. Preparation of water-soluble arginine capped QDs

The TOPO-capped CdSe/ZnS core/shell QDs in toluene were
rendered water-soluble by ligand exchange with r-arginine,

Toluene

>

Scheme 1. Trioctylphosphine oxide (TOPO) stabilized CdSe/ZnS quantum dots (QD) were modified with L-arginine via ligand exchange. Phase transfer of arginine-modified
QDs from toluene phase into water was achieved by using the reactivity of amine group of arginine. Upon replacement of the initial TOPO ligand with arginine the emission of

the QDs is decreased.
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following a simple process (Scheme 1) using the reactivity of the
amine group (of L-arginine) with the ZnS shell of the QDs. The
addition of 5 ml of the QDs toluene suspension into about 5 ml of
the 1-arginine aqueous solution (pH ~ 9) under vigorous stirring
results in the formation of toluene-in-water microdroplets. The
sample was stirred overnight, settled for 3 h and then the aqueous
phase was separated and analyzed by UV-vis, fluorescence
spectroscopy and HRTEM. We have calculated the quantum yield
of arginine capped QDs following an equation [28], which relates
the natural lifetime (t,), quantum yield (Q) and measured lifetime
(7) of a fluorescence species by,

Tn Q

Since the natural radiative lifetime of a fluorescence species is the
sole property of the material and it is only the measured lifetime
which varies depending upon the local environment of the
fluorescence species. So, we have exploited the measured lifetime
(r=7.70 ns) along with the quantum yield (40%) of TOPO capped
CdSe/ZnS QDs in toluene as reference and using the measured
lifetime of arginine capped QDs in water (7 =2.70 ns), we have
calculated the quantum yield of arginine capped QDs.

2.3. Preparation of DNA samples

The DNA oligomer having sequence CTTTTGCAAAAG was
obtained from Sigma-Aldrich and used as received. All aqueous
solutions were prepared in 50 mM phosphate buffer of pH 7 using
water from the Millipore system. To reassociate the single strand
DNA into self-complimentary double-strand DNA (CTTTTG-
CAAAAG),, thermal annealing was performed as per the methodol-
ogy prescribed by the vendor. The nucleotide concentration was
determined by absorption spectroscopy using the average extinc-
tion coefficient per nucleotide of the DNA (6600 M~ 'cm™' at
260 nm). The EB-DNA complex solution was prepared by adding the
requisite amount of probe stock solution to DNA followed by 1 h of
magnetic stirring. To ensure complete complexation of EB with the
DNA, the probe concentration was made much less (8 wM) than that
of the DNA (30 wM) ([EB-DNA] = 8 wM) for the FRET studies.

2.4. Time resolved spectroscopy

Picosecond-resolved fluorescence decay transients were mea-
sured by using a laser source of 375 nm wavelength and a
commercially available spectrophotometer (Life Spec-ps, Edin-
burgh Instruments, UK) with 60 ps instrument response function
(IRF). The observed fluorescence transients were fitted by using a
nonlinear least square fitting procedure to a function
g((t) = fé E(t')R(t — t’)dt’) comprising of a convolution of the
IRF (E(t)) with a sum of exponentials (R(t) =A+ >N, B,»e*f/fi>
with pre-exponential factors (B;), characteristic lifetimes (t;) and a
back ground (A). The relative concentration in a multi exponential
decay was finally expressed as:

By

N .
i=1 Di

Ch = x 100

The quality of the curve fitting was evaluated by reduced chi-
square and residual data.

To estimate the FRET efficiency of the donor and hence to
determine the distance of the donor-acceptor pair, we followed
the methodology described in Chapter 13 of Ref. [28]. The Forster
distance (Ryp) is given by,

Ry = 0.211[2n~4QpJ(A)]"°  (in A), (1)

where «? is a factor describing the relative orientation in space of
the transition dipoles of the donor and acceptor. We assumed that

the orientation factor «? is equal to the dynamic average of 2/3
which is not a major deviation from real fact of randomized donor
and acceptor orientations in an ensemble. Moreover, a variation of
«? does not seem to have resulted in major errors in the calculated
distances. The refractive index (n) of the medium was assumed to
be 1.4. J(A), the overlap integral, which expresses the degree of
spectral overlap between the donor emission and the acceptor
absorption, is given by,

Joe Fp(L)e(A)Aatda

0= Rooar @
where Fp(A) is the fluorescence intensity of the donor in the
wavelength range of A to A +dA and is dimensionless. ¢(A) is the
extinction coefficient (in M~! cm ') of the acceptor at A. If A is in
nm, then J is in units of M~' cm~! nm*.

Once the value of Ry is known, the donor-acceptor distance (R)
can easily be calculated using the formula,

RS(1 — E)
R® =, (3)

here E is FRET efficiency, measured by using the lifetimes of the
donor in the absence (tp) and presence (tpa) of acceptor which is
defined as,

- 1- Tpa
-

E (4)
It has to be noted that Eq. (4) holds rigorously only for a
homogeneous system (i.e. identical donor-acceptor complexes) in
which the donor and the donor-acceptor complex have single
exponential decays. However, for donor-acceptor systems decaying
with multi-exponential lifetimes, FRET efficiency (E) is calculated
from the amplitude weighted lifetimes (7) = ) ;«;7; where «; is the
relative amplitude contribution to the lifetime t;. We have used the
amplitude weighted time constants for Tp and tp4 to evaluate E using
Eq. (4).

3. Results and discussion
3.1. Ligand exchange

As Scheme 1 illustrates, the addition of QDs toluene suspension
into the aqueous solution of r-arginine (pH ~ 9) under vigorous
stirring condition results in the formation of toluene microdro-
plets, and the QDs in toluene get the chance to interact strongly
with the arginine molecules through the liquid-liquid interface
[29,30]. Photo images of the QDs under UV excitation before and
after ligand exchange clearly indicate the successful phase transfer
of the QDs from toluene into the aqueous medium. Efficient ligand
exchange through this process is driven by an interaction between
the amine group of the stabilizing amino acid in the aqueous phase
and the ZnS shell of the QDs in the toluene phase at the interface
[31,32]. Computational studies have shown that primary amines
have greater surface binding energy than carboxylic acids, though
lower binding energy compared to TOPO and phosphonic acids
[33-35]. However, primary amines have the advantage of more
complete surface coverage which can theoretically reach 100% -
over TOPO (30% coverage) due to reduced steric effects [36].

3.2. Characterization of arginine capped QDs

To obtain direct evidence for the arginine functionalization of
QDs, FTIR measurements were performed on both the free arginine
molecules and arginine molecules attached to the QDs. The FTIR
spectra of arginine capped QDs and free arginine molecules are
shown in Fig. 1. For arginine, the characteristic band at 3161 cm™!
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Fig. 1. FTIR spectra of free arginine molecules and arginine molecules attached to the
QDs: (a) spectral broadening of C-N-H, C-C and C-C-C stretching frequencies of
arginine upon interaction with the QDs. Perturbation of C-N and COO™ stretching
frequencies of arginine is also observed after interaction with the QDs. (b) Spectral
broadening and red shift of N-H stretching frequency of arginine upon interaction
with the QDs.

(Fig. 1b) corresponding to the N-H stretching mode [37], is
broadened and red-shifted to 3152 cm ™!, suggesting its interaction
with the QD surface. Moreover, as shown in Fig. 1a, the significant
perturbation of other characteristic bands of arginine at 790 cm™!
(C-N-H stretching), 847 cm™! (C-C stretching), 1095 cm~! (C-N
stretching), 1174cm™! (C-C-C symmetric stretching) and
1406 cm~! (COO~ symmetric stretching) [37,38] also confirms
the binding of arginine molecules to the QD surface.

The direct interaction of arginine molecules with the QDs
surfaces ensured that the overall size of the QDs remains
unchanged, with a thin solubilizing shell. Inset of Fig. 2a shows
the HRTEM images of Arg-capped QDs in water, which reveal the
diameters of the QDs to be 3.2 nm. The existence of lattice fringes
illustrates the highly crystalline nature of the QDs.

3.3. Interaction of arginine capped QDs with DNA: FRET study

We have employed FRET to study the interaction of the
synthetic dodecamer DNA (EB labeled) with the water soluble QDs
(pH ~ 7). Fig. 2a shows the spectral overlap between the emission
spectrum of arginine capped QDs (donor) and the absorption
spectrum of EB-labeled DNA (acceptor), suggesting the possibility
of efficient Forster resonance energy transfer (FRET) between the
donor and the acceptor, when EB-labeled DNA becomes adsorbed
at the surface of the arginine capped QDs. Fig. 2b represents the

steady state photo luminescence (PL) quenching of the donor
(arginine capped QDs) in presence of EB-labeled DNA. Picosecond
resolved PL transients (Fig. 2c) of both donor and donor-acceptor
systems monitored at 485 nm, shows significant shortening in the
QDs fluorescence lifetime upon adsorption of EB-labeled DNA at the
QDs surface. The picosecond resolved fluorescence decay of arginine
capped QDs (donor) in buffer revealed multiexponential time
constants of 0.08 ns (45%), 1.15 ns (25%) and 8.50 ns (29%) giving an
average time constant ((t)) of 2.80ns. For the donor-acceptor
system (arginine capped QDs-EB labeled DNA) time constants are
obtained as 0.09 ns (72%), 1.23 ns (18%) and 5.40 ns (8%) giving an
average time constant ((7)) of 0.72 ns (Table 1). The substantial
shortening in the QDs excited state lifetime upon conjugate
formation indicates conclusively that efficient FRET occurs from
the QD donor to the EB-DNA acceptor. Taking the calculated
quantum yield of Arg-capped QDs in absence of acceptor as 0.14 and
based on the spectral overlap, we have estimated a FRET efficiency of
74% using Eq. (4). The measured Forster distance, Ry, for the QD-DNA
nanobioconjugate is 2.88 nm. The donor-acceptor distance (R)
calculated using Eq. (3) is 2.42 nm (Table 1).

3.4. Interaction of arginine capped QDs with DNA: kinetic model of
Tachiya

For better understanding of the energy transfer between the
excited state of QDs with EB-DNA, it is essential to know the
distribution of acceptor molecules around the QDs because this is a
governing factor that can influence the efficient energy transfer as
observed from the time resolved fluorescence studies. In this regard,
we have applied a kinetic model developed by Tachiya for the
quenching of luminescent probes [39,40]. The excited state decay of
the QDs may be described by the following kinetic model assuming a
competition of the energy transfer with unimolecular decay
processes:

ko

JAN (5)
k n
p:"p,, (6

where P;, stands for excited state QDs with n number of EB-DNA
molecules attached, while P, stands for ground state QDs with n
number of EB-DNA molecules attached. ko is the total decay
constant of the QDs in excited state in absence of the acceptor
molecule. kg is the rate constant for energy transfer for one EB-DNA
molecule. In this model, it is assumed that the distribution of the
number of acceptor molecules (EB-DNA) attached to one QDs
follows a Poisson distribution [40], namely:

mH
p() = () exp(-m) 7)
where m is the mean number of EB-DNA molecules attached to one
QD and

_ kA

M= (8)

where k. is the rate constant for attachment of a EB-DNA molecule
to a QD, while k_ is the rate constant for detachment of a EB-DNA
molecule from the QD. [A] stands for the concentration of EB-DNA
molecule in the aqueous phase. Based upon the above model, the
equation for the total concentration P*(t) of excited state QDs at
time t is given by [40]:

.o _ pr kok ( [A] k2k , [A]
P*(t) = P*(0)exp [— (ko A kq)t - ki(l‘i Tk
{1 = expl-(k- +ky)]) ] (9)
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Fig. 2. (a) Spectral overlap between emission spectrum of arginine-capped CdSe/ZnS core/shell QDs and the absorption spectrum of EB-labeled DNA (the extinction coefficient
value is for the acceptor, EB-labeled DNA). Inset shows the HRTEM image of QD in toluene. (b) Steady-state fluorescence quenching of arginine-capped QDs in presence of the
acceptor EB-DNA (c) Picosecond-resolved PL transients of arginine-capped CdSe/ZnS QDs and (EB-DNA)-QD complex monitored at Aen, = 485 nm. (d) Picosecond-resolved PL
transients of arginine-capped CdSe/ZnS QDs and (EB-DNA)-QD complex, fitted with Tachiya kinetic model. The fitted curves are shown in black.

If k_ is much smaller than kg, Eq. (9) reduces to:

P*(t) = P*(0)exp{—kot — m[1 — exp(—kqt)]}. (10)
In our system, along with the acceptor EB-DNA molecules, there
exist some unidentified traps on the surface of the QDs and these
are also taken into account. If the distribution of the number of
unidentified traps on the surface of the QDs follows a Poisson
distribution with the average number (m,), the decay curves of the
excited state of QDs in the absence and presence of dye molecules
are described by [41]:

P*(t,0) = P*(0)exp{—kot — m¢[1 — exp(—kqt)]} (11)
and
P*(t,m) = P*(0)exp{—kot — m;[1 — exp(—kqt)] — m[1

— exp(—kqt)]}, (12)

where the quenching rate constant (k) by unidentified traps may
be different from that (k,) by acceptor EB-DNA molecules. We have
determined the values of the parameters my, kg, ko, m, and kq by

Table 1

Fitted decay time constants of QD and QD-(EB-DNA) complex from picosecond
experiments. Values in parentheses represent the relative weight percentage of the
time components.

System 7, [ps] T [ps] 73 [ps] () [ps]
QD 85 (45) 1153 (26) 8527 (29) 2799
QD-EB-DNA 98 (73) 1239 (19) 5403 (8) 726

fitting Eqs. (11) and (12) to the decay curves in the absence and
presence of acceptor EB-DNA molecules.

Fig. 2d shows the time resolved fluorescence transients of
CdSe/ZnS QDs in absence and presence of EB-DNA molecules and
black curves represents the result of fitting the curves with
Eqgs. (11) and (12). The observed fluorescence transients were
fitted using a nonlinear least squares fitting procedure (software
SCIENTIST™) to a function (X(t) = [SE(t)P(t — t')dt') comprising
of the convolution of the instrument response function (IRF) (E(t))
with exponential (P(t,m) = P(0)exp{—kot — m¢[1 — exp(—kqt)]—
m[1 — exp(—kqt)]}). The purpose of this fitting is to obtain the
decays in an analytic form suitable for further data analysis. As
evident from Fig. 2d, the fitting of the decay curves according to
the model is reasonably well. The quenching parameters are
summarized in Table 2. The quenching rate constant (k) due to
unidentified traps on the surface of the nanocrystals are the same
even after addition of acceptor (EB-DNA) molecules, and this
indicates the average number of unidentified trap states to be the
same. However, it is observed from Table 2 that the average
number of unidentified traps state increases with addition of
acceptor molecules. Since, there are still many unknown
parameters in the QDs excitation dynamics, for an accurate

Table 2

Overview of the value of quenching parameters using a kinetic model.
System ko [ns™'] me kqe [ns™'] m kq [ns™']
QD 0.28 0.40 4.60 - -
QD-EB-DNA 0.28 1.06 4.67 1.15 0.20
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evident. (b) CD spectra of dodecamer DNA-QD conjugates at two different temperatures. (c) and (d) The melting and rehybridization of dodecamer DNA conjugated to QDs.

Solid lines are the fitted sigmoidal curve.

interpretation of this observation a more complex model and a
larger data set is required. As summarized in Table 2, the mean
number of acceptor (EB-DNA) molecules associated with the QDs
is 1.15 and the estimated rate constant for energy transfer (k;) per
acceptor molecules is 0.20ns”'. The energy transfer rate
calculated from conventional FRET model is found to be
somewhat different (1.01 ns~!) from the value obtained using
Tachiya’s model (0.20 ns~!). However, as shown in Table 1, the
contribution of the longer lifetime (8.52 ns) in the overall average
lifetime of the donor is significant. Other lifetime values of 1.15 ns
and 0.08 ns could be associated with the unidentified trap states
on the QDs surface [41]. Thus, considering 8.52 ns to be excited
state lifetime of the donor QDs, the estimated energy transfer rate
is found to be 0.33 ns~', which is consistent with that from
Tachiya model.

3.5. CD studies on the interaction between arginine capped QDs and
DNA

In order to confirm any structural perturbation in the native
structure of the dodecamer DNA adsorbed onto the QDs surface, we
have performed circular dichroism (CD) studies. As revealed from
Fig. 3a CD spectrum, the hybridized DNA used in our studies were
in a B-form, evidenced by a negative band at 248 nm and a positive
band at 280 nm [19,42], also the structural integrity of DNA B-form
is almost retained in the QD-DNA nanobioconjugates. Fig. 3b
shows the overall secondary structure of the QD conjugated
dodecamer DNA at 20 °C and 70 °C temperatures. It is clear that

both the peaks at 252nm and 280 nm are affected by the
temperature-induced melting of the QD conjugated dodecamer
DNA. The change in the molar ellipticity associated with the
252 nm peak has been monitored to construct the temperature-
induced melting and rehybridization profiles of the QD conjugated
dodecamer DNA, as shown in Fig. 3c (melting) and d (rehybridiza-
tion). The melting of DNA is accompanied by structural changes
involving unwinding of the helix, destruction of major and minor
grooves, and finally the separation of the two strands resulting in
the formation of two single strands of complementary sequence.
The melting and rehybridization temperatures have been estimat-
ed to be 42.6 °C and 41.0 °C, respectively, for the QD conjugated
dodecamer DNA and this is in good agreement with the dodecamer
DNA alone reported previously [43]. Fig. 3c and d show that the
dodecamer is rehybridized into its original form maintaining the
same hysteresis as it follows during its melting, which indicates
that the 7 stacking interaction between the complementary base
pair of the two strands is greater than the electrostatic interaction
of each strand with the QDs. Moreover, an electrostatic interaction
between the positively charged groups of the Arg-capped QDs and
the negatively charged DNA dodecamer, could have changed its
conformation as well as its melting temperature and rehybridiza-
tion pathway [44]. However, as revealed from the CD study, all of
its characteristic conformational features remain the same, before
and after conjugation with the QDs. So, it appears that hydrogen-
bonding interactions (instead of electrostatic interactions) are
playing the dominant role in the adsorption of DNA onto the
surface of arginine-capped QDs involving the protonated carboxyl
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surface groups of the thin solubilizing layer of amino acids around
the QDs [45].

4. Conclusion

In conclusion, we report a convenient approach for preparing
water-soluble, biocompatible QDs following a liquid-liquid interfa-
cial ligand exchange method, where L-arginine acts as a capping
ligand. The successful conjugation of arginine with the QDs has been
confirmed by FTIR spectroscopy. We have employed picosecond-
resolved spectroscopic measurements, to demonstrate a highly
efficient FRET from arginine-capped CdSe/ZnS QDs (donor) to EB-
DNA (acceptor). The corresponding donor-acceptor distance has
been calculated to be 2.42 nm, which suggest an adsorptive
interaction between the dodecamer DNA molecules and arginine-
capped QDs. From CD spectroscopic studies it is found that the
dodecamer DNA retained their structural integrity upon conjugation
with the QDs. Moreover, temperature induced melting and
rehybridization of the QD conjugated dodecamer DNA suggest that
hydrogen-bonding interaction could be the associated mechanism
operating during the formation of QD-DNA nanobioconjugates.
Considering the spread in use of QDs and the number of applications
employing QD bioconjugates, understanding the interactions
between QDs and biomolecules is of considerable importance and
multidisciplinary interest. So, it is expected that this study may
prove to be useful in making sensitive FRET-based sensors.
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