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INTRODUCTION

Nowadays, the understanding of intracellular processes, signal transduction and
protein-protein interactions has improved thanks to the utilization of more
efficient fluorescent probes.' The unique properties of nanoparticles make
nanoparticle-biomaterial conjugates attractive probes for sensing applications.
Semiconductor nanoparticles Quantum Dots (QD) are an example of
nanoparticles with attractive spectroscopic properties.” QD’s offer many
advantages compared to fluorophores, commonly used in fluorescence
microscopy. Quantum dots are nanocrystals of a few nanometers in diameter.
Their different size and shape depends on the temperature, surfactant and duration
of the synthesis. This produces quantum dots with size-dependent tunable optical
properties."? If the light shined on the semiconductor nanoparticles has higher
photon energy than the band gap energy, then an electron-hole pair is created.
Thus, it results in a broad absorption spectrum, compared to fluorophores, which
possess a narrow absorption spectrum. Electron pair recombination results in a
narrow emission peak.' The maximum emission wavelength is shifted to lower
energies (red shifted) as the particle size increase, due to quantum confinement
effects.> However, defects on the surface of the nanocrystal produce traps that
account for losses in the fluorescence. This effect causes a great diminution in the
quantum yield (QY), which stands for number of emitted photons over adsorbed

photons. ' One way to eliminate these carrier traps is to passivate the surface of
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the nanocrystal by coating it with a material of a larger energy band gap. After
this treatment, many of the surface traps disappear, increasing the QY and the
fluorescence lifetime up to several hours,* in contrast to common dyes, which
possess small lifetimes (in the submicrosecond to millisecond range). Moreover,
the surface properties can be precisely changed to match different specific
applications. In particular, the nanoparticles can be coated with a hydrophilic

layer to use them as sensors in biological systems.'

QD’s are commonly synthesized in non-polar organic solvents, therefore their
surface needs to be functionalized in order to be compatible with biological
environments. In particular, two important strategies to prepare water-soluble
nanocrystals are going to be discussed in the following lines. One approach deals
with QD’s nanocrystals attached to streptavidin directly through an active ester
coupling reaction. This produces nanocrystals with streptavidin covalently
attached on the surface, 5-10 streptayidins per QD conjugate, which results in
QD’s Streptavidin Conjugates (QD-SAV) with specific biological activity.™ For
example, QD-SAV can be bioconjugated to biotynilated proteins for biological

labeling.'

Recent developments deal with the encapsulation of QD’s inside phospholipid

micelles through hydrophobic-hydrophilic interactions.” This process provides a
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biological layer soluble in aqueous media. Moreover, the selection of the lipid can

be such to make the QD’s specific biocompatible probes’.

OBJECTIVES

Due to the extraordinary optical properties of QD, they are useful tools for
biological applications. In particular, it is aimed to design biocompatible,
photostable biosensor QD’s to be incorporated inside viral capsid (Brome Mosaic
Virus) in order to track intracellular viral pathways via spectroscopic methods. As
a result this research project has been divided in the following targets given

below:

I Modify the surface layer of quantum dots to provide a photostable biological
interface to incorporate them inside the virus capsid, which in turn will be used as
the carrier of these photoluminescent pi‘obes. Two modifications are proposed:

a) Micelle phospholipids incorporated inside quantum dots’ of the appropriate
size for the viral capsid. Refer to figure 1.

b) QD-streptavidin conjugate attached to a single strand of biotynilated DNA,
with the appropiate sequence to ensure compatibility with the viral capsid genetic

material. Refer to figure 1.
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II Perform photostability studies’ of the biocompatible nanoprobes to determine
their stability under laser exposure. In particular, it is targeted to determine which
coating shell (biotin-avidin or micelle phospholipids) is more effective in
preventing photoannealing and photodegradation of the nanoparticles as a
consequence of the interaction between the core of the quantum dots (CdSe/ZnS)

and the reactive species from the aqueous media or the environment. Refer to

figure 1.

> BMYV capsid (Carrier)

P Linker ??

ZnS/CdSe (Sensor)

Figure 1. The big picture: Surface modified Quantum Dots (optical

nanoprobe) incorporated inside Brome Mosaic (BMYV) viral capsid.




LITERATURE REVIEW ‘

Semiconductor quantum dots are of interest due to their optical properties. Among
other materials, CdSe colloids are tl*e most studied due to their fluorescence
emission in the visible range and their eminent use in material science,
biotechnology and biology." To use semiconductor nanoparticles as optical
probes, it is necessary to account for t[e energy requirements. The total charging
energy of semiconductor QD’s is obtained from the direct Coulomb interactions
between the charges of the nanocrystal and from the polarization energy, which
depends on the shape and size of the semiconductor. The energy band gap of
QD’s can varies with the dielectric media due to interactions of the exciton with
the surface polarization charge.'’ In particular, the dielectric forces are also
important in the case of surface functionalized QD’s. The optical band gap can
be accurately calculated, if the shell coating is taken in consideration. The exciton
total energy contained in a spherical nanocrystal is the result of the sum of the
bulk band gap, the kinetic energy of each electron-hole pair, the Coulomb

interactions derived from the electron-hole system, the self — charging energy of

pol
each carrier, Z , and the polarization energy as a result of electrostatic

e(h)

interaction between species of opposite charge, J7; ' See equation 1.
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The energy terms from equation 1 accounts for the dielectric constant inside the
QD’s (gl). The last three polarizaxioﬁ terms depend on the external dielectric

surroundings (€3). In the presence 0&“ an electric field, the layer between the

charges inside the core and the cxteTnal environment becomes charged. Thus,
after few corrections in the exciton en?rgy, to account for the interaction between
an spherical QD core (g1) and a shell of a second material with dielectric constant
€2 an thickness (b-a) and immersed irL different dielectric solvent (£3), as shown

in figure 2. All these modifications are expressed in equation (2)'":
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In equation 2, €0 is the permittivity jat vacuum, is the QD radius, q is a point

charge at position r’ inside a spherical region and j represents the spherical

Bessel function. In this case A;is givén by'":
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Figure 2. Distribution of Dielectric tTmstants for a core/shell QD (1, £2) in a

dielectric medium.

After accounting for the energy requirements to excite the quantum dots, now the
discussion will be focused in the stabhity and optical properties of photoexcited
colloidal semiconductor nanoparticles ﬁispersed in solution.
|

In the case of core/shell quantum dots, such as CdSe/ ZnS, it is believed that the
thickness of the shell is directly related to the luminescence quantum yield (QY),
since many of the surface traps are‘now eliminated by the outer layer. Even
though, this system is not perfect and{ typically the QY for core/shell dots are in
the 1-10 % range.* However, when cjorefshcll nanoparticles are exposure to UV
light in the presence of air, the QY increases dramatically as a consequence of a
structural reorganization of the shell iLduced by the laser light.''* The proposed
reaction mechanism involves the adstrp'tion of oxygen and/or water molecules on

the surface, which reduces the changes of recombination from the shell energy



traps or photooxidation in the surface. Moreover, after a long period of
photoirradiation, photooxidation takes Place, as shown in figure 3. The QY from

annealed core/shell nanoparticles remailns high even for several months."’
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Figure 3. Proposed adsorption modch for the photoannealing of core/shell QD
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in presence of air.

|
The dependence on CdSe QD size (from 2.8 nm to 6 nm) is shown in figure 4a.

All the three curves fit well with a {)iexponential rise and a single exponential
decay. The exponential decay constant is largest for the smallest QD size and
smallest for the largest QD. In figure 4b, the integrated intensity versus the
illumination time in air of TOP!Tq)PO coated quantum dots (CdSe/ZnS) is

presented. The curve fit with a biequ‘nential rise.
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Figure 4. Graph (a) shows the lumiJJescence intensity for 2.8 nm QD (dashed
line), 4.1 nm QD (solid line) and 6 le QD (dotted line). Graph (b) represents
the integrated intensity for a 4.1 hm CdSe/ZnS QD’s in TOP/TOPO."°

|
Despite the interest of Quantum Dots ‘for biological imaging, it has been a tough
job to meet the biological requiremenﬂs‘ These include the solubilization of QD’s
in aqueous media at different pH, to ‘maintain the optical properties of QD’s in
aqueous media, to overcome non-specificity adsorption and aggregation, and to
account for cytotoxicity."

|
Typically, biological experiments U.JC fluorescent organic dyes or proteins as
fluorescent probes. The problem is tl.LaI even the best fluorescent dye has small
fluorescent lifetimes and limits the monitoring of the live experiments.” To
overcome this problem, nowadays organic dyes are being replaced by
semiconductor nanocrystals, which qxhibits high photostability, as discussed in

the previous paragraphs'”'* and also \‘.he optical tunability of QDs allows to excite
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different sizes of particles using a single excitation wavelength. Therefore, it is
possible to use more than one lﬁemiconductor QD as optical probes
simultaneously. " |

One disadvantage of using semiconductor nanocrystals as synthesized is that the
nanoparticles are produced from a hyé:ophilic environment.” Therefore, the non
polar quantum dots need to be ﬁmctior{alized to be compatible with the biological
media. |

To obtain biocompatible QD, different strategies have been reported in the

literature, including surface modiﬁceltion with thiolated ligands,” oligomeric

phosphines,'® dendromeric structuref,w and peptides.e’ * Other approaches

involve the encapsulation of QD’s inside silica beats,'* phospholipid micelles,’

among others. |

From all the strategies mentioned iT the previous paragraph, only a few are
adequate for our purposes. To construct a biosensor that can be incorporated
inside Brome Mosaic Virus (BMV), the size of the optical probe should be no
longer than 14 nm in diameter, sincelthe BMYV viral capsid has been determined
to be 28 nm.® For this particular puq:|rose, the micelle encapsulated QD’s and the

functionalization of QD’s with streptz?vidin peptides are the most suitable option.
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To couple QD’s with peptides, a common procedure involves the covalent
attachment of binding proteins to the (JD’S surface. In particular the avidin-biotin
system is very well known for the high and specific interactions between this
binding proteins due to the electrosiaiic interactions between the negatively
charged streptavidin QD conjugate ‘(SAV-QD) and the positively charged
biotynilated ligand.>' Typically 5 avidin are bound to the surface of the QD, but in
practice, it is consider that there is only one streptavidin per QD. To ensure this
ratio, the experiment should be carried out at saturation levels. In this way,
biotynilated ligands can be easily attached to the surface of the QD through an

avidin-biotin bridge.*' One difficulty of this process is that the nanocrystals tend

to aggregate and adsorb non specifically when used in biological environments,’

refer to figure 5a.”

On the other hand, the micelle approach satisfies simultaneously many of the
requirements of biological systems. The micelle shell functions as a protector of
the inner structure of the QD’s and provides the biological interface to act as bio-
probes, it is also responsible for the solubilization in water while keeping the

QD’s optical properties, provides colloidal stability, and low non specific

adsorption, refer to figure 5b"’
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Figure 5. Functionalization of QD’%. In part (a) the QD-SAV>** approach
has been represented and in part|(b) the micelle QD encapsulationl"" is

schematized.

The micelle structure is composed of a hydrophobic core and a hydrophilic tale,
the core can be composed of n-poly(ethyleneglycol) phosphatidylethanolamine
(PEG-PE) or a mixture of phosphatidylcholine (PC) and PEG-PE, refer to figure .
This combination is useful since PEG-PE allows for steric stabilization of PC
liposomes.”” PEG-PE’s are classified as hydrophilic polymer grafted lipids,” *
which in presence of water t hey |self-assemble into micelles due to their
amphiphilic nature. Typically, they assemble with the polar molecules

(hydrophilic part) exposed to the water and the non-polar molecules (hydrophobic

part) hidden in the core of the micelle. This transformation occurs only when the
lipid concentration exceeds a critical r{uicelle concentration (CMC),> refer to table

1.** These macromolecules are commfmly used for drug delivery due to their low
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non specific adsorption and biocomp'atfbility. These lipids can resemble the

behavior of the cell membranes, that a?ows them to interact with specific targets

on the surface of the cell or inside the cpll membrane. >

Another advantage of using PEG- PE phospholipids to form micelles is due to

their size flexibility and regular structd:re. The length of the hydrophilic PEG tail

((L) in figure 6) can be selected to (‘)btain different sizes of micelle-QD’s,’ as

shown in table 1. PEG-PE’s sizes are cherciaHy available in the range of 350 -

3000 Da. Moreover, the stability of the micelle mixture is directly related to the

PEG-PE content and in particular to thl: length of PEG.*

Hydrophilic head group
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Figure 6. n-poly(ethyleneglyco? phosphatidylethanolamine (PEG-PE)

Table 1: Physical properties of somf PEG-PE’s**

PEG-X Ri=L +R4(A) | R(A) L(A) CMC (uM)
750 51 | 34 7 49
2000 67 | 32 35 5
5000 107 | 32 75 4.8
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From the discussion of these two QD surface modification procedures, the
micelle-QD approach offers a more |versatile option, since the possibility of

adjusting the PEG length, provide us with a set of various lengths of phospholipid

micelles, which can result in distinguisrxable photoreactivities and photobleaching
phenomena. It is aimed to study the photostability of the micelle-QD’s as a
function of the PEG length in air. In erlicular, it is proposed to study if the lipid
layer prevents the release of Cadﬂlille ions (from the core of the QD’s) to
environment, and if so, which is thc‘ smallest PEG length that can effectively
block these ions. This is an issue Ff importance, since the final goal is to
incorporate the micelle-QD inside the viral capsid. For such a confined system,
the release of few cadmium ions causLs dramatic changes in the genetic material
of the virus, the cys-cys bonds comple# with the Cadmium ions, thus affecting the
stability of the virus.
Another point to address is the photostability of SAV-QD compared to the
micelle-QD’s in aqueous media. Moreover, the PEG length will be adjusted to see
if there any effect in the mobility of reactive species (H,O, O;) adsorbed in the

surface of the QD’s, originated from exposure of QD’s to laser light.
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EXPERIMENTAL WORK

The necessary steps to achieve tile desired objectives of studying the

photostability of micelle incorporated (PD’S is outlined in the following lines.

I. Synthetic Routes |

|
1 Synthesis of Functionalized Quantum Dots. This is a two-step procedure,

which requires first the preparatioh the semiconductor nanocrystal precursors

using the protocol described else'rvherem and the second step addresses the

biocompatibility through the phosﬁaholipid micelle encapsulation of QD’s.”
|
|
2 Synthesis of QD-SAV conjugated to biotynilated DNA. This protocol

involves the attachment of comfnercially available QD-SAV to a specific

single DNA sequence through a simple procedure described elsewhere.®
|
|

II. Photostability Measurements

Photostability measurements oP micelle-QD’s containing different lengths

of PEG’s will allow to study the photochemistry of the surface of the QD,

and to compare with the stabiliﬁy of the QD-SAV.
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III. Characterization by Spectros%:opy

Detection of QD’s and functionalisz QD’s optical properties
Absorption Spectroscopy for the core/shell QD’s

Fluorescence Spectroscopy (size distribution of QD’s and derivatives)
Dynamic Light Scattering (quantitative size distribution)

Transmission Electron Microscopy (TEM) (particle size)

Gel Electrophoresis (to characterize charged nanoparticles)

I. Synthetic Routes |

1. Synthesis of Fundionaﬁzed Quantum Dots:

1.1 Synthesis of ZnS caped k‘dSe nanocrystals.

PROCEDURE ||

The synthesis of ZnS-CdSe quantum dots proceeds following Hines and Guyot-
Sionnest protocol."® This procedulle was chosen among others due to its
versatility, crystallinty and monodispersity of the particles that are obtained. This

is a one pot reaction that allows plloducing CdSe core particles capped with a

layer of ZnS. |
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This procedure involves the preparation of Cd and Zn stock solutions. Dimethyl
cadmium (0.25 mL) is added to selenium pellets (0.2 g) previously dissolved in
4.5 mL of tri-n-octylphosphine (TOP) under argon atmosphere. The Cd stock
solution is finally diluted with 19.5 imL of TOP. The Zn stock solution is
prepared by adding dimethyl zinc (0.37 mL) to hexamethyldisilathiane (0.52 mL)
in 4.5 mL of TOP and diluted with 19.5 mL of TOP.'

This approach requires drying and degassing of hot tri-n-octylphosphine oxide
(TOPO) using a vacuum-argon line. After that, the temperature is increased to
250 °C keeping the Ar line. Once the temperature is stabilized, 0.7 mL of
Cd/Se/TOP solution is injected and the temperature is allowed to cool down until
200 °C, at which temperature five 0.55 mL portions of ZnS/TOP solution is

successively injected at a rate of 1drop/s. Finally, the temperature is allowed to

cool until 100 °C and the reaction miTture is stirred during 1h. The nanoparticles
are purified by precipitation with anTydrous methanol. The red pellet collected
after centrifugation (3000 rpm) is diss[alved in 10 mL of Chloroform. In this way,
ZnS capped QD are produced with ‘high stability and enhanced luminescence
properties due to passivation.° ‘

The typical Quantum Yield for ZnSfC[dSe is reported in the literature to be 10 %.

The experimental QY obtained is in afreement with the literature (8 %).

RESULTS AND DISCUSSION ‘

224
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The QD’s synthesized by this method )L'elded dots of 4 nm in size (by TEM) and
an emission band at 566 nm measured 1%)}! Fluorescence spectroscopy, as shown in
figure 7. To obtain good results, it ‘ is important to prepare fresh Cd stock
solutions, since it goes rapid degrac{ation. During the addition of ZnS/TOP
solution it is required to observe the rale of 1 drop/s . This initiates the process of
nucleation and allows the controllfd growth of the nanocrystals. For a
monodisperse sample, the nucleation Iwas to be done in a short period of time and
separated from the growth step. In J:ontrast the growth step should be given
enough time to produce a monodispelée distribution (1 drop per second).’® If this
ratio is not observed, the reaction ter]d to fail or a multidisperse distribution of
sizes are obtained. |

"1 (b)

500 —— ZnSiCdSe

4004 Excitation: 470 nm
Emission: 566 nm

Fluorescence Intensity

wavelength (nm)

Figure 7. Characterization of ZTSIC dSe nanocrystals by TEM (a) and

Fluorescepce emission (b).
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1.2 Synthesis of PEG-PE micelle incorporated quantum dots.
|
|

PROCEDURE |
|

To address the problem of biocompatibility, Dubertret B and et al’ came up with
the idea to encapsulate semiconductor |Lanoparticles inside phospholipids micelles

for in vivo experiments. The encapsulation of QD inside micelles goes trough a

self-assemble process in presence 0f| water. Powder PEG-PE (5.5 pmoles) is

added to QD (2 mg) suspended in Chloroform (1 mL), and then the solvent is
|

-

dried at vacuum. The reaction flask is placed in a water bath at 90 °C and the
mixture is heated for three - four minutes to produce a reddish oily pellet that in
presence of water (1 mL) forms an ochaIly clear solution. After that, the solution
is stirred at room temperature and sil)m'catcd. Ultracentrifugation at 90000 rpm
during 2h at room temperature is used to isolate the empty micelles from those
with QD inside’. After centriﬁlgatio#'l a red pellet is collected and redisolved in

water (1 mL). The synthetic route of this simple procedure is shown in figure 8.

L Evaporated Add water
we* PEG-PE | Quantum
phospholipid | Dot

Figure 8. Scheme of +e synthetic micelle approach

&)
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RESULTS AND DISCUSSION

The size of the micelle-QD’s is ch?raclcrized by TEM and Dynamic Light

Scattering (DLS) (figure 9a, 9b) and the optical properties are corroborated by

Fluorescence spectroscopy ( figure 9c¢)
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Figure 9. Characterization of the micelle-QD’s. Part (a) represents the

number distribution by DLS of
shows the TEM negative stain

represents the fluorescent intensity

different sizes of micelle-QD; Part (b)
of PEG-3000PE micelle-QD. Part (c)
for all the 5 studied systems.
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To obtain accurate measurements of [the size distribution by Dynamic Light
|

Scattering, the micelle solution is diluted ten times and sonicated during several

|
hours (5Sh) to prevent aggregation. After that, the sample is passed through a 100

(> 100 nm) is trapped inside the leter and do not interfere with the size

measurements. Another important consideration is that the size measurements

|
should be taken per triplicate or morg times to be reliable and special attention

nm filter connected to an injection, in such a way that any dust particle

|
should be given to the comelatioFl, which is the indicator of possible

|
|
The Number distribution mcasurerr}kants of the different micelle-QD’s sizes
revealed that the sizes of the dots are 7.5-8 nm for the PEG-350 PE micelle, 10-11

|
nm for the PEG-550 PE, 11.5-12 nm|for the PEG-750 PE micelle, 14-17 nm for

contamination in the sample.

|
the PEG-2000 PE micelle, and 18-20 i’nm for the PEG-3000 PE micelle, as shown
in figure 9a. For all the experiments *he QD’s particle size is about 4 nm, refer to

figure 7. |
|
|

The size characterization with Transmission Electron Microscopy (TEM) also
requires a previous dilution of the sq'mple, and sonication for several hours. A 10
uL drop containing the sample shodlld be carefully deposited on the surface of a

carbon coated cupper grid (200 mcsﬂl) and leave it for drying at room temperature
|

for at least two hours. Typically the illumination power of the microscope is

_ |
settled at 65 kV and the pictures are Itaken with a magnification of at least 150K to
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be able to detect the QD’s. Because of +e nature of the phospholipid layer around
the QD’s, they are invisible to the electron beam unless the solution is stained. In
this particular case, a solution of 1% |£’TA (Phosphotungstic acid), pH = 7 was
selected. This is a commonly used acid for negative staining, since it makes the

background to look darker than the sample and an inversion of the negative is

required to see the lipidic coating c*early, as shown in figure 9b. A white
spherical shell represents the phosphoiipids and the dark spots correspond to the
QD’s. With this technique, both micFlle layer and QD’s are visible at the same
time. |

In addition, the optical properties of t+ micelle quantum dots are corroborated by
Fluorescence Spectroscopy. The results show that the phospholipid layer does not
affect the dot energy levels, since th%: emission peak of the bare QD’s and the

encapsulated appears around the same value (578 nm), as shown in figure 9¢, are
|
|

in agreement with the literature.”

|
|

1.3 Synthesis of QD-SA Va{tached to biotynilated DNA.
|

|
PROCEDURE |

The avidin- biotin is a well known ‘inker to attach nanoparticles to biotynilated

proteins. Since both avidin and Piotin are charged molecules, the strong
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electrostatic interaction between these molecules accounts for rapid conjugation

reactions'”” |

QD-SAV conjugates emitting at 605 I}Im (6puL, 1 uM), acquired from Quantum
Dot Corporation, are mixed with an aq*xeous solution of biotynilated DNA (6 uL,
13 uM) and incubation buffer (6 ,u]j|,, pH = 84). The single stranded DNA
sequence is chosen, so that it can be recognized by the BMV viral capsid.®

The chosen ssDNA strand is composeq of 30 bases and is 10 nm long, with its
5’ terminus attached to biotin, and it|| is selected using the following sequence:
5’Bio/GTC TTC CGCTCTCGGCA(%AGGTGTGAAGGAJ’S. The mixture is

stirred for 30 minutes at room temperakure,

|
Confirmation of the DNA aﬂachrqmt with the QD’s is followed by Gel
Electrophoresis. To see clearly the || movement of the avidin-biotin system, a
concentrated sample is needed. The J|'natrix is made of agarose gel (2%) and the

liquid phase is provided by TBE buffer (TRIS base (0.4 M), Boric acid (0.45 M),

|
EDTA (10 mM)). The reference and| the sample (10 - 20 pL) are inserted in the

small holes made in the gel. The vqltage is set to run from negative to positive

poles, the power is 75 mV. Aﬂer| 2 h of running the experiment, the QD-
SAV/BIO-DNA conjugated moves ||around 1 cm with respect to the reference

(QD-SAV), see figure 10a. This experiment represents an evidence of avidin-
|

biotin attachment and that the QD remains attached to the streptavidin, which is

|
achieved by following the reaction r.mder UV light. Dynamic Light Scattering is
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used to account for the final size of the

the QD-SAV found under DLS was

QD-DNA bioconjugate. The initial size of

13.54 nm, while the size of QD-DNA

conjugate was 18.17 nm as shown in ﬁFure 10b.
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Figure 10. Characterization of Q

DNA conjugates. Part (a) represents a

scheme of the QD-DNA movement along the chamber and part (b) shows

that the Number distribution of the QD bioconjugated is 18 nm.
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|
II. Photostability experimeqts

|
PROCEDURE |

2. Laser Set up:

The laser set up is shown below in ||ﬁgure 11. The pump along with REGA
generates a monochromatic laser beam of 800 nm, which is amplified by OPA to

400 nm. This more energetic laser beam split into two paths, one which serves as

the reference beam, and the other one (probe beam), which goes through the

sample. Both, reference beam and the|probe beam are captured by the two APD’s

|
(Avalanche Photodiode). The two ABD’s transfer the signal separately to a box

car integrator, which calculates the inqensity and sends the data to PC. The data is

recorded in a Spectra-Sense software.

Pump |

Mirror

- |
REGA | OPA ‘ Dichroic
| _ Mirror
| :ampl

AP D Box C."al PC

Figure 11. The ﬁ'}(perimental laser set up.

(3]

(8]
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To carry out the laser experiments, the‘ samples are previously diluted five times

RESUTLS AND DISCUSSION

in ultrapure water, keeping equivalerﬁ concentrations in all the samples, and
sonicated during several hours. A quarlz cuvette is used for the experiment. The
laser is set up at 89 mW (initial powrr)A The initial power passing through the
sample is71 — 74 mV. The exposure tiTne is 25 minutes. In some of the cases, the
power increased during the irradiat{or:, between 3 to 4 power units. This
phenomenon is attributed to annealii'lg effects.'” ' '* The spectra of power
mtensity as a function of time for the QD- micelles with different PEG lengths
(12a, b, ¢, d, e) and the QD-DNA con{ugate (12f) were recorded and compared to
bare ZnS/CdSe nanoparticles (12g), reFer to figure 12.
|

The objective of irradiate different siLes of micelles-QD’s was to see if there is
any effect on the mobility of the reactT/e species (water, oxygen) through the lipid
coating. The results shown in ﬂgure‘lz indicate a similar decay rate for all the
PEG lengths. In addition, these resulks are comparable to decay rate for avidin-
biotin-DNA length. Therefore, it seeLns that the thickness of the lipid layer does
not influence the photodegradation rate. This means that the micelle coating is not
impermeable to the reactive ions, oqginated as a consequence of photochemical

reactions. ‘
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not influence in the QD stability, refer to figure 12h . Based on these results, a
disordered polymer coating around the QD’s was studied, the selection was the
QD-DNA conjugate. The laser experiment on this sample provides evidence that
the functionalization of the QD’s with avidin-biotin linkage offers the same
photostability as the micelle-QD’s. Finally, the fluorescence spectroscopy of the
exposed samples showed an increment of four times in the intensity with no shift
compared to the unexposed samples, which is in perfect agreement with the

literature, as shown in figure 13.

Fluorescence of exposed micelle-QD's

260
= 200
s —PEG-350
= wmen P EG-550
ol e P EG-750
= e P G- 2000
3 P EG-3000
E 100 4
s Excitation: 470 nm
= Emission: 578 nm
50 -4
]
0

T ¥ T T T Ll L]

500 550 600 650 T00

wavelength (nm)

Figure 13. Emission intensity of the exposed samples.
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CONCLUSIONS AND FUTURE WORK

One important conclusion derived from the laser experiments is that the decay
rate is almost the same for all the PEG lengths. Therefore the size of the PEG
length does not affect the photostability of the QD. Moreover, micelle-QD and
QD-DNA show similar photoreactivity, thus, either of these two systems can be
used to perform phototoxicity studies on QD’s. The content of Cadmium ions
released in solution can be monitored by ICP. In the case of the micelles, the
PEG-350 will be chosen to carry out the ICP experiments. The final result from
these analyses will determine if the micelle can be incorporated inside the BMV

virus capsid.
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