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Fluorescent Detection of gspecific DNA sequences related to
Toxoplasma gondii based on Magnetic Fluorescent Nanoparticles

FesO,/CdTe biosensor

Abstract: Magnetic fluorescent nanoparticles {6¢/CdTe) were prepared in this
work and applied foifoxoplasma gondii DNA detection. First, CdTe quantum dots
were synthesized with 3-mercaptopropionic (MPA)pmh FgO, magnetic particles
were prepared by hydrothermal method with NaOH regipitator, and they were
surfacely modified with silane coupling agent (KH)5After then, the MPA-capped
CdTe QDs were immobilized on the ;g particles surface via electrostatic
interaction, and the E®,/CdTe -coreshell particles were prepared with the average
size of 10 nm. The DNA sensing probe was fabricaéitedugh labeling a stem-loop
Toxoplasma gondii DNA oligonucleotides with F£,/CdTe (donor) at the’®nd and
BHQ2 (acceptor) at '3end, respectively.The assembly prosess was \erifig
UV-Vis, TEM,IR,XRD etc. The sensitivity characteation of the molecular beacon
probe was performed by fluorescence spectrum (F&) @ detection limit of
8.339x10°M.This chemical strategy can be further applied repare the—corshell
magnetic nanoparticles for DNA detection.

Keywords. FeO4,/CdTe nanoparticles; molecular beacon probe; Fhoenece
resonance energy transféoxoplasma gondii DNA detection

Introduction

Magnetic nanoparticles have been intensively studiee to the fact that they can
be used to many areas such as magnetic storageegeuptical magnetic materials,
magnetic separation, and DNA targeted diagnose.r@imarkable potential of @,
nanoparticles has stimulated the development ofthegis technology such as
organism or inorganism. However, the traditionaintegsis route often need
protecting gas (e.g. 4\ time consuming, and high temperature [1]. Irs thiork, we
adopted an aqueous-phase synthesis method to @rejggr-quality FgO, magnetic
nanoparticles, which was at facile temperaturesfaeadly, and low toxicity.

Quantum dots (QDs) are becoming outstanding fluooogs for biosensing,
bioimaging, and the detection of heavy metal iod][2QDs are more photostable and
higher brightness than the traditional organic fityptnores[5,6]. The broad absorption
spectra and narrow emission peak make QDs have eroedlent optical properties.
Moreover, their physical properties can be tramséat by the size [7]. By combining
Fe;04 and quantum dots together, magnetic quantum ¢ots snagnetic and optical
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properties. Therefore, they show great potentiakteal some novel applications in
biomedical, bio-detection, and magnetic functiometerials fields. There are many
reports on the synthesis and characterization ghetzc quantum dots: Wang et al. [8]
prepared luminescent #®&/CdTe nanocomposites with excellent optical and
magnetic properties. But Wang and our group usédreint modifiers to react with
Fe;04,. Wang chose tetramethylammonium hydroxide and wese KH550.In
addition, the reaction time, temperature and sogents were also different in the
experiment. Jie et al. [9] synthesized;Bg@CdSe composite quantum dots for
detecting thrombin by multiple DNA cycle amplifican strategy molecular beacons.
Lan et al. [10] synthesized &, nanowires which were decorated by CdTe quantum
dots, and can be used in fabrication of nanoscalgneto-optics devices.

Molecular beacons, have been providing a varietgxafiting opportunities in
DNA/RNA studies [11, 12, and 13]. Based on the @gle of fluorescence resonance
energy transfer (FRET), the molecular beacons laastem-loop structure, the loop
region is a single-stranded probe sequence andstdm is formed of two short
complementary sequences unrelated to the tdfdet14], with a fluorophore and a
guencher linked to the two ends. Systems thatzetilihe exquisite molecular
recognition capability of biomolecules such as DN& guide the assembly of
nanoparticles have been reported previously [15, d&6d 17]. For example,
DNA-labeled gold [18] and CdSe nanoparticles [18%s®ssing unique colorimetric
and fluorescent properties have been used as Bimseof DNA hybridization.

The Toxoplasmosis is a zoonosis caused Biyoxoplasma gondii, an obligate
intracellular protozoan that infects warm-bloodeihzls. In the previous report [20],
toxoplasmosis may be life-threatening to the immunocompromisediepts, and
infection of pregnant women wiffioxoplasma gondii may lead to congenital defects.
In consequence, the detectionTakoplasma gondii is important for medical workers
and common people. This paper presents the effodde in the preparation of
sensing probe, with magnetic-fluorescent composignoparticles F©,CdTe
conjugated to synthetitoxoplasma gondii oligonucleotides that may revealed some
excellent magnetic-optical properties. As the mssuthe Fe;0,/CdTe sensing probe
detected theToxoplasma gondii DNA successfully, and the limit of detection was
8.339 nM. This high sensitive and specific sensing probe rhayused to wide
applications such as DNA targeted diagnosis aniddical molecular detection.

Experimental
Materials

All the chemicals used in the current researchadranalytical grade without
further purification. Ferric chloride (FesdH,0), ferrous chloride (FegbH,O) and
sodium hydroxide (NaOH) were purchased from TiaKjRS Fine Chemical CO.LTD,
silane coupling agent (KH55@Was obtained from Tianjin Chemical Reagents Factor
Toxoplasma gondii DNA (Table 1), and 1-ethyl-3-(dimethylaminopropyl)
carbodiimide hydrochloride (EDC) were obtained fr8iranghai Yingjun Biotech Co.
Ltd (PRC).Ultrapure water was used throughout experiments.
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Table 1.The DNA sequenceséarperiments

Nomenclature Sequence

molecular beacon probe 5’-NH,-(CH,)e-AGCTATTATAAACTCGTTGGAT
GCATAGCT-3-BHQ2

mismatch sequence 5'-TGCATCCAGSRAGTTTATAA-3
complementary sequences 5-TGCATCCAACGAGTTTATAA-3

Methods
Preparation of Fes0,/CdTe nanoparticles

Fe;0. nanoparticles were prepared by co-precipitatiorthote with a ferrous
complex using NaOH as a precipitation agemtmixture of ferrous and ferric
chlorides (1: 2, molar ratio) were reaciacaqueous phase with NaOH as precipitator
at 50C for 30min. Fhe-FgO,nanoparticles-were-gained-affEhe reaction mixture
was separated with a common magnet and washedak¢wvees with water, finally
dried in a vacuum oven at 70 °C.

CdTe QDs aqueous solution modified by 3-mercaptaproc (MPA) was firstly
synthesized as previously reported [21]. Magnegicaparticles R, were surfacely
modified withsilane coupling agent (KH550hen CdTe was added with molar ratio
3:1(CdTe excess). The reactant solution was reflate45°C for 30 min, and F©,
/CdTe magnetic QDs were obtained.

Construction of FesO, /CdTe conjugated molecular beacon probe

50 uL of Fe;04/CdTe QDs aqueous solution, 20 of BHQ2 modified DNA and
10 mole times morehan DNA of 1l-ethyl-3-(dimethylaminopmpyl) carbadide
hydmchlOride (EDC) were mixed in 7QQ of 20 mM PBS(pH 8.0) and the FgO,
/CdTe conjugated molecular beacons were prepatec24f h at ambient temperature.
The FgO, /CdTe particle size can be quantitatively evalddrem the XRD data
using the Scherrer equation:

_ 08A
Leosd

where D is the average particle sizeis the wavelength (0.15406 nm) of the
X-rays, B is the integral half-height width (in radians),dathis the Bragg angle. In
addition, the characterization of specificity of epared sensing probe was
investigated by the fluorescence spectrum.
Hybridization of target DNA

100uL target DNA was added into sensing probe systentagaing Tris-HCI
buffer. The hybridization was performed at°@7for 2 h. The results were detected
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116  with fluorescence spectrum (FS), and the fluoreseespectrum was also chosen to
117 characterize the quantitative detection of targeAD

118 Characterization

119 An infrared spectroscopy (IR) (FTIR-650, made barjin Gangdong Scientific
120 and Technical Development CO., Ltd, PRC) was usatktermine information about
121 the chemical structure of §&,. The particle size and morphology analyses were
122 performed using transmission electron microscop¥EMT Tecnai G2 20, FEI
123 company, USA). X-ray diffraction (XRD) patterns werecorded by using a
124 D/max-lIA (RIGAKU, JAPAN) powder diffractometer, #i CuKa line (40kv,
125 50mA). All fluorescence spectrum were conducted an WGY-380
126  fluorospectrophotometer (Tianjin Gangdong Scientdnd Technical Development
127 CO,, Ltd, PRC).

128 Results and Discussion

129  Optical property and structural characterization of MPA-CdTe NPs

350 400 450 500 550 600 650 700 750
8 T T T T T T T 1.8

4 ? B {16
:'-E }:600- ‘1~4A'
2 waf 2 500 123
5 ual Bod {0y
B vnd TE, 0 Jos g
[t £ 300 Jos g
| 2 20 Joa B
£ I .
ren v T ' = { X h 40.0
- B e ] e %50 500 550 600 650
130 Wavelength (nm)
131 Fig. 1 Optical spectra of CdTe NPs with MPA as Hitady :A- fluorescence

132  spectra from 1h to 6h; B- UV (blue) and fluoresaspectra (black) of 4h-CdTe.

133

134 The fluorescence spectra shown in Figure.1 (A)caidis that the synthesized
135 CdTe QDs has excellent optical properties. All expents are under the same
136 conditions and the concentration of every samplensgied. A red-shift emission
137 spectra of MPA-CdTe was observed from 525nm to B6%ren the time increased
138 from 1h to 6h. Moreover, the Fluorescence Inten@ily of QDs greatly enhanced
139  with the time increasing. The Full Width Half Maxim (FWHM) was broadened
140 from 42.6nm to 61.2nm, which indicated the narrize slistribution of CdTe QDs. In
141 this research, 4h-CdTe (shown in Figure.l (B)) wsexdd through all experiments. The
142  particle sizes of 4h-CdTe QDs were determined aliogrto Eq. (1) and the values
143 were around 2.1 nm, corresponding with the firssaaption maximum from UV
144  (Fig.2 (B)).

145

146 D = (9.8127x10)A° - (1.7147x10*)A* +1.00641 -19484 1)

147

148 The concentration of prepared CdTe QDs was obtdoead the UV spectrum by

149 using Lambert-Beer’s law (Eq. (2)) [22]:
150 A=¢IClIl (2)
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In Eq. (2),A is the absorbance of first excitonic absorptioakptor CdTe.C is the
concentration of CdTe QDs.is the path length of the radiation beam used,caisd
the molar extinction coefficient of CdTe QDs at fivst excitonic absorption peak,
which could be obtained from the formula= 10043D) **2 whereD is the particle
size of the prepared QDs. Based on Eq. (2), theardmation of the prepared CdTe
QDs is 1.724x1® M.

Fig.2 TEM (a) and corresponding HRTEM (b) imagesfA-CdTe nanoparticles.

TEM and HR-TEM images for MPA-capped CdTe are shanvirig.2. Fig.2a
shows that MPA capped CdTe QDs are spherical witraxzerage size of 2.5nm,
which is corresponding to the previous theoreticalculating value in Eq.1. Fig.2b
presents the HRTEM image of CdTe. The lattice azenfirmed the crystallinity of
MPA capped CdTe QDs. Therefore, it showed that Mapped CdTe QDs were
synthesized successfully.

Characterization of Fe;O4-KH550 magnetic nanoparticles



169

170
171

172
173
174
175
176
177
178
179
180
181
182
183
184
185

Transimittance (%)

J405

3430

4000 3500 3000 2500 2000 1500 1000 500

=1
Weavenumber (cm )

Fig.3 FT-IR spectrum of the nakeds;Pg (a) and FgO,-KH550 nanoparticles (b)

Fig.4 Zeta-potential of the naked:Bg (a) and FgO,-KH550 nanopatrticles (b)

The IR spectrum of naked & and FgO,-KH550 nanoparticles is shown in Fig.
3(a and b). The peak around 3409 tmbserved in Fig.3a relates to the O-H
stretching vibration. The peak at 1627 ¢r(Fig. 3a) and637 cm* (Fig. 3b) was
due to the bending vibration of the O-H ,Which gisoved the existence of O-H. If
the sample obtained crystallizes completely, thedpcts would not include -OH,
conversely, the final products would comprise -3][ For the naked BE®, (Fig.
3a), the peak at 575 chrelates to the vibrations of Fe-O-Fe, which issistent with
the reported IR spectra for spinel;©g [24]. For the IR spectrum of E@;-KH550
nanoparticles (Fig.3b), the peaks around 3430"csmould be ascribed to the
stretching vibration of the N—H, which may overlajh stretching vibration peak of
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O-H group. The peaks around 2920 and 2858 essignable to the asymmetric and
symmetric stretching vibration of (GH,can be obviously found. In addition, there is
an absorption peak at 1005 ¢nwhich is the characteristic stretching vibratjpeak

of Si-O, and a new sharp peak 574 tmelates to Fe—O group appeared. KH550 was
hydrolyzed into silanol in aqueous solution, andefydration reaction was carried
out between hydroxyl of F®, and silanol, so KH550 molecules are chemically
bonded to the surface of the nanoparticles. Becthesesurface of iron oxide with
negative charges (Fig.4a) has an affinity towardbB6{ protonated KH550 (Fig.4b)
could coat the magnetite nanoparticles by the mstztic interaction.

Characterization of Fe;O,/CdTe magnetic nanoparticles
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Fig.5 XRD pattern for the naked &2 (a) and FgD,/CdTe nanoparticles (b)

XRD—is—anotherimportantmethodforthesurface—structure—studias.our

experiment, XRD is used to analysis the structireeO, and confirm whether the
Fe;0,/CdTe nanoparticles had been synthesized. Figowshhe XRD patterns for
the naked F£,and FgO,/CdTe nanoparticles (a and b). As metallic iroelfthas
fluorescent effect, in our study we used Cu taggetX-ray excitation light source,
when the rays hit the iron nanoparticles, iron Wil launched as a secondary X-ray
excitation source, making XRD chart with a highdrasnt and covering up the weak
diffraction peaks of F£©,. Four main characteristic peaks for;G¢ marked by their
indices ((2 2 0), (31 1), (222), (4 00)) wereserved. These peaks basically
consistent with the standard data fog®gstructure (JCPDS.72-2303) which can be
indexed as the spinel structure with a lattice peter a=0.840nm. Fig.5b showed
XRD pattern of FgO,/CdTe magnetic QDs, the decreased intensity gDfF€311)
was detected, this result indicated the formatibiCdTe shellon surface of F©,
core It is also explained that the coating processndidresult in the phase change of
Fe;0,4. The broad nature of the diffraction bands in plagern below is an indication
of small particle size. According to Scherrer'snfioila, the average crystallite size of
the powder samples were calculated using the stsimhases of the diffraction plane
(311) in Fig.5, and the obtained particle size @0z nanoparticles is 5.24 nmtis
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Fig.6 TEM of FgO,/CdTe nanoparticles (Inset: asba/CdTe nanoparticles
suspension; b- After magnet separating)

The TEM image of F€,/CdTe nanoparticles is shown in Figlbdemonstrates
that the samples particle size is about 10 nm. &lae three possible types of
interactions among the nanoparticles: London-VanWaalsforce, magnetic force,
and the reacting force of the double electronietayrhe preceding two affinities
among the particles must be counteracted by tle tapulsive force to make the
particles stable in the solvent. However, this kofdrepulsive force is very small.
Generally, to make the particles disperse well,siinéace of nanoparticles should be
modified to make them absorb one layer of polymethe surface. Thus, the space
hindrance repulsive force from the polymer can cmmghe affinities between the
particles. Meanwhile, the rim angle and the wetpingperty of the nanoparticles with
other mediums can be improved by the surface nuadiéin of the particles, and then
the dispersal property will be better. In our expent, KH550 was used as the
surfactant to make the &, nanoparticles disperse well. The reason for adgpti
KH550 as dispersant agent is to take advantagés adbisorption on the surface of
Fe;O, particles by dehydration reaction between hydroxylforms a layer of
molecular membrane to hinder inter-contact betwiberparticles and reduce surface
tension. Moreover, it also has an effect of stanrance to some exteritherefore,
the sample is a uniform distribution of sphericarticles with no obvious
aggregation.

M echanism and Characterization of molecular beacons
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Figure.7 Schematic illustration of thesBa/CdTe molecular beacon and its
detection mechanism.

Molecular beacons are single-stranded oligonuaestihat possess a stem-loop
structure. The loop portion of the molecular beacoan recognize the specific
complementary nucleic acid. The stem has five teesebase pairs which are
complementary. A fluorophore and a quencher akedrto the two ends of the stem.
In this conformation of the probe, the fluorophasein close proximity of the
guencher and thus the fluorescence emitted by Itl@ophore in response to an
excitation light is adsorbed by the quencher ardptftobe does not fluoresce. When
the probe encounters a target DNA molecule, theeoutdr beacon undergoes a
conformational change, and the fluorophore and cuemare separated by a distance
equal to the stretch of nucleotide sequence betwesn, leading to the restoration of
fluorescence (illustrated in Fig. 7. In our resbarhe Fe;O,/CdTe -magnetic DNA
molecular beacon probe with J&/CdTe as the fluorophore and BHQ2 as the
guencher, based dhe principle of fluorescence resonance energystearfFRET).

25

20+

Al (a.u)

Fluorescence intensity (a.u.)

450 500 550 600 650 700 40 12 3 4 5 6 7 8
Wavelength(nm) Target Concentration (nM)

Fig. 8 Fluorescence spectrum Characterizationsregfgred F¢0,/CdTe sensor:
specificity (A) and quantitative detection of tar@NA (B).

he-characterization St

A

the—fluorescence—speectrunin  Fig.8A. There is an obvious difference in the
fluorescence enhancement when different DNA motscuhybridize with the
9
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molecular beacon: the BHO2-ssDNAzBa/CdTe sensing probe (a), #&»/CdTe
solution(b), hybridization with complement targeNA (c), and one-base mismatch
DNA (d). The highest fluorescence signal was obegmwvith the FgO,/CdTe solution
alone because there was no quencher in solutider Afiding the target DNA into
mixture, the complement ssDNA on the probe stattetlybridize with them, and
stem-loop structure became to line structure, tistance between BHQ2 and
Fe;04/CdTe exceeded Foster radius (10 nm) [25,26] . dtbes, the fluorescence
intensity of line c is approximate to line b. Whtse mismatch DNA was added in to
the solution (Fig.8A (d)), the probe ssDNA didrybhdize with them adequately, and
fluorescence didn't recover to the original intgnsi

Figure.8B showed the linear relationship betweeorfiscence intensity change
(Alg) and target DNA concentrations (c). A linear regien equation,Alg
=1.805c+10.804, with a correlation coefficient R.8833, can be obtained. The limit
of detection (LOD) was calculated to 8.339 nM.

Conclusion

In this paper, using the quenching of fluorescesfdee;0,/CdTe, a novel method
for the detection of specific DNA sequences relatedoxoplasma gondii has been
fabricated based on FRET mechanism. In detail, MBAped CdTe QDs, of which
the average size was 2.5 nm and the concentratisn uw724x18M, supported by
UV-Vis absorption, fluorescence spectroscopy andMTIEnages, bound with
Fe;04,-KH550, which can be judged from IR spectrum, XR&tern, and TEM image.
Above all, fluorescence spectrum characterizatibrprepared F¢,/CdTe sensor
showed that it has a good selectivity and sensitia linear regression equation was
obtained and LOD was confirmed to 8.339%WD The excellent capability of
studying biological process in real time amdvivo, can avoid the inconvenience
caused by using DNA intercalation reagents or lneliag the target molecules or
using competitive assays.

References

1. Huimin Cao, Juchuan Li, Yuhua Shen, Shikug, Fangzhi Huang,
Anjian Xie. Green synthesis and surface propertie$e0,@SA core—shell
nanocomposites. Applied Surface Science, 301, 24B1-2014.

2. Chung-Shieh Wu, Maung Kyaw Khaing Oo, and Xud®&iag. Highly Sensitive
Multiplexed Heavy Metal Detection Using Quantum-Rateled DNAzymes.
ACS NANO, 4(10), 5897-5904, 2010.

3. Rolf Koole, Willem J. M. Mulder, Matti M. van 8ooneveld, Gustav J. Strijkers,
Andries Meijerink and Klaas Nicolay. Magnetic quamt dots for multimodal
imaging. WIREs Nanomed Nanobiotechnol, 1, 475-29D9.

4. Zhengtao Deng, Yun Zhang, Jiachang Yue, Fangqi@mng, and Qun Wei. Green
and Orange CdTe Quantum Dots as Effective pH-Seadiluorescent Probes for
Dual Simultaneous and Independent Detection ofsésu J. Phys. Chem. B, 111,
12024-12031, 2007.

10



315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358

5. Liang Li, Huifeng Qian, Nenghu Fang, Jicun R8&mnificant enhancement of the
guantum vyield of CdTe nanocrystals synthesizedgueaus phase by controlling
the pH and concentrations of precursor solutionsrnhl of Luminescence, 116,
59-66, 2006.

6. Narayan Pradhan, David Goorskey, Jason Thessing, Xiaogang Peng. An
Alternative of CdSe Nanocrystal Emitters: Pure @odable Impurity Emissions in
ZnSe Nanocrystals. J. AM. CHEM. SOC. 127, 1758&8¥7 2005.

7. Guannan Wang, Xingguang Su, Shijing Yang, Yuwghdia, Donghui Li. The
double-effect mechanism betweens;Bg nanoparticles and MSA-capped CdTe
QDs. Journal of Luminescence, 132, 2505-2511, 2012.

8. Xiuling Wang, Lu Wei, Guanhong Tao, Menggiong adg. Synthesis and
characterization of magnetic and luminescerdOg#€dTe nanocomposites using
aspartic acid as linker. Chinese Chemical Let@2g2), 233-236, 2011.

9. Guifen Jie and Jinxin Yuan. Novel Magnetic;Gg@CdSe Composite Quantum
Dot-Based Electrochemiluminescence Detection obiitinin by a Multiple DNA
Cycle Amplification Strategy. Anal. Chem., 84, 2814817, 2012.

10. Xianmei Lan, Xuebo Cao, Wenhu Qian, Weijian Gaoi Zhao, Yang Guo. Long
Fe;O4 nanowires decorated by CdTe quantum dots: Syrstlaesl magnetic—optical
properties. Journal of Solid State Chemistry, Z&B30-2345, 2007.

11. Chun-Wei Chi, Yeh-Hsing Lao, Yi-Shan Li, Lin-CifChen. A quantum
dot-aptamer beacon using a DNA intercalating dyetl®s FRET reporter:
Application to label-free thrombin detection. Biasers and Bioelectronics, 26,
3346-3352, 2011.

12. Dong-shan Xiang, Guo-ping Zeng, Zhi-ke He. Mggn microparticle-based
multiplexed DNA detection with biobarcoded quantdot probes. Biosensors and
Bioelectronics, 26, 4405—- 4410, 2011.

13. W. Russ Algar and Ulrich J. Krull. Multiplexekhterfacial Transduction of
Nucleic Acid Hybridization Using a Single Color éhmobilized Quantum Dot
Donor and Two Acceptors in Fluorescence Resonamrgly Transfer. Anal.
Chem., 82, 400-405, 2010.

14. Xi-Peng Liu, Jing-Li Hou, Jian-hua Liu. A novahgle nucleotide polymorphism
detection of a double-stranded DNA target by amrilmdeotide-carrying molecular
beacon and thermostable RNase HIl. Analytical Bémalstry, 398(1), 83-92, 2010.

15. W. Russ Algar, Anthony J. Tavares, Ulrich JulKiBeyond labels: A review of the
application of quantum dots as integrated companehtassays, bioprobes, and
biosensors utilizing optical transduction. AnalgtiChimica Acta, 673, 1-25, 2010.

16. Nathaniel C. Cady, Aaron D. Strickland, Carl Batt. Optimized linkage and
quenching strategies for quantum dot molecular @mescMolecular and Cellular
Probes, 21, 116 — 124, 2007.

17. Kim E. Sapsford, Thomas Pons, Igor L. Mediatz] Hedi Mattoussi. Biosensing
with Luminescent Semiconductor Quantum Dots. Sen$nr925-953, 2006.

18. James J. Storhoff, Robert Elghanian, RobertM@cic, Chad A. Mirkin, and
Robert L. Letsinger. One-Pot Colorimetric Diffenaion of Polynucleotides with
Single Base Imperfections Using Gold Nanopartialebes. J. Am. Chem. Soc.,

11



359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383

120, 1959-1964, 1998.

19. M.Y. Han, X.H. Gao, J.Z. Su, S. Nie. Quantun-dgged microbeads for
multiplexed optical coding of biomolecules. Nat&ietechnology, 19(7), 631-635,
2001.

20. Emily J. Aston, Pedro Mayor, Dwight D. Bowmé&tyssni O. Mohammed, Janice
L. Liotta, Oliver Kwok, J.P. Dubey. Use of filterapers to determine
seroprevalence odfoxoplasma gondii among hunted ungulates in remote Peruvian
Amazon, International Journal for Parasitology:aBées and Wildlife, 3, 15-19,
2014.

21. Shichao Xu, Jimei Zhang, Caixia Liu, and Xiuy@ong. Synthesis and
Characterization of Water Soluble CdTe and CdTe/Cdge-shell Quantum Dots
for Biosensing Applications. Proc. of SPIE, 6428285F-64235K, 2007.

22. Wenzhuo Guo, J. Jack Li, Y. Andrew Wang, andogang Peng. Luminescent
CdSe/CdS Core/Shell Nanocrystals in Dendron Box@sperior Chemical,
Photochemical and Thermal Stability. J. AM. CHEMOG, 125, 3901 -3909,
2003.

23. JianHua Meng, GuiQin Yang, LeMei Yan, XiuYu WanSynthesis and
characterization of magnetic nanometer pigmenOEeDyes and Pigments, 66,
109-113, 2005.

24. Liese H.C. An infrared absorption analysis aigmetite. Am Mineralogist, 52,
1198-1205, 1967.

25. S. Tyagi , F. R. Kramer. Molecular beacons:bpeo that fluoresce upon
hybridization. Nature Biotechnology, 14, 303-30896.

26. S. Tyagi, D. Bratu, F. R. Kramer. Multicolor lacular beacons for allele
discrimination. Nature Biotechnology, 16, 49-53989

12



