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Abstract: Recent studies have found that prostate cancer expresses abnormal genetic markers
including multiple types of TMPRSS2—-ERG fusion genes. The expression level of different
TMPRSS2—-ERG fusion genes is correlated to pathologic variables of aggressive prostate cancer
and disease progression. State-of-the-art methods for detection of TMPRSS2—ERG fusion genes
include reverse transcription polymerase chain reaction (RT-PCR) with a detection limit of
1 fmol at urinary condition. RT-PCR is time consuming, costly, and inapplicable for multi-
plexing. Ability to identify multiple fusion genes in a single sample has become important for
diagnostic and clinical purposes. There is a need for a sensitive diagnostic test to detect multiple
TMPRSS2—-ERG fusion genes for an early diagnosis and prognosis of prostate cancer. Here, we
propose to develop an assay for prostate cancer diagnosis using oligonucleotide-functionalized
quantum dot and magnetic microparticle for optical detection of rearranged TMPRSS2-ERG
fusion genes at a low concentration in urine. We found that our assay was able to identify
three different types of fusion gene with a wide detection range and detection limit of 1 fmol
(almost the same level of the RT-PCR result reported). Here, we show detection of multiple
TMPRSS2-ERG fusion genes using color-coded oligonucleotides in cell lysate and urine.

Keywords: fusion genes, prostate cancer, quantum dots, multiplexed assay, optical detection

Introduction

Chromosome abnormalities have gained much attention as a factor for initiation
of carcinogenesis.! Although the presence of various fusion genes has been corre-
lated with specific cancers, the pathogenic significance remains under discussion.>
Therefore, a method to determine and differentiate types of fusion genes in patient
samples is required to understand the function of abnormal genes in cancer. Specifi-
cally, prostate cancer expresses several characteristic genes with high frequency.
Fifty percent of patients with positive prostate-specific antigen tests show over-
expression of fusion genes of transmembrane protease serine 2 (TMPRSS2) and
erythroblastosis virus E26 transformation-specific (ETS) transcription factor family,
such as TMPRSS2—ERG (v-ets erythroblastosis virus E26 oncogene homology)**
(Figure 1A). Fusion of TMPRSS2 and ERG loci at the chromosomal level and
subsequent overexpression of the TMPRSS2—ERG transcript and truncated ERG
protein product are essentially 100% specific for the presence of prostate cancer
in tissue-based studies.*> Recent studies have found that the expression level of
different TMPRSS2—ERG fusion genes is correlated to pathologic variables associ-
ated with the progression of aggressive prostate cancer.’” The isoform of the fusion
gene exon 1 of TMPRSS2 combined with exon 4 of ERG is the most common type
of fusion gene in prostate cancer. Other isoforms, such as exon 1 and exon 142 of
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Name Sequence (5’ --=-=-n===mumunmm 3’)
Target 1 GATGGCTTTGAACTCA/GAAGCCTTAT
Target 2 GCCTGGAGCGCGGCAG/GTTATTCCAG
Target 3 GAGCGCGCAG/GAAGCCTTAT
MMP 1 AAAAAAAAAA/NH,/
MMP 2 AAAAAAAAAA/NH,/
MMP 3 AAAAAAAAAA/NH,/
Green QD /S-SIAAAAAAAAAACTCACAACTGATAAGGCTTC
Vellow QD /S-SIAAAAAAAAAAGCTTTTGGTCAACACGGC
TTTCCTCGGGTCTCCAAAGATCCTGGAATAAC
Red QD /S-SIANAAAAAAAAAGGGCTGATCCCTGAGAAC
TGATAAGGCTTC

535 Target 1

575 Target 2

%n
. Target 3
Figure | Materials for optical coding assay.

Notes: Schematic of (A) TMPRSS2 and ERG genes and (B) three types of fusion
gene sequence in prostate cancer and their complementary capture/detection
oligonucleotides designed as targeting moieties for the assay. (C) Nucleotide
sequence of three target genes, capture oligonucleotides for MMPs, and detection
oligonucleotides for QDs. (D) Schematic of sandwich assay for three types of fusion
gene using MMP-oligonucleotide and QD-oligonucleotide.

Abbreviations: MMP, magnetic microparticle; QD, quantum dot.

TMPRSS?2 with exon 2 of ERG, are mildly active transcripts
that are found in more aggressive prostate cancers.’
Currently, the most commonly used method to detect
TMPRSS2-ERG fusion genes in clinical and research labo-
ratories is reverse transcription polymerase chain reaction
(RT-PCR), which has a detection limit of about 1 fmol.?
However, RT-PCR is time consuming, costly, and inap-
plicable for multiplexing. In addition, the ability to identify
multiple fusion genes in a single sample has become impor-
tant for diagnostic and clinical purposes.® The challenges with
RT-PCR (or other enzyme-based amplification techniques)
include complications in designing accurate quantification
methods.*!° The aim of this study is to provide an effective
and rapid test with high sensitivity and specificity to target
genes in low concentration that offers quantitative results
and allows multiplexing. Multicolor quantum dots enable
visualization of various biomolecules over a wide range of
emission wavelengths and are capable of optically detecting

many biomarkers simultaneously.!"""* Here we present an
assay for prostate cancer diagnosis using magnetic micropar-
ticles (MMPs) for efficient capture of TMPRSS2 and oligo-
nucleotide-functionalized multicolor quantum dots (QDs) for
optical coding of rearranged TMPRSS2—ERG fusion genes
(Figure 1B, C and D). Our assay enables relatively fast and
accurate detection of prostate cancer-specific fusion genes
at a low concentration in buffer, urine, and prostate cancer
cells (LNCaP and NCI-H660 cell lines).

Materials and methods

Cell culture

All cell lines were purchased from American Type Culture
Collection (Manassas, VA, USA). LNCaP cells were grown
in Roswell Park Memorial Institute (RPMI)-1640 (Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with
10% fetal bovine serum (Thermo Fisher Scientific) and 1%
antibiotic—antimycotic solution (Thermo Fisher Scientific).
NCI-H660 cells were grown in RPMI-1640 supplemented
with 5% fetal bovine serum, 1% antibiotic—antimycotic
solution, 5 ug/mL of insulin, 10 nM of hydrocortisone, 10
pg/mL of transferrin, 30 nM of sodium selenite, 10 nM of
B-estradiol, and 2 mM of L-glutamine. All cell lines were
grown at 37°C in the presence of 5% CO,.

Oligonucleotides for capture and

detection

Oligonucleotides were synthesized by Integrated DNA
Technologies (Coralville, IA, USA). A primary amine group
was added to the 3" position of sequences to conjugate to
carboxylated MMPs. For QD probes, a thiol group was
added to the 5" position of sequences (Figure 1B and C). All
DNA strands were resuspended in deionized water at a final
concentration of 100 umol/L.

Oligonucleotide conjugation of MMPs

Carboxylic acid-functionalized, 2.8 um diameter MMPs
(Dynabeads® M-270 carboxylic acid; Thermo Fisher Scien-
tific) were briefly vortexed and separated by using magnetic
separation rack (OZ Biosciences, San Diego, CA, USA) to
remove the supernatant for 1 minute. The MMPs were then
washed twice with 25 mM 2-(N-morpholino)ethanesulfonic
acid (Sigma-Aldrich, St Louis, MO, USA) buffer at pH 5.
Then, 10 nmol of amine-terminated oligonucleotides (capture
DNAs), complementary to different regions of TMPRSS?2,
were prepared in 2-(N-morpholino)ethanesulfonic acid buf-
fer, mixed with MMPs, and shaken moderately at room tem-
perature for 30 minutes. The capture DNAs and the MMPs
were cross-linked with each other by adding 100 mg/mL
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of N-(3-dimethylaminopropyl)-N'-ethylcarbodiimide hydro-
chloride (Sigma-Aldrich) at room temperature. After 3 hours
of shaking and magnetic separation, the supernatant was
removed, and the absorbance of the supernatant was then
measured at 260 nm using a UV—Vis spectrophotometer
(SCINCO, Seoul, Republic of Korea) to calculate the amount
of the capture DNAs conjugated to MMPs. The MMPs were
washed with 50 mM Tris-HCI buffer, pH 7.4 (Thermo Fisher
Scientific) for 10 minutes with shaking, and this washing
step was repeated twice. Finally, DNA-conjugated MMPs
were resuspended in phosphate-buffered saline (PBS), pH
7.4 (Thermo Fisher Scientific) at a final concentration of
30 mg/mL.

QD synthesis and lipid functionalization
CdSe QDs were synthesized from CdO and Se in trioc-
tylphosphine oxide and hexadecylamine and passivated with
a Cd/ZnS shell, as described previously.!>!* The core/shell
QDs with diameters of 6.5, 7.2, and 8.2 nm have emission
peaks at 535, 575, and 620 nm, respectively. The concen-
tration of the QDs in chloroform was determined from the
absorbance at 350 nm using Beer’s Law (A=¢lc) and an
extinction coefficient e=1.44x10%xr* (cm?*/mol).

The QDs in chloroform were water solubilized by form-
ing an outer lipid layer consisting of a single acyl chain
lipid, 1-myristoyl-2-hydroxy-sn-glycero-3-phosphocholine
(MHPC; Avanti Polar Lipids, Inc., Alabaster, AL, USA), a
double acyl chain phospholipid with a terminal polyethyl-
ene glycol (PEG) group, 1,2-distearoyl-sn-glycero-3-phos-
phoethanolamine-N-[methoxy(polyethylene glycol)-2000]
(DSPE-PEG2K; Avanti Polar Lipids, Inc.), and a double
acyl chain phospholipid with a terminal maleimide, DSPE-
PEG2K-maleimide (Avanti Polar Lipids, Inc.), for oligo-
nucleotide conjugation.

One nanomole of QDs and a 7-fold molar excess of
lipids in chloroform were mixed and the chloroform was
evaporated off using nitrogen gas. The excess was calculated
based on an average footprint of 0.6 nm? for MHPC and an
average footprint of 0.7 nm? for DSPE-PEG2K lipids, and
taking the QD diameter with a trioctylphosphine oxide/
hexadecylamine inner leaflet. One milliliter of water (pH 5.5)
was added and vortexed until the solution turned clear. The
resulting solution was passed through a syringe filter with
a 100 nm polytetrafluoroethylene membrane to remove any
aggregates. Red-emitting QDs (QD620) were lipid-coated
with 80:10:10 molar ratio of MHPC:DSPE-PEG2K:DSPE-
PEG2K-maleimide, yellow-emitting QDs (QD575) were
lipid-coated with 70:15:15 molar ratio, and green-emitting
QDs (QD535) were lipid-coated with 60:20:20 molar ratio.

Oligonucleotide functionalization of QDs
(Barcode DNA-QD) for color-coding

Maleimide-functionalized QDs were conjugated to thiol-
terminated detection oligonucleotides that are complemen-
tary to different regions of ERG. Disulfide-oligonucleotide
sequences were mixed with a 1000-fold excess of 1,4-
dithiothreitol (Sigma-Aldrich) for 60 minutes at room tem-
perature to reduce the disulfide bonds. Then, the mixture
was run in an illustra™ NAP™-5 Column (Sigma-Aldrich)
to isolate the reduced oligonucleotides and to remove any
excess reagents. Typically, 500 pmol of QDs were mixed
for 1 hour at room temperature, and the QD—oligonucleotide
mixture was centrifuged using Amicon® Ultra-0.5 centrifugal
filter tubes (EMD Millipore, Temecula, CA, USA) to remove
unbound oligonucleotides. The optical density (OD,) of
the supernatant was measured using a UV-Vis spectro-
photometer to determine how many oligonucleotides were
conjugated to each QD (Figure S1).

Fusion gene detection assay in buffer
MMP-DNA and QD-DNA conjugates formed sandwich
complex with the complementary fusion genes. We per-
formed assays to detect from 100 pmol to 100 amol of three
synthetic fusion genes in 1 M NaCl solution. MMP-DNA
and QD-DNA were incubated with the target sequence for
3 minutes at 80°C for initial dehybridization and cooled
down to allow DNA hybridization. The total assay time was
30 minutes. After washing with 1 M NaCl and magnetic
separation, sandwiched MMP-target-QD complex was resus-
pended in deionized water. Next, QDs were released from
the complex by heating above the melting temperature of the
target fusion gene. The fluorescence intensity of the released
QDs was measured using Infinite® F200 Pro (Tecan, Ziirich,
Switzerland), and the signal intensity values were normalized
by subtracting the value of negative control which does not
contain any target. The measurements for each target were
performed under the same equipment setting.

Urine tests

One hundred picomoles of synthetic target oligonucleotides
was spiked in 100 UL of normal human urine (Lee Biosolu-
tions, Maryland Heights, MO, USA), and 10 uL (300 ug)
of MMP probes and 10 pmol of QD probes were added to
allow the formation of MMP-target-QD sandwich complex.
After 30 minutes of incubation on a rotator, the supernatant
was discarded by magnetic separation and the remaining
MMP-target-QD sandwich complexes were washed with
1 M NaCl solution, and this washing step was repeated.
The mixture was then incubated at 80°C for 3 minutes for
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DNA dehybridization to separate the QDs from the MMPs.
After magnetic separation, QDs released from the sand-
wich complex were transferred to a new tube to measure
the fluorescence. The fluorescence intensity of the released
QDs was measured using Infinite F200 Pro (Tecan), and the
fluorescence intensity values were displayed as a signal-to-
noise ratio.

Cell targeting

For optical coding of cellular RNAs, total cellular RNAs
were isolated using Trizol reagent (Thermo Fisher Scientific)
following the manufacturer’s protocol. Then, 2.5 ug of the
isolated cellular RNAs, 10 uL (300 pg) of MMP probes, and
10 pmol of QDs were mixed in 100 uL of 1 M NaCl solution.
After 30 minutes of incubation on a rotator, the supernatant
was discarded by magnetic separation and the remaining
MMP-target-QD sandwich complexes were washed twice
with 1 M NaCl solution. The mixture was then incubated at
80°C for 3 minutes for the dehybridization of nucleotides to
separate the QDs from the sandwich complex. After magnetic
separation, the QDs eluted were transferred to a new tube
and fluorescence was measured.

Reverse transcription polymerase

chain reaction

Total cellular RNA was isolated using Trizol reagent (Thermo
Fisher Scientific) according to the manufacturer’s protocol.
Reverse transcription was performed using PrimeScript first
strand complementary DNA (cDNA) Synthesis Kit (TaKaRa,
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Figure 2 Characterization of QDs and assay results.

Otsu, Japan) following the manufacturer’s protocol. PCR
analysis of TMPRSS2-ERG expression was performed using
a program with 35 cycles of 98°C for 10 seconds, 68°C for
30 seconds, and 72°C for 45 seconds.

The PCR products were electrically mobilized in a
1.5% agarose gel and the DNA bands were visualized
using gel documentation system (Scinomics, Daejeon,
Republic of Korea). The DNA band intensity was analyzed
as an unsaturated image using ImagelJ software. The
RT-PCR results were additionally confirmed by DNA
sequencing. The sequences of used primers for RT-PCR
and sequencing are as follows: TMPRSS2—-ERG forward,
5-CAGGAGGCGGAGGCGGA-3"; TMPRSS2-ERG
reverse, 5-GGCGTTGTAGCTGGGGGTGAG-3".

Results and discussion
QD-DNA conjugation and

characterization

Barcode DNA was conjugated to QDs using the maleimide—
thiol “click” reaction.'* DSPE-PEG2K-maleimide lipids
provide a binding site for 5’-SH-barcode DNAs at neutral
pH. After the reaction, QD-DNA conjugates were separated
from free, unbound DNA. From mass balance, we determined
an average 10 barcode DNAs immobilized on each QD.
Additionally, we used dynamic light scattering to monitor
the size of QDs before and after the DNA functionalization.
Dynamic light scattering analysis result showed that there
was a 27-39 nm increase in the diameter of QDs after DNAs
were immobilized (Figure 2A).

—&— Target 1 — green QD
Target 2 — yellow QD

—e— Target 3 —red QD

—6— Target 3 — Alexa 542
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Notes: (A) Size distribution of green, yellow, and red QDs before and after oligonucleotide conjugation. (B) Optical coding assay of three target fusion genes using green,
yellow, and red QDs. Blue line is the result of fluorescence assay for target 3 using Alexa 542 dye. Line graph shows mean value + SEM.

Abbreviations: QD, quantum dot; SEM, standard error of the mean.
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Detection of target fusion genes in

buffer condition

We prepared MMP conjugates with three capture oligonu-
cleotides and three different color QDs conjugated to three
detection oligonucleotides for optical coding of fusion genes.
Known concentrations of fusion genes were suspended in
phosphate buffer and the optical coding assay was performed
in triplicate (Figure 2B). The fluorescence of the QDs was
measured using filter cubes with excitation 360 nm and emis-
sion 535 nm for green, 570 nm for yellow, and 620 nm for
red QDs. Here, we report the fluorescence signal as a signal
intensity with background subtracted of an individual set of
assay, since the collected emission intensities were in relative
fluorescence units at an optimized optical setting for indi-
vidual experiments. The background intensity was defined
as the fluorescence intensity in a control assay with no target.
Our MMP-QD assay could optically code from 10 fmol to
100 pmol of three target fusion genes using different color
QDs (Figure 2B). As a comparison, commercially available
dyes, Alexa Fluor 488 (Alexa 488) and Alexa Fluor 595
(Alexa 595), conjugated oligonucleotides were used for detec-
tion. The MMP-Alexa assay could not identify the amount of
target fusion genes that MMP-QD could (Figure 2B). This
shows the advantage of using QDs that have no photobleach-
ing, a brighter emission, and a higher signal-to-noise ratio
compared with organic dyes (Figures 2B and S2).

Assay in urine

Urine contains various elements including proteins, dis-
solved ions, water, and salts. These urinary elements often
nonspecifically bind to biomolecules, surfaces, and other
components of an assay, which compromise the performance
and sensitivity. Detection of target molecules in urine is
very challenging. TMPRSS2—-ERG fusion genes are known
to exist in both blood and urine.” Therefore, development of

an assay for determination of fusion genes in urine would be
particularly useful for noninvasive diagnosis. In this regard,
we tested whether our platform could be used for urinary
tests. We prepared four pooled normal urine samples spiked
with 100 pmol of each target fusion gene and a negative
control which did not contain any target fusion gene. Using
green QDs (target 1 probe), yellow QDs (target 2 probe), red
QDs (target 3 probe), and MMPs, we performed the assay
and measured the fluorescence intensities at three different
emission wavelengths (535, 570, and 620 nm with excitation
at 360 nm). The results showed that the MMP-green QD and
MMP-yellow QD effectively detected target 1 and target 2,
with over 2-fold increase in the signal compared to the con-
trol. Also, no significant change in specificity was observed in
the presence of other targets (Figure 3). Similarly, the MMP-
red QD successfully detected target 3 with a nearly 25-fold
larger signal than that of the control. Difference in quantum
yield% (30%—40% for green and yellow QDs, >85% for red
QDs) and a number of photons emitted at 360 nm excitation
could alter the range of fluorescence intensity compared to
the control. These results validate performance of the optical
coding in urine with a good specificity and selectivity.

Test in prostate cancer cells

To confirm that our optical coding assay can be used for
detection of fusion genes expressed by the prostate cancer
cells, we collected the total RN A from NCI-H660 cells. NCI-
H660 cells are known to highly express target 1 and target 3
sequences.'® We also selected another cell line, LNCaP, that
does not express the target gene.'® Although the LNCaP and
NCI-H660 cell lines were derived from the same metastatic
lesions (lymph node), they showed significant differences in
ERG gene expression.'”'® Moreover NCI-H660 is androgen
receptor-negative cell line, therefore it has been considered
as a hormone-refractory prostate cancer.'

:E‘ 3 4 - 50 £
2 o5l 351
- 8 3t 40
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Figure 3 The results of optical coding assay in urine.

Notes: Green-, yellow-, and red-QDs recognized and detected target I, 2, and 3, respectively, with high selectivity. Fluorescence signal was normalized to that of N.C. which
contained no target. Bar graph shows mean value + SEM. Statistic significance was determined by Student’s t-test. *P<<0.05, **P<<0.01. (n=3).
Abbreviations: N.C,, negative control; QD, quantum dot; SEM, standard error of the mean.
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After culturing cells in a complete media, we lysed
the cells and isolated the total RNA. The purified RNAs
were quantified and used for the optical coding assay and
RT-PCR. Our optical coding assay results showed that
target 3 was highly expressed in NCI-H660 cells, with an
elevated red-QD signal (about 3-fold) compared to that of
LNCaP. Additionally, target 1 was moderately expressed
in NCI-H660, with about 1.4-fold higher green-QD signal
than for LNCaP. However, target 2 was not detected from
both cell lines (Figure 4). To verify the selectivity of the
assay, the expression of target 1 and 3 fusion genes from
NCI-H660 and LNCaP cells was analyzed by RT-PCR, and
the result agrees quite well with the optical coding assay
(Figure 5A). The result from a gel electrophoresis of PCR
products showed that only NCI-H660 lysate presented the
desired bands (at around 600 bp for target 3 and 700 bp for
target 1). Additionally, we confirmed that the DNA bands
corresponded to each target fusion gene by DNA sequencing
analysis (Figures S3—S5). The relative expression level of
TMPRSS2—-ERG was also analyzed in a semi-quantitative
manner (Figure 5B). Interestingly, the trend of normalized
TMPRSS2—-ERG expression level was in a good accordance
with the result of the optical coding assay. In conclusion,
these experiments support the result of our optical coding
assay, which indicates that our assay can specifically detect
fusion genes in various biologic samples.

Conclusion
Our assay was able to identify three different types of fusion
gene with a wide detection range and detection limit

4
m Target 1 x
Target 2
3 || ® Target 3

Normalized fluorescence
intensity
N
T

*
| ] . '
0

LNCaP NCI-H660

Figure 4 Optical coding assay of total RNAs from LNCaP and NCI-H660.
Notes: Targets | and 3 were detected only in total RNAs from NCI-H660. Signals
in LNCaP indicated nonexistence of all three targets. Fluorescence intensity was
normalized to that of N.C. which contained no target. Bar graph shows mean
value + SEM. Statistic significance was determined by Student’s t-test. *P<<0.05. (n=3).
Abbreviations: N.C., negative control; SEM, standard error of the mean.
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Figure 5 RT-PCR analysis of TMPRSS2—ERG in total RNAs from LNCaP and NCI-
H660 cell lines.

Notes: (A) The image of gels after performing RT-PCR and gel electrophoresis.
GAPDH was used as a reference gene. Lane |, 100 bp DNA ladder; lane 2, distilled
water (D.W.); lane 3, LNCaP cell line; lane 4, NCI-H660 cell line. (B) Semi-
quantitative analysis of the RT-PCR results. Bar graph shows mean value + SEM.
Statistical significance was determined by Student’s t-test. **P<<0.01. (n=3).
Abbreviations: GAPDH, glyceraldehyde 3-phosphate dehydrogenase; RT-PCR,
reverse transcription polymerase chain reaction; SEM, standard error of the mean.

of 1 fmol. Here we showed simultaneous detection of
multiple TMPRSS2-ERG fusion genes using color-coded
oligonucleotides in a single assay. The assay required
60 minutes incubation to selectively and optically detect
three different fusion genes at various concentrations.
We verified diagnostic applications of QD-based assay in
various biologic solutions (buffer, cell lysate, and urine).
QDs exhibit unique optical properties such as high quan-
tum yield, minimal photobleaching, and narrow emission
peaks, which are ideal for multiplexing. We anticipate that
QD-based assay for genetic biomarker can provide a new
set of tools that are available to biologists and biomedical
engineers.
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Figure S1 Quantification of oligonucleotides.

Notes: (A) Approximate number of oligonucleotides conjugated to MMPs. After EDC reaction, absorbance of unbound oligonucleotides was measured at 260 nm by
UV-Vis spectrophotometer. The number of oligonucleotides on MMP was calculated using Beer’s law. (B) The number of oligonucleotides for quantum dots before and
after centrifugal filtration. The absorbance of prefiltered nucleotides at 260 nm was measured after DNA reduction with DTT and column purification. After incubation of
QD with reduced DNA, thiolated DNA, the QD-DNA constructs were collected by amicon filtration. The result indicates that almost all DNAs were conjugated with QD.
(C) The number of QD-conjugated oligonucleotides. Each number of filtered oligonucleotides was divided by 500 pmol corresponding to QD number.

Abbreviations: DTT, |,4-dithiothreitol; EDC, N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide hydrochloride; MMP, magnetic microparticle; QD, quantum dot.

Figure S2 Visualization of QD fluorescence signal after performing the assay.

Notes: Target 3 fusion genes at 100 pmol to | fmol (from left to right) were detected by optical coding method. After the assay, the QD was released from the sandwich
complex by dehybridization. The image shows solution containing different amount of QDs that corresponds to the amount of targets started with. Images were taken using
UV lamp.

Abbreviations: QD, quantum dot; UV, ultraviolet.

Score Expect Identities Gaps
76.8 bits (41) 2e-19 49/53 (92%) 0/53 (0%)

Target1 Query 1 GTTGATAACAGCAAGATGGCTTTGAACTCAGAAGCCTTATCAGTTGTGAGTGA 53

Sbjct 68 GTTGATAACAGCAAGATGGCTTTGAACTCAAAAGCCTTAGCCCTTGTGAGTGA 120

Score Expect Identities Gaps
75.0 bits (40) 8e-19 45/47 (96%) 2/47 (4%)
Target3 Query 14 CGCCTGGAGCGCGGCAGGAAGCCTTATCAGTTGTGAGTGAGGACCAG 60
CEEEEEEE PErr et e et r et
Sbjct 13 CGCCTGGA-CGCGGCAGG-AGCCTTATCAGTTGTGAGTGAGGACCAG 57

Figure S3 BLAST analysis for DNA sequencing.

Notes: Each result of DNA sequencing was applied to BLAST analysis provided by the National Center for Biotechnology Information. Each result only corresponded to the
desired target sequence and not the other one. Each fusion sequence containing extra 20 bases on both sides was compared to the results of DNA sequencing.
Abbreviation: BLAST, Basic Local Alignment Search Tool.
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Figure S4 DNA sequencing result of NCI-H660 cell PCR product for target |I.
Abbreviation: PCR, polymerase chain reaction.

International Journal of Nanomedicine 2017:12 submit your manuscript 4405

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Lee et al Dove

4,000
2,000

4,000
2,000

1,060 1,100 1,150 1,200 1,250 1,300 1,350 1,400 1450 1,500 1,550 1,600 1,650 1,700 1,750 1,800 1,850 1,900 1,950

MIEE e RRR D RRRRRRRER NN NN RN RN RRR RN R n RN E R RRRENRR R RN RRR R RN R R nunldniinunl
|c TCAGCAGGATTGGCTGTCTCAACCCCCAGCCAGGG TCACCATCAAAATGGAATGTAACCC TAGCCAGGTGAATGGC TCAAGG
|165 170 175 180 185 190 195 200 205 210 215 220 225 230 235 240 245

4,000
2,000

2,050 2,100 2,150 2,200 2,250 2,300 2,350 2,400 2,450 2,500 2,550 2,600 2,650 2,700 2,750 2,800 2,850 2,900 2,950
sl N n i lana B al Nl s e ENaEn B nl. smcme me m® BB o o o - meema=e= e B ==
ACTCTCCTGATGAATGCAGTGTGGCCAAAGGCGGGAAGATGGTGGGCGGCCCAGACACCGTTGGGATTAACTACGG GAACTAT
250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325

T -

4,000
2,000

3,050 3,100 3,150 3,200 3,250 3,300 3,350 3,400 3,450 3,500 3,550 3,600 3,650 3700 3,750 3,800 3,850 3,900 3,950

4,000
2,000

4,050 4,100 4,150 4,200 4,250 4,300 4,350 4,400 4450 4,500 4,550 4,600 4650 4,700 4,750 4,800 4,850 4,900 4,950

mecense-_salicalonnc_ansnasciclsannsaltasalacalacasccamanal
GC AGCGCC CCCCCTTCCATTTTGCAAGCCT GGAGGGATGCACCGTTC CCGCT TG GGTG G
5 440 445 450 455 460 465 470 475 480 485 490 495

| = - maasmma
|CCTT AC AAAATT TCCCGGGGGT
|415 420 425 430 43,

=

4,000
2,000

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600 5650 5700 5750 5800 5850 5900 5,950

brmmmm sransnessnnnssnnl. i 0iaians BaclloBauns
FTTGGGGGAGGAAGGA TTAGTCTTCGCCATTATCTTTTATGAT AAAA
| 5

500 505 510 51 520 525 530 535 540

4,000
2,000

6,050 6,100 6,150 6,200 6250 6,300 6,350 6,400 6450 6,500 6,550 6,600 6650 6,700 6,750 6,800 6,850 6,900 6,950

F--II IIIII L] s EEEEE @ B =0 mE EN LI sl ® D W " iels
IATTTTTTGTTTCTTACCTCTAACCTTTAACTGCATTC GGCTA A TGGCCACGTC
| 580 585 590 595 600 605 610 615 620 625 630
4,000
2,000

7,050 7,100 7,150 7,200 7,250 7,300 7,350 7400 7,450 7,500 7,550 7,600 7,650 7,700 7,750 7,800 7,850 7,900 7,950

4,000
2,000

8,050 8,100 8,150 8200 8250 8300 8350 8400 8450 8,500 8,550 8,600 8650 8,700 8750 8800 8,850 8,900 8,950

9,060 9,100 9,150 9200 9,250 9,300 9,350 9,400 9,450 9,500 9,550 9,600 9,650 9,700 9,750 9,800 9,850 9,900 9,950

Figure S5 DNA sequencing result of NCI-H660 cell PCR product for target 3.
Abbreviation: PCR, polymerase chain reaction.
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