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SUMMARY:

This work provides a method for the fabrication of droplet-based microfluidic platforms and the
application of polyacrylamide microspheres for microsphere-PCR amplification. The microsphere-
PCR method makes it possible to obtain single-stranded DNA amplicons without separating
double-stranded DNA.

ABSTRACT:

Droplet-based microfluidics enable the reliable production of homogeneous microspheres in the
microfluidic channel, providing controlled size and morphology of the obtained microsphere. A
microsphere copolymerized with an acrydite-DNA probe was successfully fabricated. Different
methods such as asymmetric PCR, exonuclease digestion, and isolation on streptavidin-coated
magnetic beads can be used to synthesize single-stranded DNA (ssDNA). However, these methods
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cannot efficiently use large amounts of highly purified ssDNA. Here, we describe a microsphere-
PCR protocol detailing how ssDNA can be efficiently amplified and separated from dsDNA simply
by pipetting from a PCR reaction tube. The amplification of ssDNA can be applied as potential
reagents for the DNA microarray and DNA-SELEX (Systematic evolution of ligands by exponential
enrichment) processes.

INTRODUCTION:

Single-stranded DNA (ssDNA) has been extensively considered as a molecular recognition
element (MRE) due to its intrinsic properties for DNA-DNA hybridization2. The development of
ssDNA synthetic systems can lead to biological applications such as DNA microarrays?,
oligotherapeutics, diagnostics, and integrated molecular sensing based on complementary
interactions®>.

To date, micrometer-scale polymer particles have been successfully demonstrated using
microfluidic devices. Several microfluidic techniques have been proven to be powerful for
producing highly homogenous microspheres on continuous flow in the microchannel
environment®”.

In the study of Lee et al.?, a droplet-based microfluidic platform for the microfluidic synthesis of
copolymerizable oligo-microsphere and ssDNA amplification was reported. The microfluidic
platform consists of two PDMS (polydimethylsiloxane) layers: an upper part with a microfluidic
channel network for generating microsphere and a bottom flat part. These consist of three kinds
of PDMS fluidic channels: 1) a flow focusing channel for droplet generation, 2) a serpentine
channel for mixing two solutions, and 3) a sequential polymerization channel for microsphere
solidification. Once two immiscible flows are introduced into a single PDMS fluidic channel, the
flows can be forced through the narrow orifice structure. The flow behaviors such as channel
geometry, flow-rate, and viscosity affect the size and morphology of the microsphere. Therefore,
the main liquid stream can be divided into microscale monospheres®20,

Here, a detailed microsphere-PCR protocol is provided for the amplification of ssDNA. First, a
droplet-based microfluidic device design process is described. Then, the way in which
polyacrylamide microspheres can be functionalized with random DNA template in a
complementary manner is explained. Finally, a microsphere-PCR protocol for amplifying ssDNA is
shown.

PROTOCOL:
1. Fabrication of a PDMS Microfluidic Platform
1.1. Prepare 20 mL of liquid PDMS prepolymer by mixing base polymer and catalyst in a volume

ratio of 10:1. Pour 10 mL of the liquid PDMS onto a prepared SU-8 mold on a silicon wafer for the
upper part of the microfluidic network. For the bottom flat part, pour the same volume of liquid
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PDMS on the silicon wafer without a mold structure.

Note: The microfluidic network is designed in a CAD program and then converted into a
photomask in order to fabricate a master using the typical photolithography process (See
Supplemental Figures). This master is comprised of the negative photoresist SU-8 mold on the
silicon wafer!!,

1.2. Place two silicon wafers coated with liquid PDMS prepolymer on the hot plate and cure at
75 °C for 30 min.

1.2.1. Manually peel off the cured PDMS layer from the SU-8 mold. Align a 1.5 mm diameter
round hole punching tool to the oil port on the replicated microfluidic network for interfacing
micron-scale flow channels with the macro fluid samples. Punch out the through-hole manually.

1.2.2. Repeat this punching process three times for the formation of the two solutions and the
outlet port.

1.3. Perform hydrophilic surface treatment on both the upper and bottom PDMS layers using a
hand-held corona treater'? for several seconds per sample.

1.3.1. Stack two plasma-treated PDMS layers and heat at 90 °C for 30 minutes using a hot plate
for the PDMS-to-PDMS bonding process. Supply the pressurized water using the syringe pump
into three inlet ports for the structural bonding and leakage testing of the fabricated device.

2. Production of Polyacrylamide Oligo-Microspheres
2.1. Prepare bead-mixture detailed in Table 1.

2.2. Vortex and briefly centrifuge the standard ssDNA acrydite labeled probe (Ap, 100 uM) and
acrylamide:bis (19:1) stock solution.

2.3. Prepare solution | by mixing 25 pL of 40% acrylamide bis solution, 10 uL of ssDNA (acrydite
probe), 10 uL of 5x TBE buffer (1.1 M Tris; 900 mM borate; 25 mM EDTA), and 5 pL of water.
Prepare solution Il with 50 pL of 20% ammonium persulfate.

2.4. Prepare two syringes individually filled with solution | and solution I, and mount them onto
the pump to introduce solution flows into the microfluidic platform. Prepare mineral oil mixed
with 0.4% TEMED for surface solidification of the microsphere.

Note: TEMED is well-known as a free radical stabilizer. Free radicals can accelerate the rate of
polymer formation with ammonium persulfate (APS) in order to catalyze acrylamide
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polymerization.
2.5. Fill a glass bottle with 4 mL of the mineral oil to generate a continuous flow.

2.6. Insert two tubes to two ports in the cap of the glass bottle as a microfluidic reservoir: the
pneumatic port for applying the compressed air into the glass bottle from the air compressor and
the fluid port for supplying the pressurized oil to the micro channel network from the glass bottle.
Connect tubes between the glass bottle and the oil port in the microfluidic device.

2.6.1. Connect the tubes to the two solution ports in the microfluidic device in order to supply
the two solutions from the syringe pumps. Insert tubes to the outlet port in order to transfer the
generated microsphere into the beaker.

2.7. Set the flow rate of the syringe pump to 0.4 - 0.7 mL/h. Adjust compressed air pressure of
the compressor using a regulator (82 - 116 kPa). Set the rotational speed (500 rpm) of the
magnetic stirrer bar in the glass beaker on a hot plate. Operate the syringe pump and supply the
compressed air generated by an external compressor into the glass bottle using the ON/OFF
control of an electromagnetic valve!3.

2.8. Observe the formation of microspheres in the flow-focusing geometry and solidification of
generated microspheres in the glass beaker with a digital microscope.

Note: The size and production speed of the microsphere depend on the flowrate of solutions and
the pressure applied for the mineral oil flow (Table 2).

3. Performing Polyacrylamide Oligo-Microspheres Counts
3.1. For hemocytometer quantification, take a small amount (approximately 100 pL) of aqueous
solution of polyacrylamide oligo-microspheres and place on the glass hemocytometer, and gently

fill the microsphere suspension up the well of the counting chamber.

Note: For further details, see http://www.abcam.com/protocols/counting-cells-using-a-
haemocytometer.

3.2. Use a microscope and hand tally counter to count microspheres in one set of 16 squares.
Then, move the hemocytometer to the next set of the chamber and carry on counting until all

four sets of 16 corners are counted.

3.3. Determine the average microsphere count and calculate the number of microspheres in the
original bead suspension.

3.4. Transfer 100 pL of microspheres to a 1.5 mL microcentrifuge tube. Remove the supernatant
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through gentle centrifuging (400 x g) and pipetting.

4. Performing DNA Hybridization on the Surface of Polyacrylamide Oligomicrosphere

Note: An identical DNA probe with a 5’-NH,-group instead of 5’-acrytide modification is added
into solution | and tested for Ap-containing microspheres in parallel. DNA hybridization results
are shown in Figure 2. The Cy3-labeled complementary oligonucleotide probes (cAp) solution
should be placed in a dark room.

4.1. Resuspend Cy3-cAp using 100 uL of 1xTE buffer (TE buffer: 10 mM Tris and 1mM EDTA, pH
8.0) in order to achieve a final concentration of 100 uM. For example, resuspend 1 pmol of cAp
in 100 plL of TE buffer and transfer to a microcentrifuge tube covered with aluminum foil.

Note: For strand sequences, see Table 3.

4.2. Add 100 uM of Cy3-cAp to a sterile 1.5 mL microcentrifuge tube containing Ap-copolymerized
microspheres.

4.3. Tap the tube a few times to mix and incubate at room temperature in the dark for 1 h.

4.4. Discard the supernatant and remove residual buffer through pipetting.

4.5. Rinse three times with 500 pL of TE buffer.

4.6. Resuspend microspheres by gently tapping the microcentrifuge tube. Then, repeat step 4.4.

4.7. Place microspheres on the glass slide (75 mm x 50 mm) and cover with aluminum foil prior
to imaging.

5. Asymmetric PCR for Amplifying ssDNA

5.1. Prepare an asymmetric PCR reagent mix for amplifying ssDNA to be analyzed. Thaw the
reagents in Table 4 on ice. Do not keep the Taq polymerase enzyme (50 U/uL) on ice, but rather
store it at -20 °C until needed.

5.2. Gently vortex all reagents and then briefly centrifuge tubes at 10,000 x g for 10 s.

5.3. Combine all reagents as described in Table 4.

5.4. Place samples into a thermocycler and start the asymmetric PCR under the following
conditions: 25 cycles (95 °C for 30 s, 52 °C for 30 s, and 72 °C for 30 s), 85 °C for 5 min, hold at
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4 °C.

6. Microsphere-PCR for Amplifying ssDNA

Note: This section describes the protocol for amplifying ssDNA in a PCR reaction tube.
Microsphere-PCR reactions were performed in 50 pL of reaction volume. The detailed sequences
used to amplify ssDNA are listed in Table 5. In this case, Ap on the surface of microspheres can
anneal to random DNA templates in a complementary manner. This is a very important step for
producing complementary DNA strands (antisense DNA strand, Figure 3). The DNA extended is

used as a template for microsphere-PCR amplification.

6.1. Prepare microsphere-PCR reagent mix. Thaw the reagents in Table 6 on ice; however, do not
keep the Taq polymerase enzyme on ice. Store it at -20 °C until needed.

6.2. Gently vortex all reagents and then briefly centrifuge tubes at 10,000 x g for 10 s.

6.3. Obtain approximately ~25 microspheres through microscopic counting.

Note: The number of microspheres in one reaction tube are calculated using a light microscope
with 40X magnification. About ~25 microspheres are used for microsphere-PCR amplification.
More detailed information is in Step 3.

6.4. Combine all reagents as described in Table 6.

6.5. Place samples into a thermocycler and start the asymmetric PCR under the following
conditions: 25 cycles (95 °C for 30 s, 52 °C for 30 s, and 72 °C for 30 s), 85 °C for 5 min, hold at
4 °C.

6.6. Following amplification, add 8 uL of 6x loading buffer and load 15 pL of each sample into 2%
agarose gel. Then, perform electrophoresis at 100 V for 35 min in 1x TAE (Tris-acetate-EDTA, 40
mM Tris acetate, 1 mM EDTA, pH 8.2) buffer.

7. Confocal Microscopy Acquisition

Note: The results of microsphere-DNA probe hybridization are imaged under a confocal
microscope. Image analysis is performed using Imagel.

7.1. Fix hybridized microspheres to the stage of the microscope in a holder.
7.2. Select the laser (Helium/Neon laser, 543 nm line) and turn it on in laser control.

7.3. Select the objective lens in microscope control.
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7.4. Select the desired filter for Cy3 and channel in configuration control.

7.5. Start the experiment and observe the sample. Settings for the confocal microscope are
summarized in Table 7.

REPRESENTATIVE RESULTS:

The fabricated polymeric droplet-based microfluidic platform consists of two PDMS layers (Figure
1a). Three kinds of microfluidic channel networks are used for generating microspheres: 1) Flow-
focusing geometry as shown in Figure 1b, 2) a serpentine channel for mixing solution | and
solution I, and 3) a polymerization channel for microsphere solidification. The height of all
channels was 60 um. The channel length for mixing and polymerization were 74.35 mm and 94.45
mm, respectively. The widths of the microchannel for two immiscible fluid flows and the one for
mineral oil flow were 100 um and 200 um, respectively. The orifice structure used for microsphere
formation was of 50 um length and 25 um width. The angle of the diffuser structure was 37°. A
lab-based pneumatic control system for continuous flow of the mineral oil and two syringe-pumps
for the solution flow (Figure 1c) were used for generating microspheres in the microfluidic
platform (Figure 1d). The production speed of microspheres was about 30 microspheres per
second when the flow rate of solutions and applied pressure were at 0.6 mL/h and 108 kPa,
respectively (Table 2). Its diameter in the micro channel is 78.7 £ 2.5 um. The on-flow synthesis
of microspheres can be successfully manipulated using the microfluidic device. Bead sizes were
measured after swelling. The average diameter of the resulting microspheres was 150.4 + 12.8
pm. The size variations were about 8.5%. The microspheres undergo swelling in water, resulting
in an enormous size increase.

The copolymerizable property of microsphere can be varied. We incorporated a 5’-acrydite-DNA
probe into the microsphere solution (solution I, see Table 1). Following co-polymerization, a
complementary DNA probe is labeled with fluorescent dye, Cy3, at room temperature for 1 h.
Confocal microscopy can be used to prove the synthesis of copolymerizable oligomicrospheres as
well as functional hybridization on the surface of microspheres. Fluorescent images of the
microsphere are shown in Figure 2. If microspheres are correctly functionalized with the 5’-
acrydite-DNA probe, they should result in coverage of fluorescent activity on the surface during
the hybridization experiment. If copolymerization did not occur correctly, the optical microsphere
image would exhibit internal-contamination inside the microspheres. As shown in Figure 2, there
is no interference of random-interior orientation. This result allowed us to carry out the DNA
probe presentation in a 3-dimensional (3-D) arrangement and microsphere-PCR. It should be
noted that an identical DNA probe with a 5’-NH-group instead of a 5’-acrytide modification did
not copolymerize during on-flow synthesis of microsphere?.

When working with microspheres, manipulating the 3-D surface with a DNA oligo-probe is a much
faster process'®. Therefore, an on-flow microsphere synthesis platform can provide a tool for
ssDNA amplification and purification, as outlined in Figure 3. The anti-sense DNA template (-,
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complementary template) can be extended by adding a random DNA template (+, template). In
this case, the initially copolymerized 5’-Ap provides a 3'-OH end for DNA polymerization after
annealing to its complementary template (76 nt). Microsphere-PCR can be performed in a single
PCR microtube using functionalized microspheres, a random DNA template, and a Tag-forward
primer. In order to distinguish the resultant ssDNA amplicons from random DNA template (+
template, 76 nt), the forward primer has an additional 24 nucleotide tag. If the forward primer
does not have an additional tag sequence, it is very hard to recognize between ssDNA amplicons
and the initial random DNA template.

An asymmetric PCR experiment was performed. We were able to observe dsDNA contaminants
as shown in Figure 4. In most cases, it is necessary to isolate ssDNA using streptavidin-coated
magnetic beads and exonuclease digestion. However, microsphere-PCR makes efficient use of a
single primer (Tag-forward primer) to accumulate ssDNA in aqueous phase. It is expected that
dsDNA contaminants will attach to the surface of microspheres. Therefore, ssDNA amplicons can
be obtained through pipetting without the need for centrifugation. The resultant ssDNA was
demonstrated by comparing it to the synthetic size markers (76 nt ssDNA and 100 nt ssDNA)
through gel electrophoresis analysis.

Figure Legends:

Figure 1. The microfluidic platform. (a) Fabricated microfluidic platform, (b) enlarged view of the
flow-focusing geometry, (c) experimental set-up, and (d) Captured images showing continuous
generation of microspheres. 1: Micro channel structure for flow focusing geometry, 2: for mixing
solutions, 3: for microsphere solidification.

Figure 2. Fluorescent readout of DNA hybridization on the surface of microspheres. 5’-Acrydite-
modified DNA probes (Ap) were capable of hybridizing with complementary Cy3 labeled DNA
probes (cAp).

Figure 3. lllustration of the microsphere-PCR protocol.

Figure 4. Comparison between conventional asymmetric PCR and microsphere-PCR. M; ssDNA
marker (76mer and 100mer), Lane 1; Asymmetric PCR, Lane 2; Microbeads-PCR. Reprinted with
permission from previous work®.

Table 1. Reagent mix components for on-flow polyacrylamide microsphere synthesis.

Table 2. Summary of operational conditions and produced microsphere.

Table 3. Sequence information of DNA probes.

Table 4. Asymmetric PCR reagent mix components in 20 plL reaction.
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Table 5. Sequence information for Microsphere-PCR.
Table 6. Microsphere-PCR reagent mix components in 50 pL reaction.
Table 7. Settings for the confocal microscope.

DISCUSSION:

Contaminants of dsDNA are a major issue in ssDNA amplification. It remains difficult to minimize
dsDNA amplification in conventional asymmetric PCR amplification®. In addition, although
technical improvements for generating ssDNA have enabled us to increase the efficiency of
sample throughput, ssDNA isolation is still problematic due to its high costs and incomplete
purification yields.

Asymmetric PCR is one of the most challenging methods used when working with ssDNA. This
method applies unequal amounts of primer (e.g., 20: 1 ratio) in order to generate large amounts
of ssDNA. However, it is very difficult to optimize every amplification reaction to yield ssDNA.
Thus, the byproducts (ds-DNA) must be eliminated from the resultants®.

In order to generate ssDNA without additional separation steps, we produced polyacrylamide
microspheres to expose DNA probes based on the acrydite copolymerization method. Our DNA
attachment method was easily adapted by using a droplet-based microfluidic platform.
Copolymerized oligomicrospheres having microscale diameters were successfully produced.
Consequently, microsphere-PCR was used to amplify the ssDNA in a single-tube reaction. Of
course, to adapt this procedure for other PCR experiments, commonly necessary adjustments
(e.g., changing the amplification cycle, annealing temperature, and template sequences) are
required. In conclusion, microsphere-PCR has been detailed here, making it available for bioassay
development, DNA sequencing, and DNA microarray analysis.
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Table 1 Click here to download Table Table 1 073018.xlsx %

Reagent Volume in mix (uL) Final Concentration

40% Acrylamide:bis solution (19:1) 25 10%

100 uM Acrydite probe (Ap, 5'-
Solution | Acrydite-(TTTTTTT, linker sequence) 10 10 uM
AGATTG CACTTA CTATCT-3')

5X TBE buffer (Tris-base-EDTA) 10 0.5X
Water 5 -
Solution Il 20% Ammonium persulfate 50 10%

TEMED (N ,N,N',N -
Solution IlI Tetramethylethylenediamine)
Mineral oil 1000 -

8 0.40%
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Operational condition

Microsphere

Solution flowrate Oil pressure production speed
(mL/h) (kPa) (/ sec)
0.4 82 7.1
0.5 94 13.3
0.6 108 28.9

0.7 116 36.5
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DNA probe Sequences

Cy3 labeled complementary

. . 5’-Cy3-AGATAGTAAGTGCAATCT-3’
oligonucleotide probe (cAp)

5’- GGT AAT ACG ACT CAC TAT AGG

Tag (first 24 nt)-forward primer GAG ATA CCA GCT TAT TCA ATT-3'
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Table 4 Click here to download Table Table 4 073018.xlsx %

Volume for .
. Final
Reagent 1x reaction .
concentration
(uL)

Random DNA template 1 1 ng/uL
Tag-forward primer 1 0.4 uM
Reverse primer 1 0.02 uM

10X Taq buffer 5 1X
10 mM of dNTP 4 2.5mM

Ex taq (1000U) 0.2 1U

Water 37.8 -

Total 50 -
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Length

Template Sequence
P qu (nt)

5’- ATA CCA GCT TAT TCA ATT
Random DNA template (Random sequence, 40 mer) AGA 76
TAG TAA GTG CAATCT-3’
Tag-Forward primer (Tag- 5- GGT AAT ACG ACT CAC TAT
) AGG GAG ATA CCA GCT TAT TCA 42

ATT-3’

Reverse primer 5’- AGATTG CAC TTA CTA TCT-3’ 18
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Volume for 1x reaction

Reagent
(pt)

Final
concentration

Ap-Microspheres ~25 microspheres

Random DNA template 1 1 ng/uL
Tag-Forward primer 1 0.4 uM
10X Taq buffer 1X
10 mM dNTP 4 2.5mM
Ex taq (1000U) 0.2 1U
Water 37.8 -

Total 50
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Table 7 Click here to download Table Table 7 073018.xlsx %

Scan mode Plane
Scaling X:2.49 um, Y: 2.49 um
Stack size X:1272.79 um, Y: 1272.79 um
Scan zoom 0.7
objective EC Plan-Neofluar 10 x / 0.3 M27
Average 1
Pinhole Ch2: 104 um
Filters Ch3:LP 420
MBS: HFT 488 / 543, DBS1: mirror, DBS2: NFT 515, FW1:

Beam splitters
P None

Wavelength 543 nm 100.0 %
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Name of Material/ Equipment
liquid polydimethylsiloxane, PDMS
40% Acrylamide:bis solution (19:1)
Ammonium persulfate, APS
N,N,N’,N’-Tetramethylethylenediamine, TEMED
Mineral oil
Cy3 labeled complementary oligonucleotide probes
ssDNA acrydite labeled probe
Tris
EDTA
Ex taq
Confocal microscope
Light Microscope
T100 Thermal Cycler
Hand-held Corona Treater
Hot plate
Syringe pump
Compressor

Bright-Line Hemacytometer

Company
Dow Corning Inc.
Bio-rad
Sigma Aldrich
Sigma Aldrich
Sigma Aldrich
Bioneer
Bioneer
Biosesang
Sigma Aldrich
Takara

Carl Zeiss

Nikon Instruments Inc.

Bio-rad
Electro-Technic
As one
kd Scientific
Kohands

Sigma Aldrich

L]
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Catalog Number
Sylgard 184
1610140
A3678
T9281
M5904
synthesized
synthesized
T1016
EDS
RROO1A
LSM 510
eclipse 80i
1861096
BD-20AC Laboratory Corona Treater
HI-1000
78-1100
KC-250A

7359629



Comments/Description
Components of chip
Components of Copolymerizable oligo-microsphere
Hardener of acrylamide:bis solution
Catalyst of ammonium persulfate
Table 1. Solution Ill. Component of microsphere reagents
Table 3. Sequence information
Table 1. Solution I. Component of microsphere reagents
Components of TE buffer, pH buffer solution
Components of TE buffer, removal of ion (Ca®")
ssDNA amplification
Identifying oligonucleotides expossure of microsphere surface
Caculating number of microspheres
ssDNA amplification
Hydrophilic surface treatment
heating plate for curing of liquid PDMS
Uniform flow of Solution | and Solution I
Flow control of Solution IlI

Caculating number of microspheres
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ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: "Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses,/ by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a8 Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article, In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto} license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a] above in such transiations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
{c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.


http://www.editorialmanager.com/jove/download.aspx?id=870882&guid=d974e2d0-97f0-45b3-9f61-512da402b1fe&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=870882&guid=d974e2d0-97f0-45b3-9f61-512da402b1fe&scheme=1

4,  Retention of Rights in_ Article. Notwithstanding the
exclusive license granted to JOVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof,
The Author hereby waives any and zll rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties., The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11, Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author's or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a U551,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.
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Editorial comments:

C1. Please proofread; there are still some grammar and usage errors.
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CERTIFICATE OF EDITING

J HARRISCO

Scientific English Research Paper Editing Service
1108, Hwanghwa B/D, 832-7, Yeoksam-Dong Kangnam-Ku
Seoul, the Republic of Korea
Tel : 82-2-557-1810~1
http://len.harrisco.net

The following manuscript was proofread and edited by
the professional English editors at HARRISCO.

Manuscript Title :

Droplet based Microfluidic Approach and Microsphere-PCR Amplification for single stranded DNA Amplicons

Manuscript Authors :

Ji-Young Ahn

Date of Issue: :

July 20, 2018

Yours truly,

HARRISC

I+


http://www.editorialmanager.com/jove/download.aspx?id=870900&guid=fcc0cad8-3728-4f3a-a2aa-3c73e09b1ba4&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=870900&guid=fcc0cad8-3728-4f3a-a2aa-3c73e09b1ba4&scheme=1

C2. Abstract: “Corrected by simple pipetting” isn’t clear; are you referring to the centrifuging/removal of
supernatant step to get rid of dsDNA? This is also unclear in the last paragraph of the Results.

[Response]
This sentence is now changed as shown in below (Line 30-31):
® “~~corrected by pipetting from”
The result part (Line 289~290) is now modified as shown in below:

® Therefore, ssDNA amplicons can be obtained by pipetting without centrifugation step.

C3. 1.1: Can you provide the CAD file as supplemental information, or at least provide a schematic with more
details/dimensions? You mentioned a reference in your response to Reviewer 2 ("Integrated Microfluidic Selex
Using Free Solution Electrokinetics"), but that does not appear to describe the same device.

[Response] We provided the CAD file. See supporting information.

C4.5.1/6.1: By the following reagents, do you mean the reagents in Tables 4/6 (respectively)?

[Response] we put the Note (Line 181) information. Table 4 shows the reagent information for the asymmetric
PCR. Table 6 describes the reagent for the microsphere-PCR.

C5. Please highlight 2.75 pages or less of the Protocol that you want filmed; this will enable us to write a script
that will guide the filming of your procedure. 2.75 pages is our limit due to filming time and video length
limitations.

[Response] The part of protocol is highlighted with yellow color.

C6. Figure 1: Please separate numbers and units in the Figure itself (e.g., 10 mm instead of 10mm).

[Response] We separate the numbers and units in the Figures.

C7. Figure 2: Please explain the schematics in the legend. What excitation/emission wavelengths are used for the
microscopy here?

[Response] The figure legend for Figure 2 is now modified. Cy3 wavelength is described in 7.2 (Line 231).

® Figure 2. Fluorescent readout of DNA hybridization on the surface of microsphere. 5’ -Acrydite-
modified DNA probe (Ap) were capable of hybridizing with complementary Cy3 labeled DNA probes
(cAp).

C8. Figures: ‘Figure 1/Figure 2/etc. are still in the Figures themselves; please remove and additionally remove
excess whitespace.

[Response] Figures are now changed and attached with TIFF format.

C9. Tables: Please remove all embedded tables from the manuscript and instead upload each individually
as .xls/.xlsx files to your Editorial Manager account (there is an option to upload a ‘Table’, distinct from the Table
of Materials).

[Response] All tables are now removed from the manuscript and they are now upload each individually as xlIsx
files.



C10. Discussion: Please include more information to help future readers decide whether this protocol fits their
needs and to help them replicate it--critical steps, common troubleshooting procedures, limitations (of the
protocol presented here, not other ones), and future directions.

[Response] Discussion is now improved.

In addition to the editorial comments, we corrected Sl units according to the Jove author instructions. For
example,

® ml>mL
® ul~> pL
® hr>h
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Author(s): Se Hee Lee, Ho Won Lee, Da Som Kim, Hyuck Gi Kwon, Jong Hyun Lee, Yang-

Hoon Kim, Ok Chan Jeong, and Ji-Young Ahn

Supplementary Figure 1 illustrates the mask layout of the microfluidic network designed in
CAD program. The length of the serpentine channel for mixing two solutions and the sequential

polymerization channel for microsphere solidification are 59.29 mm and 66.25 mm, respectively.

Supplementary Figure 1. Mask layout of the microfluidic network.
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Supplementary Figure 2 shows the magnified view of the flow focusing geometry in the
microfluidic network.

Supplementary Figure 2. Magnified view of the flow focusing geometry.



