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Abstract

A one-chip-sensor for miRNA quantitative analysis
was developed, based on digital droplet PCR (ddPCR).
Reverse transcription and PCR were performed se-
quentially on chip, and fluorescence from droplet was
detected by newly developed off chip miniaturized de-
tector. Quantitative results, obtained by analyzing sam-
ples containing known concentration of miRNA, prove
the functionality of the sensor.

1. Introduction

mMiRNAs are endogenous short non-coding RNAs.
mMiRNAs play a critical role in various cellular, \agop-
mental and physiological processes by means
post-transcriptional regulation of gene express@orrela-
tion between changes in the expression pattermsRINAS
and different diseases has been reported [1]. A% rand
more diseases and disorders are being linked tdNAiR],
a simple fast and quantitative analysis of miRNAthe
blood becomes of greater need. At present, miRNradya
sis is performed using conventional laboratory méghes.
It is time consuming and requires skilled personhelbor-
der to decrease costs and time to result, it isoitapt to
develop simple, small benchtop tools for miRNAsIgsia.
These tools could be used both at the hospital artdea
doctor office and would require only a drop of hdoas
initial sample.

We have recently proposed a “one-chip-sensor” &b re
ize fast and automatic SNP (Single Nucleotide Polym
phism) analysis from a small volume of blood [3h Au-
tomated miRNA analysis system can be realized lplem
menting quantitative analysis techniques based igitatl
droplet PCR (ddPCR) in this one-chip-sensor. Iritauig a
miniaturized fluorescence detector is also develops
further reduce the form factor of the bench tog sigstem.

plate number per droplet before PCR is determimeth f
the ratio of positive droplets after PCR to thalatroplets,
making use of the Poisson distribution. Figure )1sfeows
concept image of one-chip-sensor for quantitativaelysis
of miRNAs. The chip integrates reverse transcrip(iRT)
and ddPCR modules. The droplets are counted by @sing
miniaturized fluorescence detector based on opficdup
head (OPU). Figure 1 (b) shows optical microscopage
of generated droplets in the reactor.
One-chip-sensor design of mMiRNA analysis

Figure 2 shows the structure of the one-chip-sensor
Microfluidic structures are etched in a Si wafed &ealed
with Pyrex glass by anodic bonding, fluidic conmats are

ofopened by a backside etch step [4]. It consistsvefreac-

tors, each with a 0.gL volume. They are thermally insu-
lated from each other and from the remaining chiywo
reactors are allocated for RT, and the remainimgettor
ddPCR [5]. A thermoelectric Peltier element is usedc-
curately control the temperature of these reactongixer
and a T-junction channel are positioned betweerrd¢he-
tors for RT and those for ddPCR. The template cDN&: pr
duced during RT is mixed with PCR reagents in theemi
The droplets are generated at the T-junction chabgel
mixing the RT solution with oil. After PCR, the diefs
are fed to the optical detection channel at a emspeed,
and the optical detector counts both the numbdiuofes-
cent and non-fluorescent droplets.
A miniaturized fluorescence detector

We developed a miniaturized fluorescence detdnyo
modifying a DVD’s OPU. Figure 3 shows the photodrap
of newly developed detector. This unit consists &@f &m
laser diode (LD), and an objective lens with nucedrap-
erture 0.65. The focused laser beam is irradiaietti¢ op-
tical detection channel in a chip. The fluorescefighbt
passes through the same objective lens, some bfiltiees

In this paper, we have successfully demonstrated orand a pinhole and is detected by a photomultigiRMT)

chip miRNA quantitative analysis by using ddPCRhtec
nology with a miniaturized fluorescence detector.

2. Thebasic principle and the system design
Digital droplet PCR techniques (ddPCR)

Digital droplet PCR (ddPCR) is an emerging technolo
gy enabling a direct quantification of nucleic acidt is
based on partitioning the sample into small dragplstich
that at least some contain no template. The averge

which is set on the OPU unit. The pinhole is plairethe
position conjugated with the focused beam on the, @nd
shields the scattered and reflected beams at th&siem
wavelength.

3. Results

Droplet counting by a miniaturized fluorescence detector
The performance of the fluorescent detectordase

DVD OPU was evaluated using PCR solutions prepafied
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chip. The solution for positive droplets was ob¢girby
amplifying in a conventional PCR tools a mix of Bid
supermix, ACTB Cy5 primer, and 2.5pd)/ human ge-
nomic DNA. The solution for the negative controlsva
prepared likewise, but the human genomic DNA wag-om
ted. Positive and negative droplets, with a voluhap-
proximately 300 pL were generated at the T-junctiban-
nel, and were counted directly by the fluorescetéctor.
2.2 mW laser beam was focused at the center (hatbpth
and width) of the fluidic channel in the chip. Figu
shows the detection results. The positive and hagat
droplets could be easily distinguished with goaghal ra-
tio. We achieved a very high speed counting, exoeed
1700 droplets per second. It is realized to anadjizerop-
lets filled in 3 PCR reactors within approximaté&ly sec.
miRNASs quantitative analysis on the chip

The miRNAs analysis was performed on the sensor
chip. Synthetic miRNA samples with concentratior8660,
1500, 900, and 300 templates perwere prepared
off-chip. The miRNA was mixed in a 1:2 ratio witiTR
buffer (Tagman miRNA reverse transcription kit, Apgl
Biosystems) and stem-loop primers (has-Let-7a, A&gpli
Biosystems). This mixed solution was fed to theaxtors
for RT to generate cDNA by varying the temperatuith w
3 steps (30 min. at 16 °C, 30 min. at 42 °C andrb at
85 °C). In the next step, the cDNA was mixed ompdhia
1:3 ratio with the PCR reagents. This solution waseth
with fluorinated oil with appropriate surfactanBidrad
186-3005) to generate the droplets. The flow ratee
solution and the oil streams were adjusted to 0c40a8
pL/min, respectively. The droplets were subjected to a
heat-activation step for the polymerase (5 mi®5atC)
and to at least 50 PCR cycles (15 sec. at 95 °Gedbat
60 °C). Figure 5 shows the comparison of expeoted ¢
centration and measured concentration of templdite.
both concentrations have a clear correlation, detnating
the capability to directly quantify miRNAs usingrauin-
iaturized system.

4. Conclusions
A miRNA quantitative analysis system was fakigda
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Fig. 1 Schematic of one-chip-sensor (a) concepgén@) drop-
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Fig. 2 (a) one-chip-sensor design for miRNA quéediion, (b)
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Fig. 3 Photographs of a miniaturized fluorescenetaor based
on DVDs optical pick-up. (a) Optical pick-up uni)(Laser emis-
sion image (c) Assembled image
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Fig. 4 Droplet detection results using a miniatediZluorescence

and evaluated. The RT and ddPCR were performed sequefetector. (a) Positive droplets (b) Negative drtsple

tially on the same chip, and fluorescence was tedday a
miniaturized optical system. This technology is vergm-
ising for the realization of compact and automatiRNA
analysis system on site such as the doctor office.
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Fig. 5 Quantitative analysis of miRNA concentrati@omparison
of measured and expected concentration. Error haws 95%
confidence interval.
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