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ARTICLE INFO ABSTRACT

We present a fully integrated portable centrifugal microsystem for multiplex detection of food poisoning bacteria
with a large volume of sample up to 1 mL. The microsystem consists of a portable genetic analyzer and a fully
integrated centrifugal microdevice. The centrifugal microdevice is designed with two units: a 3D printed solu-
tion-loading cartridge and a centrifugal microfluidic disc. All the essential solutions for loop-mediated iso-
thermal amplification (LAMP) reaction are stored inside the cartridge, and orderly released into centrifugal
microdevice by a rotation program. Each unit of the device is designed with 20 reaction chambers for si-
multaneous detection of food-borne bacteria in one test. To increase the amount of a sample to 1 mL, we in-
corporated the super absorbent polymer (SAP) in the waste chamber to absorb the sample and the washing
solution during the device operation. The whole process was automatically conducted including designated
solution release, bead-based DNA extraction, isothermal gene amplification by Eriochrome Black (EBT)-medi-
ated LAMP reaction, and colorimetric and UV-visible detection of amplicons. The ratio between Absg4onm and
Absszonm Was used as a criterion to confirm the positive result, and the result was positive upon the condition of
Absgq0/Abss;o = 1.0. To demonstrate the pathogenic bacteria detection on our proposed microsystem, we
targeted three kinds of bacteria (Escherichia coli 0157:H7, Salmonella typhimurium, and Vibrio parahaemolyticus)
for monoplex and multiplex detection. The whole process from sample to result was completed within 1 h with a
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low limit of detection (LOD) of 102 cells/mL.

1. Introduction

Point-of-care testing (POCT) is recently blooming up and plays a
vital role in supporting immediate treatment. The central laboratories
are equipped with high cost and automatic diagnostic platform for
highly sensitive, precise and accurate analysis. However, due to the
bulkiness of the analytical instruments, they are not adequate for on-
site diagnostics. On the contrary, the POCT allows simple and rapid
analysis, which can help the doctor to make a timely decision on the
treatment for patients. In addition, the POCT offers a user-friendly
prototype suitable for the un-trained worker, full integration and au-
tomatic operation for fast analysis, minimizing human interferences for
sample storage and transportation to eliminate contamination issues,
and cost-effectiveness adequate for resource-limited environments.

The POCT system includes a paper-based microfluidic device (Choi
et al., 2015, 2017a,; Ye et al., 2018), a lateral flow assay (Choi et al.,
2017a,b; Deng et al., 2018; Takalkar et al., 2017), a microfluidic device
(DuVall et al., 2017; Zhang et al., 2017), a smartphone-based device
(Berg et al., 2015; Priye et al., 2016; Stedtfeld et al., 2012; Wang et al.,
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2017). Among them, a microfluidic device has attracted huge attention
over decades, and a centrifugal microfluidic device has advanced re-
markably as a promising candidate for complex diagnostic purposes.
Centrifugal microfluidics have demonstrated high fidelity for the unit
operation and integration on a single device such as sample loading and
reagent storage (Hoffmann et al., 2010; Stumpf et al., 2016; van Oordt
et al., 2013; Zhao et al., 2017), serial dilution (Kim et al., 2018), me-
tering, aliquoting, mixing, incubation (Choi et al., 2016; Jung et al.,
2015; Oh et al., 2016a,b; Park et al., 2017), and detection (Andreasen
et al., 2015; Martin et al., 2017; Schwemmer et al., 2016).

Although the integrated centrifugal microfluidics have proven a
number of biological applications such as immunoassay and genetic
analysis, the major challenge of the integrated centifugal microdevice
for POCT is the solution treatment of a large volume of sample, which
can eventually affect the LOD of the assay (Antillon et al., 2018; Loonen
et al., 2013). Because the intrinsic volume of the microfluidic dimen-
sion ranges from nanoliter to microliter, it is not easy to incorporate
high volume of the sample in the fully integrated centrifugal micro-
device. For example, Zhao et al. showed an enzyme-linked
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immunosorbent assay (ELISA) to detect C-reactive protein in the cen-
trifugal device with a sample volume of 50 uL (Zhao et al., 2017). Liu
et al. performed the real-time reverse transcription LAMP on a cen-
trifugal device to detect avian influenza virus with a sample volume of
40 pL (Liu et al., 2018). Choi et al. reported the real-time LAMP for
Malaria detection with a sample volume of 180 uL (Choi et al., 2018).
Till now, the fully integrated centrifugal disc has been developed to
operate with a relatively low volume of sample, which needs high
concentration of the target pathogen in the sample to achieve a reliable
result. Considering that a small number of pathogens could be fatal
(Antillon et al., 2018), a pre-enrichment step for a large volume of the
sample is crucial, especially for diluted pathogen samples.

In this study, we propose a fully integrated POC centrifugal micro-
system, which is capable of treatment for a large volume of the sample
(up to 1mL) to identify multiplex pathogen bacteria (Escherichia coli
0157: H7, Vibrio parahaemolyticus, and Salmonella enterica subsp.). The
integrated centrifugal microfluidic disc is combined with the sample
loading cartridge for automatic operation, and executes the bead-based
DNA extraction, the isothermal amplification by an EBT-mediated
LAMP reaction, and the amplicon detection by a UV-vis detector in a
sequential order. In addition, we constructed a portable genetic ana-
lyzer which is equipped with a motor, a heater, and a UV-vis detector to
demonstrate the sample-to-answer capability of POC DNA testing.

2. Materials and methods
2.1. Design and fabrication of the integrated centrifugal microdevice

The centrifugal disc (Dia. 13 cm) was designed with two units on a
single device (Fig. 1a). Each unit consists of the solid-phase DNA ex-
traction part and the multiplex LAMP assay part. Four reservoirs (for a
sample solution, a washing solution, an elution solution, and a LAMP

a
Rotation axis
Solution loading cartridge [
®----- 1 Washing:
1 c»hamber': Elution
i LAMP cocktail ® . chamber Sample
: chamber® O: [ chamber

Delay (oM
chambere--- "
Aliquoting
structure

¢
Collection
chamber

Reactiong
chamber

SAP integrated
waste chamber

Biosensors and Bioelectronics 136 (2019) 132-139

cocktail) were patterned, which were linked with a 3D printed sample
loading cartridge (see below). The bead bed channel is connected with
the sample injection hole, and acid-treated silica beads are packed in
the zigzag shaped channel. A delay chamber is placed after the washing
solution reservoir to confirm the sequential loading of the sample so-
lution and then the washing solution. In the waste chamber, the SAP is
incorporated to absorb the sample and washing solution. In the col-
lection chamber, the LAMP cocktail and the elution solution with
purified genomic DNA are collected, and then are aliquoted into reac-
tion chambers.

The centrifugal microdevice was designed with AutoCAD
(Autodesk, USA), and etched in a 3.0 mm thick poly(methylmethacry-
late) (PMMA) plate (Acrytal, Korea) using a CNC machine (Tinyrobo,
Korea). All the siphon channels were coated with a hydrophobic re-
agent, Vistex 111-50 (FSI Coating Technologies, USA). The reaction
chamber was coated with primer sets of the target bacteria. The waste
chamber was integrated with SAP from baby diaper (Pamper, USA) for
utterly absorbing 1 mL of a sample solution. A pressure sensitive ad-
hesive (PSA) foil layer (no. 900360, HJ-BIOANALYTIK GmbH,
Germany) was applied to seal the disc. The acid-washed glass beads
(150-212 pm, Sigma, USA) were then packed into the zigzag channel.
Finally, the bead-packed channel was incubated in 6M Gu-HCl for
30min to enhance the DNA capture capacity (Fig. 1c). The digital
image of the device is shown in Fig. 1b.

2.2. Design and fabrication of the sample loading cartridge

For the automatic solution loading into the device, a 3D-printed
cartridge is fabricated which has rooms for the sample solution, the
washing solution, the elution solution, and the LAMP cocktail (Fig. 2a).
Each solution can be ejected separately depending on the RPM. The
volume for each solution is 1 mL for a sample, 50 uL for a washing

b

Fig. 1. (a) Schematic illustration of the integrated centrifugal disc. (b) A digital image of the disc. (c¢) Components of the centrifugal microdevice. (i) A glass bead-
packed microchannel for DNA extraction, (ii) a siphon channel coated with Vistex, (iii) a SAP incorporated waste chamber, and (iv) aliquoting structure and the

LAMP reaction chambers.
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Fig. 2. (a) Design of the 3D printed solution loading
cartridge with internal chambers for containing the
sample, elution, washing, and LAMP cocktail solu-
tion (top and bottom view). (b) Design of the
washing chamber with double rooms, and the elution
chamber with a single room. (c) Attachment of the
sample loading cartridge on the centrifugal micro-
device. (d) Injection of the solution into the cartridge
through the injection hole.
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Fig. 3. (a, b) Digital images of the portable genetic analyzer. (c) A couple of Minco heaters. (d) A UV-vis detector for measuring the absorbance of the reaction
chamber. (e) Schematic illustration of the integrated genetic analyzer platform with a motor, a couple of Minco heaters, and a UV-vis detector with two LED light
sources at 640 and 570 nm.

solution, 50 pL for an elution solution, and 50 pL for a LAMP cocktail.

The cartridge was designed with a Fusion360 program (Autodesk, USA)

and was fabricated using a DLP 3D printer (Cubicon, Korea). The ma-
terial of the cartridge is ABS-like resin (Cubicon, Korea), and the di-
mensions is 3.0 cm [length] X 2.6 cm [width] x 1.7 cm [height].

2.3. Portable genetic analyzer

For the POC DNA testing, we constructed a portable and compact
genetic analyzer for operating the integrated centrifugal microdevice.
The platform consists of (1) a spindle motor (Maxon, Switzerland), (2) a

couple of Minco heaters and (3) a UV-visible optical detector. The
whole real image of the portable genetic analyzer combined with the
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Fig. 4. (a) A super absorption polymer (SAP) integrated waste chamber. (b)
Testing SAP absorption capacity with the various volume of sample ranging
from 0.1 mL to 1.5 mL.

centrifugal device is shown in Fig. 3a. The front side is the LCD panel in
which we can touch the screen to input the experimental protocol. The
total size of the genetic analyzer is 20cm [length] X 22cm
[width] x 20 cm [height] (Fig. 3b). Fig. 3c displays the Minco heaters.
The ramping rate of the heater is 0.43 °C/s for heating and 0.09 °C/s for
natural cooling. For UV-visible absorbance detection, a yellow LED
570 nm and a red LED 650 nm (Roithner Lasertechnik GmbH, Austria)
are used and positioned toward the LAMP reaction chamber through an
optical fiber (Fig. 3d). A filter (Thorlabs, England) and an aspheric lens
(Thorlabs, England) were employed for eliminating the interference
from the excited light and for reducing optical aberrations, respectively.
The transmittance light intensity as then measured by a CMOS camera
sensor (Basler, Germany) and converted into the absorbance ratio of
Ast40/Ab5570 (Flg 3e).
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2.4. Preparation of bacterial samples

Escherichia coli 0157: H7 (KCCM 11835), Vibrio parahaemolyticus
(KCCM 11965), and Salmonella enterica subsp. enterica serotype
Typhimurium (KCCM 11806) were purchased from Korean Culture
Center of Microorganisms (Korea). According to the manufacturers’
instructions, those bacteria were cultured in designated media. The
cultured bacteria were rinsed three times with DNase/RNase water
(Thermo Fisher Scientific, USA) and diluted into various concentrations
ranging from 2 x 102 cells/mL to 2 x 10° cells/mL for the further ex-
periment.

2.5. Preparation of LAMP reagents

The primer sets for targeting three bacteria were designed by
PrimerExplorerV5 software (Eiken Chemical Co., Tokyo, Japan) and
provided by Macrogen (Korea). Information of target genes and primer
sequences is shown in Table S1. To prepare LAMP cocktails, Bst 2.0
WarmStart DNA Polymerase, 10 mM dNTP, and Eriochrome Black T
(EBT) were purchased from New England Biolabs (USA), Bioneer
(Korea) and Sigma (USA), respectively. The volume of the individual
reaction chamber is 4 pL, which is composed of 12 mM Tris-HCl, 30 mM
KCl, 4.0mM MgSO4, 6.0mM (NH4)>SO4, 0.06% Tween 20, 3 mM
dNTPs, 0.8 U pL ™! Bst 2.0 WarmStart DNA Polymerase, 6.4 UM FIP,
6.4 uM BIP, 0.8 uM F3, 0.8 uM B3, and 60 uM EBT. The temperature for
the LAMP reaction was 63 °C, and the success of the LAMP reaction was
confirmed by a colorimetric detection mediated by EBT and UV-vis
absorption spectrometry.

2.6. Procedure for the on-chip genetic analysis in a portable genetic
analyzer

Firstly, 1 mL of the lysed sample was prepared containing 500 pL of
a bacteria sample solution, 250puL of an AL buffer (Qiagen,
Netherlands), and 250 uL. of 6 M Gu-HCIl (Thermo Fisher Scientific,
USA). The sample solution, the washing solution (70% ethanol), the
elution solution (DNase/RNase water), and the LAMP/EBT cocktail
solution were then injected into the cartridge through the injection hole
(Fig. 2d). An in-house program automatically performed all the op-
eration steps including spinning for transferring solutions, shaking for
mixing, heating for proceeding the LAMP reaction, measuring the real-
time UV-vis absorbance of the reaction chamber, and reporting data.

3. Results and discussion

3.1. Design of the centrifugal microdevice with integration of SAP for a large
volume of sample processing

Fig. 1 shows the schematics of the centrifugal microdevice having
four solution reservoirs (a lysed sample solution, a washing solution, an
elution, and a LAMP/EBT cocktail), a bead packed microchannel, a
delay chamber, 20 reaction chambers, and a waste chamber with SAP.
The sample solution, the washing solution, and the elution solution was
orderly released into the bead-packed channel by a sophisticated mi-
crofluidic design and a simple RPM control. Genomic DNA in the lysed
sample solution was first bound on the glass bead surface, and the
contaminants were washed out with the washing solution. The washing
solution was delayed in an appropriate time, and flushed into the bead-
packed channel later than the sample solution due to the delay
chamber. After solid phase extraction in the bead-packed channel (Jung
et al.,, 2013; Oh et al., 2016a,b), the bound bacteria genomic DNA was
eluted to the collection chamber together with the LAMP/EBT cocktail
and then divided into 20 aliquots by a metering structure. The aliquots
were injected into each reaction chamber with high speed and the
LAMP reaction was proceeded for identifying multiplex food poisoning
bacteria in parallel.
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Fig. 5. (a) The overall schematics for the chip operation. (b) The rotation profile and representative real images of the chip operation.

For automatic sample loading into the device, we designed the
sample loading cartridge with a 3D printing technology as shown in
Fig. 2. In the cartridge, four rooms were patterned in which four es-
sential solutions for the LAMP reaction (a lysed sample solution, a
washing solution, an elution, and a LAMP/EBT cocktail) were stored
inside (Fig. 2a). In particular, the volume of the sample was 1 mL for
pretreatment of a large volume of sample. The design of these chambers
produces a capillary force higher than gravity to prevent bleeding of the
solutions.

However, the wettability of the washing solution (70% ethanol) was

136

so high, leading to leakage of the washing solution from the cartridge
into the device before running the spinning program. Therefore, we
designed a specific double chamber structure for a washing solution
container (Fig. 2b). The washing solution was initially stayed in the
upper chamber, and then moved to the lower chamber gently to
minimize the downward pressure. The outlet of the cartridge was
matched to the reservoir holes and clicked to the device (Fig. 2c). The
four solutions were injected into the cartridge through the injection
hole (Fig. 2d) and then orderly released into the centrifugal device by a
spinning program.
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Fig. 6. (a) UV-vis absorption spectra of the LAMP mixture before and after the LAMP reaction by a commercial UV-vis spectrophotometer. (b) Real-time profile of

Absg,0/Abss;( of the NC and PC by the proposed portable genetic analyzer system.

For treating 1 mL of a sample solution, we incorporated SAP in the
waste chamber. The SAP was obtained from a baby diaper, and 0.2 g of
the SAP was attached in the waste chamber by using a double adhesive
tape (Fig. 4a). Various volume of the sample solution ranging from
0.1 mL to 1.5 mL was tested to validate the absorption capacity of the
integrated SAP chamber.

As shown in Fig. 4b, we achieved a high absorption capacity up to
1.5mL of a sample solution without any back-flowing from the waste
chamber. In addition, an air vent was also located at the end of the
waste chamber for reducing the resistance of the flow, when 1 mL of a
sample entered the waste chamber. Without this air vent, an overflow
of the sample solution into the collection chamber was found.

3.2. Operation of the centrifugal microdevice

The disc operation protocol is shown in Fig. 5. Initially, the lysed
sample and the washing solution were orderly flushed into the bead-
packed channel at + 3500 rpm and were absorbed by SAP in the waste
chamber. The bacteria DNA was captured and washed on the surface of
the glass beads (Fig. 5a (1)-(3) for schematics & Fig. 5b (2) and (3) for
real images). Secondly, the disc was stopped for starting the siphon
priming of the elution solution and the LAMP cocktail solution. The
siphon priming was proceeded by capillary force of the hydrophilic
siphon valve. The speed of —3500 rpm was executed for ejecting the
purified captured DNA with the elution solution and the LAMP cock-
tail/EBT solution into the collection chamber due to the right direction
of Coriolis force (Fig. 5a (4) for schematics & Fig. 5b (4) for real image).
For enhancing the mixing of the two solutions in the collection
chamber, the disc was swirled counter-clockwise and clockwise re-
peatedly (Fig. 5a (5) for schematics). An additional siphon priming step
was applied (Fig. 5a (6) for schematics), and then the disc was spun at
—1000 rpm for equally separating the LAMP mixture into 20 aliquots
(Fig. 5a (7) for schematics & Fig. 5b (5) for real image). The final step of
the spinning program was transferring the 20 aliquots into the in-
dividual reaction chamber at —3500 rpm (Fig. 5a (8) for schematics &
Fig. 5b (6) for real image). For the LAMP reaction, the Minco heater was
maintained at 63 °C, and the disc was moved downward to touch the
heater surface. The absorbance intensity at 640nm (Absgso) and
570 nm (Abss;o) was continuously measured for 60 min of the LAMP
reaction with an interval of 5min in all 20 chambers. The ratio of
Absg4o to Abss;o (Absg40/Abss;) was calculated, and then the real-time
curve was plotted for the value of Absgqo/Abssyo ratio versus the re-
action time. The overall spinning protocol was shown in Fig. 5b (1) that
was programmed in the touch screen of the portable genetic analyzer
(Fig. 3a).

3.3. UV-vis absorption measurement of the on-chip LAMP reaction on the
portable genetic analyzer

We recorded the UV-vis absorption spectrum of the LAMP mixture
before and after LAMP reaction. Before the LAMP reaction, EBT and
Mg?* in the LAMP reaction mixture are present in the EBT-Mg complex
form, resulting in violet color. If the LAMP reaction proceeds success-
fully, the released pyrophosphate ions (P,0,* ™) are strongly combined
with Mg ions. So, the EBT-Mg complex structure is broken and the
EBT™ ion is produced which turns the solution color to sky blue (Fig.
S1). Therefore, the color change of the LAMP reaction mixture from
violet to sky blue can be used to validate the success of the LAMP re-
action (Oh et al., 2016a,b; Rodriguez-Manzano et al., 2016; Wang,
2014). Accordingly, the maximum peak of the absorption wavelength is
changed from 570 nm to 640 nm before and after the LAMP reaction
(Fig. 6a). Therefore, we designed the UV-vis detector on the portable
platform with the two LED light sources with 570 and 640 nm, and the
relative absorbance intensities between the two wavelengths (Absgso/
Abss;o) were calculated and shown in the touch screen. In case of the
negative reaction, the absorbance intensity at the wavelength of 570 nm
is higher than that of 640 nm (violet line in Fig. 6a), thereby rendering
the ratio of Absg40/Abss;g less than 1. On the other hand, the positive
reaction (blue line in Fig. 6a) displays the ratio of Absg4o/Abss,¢ more
than 1, because the absorbance intensity at the wavelength of 640 nm is
higher than that of 570 nm.

Fig. 6b shows the real-time LAMP profile with 5 min interval on the
portable genetic analyzer. The negative control (NC) experiments re-
vealed the constant profile for 60 min of the LAMP reaction, while the
positive control (PC) experiment shows a significant change of the
Absg40/Abss;q ratio round 40-50 min and then a saturation status after
50 min. The ratio of Absg4o/Abss;o of the PC became higher than 1
when the LAMP product was accumulated. Thus, we could set the
Absgq0/Abss; value of 1 as the criterion to distinguish the PC from the
NC.

3.4. Limit of detection tests on the portable genetic analyzer

We performed the LOD test on the integrated centrifugal micro-
device using a portable genetic analyzer. In the 20 reaction chambers,
the primer sets targeting pathogenic bacteria were prestored as shown
in Fig. 7a. For the LOD test, we utilized the cultured E. coli 0157:H7
cells with the concentration ranging from 102 to 10° cells/mL. The color
of the reaction chambers (Number #2,6,10,14,18) containing the
primer sets for targeting E. coli O157:H7 was changed to sky blue,
whereas other chambers remained violet, meaning the high specificity
of the primers and no cross-contamination between the chambers. Even
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#1,5,9,13,17 ( ): blank

#2.6,10,14,18 (E): Escherichia coli 0157:H7
#3,7,11,15,19 (V). Salmonella Typhimurium
#4,8,12,16,20 (5): Vibrio parahaemolyticus
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Fig. 7. LOD test on the integrated centrifugal microdevice. (a) 20 reaction
chambers were numbered from left to right, and specific primer sets were
coated in each reaction chamber. (b) Digital images of the reaction chambers
after amplifying fliC gene of E. coli 0157:H7 with concentrations ranging from
102 to 10° cells/mL. (c) Analysis of the Abse4/Abss;o value for the positive and
negative chambers.

with a concentration of 102 cells/mL, the reaction chambers amplifying
fliC gene of E. coli 0157:H7 show the color change, demonstrating the
low LOD in our proposed system. The colorimetric analysis by naked
eyes could mislead us for false-negative or false-positive error. To
clarify the positive results, the portable genetic analyzer performed the
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Fig. 8. Multiplex detection of food-borne pathogens on the integrated cen-
trifugal microsystem. (a) (Top) Colorimetric detection for identifying single
pathogen (E. coli 0157:H7) and (Bottom) the graph of the Absg40/Abss;q ratio
of the 15 negative chambers and 5 positive chambers on the portable genetic
analyzer. (b) (Top) Colorimetric detection for identifying three pathogens (E.
coli 0157:H7, S. Typhimurium and V. parahaemolyticus) and (Bottom) the graph
of the Absg4o/Abss;q ratio of the 5 negative chambers and 15 positive chambers
on the portable genetic analyzer.

real-time UV-vis absorption measurement for each chamber and pro-
duced the ratio of Absgs0/Abss;o along the reaction time as described
above.

The value of Absgso/Abssyo for the reaction chambers (Number
#2,6,10,14,18) was higher than 1, but that of other chambers was
lower than 1 (Fig. 7c). These results are in good agreement with the
color change of Fig. 7b.
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3.5. Monoplex and multiplex analysis for food borne pathogens

The chip was designed for parallel-processing 2 samples in one run
and 20 multiplex reaction for each sample. Therefore, theoretically, up
to 20 kinds of foodborne pathogens can be simultaneously monitored
for one sample. In the multiplex experiment, we targeted three kinds of
bacteria (E. coli 0157:H7, S. Typhimurium and V. parahaemolyticus) as
proof of concept. The experimental procedure is the same as the
monoplex detection except that the sample solution contained
10°cells/mL of E. coli O157:H7, S. Typhimurium and V. para-
haemolyticus. Chambers with air-dried primers for targeting fliC gene of
E. coli 0157:H7 (Number 2,6,10,14,18), invA gene of S. Typhimurium
(Number 3,7,11,15,19) and toxR gene of V. parahaemolyticus (Number
4,8,12,16,20) exhibited a color change from purple into sky blue. No
color change was observed in the negative control chambers (Number
1,5,9,13,17) (Fig. 8a). Accordingly, the ratio of Absgso/Abss;o was
higher than 1.0 in the chambers with positive results, while all the
chambers with negative results displayed the value below 1. Conse-
quently, we could demonstrate that the proposed genetic analysis mi-
crosystem could simultaneously detect multiplex pathogens with as-
sistance of the optical sensor based on the Absg4o/Abssyg ratio.

4. Conclusions

In summary, we have demonstrated a sample-to-answer genetic
analyzer for multiplex food poisoning bacteria screening with a large
volume of sample. The fully integrated centrifugal microdevice was
designed with a SAP incorporated waste chamber for a large volume
sample treatment and was equipped with a sample loading cartridge for
programmed solution injection into the device. In addition, the portable
genetic analyzer could perform chip rotation, temperature control,
UV-vis absorption for the reaction chamber, and data report. Thus, the
whole process for the molecular diagnostics including the solution
loading, the DNA extraction, the LAMP reaction, and the optical de-
tection can be processed fully automatically and rapidly with a user-
friendly interface, realizing a true POC DNA testing system. Our pro-
posed system could verify three kinds of food borne pathogenic bacteria
with LOD of 102 cells/mL. We believe that our microsystem makes a
great step forward in the fields of point-of-care molecular diagnostics
owing to its total integration, automation and high portability.
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