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Microfluidic Chip for Nucleic Acid Extraction of Three
Food-Borne Pathogenic Bacteria

CAO Ning, SHEN Bingyang, YU Zixuan, ZHAN Tajie, ZHOU Xinli’
(School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai
200093, China)

Abstract. Fast, efficient and accurate molecular biological detection is very important in pathogen
detection. Nucleic acid extraction is the basis of molecular detection. At present, the commonly used
magnetic bead method, which takes many operating steps, is time-consuming and inconvenient for
rapid detection on site. Microfluidic technology has the characteristics of rapidness, integration and
miniaturization, which can provide an effective platform for rapid nucleic acid extraction and rapid
detection. Based on the magnetic bead nucleic acid extraction method in the principle of solid phase
extraction, a microfluidic chip for DNA extraction from various food-borne pathogens was designed.
The chip mainly included a lysis chamber, a cleaning chamber, an elution chamber, a suction hole, a
vent, a pneumatic valve, a capillary valve and other accessories, which could complete operations
such as the extraction and purification of nucleic acid and the sequential loading of food-borne
pathogens. In order to increase the concentration of nucleic acid extraction, the hydrophilization
treatment of chip channel, the incubation time, magnetic bead mixing times and elution time during
extraction process were optimized. The results showed that the best incubation time on the chip was

9 min, the best mixing times was 9 times, and the best elution time was 20 min. The nucleic acid
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concentration of Escherichia coli, Salmonella and Listeria monocytogenes extracted on the chip was

high and could be used for PCR amplification and gel electrophoresis detection. This method has the

advantages of low reagent consumption and low probability of contamination, and could be used for

preparation of integrated chip for nucleic acid extraction and amplification.

Keywords: microfluidics, nucleic acid extraction, real-time inspection
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Fig. 1 Schematic diagram of nucleic acid extraction chip
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] AT R /
pmyx | FRRBARKE Axo Ao Al Al
(ng/pL)

Ak 3 80.20 2.400
it 20 &b B 99.40 3.189

1.319 1.82 0.58
1.679 1.90 0.55

T < A g R BE bl FPAFAE B — 2835 Je gy (A ok AL A 4 R (UGER ) 28 ) 78 230 nm A8 9 52416 .

23 BREZBRENEGHHRL

231 mEE R B B S A R
WO Bk BE S AN & 4 B . B AT LR
Bt % 9% 7 IF [ 1) 2 55, DIN A -5 1% Bk 8% I 20 SR 1% ¥4 484
S8, 7E9 min BFIA B m A, BRI IUT VR A
72.65 ng/pL; 5 E BT KT 9 min J5 , A% FR & 0T &
WRETFUR TR, 2N REER B as &0 s AR,
FoAARRR M2 o 5 R S A 45 B WGk LR,
SRR BT E R TR, B 4 Al LA
B F 1] 6.9.12.15 min A ,e/A 5 YI7E 1.8~
2.0, F I E BF B 7E 6~15 min B} A% B2 4l B [ 4,
LRGN E I IA) 9 min O R I N E

—m— R UT e

80 i _A_AZGO/AZXO
) J 12.0
=7 G- |
éo 11.9
% 60} 3 o
E |
& d F
B 1.7
-
& 40
X 1.6
30f
2 4 6 § 10 12 14 16°

5% 7 I 7] /min

B4 WEHNEXNERF EZBRRENRERENZIN
Fig. 4 Effect of incubation time on the nucleic acid

extraction concentration on the chip
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Fig. 7 PCR electrophoresis diagrams of three food—borne
pathogens

% BT A TR R RO, IR Y [ OR B AR . T
RSN YN (I R R P I S 18 N
MESEAT R AL R AT . B O HETE HUAR ST 25 1 S D i
PR IRBCR G, BB HEAT RO R A T 1k e 2
PEAT A N T R A A B A R A
WK, BEERILRES LS 96 fLBUZ AR A B4R B
ACRE T, S A sk |l B4R AR, BLARAR TR B 2%
DT, HF 2O S S A T B . Y R
PEVE S RETR ARG 5 RE NS HENURS ME SRS RE 2R, 8 i
TE BB 2 AN E |, 58 A B e A R
B CH AT, S8 v e A I EL R0 AR I A

= EE NN
a2

3 &

ARSCH BT T — R R TR B R
POt A28 A, I X i AT SRR AL B R R B
YUORE 75 I ] A TR U e I ) 25 2% A B A
o, B TR USR5 5 S T Eh R BR AR M
EAR L A AR Ve RIS B AT B
TR AE S 1V T [ R 38 o YRR 20 4 RS AL 30 31 24
fige JV 38 S 1 R A R 1 R AR A A ORI 25 Ok B B
SHE {0 3 A () R, AR 0 R T AR e 9 Y
Bk 5 RUAR Fr 51 (9 45 G I ) (R $ie B 8] ) K = 4
JiRe 2 Tl B 1) O B (R BR TR A K0 AR i T H AR P51
(14 978 0 SRR 52, Dl /D 1 A 2R A8 o A o B R
FIDLTE A O, M EEAR 5 & (2 a5, 42 %5 DNA 25
o BEAh, T SCP R RRIR U RO Fr iR RERE
MR R WA, R A Ja B R I 2 IR 9
B — AR R g MO SR T, X B IR R BUR
PRI R AT A% R i I B0 42 85 i A A o B ik 2
Qb G A4 ] v 2 K S R R e A A o o T sl 4
P, A SRR Bk AN Ry A BN 8] B2 A% e A R 4R
WOPEBA B, T — BT Nk
AT ARSI 5 78 B KBl e e B 3 A 45 BT 4R
BT — K8 R SRR I AN 5 L A A B
VI BN AT 7R B 37 e BE IR AN B 2% A TR BEATORS i
PRAI

S 3R

[ 1]GAO B,LIU H,GU Z. Flourishing smart flexible membranes beyond paper[J]. Analytical Chemistry,2019,91(7):112-122.

[2]SAYAD A,IBRAHIM F,MUKIM U S,et al. A microdevice for rapid, monoplex and colorimetric detection of foodborne
pathogens using a centrifugal microfluidic platform[J]. Biosensors & Bioelectronics,2017,100:96-104.

[3 1JAYANTA P,KWANG-HYUN B. Antibacterial activity and action mechanism of the essential oil from Enteromorpha linza L.
against foodborne pathogenic bacteria[J]. Molecules,2016,21(3) :159-169.

[4]TAY A,PAVESI A,YAZDI S R, et al. Advances in microfluidics in combating infectious diseases[J]. Biotechnology Advances,
2016,2(2):404-421.

[ 5] PAUL R,OSTERMANN E,WEI Q. Advances in point-of-care nucleic acid extraction technologies for rapid diagnosis of human
and plant diseases[J]. Biosensors and Bioelectronics,2020,25(92):169-179.

[6 1CHEN J,XU Y,YAN H,et al. Sensitive and rapid detection of pathogenic bacteria from urine samples using multiplex recom-
binase polymerase amplification[J]. Lab on a Chip,2018,18(16):2441-2452.

[ 7] SCHULER F,SCHWEMMER F,TROTTER M, et al. Centrifugal step emulsification applied for absolute quantification of
nucleic acids by digital droplet RPA[J]. Lab on a Chip,2015,15(13).:195-207.

[ 8 ] NASIR A,DE CASSIA PR R,TAVARES C A D, et al. Current nucleic acid extraction methods and their implications to point-

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 41 Issue 1 2022



oy

T LA AT 3 AR RO BUR A AR BB T SR A S R R &

of-care diagnostics[J]. Biomed Research International ,2017,2017:1-13.

[9]CAUEER L M,GUY R J,TABRIZI S N, et al. Molecular test for chlamydia and gonorrhoea used at point of care in remote
primary healthcare settings :a diagnostic test evaluation[J]. Sexually Transmitted Infections,2017,10:1136-1142.

[10] LEE CY,CHANG CL,WANG Y N, et al. Microfluidic mixing:a review[J]. International Journal of Molecular Sciences,2011,
12(5):3263-3287.

[11] WANG G R,YANG F ,ZHAO W. There can be turbulence in microfluidics at low Reynolds number[J]. Lab on a Chip,2014,
14(8):103-113.

[12] GIS M A M,LACHARME F D R,LEHMANN U. Microfluidic applications of magnetic particles for biological analysis and
catalysis[J]. Chemical Reviews,2010,110(3):1518-1563.

[13] REENEN A V,JONG A M D, TOONDER J M J D, et al. Integrated lab-on-chip biosensing systems based on magnetic particle
actuation :a comprehensive review[J]. Lab on a Chip,2014,14(12).156-176.

[14] BERRY S M,CHANDRESH S,LANG J D, et al. Streamlining gene expression analysis:integration of co-culture and mRNA
purification[J]. Integrative Biology,2014,6(2).224-231.

[15] BERRY S M,LAVANWAY A J,PEZZI H M, et al. HIV viral RNA extraction in wax immiscible filtration assisted by surface
tension (IFAST) devices[J]. Journal of Molecular Diagnostics,2014,16(3):297-304.

[16] STROTMAN L,O'CONNELL R,CASAVANT B P,et al. Selective nucleic acid removal via exclusion (SNARE ) : capturing
mRNA and DNA from a single sample[J]. Analytical Chemistry,2013,85(20):9764-9770.

[17] CASAVANT B P,STROTAMN L N, TOKAR J,et al. Paired diagnostic and pharmacodynamic analysis of rare non-small cell
lung cancer cells enabled by the VerIFAST platform[J]. Lab on a Chip,2014,14(1).99-105.

[18] BERRY S M,MACCOUX L J,BEEBE D J. Streamlining immunoassays with immiscible filtrations assisted by surface tension[J].
Analytical Chemistry,2012,84(13):5518-5523.

[19] SHI X,CHEN C H,GAO W et al. Parallel RNA extraction using magnetic beads and a droplet array[J]. Lab on a Chip,2015,
15(4):1059-1065.

[20] SHU B,LIZ,YANG X, et al. Active droplet-array (ADA ) microfluidics enables multiplexed complex bioassays for point of care
testing[J]. Chemical Communications,2018,54(18):2232-2235.

[21] SUIMPF F,SCHWEMMER F ,HUTZENLAUB T,et al. Labdisk with complete reagent prestorage for sample-to-answer nucleic
acid based detection of respiratory pathogens verified with influenza A H3N2 virus[J]. Lab on a Chip,2016,16(1):199-207.

[22] BAAG fe . L K LA o 2052 % &2 51 92 99 5 PCR RGN 7 kP 52 [D). ) N . 48 g BE T K 2%, 2016.

[23] MARTIN Z H S P H. Capillary pumps for autonomous capillary systems[J]. Lab on a Chip,2007,1(7):119-125.

[24] sKAE & . AW E M. Jb ot . @ SR 20E AL, 2011

[25] AR o. 2R A Wy AL BE B K U 2 0 45 5 PEBE B SE[D]. KB AR LA il K%, 2019.

[26] # 2%, 26 T ARG B F IR AR 1) PDMS 2 1 sk PR 5T [D]. BL#S . 75 g 5838 K%, 2016.

RS A S 2022 EE 41 BE 11




