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Abstract In view of the current clinical practice, the detection of pathogenic bacteria mainly depends on bacterial
culture methods. The methods have disadvantages of long cycle and low accuracy, and are prone to cross
contamination and human infection. We propose the microfluidic chip based isothermal nucleic acid amplification for
molecular diagnostics. An air-insulated microfluidic chip is designed for the automatic centrifugal distribution of
samples to test cells. The confocal optical imaging, rotation scanning signal acquisition, thin layer air bath heating
proportion-integral-derivative temperature control, etc. are developed. A microfluidic chip based nucleic acid
analyzer is also developed. We detect the pathogens of respiratory tract using the proposed system, whose
sensitivity can reach 10 copies. The sample reagent consumption is reduced to 0. 94 pl, and the results can be
obtained in 45 min. In a blinded experiment of 100 clinical patient sputum samples, the total coincidence rate of
results of our system and the traditional polymerase chain reaction is over 98% . This novel nucleic acid analyzer is

suitable for low cost and accurate medical applications in hospital, community care and township health clinic, etc.
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Fig. 1 Principle diagram of isothermal nucleic acid amplification. (a) Initialization phase; (b) circulatory phase
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Table 1 Example for gene-specific probes of pathogenic bacteria
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F3 CTCACCGTAGTGGGACA
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Fig. 2 Structural diagram of microfluidic chip with 24 channels

PL10 pl A R 0], SO0 4200 i 1 iR 38 4% R
g3 Mr Bk R K& & . F3OA B3, &R
0.2 pmol; FIP #1 BIP, & K 1.6 pmol; LF #l LB,
&N 0.4 pmol; Bst DNA R &8, ek 8 U
(1 U= 200 mL); dUTP (New England Biolabs
Ltd., Beverly, USA), &~ 0.1 mmol; dNTPs,
A 0.4 mmols 4= 1L ¥ 112 11 (BSA) (Fluka
Sigma-Aldrich Inc., Missouri, USA), H & &
0.5 g/L; EvaGreen ( Biotium Inc., California,
USA), HI & 0.6 X5 it 32 B (betaine) (Fluka
Sigma-Aldrich Inc., Missouri, USA), H & N
0.8 mol; Wi 5, I # H6 mmol; Uracil-DNA %% #j
WL (Fermentas Inc., Burlington, Canada) , i
0.1 U/mL; #RE . iR 10 mmol; =% H Ak
R BEELFR (TrissHCD , A& 4 20 mmol(25 C,
pH=8.8), & k#, FH&E N 10 mmol; B L " BE¥ 3
HIERE (Triton X-100), Al 0.1 B8 DNA,
MER 2 pl. BRE ) G50, H A4 i) 44 7 4% 1
A R0 s o SR W 3K
2.3 WMEREEEAGEFZENREE

N T R ANAR R D D BULA B TP AR
W) F 27 HORMER , BT 1 — Fl 3 AR TSRO0 A Uk
PR R A5, S PO 8 i b O R R R
Ry W ieW ik 3 Urac. WEs L2 fliqg

HEE L3 £t 3 A AL, o S b T B
L2 WP m b /LG B PH &b F g B 5 L3 1)
FEOT I b, i A RGO 2 R A T 3R G R AL
REATG T S5 M 7, 48 o A T 2 0 AR AR BB 7 o A v
ICH5 DUIR 1 B & I AZ R B 1 S 98 e 5 5

K3 M &L, D% 1 W SOt LED
R 470 nm WLt AR BRI L1 fE
Ja » B A FEE DM OJF B BB M1 RS B
AR L2 BEEMESR L. WEETIRN
7 mW ., T OR GOR R TP R R B W K
W, FERL 3 TG E IO B L ORI AR TP A
T4 Y4 7= K 2O R L2 B IO i BT
706, WEEJE M AT a8 R 8 ML R 9. J5 8
DM f 4, IF 2o nk DE (0 - F2 ik vk . & 5 A% &
B L3 SBAE/NILGH PH I, %523 6] vk IS 1
JEHE M A PMT 4205, 38 o 507 15 5 b 21 4% 4k 21
JE A OF SR WORTEW A B LS b [a] B AT 2 i AT
AL B R TR 38 SE B FOG AR S M 2. e L T
TSI BCIL S U R B A a4 B A TR L B
30 s RO 0 b B A A T L BB S — Tk, SRR
HFEISA 10 ms, A 2R ARGE (1, SE 3 24 D RR
INF JE A I A R I L G 2 AR AR T AT R DU SR, R
R LR ES T 45 Rt L R 40 2% PID
T4 AR 265 SO 40 R B DR UE AR B AR

0307002-5



H

i P

BN 65 °C, HiE @ A2, s flMmE s S
TR B 2 a] A9 #E B8 R (0.154+0.05) mm. # 51%
%Lg,ﬁﬁﬁﬁ%fnﬁwﬁ S0 PR UE % TR R N 3 G Y

IRFERAVE, B TX /T 5482k L f e
%Lfﬁﬁf?ﬁﬁﬁvﬁﬁ/@;ﬁﬁ]%fﬁﬂhﬁﬁﬂlﬂ*IErﬁ
FATE ., AR 2 B das s F i B B s A 2 B

20 2 mm R 300 pm BYIRIAEAR B 156 A

{14 4) G ARG 057 8 A2 AE IR AR vty 150 pem A, FRIE

Rl H 3 £0.05 mm 5% 8l B9 A5 MR SRAE B3 A B I s

R (150£50) pm BIARGEF ORGSR RS R

O P A DAL RE i 14 AT 3495 3k B 8 g 4 1) P A2 Ak ok
AR TH AR OGRS 5 52

- motor

micro-

chip

heating film

L2 |_‘

%

mobile user

wireless&wired H

DM L1 { med net Yun
processorf—| TX |<—> big data
M1 N () .
LED |_' ‘_| H

F2 —fF=— "

L3 < LS ES hospital

PH — & —

PMT

lmllllh....nlllllllllllllm.

s ([Ep

B3 B o M AU R A 1

Fig. 3 Schematic diagram of nucleic acid analyzer
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Fig. 4 (a)(b) Photos of micro-fluidic chip based nucleic acid analyzer; (c¢) photo of micro-fluidic chip kit
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Fig. 5 Results of microfluidic chip based isothermal nucleic acid amplification. (a) Result of sensitivity test;

(b) result of linearity test; (c¢) result of specificity test
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Table 2 Results of clinical sample test

Result from

Result from ABI 7500

Positive Negative Total

Test index developed Positive Negative Subtotal coincidence coincidence coincidence
analyzer No. No. No. rate /% rate /% rate /%

Positive No. 23 1 24

Sau Negative No. 0 76 76 100 98.7 99.0
Subtotal No. 23 77 100
Positive No. 22 1 23

MRSA Negative No. 0 77 77 100 98.7 99.0
Subtotal No. 22 78 100
Positive No. 14 1 15

Mpn Negative No. 1 84 85 93.3 98.8 98.0
Subtotal No. 15 85 100
Positive No. 59 3 62

Total Negative No. 1 237 238 98.3 98.8 98.7
Subtotal No. 60 240 300
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Table 3 Analysis of discrepancy samples of test result
Developed Reanalysis Reanalysis by
Sample No. ABI 7500 Sequencing

analyzer by ABI 7500 developed analyzer

22 Mpn Sau Mpn Sau Sau

32 Sau Sau, MRSA Sau Sau, MRSA Sau, MRSA

restriction site analysis for diagnosis of sickle cell
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