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Abstract: Microfluidic technology, an emerging micro-nano technology, facilitates the precise
manipulation of trace liquids via diverse microstructures. It is distinguished by its miniaturization
and cost-effectiveness. Among the synthetic materials employed for microfluidic chips,
polydimethylsiloxane (PDMS), a polymer material, has emerged as the optimal choice for fabricating
microfluidic chips. This preference stems from its straightforward manufacturing process, high
transparency, outstanding chemical stability, and biocompatibility. Biosensors developed by in-
tegrating aptamers, which serve as specific biological receptors, into PDMS microfluidic chips are
termed PDMS microfluidic aptasensors. These aptasensors capitalize on the distinctive advantages
of aptamers as biological recognition elements in conjunction with microfluidic technology. Mi-
crofluidic technology transforms the interactions between biomolecules into readable signals that
are readily processed and reported, thereby offering sensing methods characterized by high
specificity and sensitivity. This advancement significantly propels the development of point-of-care
testing (POCT) for biomarkers, enabling extensive applications in areas such as cancer screening
and pathogen detection, and achieving rapid, accurate, and portable testing. The attributes of PDMS
microfluidic aptasensors encompass low cost, minimal consumption, short processing time, and
disposability. These features effectively curtail the consumption of samples and reagents and shorten
the testing duration in the POCT realm. Moreover, optimizing microchannel designs, aptamer
immobilization methods, and signal amplification strategies can further enhance the performance
of PDMS microfluidic aptasensors and expand their detection range. This paper elaborately expounds
on the definition and development of microfluidic technology, the application research of PDMS
materials and their preparation processes in microfluidic chip manufacturing, as well as the de-
velopment and processing of PDMS microfluidic aptasensors. It also enumerates the applications
of optical, electrochemical, and dual-mode PDMS microfluidic aptasensors based on dual detection
modes in the field of biomarker POCT, thus providing theoretical support for the future development
and application of novel microfluidic aptasensors.

Keywords: microfluidic chip; aptasensor; polydimethylsiloxane (PDMS) ; point-of-care testing
(POCT) ; biomarker
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Fig.1 Aptamer characteristics
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Fig. 2 Structure of polydimethylsiloxane (PDMS)
a. chemical structure and chemical formula of PDMS; b. 3D
ball-and-stick structure of PDMS.
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4, Ansari %F77E HAFSE T A OGRS ORI A E Y
SHM W & R fE a7t XU LAk, & i 58 & B, W
P TA] (R VR G 52 V6 R R B 1 S e L TR A . /E SHM
&5 b WE A R O 8 Y R DR G AR R
A AR AR 7 A B 0 T, B e e I it (B Dean 14
it ), A AN TR JE )2 [ 0 ) o 38 46, A 800 IR & %
7 R S PERE (] 6) . Shen %578 FfF & T —Ff
b & 7 W 8 & 1B i B BF (vancomycin modified
magnetic beads, VMB) # A ¥ € fif i ¥ 5 A
(herringbone-VMB microchip) F T 4 # & % , H
H B 7E TAE#E VMB W3 5) i, 45 R o AT
AR DO R E NN R R A RS RS SR T3 A I B R UPN
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T REAE S GE E T B R IRMER G, TR =R
A v 200 P 5 AR R T R R S
SN B & 4R . Tang 557 T —FPoE LAY R
¥ B #E N T (magnetic herringbone, M-HB) 2%
R, I K R TR I N AR A5 1 A g Bk B e 5 (hu-
man immunodeficiency virus, HIV) i) & # DNA
(complementary DNA, cDNA) J¥ %], DL 5 F % 45
Ty A P R BRI O T L. MR T AL 4 SHM
45Ky, M-HB 4514 11 %) 738 5o 42 i 0 3 52 B il 5
FEL, i % 2 BCHb A ) if A Hh HIV /) ¢cDNA JF 51,
HA R, ik — L WA R T 81 .

Inlet

¥/

Specimen ‘ @
( l Dean vortex

A mixture of l

Herringbone Specimen Reagent

Reagent

samples and
reagents

E6 ZEAFHEARRBMET™% DeanBRmERE
Fig. 6 Schematic diagram of Dean vortex generated by
staggered herringbone mixer (SHM) and liquid

2 PDMS iR EmRAERFIHNA RSB

PDMS fF kA B i o 48 85 - 198 FH A RE, Al i
B 20 ot 3 A TR o B 52 4% ) T TE A6 A, LR T
FLAT im0 T i 1 [ A AR S AR O
To BFIE BCAR B R S IR AR 1 5 PDMS A4 R
O S B R0 95 R PR AR S5 S, 7 AR bR AR R I
i Wi I 1] oy 2 S AT LA Y M (B . 1B
(14 56 B FE 30 2o Ak 2 o B i f T AR b
[ 5 F PDMS {38 i P BE B B — A~ U0 B 7
S B R AS BB A R S A R s R
2.1 PDMS X i4biE

PDMS & I il b 38 J2 35 FC AR & i PDMS s Jr
T H G HE A IR L g g A R 5L (-OH) | & Sk
(-NH, ) % RE 1% 3% fin 2 107 55 /K 6 1 B RE A i 5
W FCR S G Y BE ), H Oy AL 2 1 AR S TR b
H AL 2 1l 20 DA R R B AR B A SRS R A 3

JE R R 5 v Gl a4 A R R i PDMS &
T A2 R TR TR e (] 7a) fhE il
ZI0H F 75 122 R B ik H,S0, 5 30% H,0, 4% 7:3
CPRBH L ) 2H iy £ N s W A7 A 38 (B N A0 TR
FLA 55 phove 5 AV B A I R R 8 XU e AT
JF i 4 B B 5 it ), DL O 3R T R % R (I
7b) 5 R e AR B A I dE H 3-E T = O
L ik B2 (3-aminopropyl triethoxy silane, APTES)
ke AR AT AR, SN (K Te) , R 22
oA 25 A RS A 7 4

a loz

Upper electrode

-OH
- | 0DE-OH

Carrier tray -OH

Lower electrode

l Vacuum pumping

b c
Piranha
solution [OH APTES -NH,
| w—) FIOVE-OH poMs ME 2l PDMS BNISH
-OH -NH,

7 PDMS XHEHAES %
Fig.7 PDMS surface pretreatment method

a. surface oxygen plasma ablation method; b. piranha solution
chemical etching method; c. silanization reagent 3-aminopropyl
triethoxy silane (APTES) modification method.

22 EEREEEWX

PDMS 3% 1 i &b B 51 A (4 B 6 A1 %[5 5 4 75
PR A YE MEVE . & s B 1 Y 3 A
Je T A [ (5] 2 R s - 2 R I e Ak S g ) | i
28 2 B Ae i Y 2R T U] AT e B IR R A e W B L S
JC A [ 5 Ak 20 B8 5 4K 4l PDMS 1 A B 5 1) 2% 1 B
AE AT 8 8 [ 2 7 vk, B2 AR B 1-2 56 -3-(3-
TR FETN L) ik fb 3 % (1-(3-dimethylamino-
propyl) -3-ethylcarbodiimide, EDC) 5{ N- ¥ 5t 3%
L 7 He (N-hydroxy succinimide, NHS) 4% 3k (1) 4t
M 1 DA R 3 3k B g B S A A e
A [5] 5 i A B AR K o 45 i 4R 3 (-COOH) 5 & &
(-SH) . & i ¥ 4 EDC o NHS Wtk )5, 5
PDMS 3K i ) 8 5 & /4= J N, it Ji 52 (1 8a)
S5 B A A A [ 5 4 A i D) B R 1k
W % (maleimide) 5% 4 44 >k i %7 (gold nanopar-
ticles, AuNPs) /> 3 5 & FL 45 &, P il — it (-S-S-)
5 4 B (Au-S) B (& 8b) , LA ik plg 2 A [ 52 1
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i % 44 %

e S [ 22 J2 {5 B PDMS 3 1i £ 55 & 1R b B 5
G FL A YRR AE o7 R T O P e 99 3 AR G o
F R B S B 45 A (KD 8ce) 5 2B W R A& i 1Y 3 T 1
(biotin-modified aptamer, Biotin-Apt) 5 i ¢ [# &
TR W 3 ik A e 3R T % A O AT K (streptavi-
din, SA) %S4 (& 8d) , AEWFE 5 SA ZHAF1EM
FCEM I (EW RS SA MY A8 T 2480 251 i
AR AR BARE T Z —) (S5 R BAMNEEPE (A R
PR Z PR S5 K AT 58 K dik A SA 145 & A8 rh 1y 2 S R
B BE) DL K a3 TR O (U A A8 0y s K Pk
TERD SR ZR M AY RS SA MAEILM 455 il
AW 53 R AR [ 5 AR G R b RS AT R Y
T
A [ 5 5 AR LA [ 3k 9 B 7 kA BREE

N "
I ZN POMS EDC or NHS
COOH

b
Malelmlde
R PDMS
+ 1
AuNPs
. O C‘ij%m—Au S —-

C (/)
Plasma treatment Aptamer /d /J
mu g 388
d Biotin- Apt ) Vs'WeWe
VY'Y
Streptawdm

PDMS PDMS PDMS

B8 HMEESEEMEEREE
Fig. 8 Schematic diagram of covalent and non-covalent
fixation
a. arboxyl-modified aptamers are activated via 1-(3-dimethyl-
aminopropyl) -3-ethylcarbodiimide (EDC) or N-hydroxy succin-
imide (NHS) ,
form amide bonds with amino groups on the PDMS surface, es-

upon contacting PDMS, their carboxyl groups

tablishing stable attachment. b. Malonamide or AuNPs mediate
carboxyl-modified aptamers to bind with amino groups on PDMS
surfaces, forming -S-S- bonds or Au-S bonds. c. After plasma
treatment, PDMS surfaces acquire negative charges that attract
positively charged aptamers through electrostatic adsorption, se-
curing them onto the surface. d. PDMS surfaces are pre-modified
with streptavidin (SA), which binds to biotin in biotin-modified
aptamer (Biotin-Apt) via specific biotin-helix-ligand interac-
tions, achieving aptamer immobilization.

N EERSERENESGHRES RIFNRENE, |
J?ﬁﬁﬁﬁﬁﬂﬁiﬁiﬁﬁz%ﬁﬂiEijéﬁﬁﬁlﬂlﬁi?&,T
Sy T, VAR GRS 0 (%) o e 1k 5 mT S bk (R A
SE 3o AR A X B Ak, T EEORG ofE s s B e fA] 3 ) vk
JFE R BE AR SR A DA C A I M RT R BRI B
BRI AE . RS A [ AH X R, R AT R A4
b2 8 i, AT A R [R) P S B A AR A [ TR
A A [ 5 v i) e H O B B — o Y AT (T
Xof [ 5 J A A T A B o ml R R L SR, I VR MY 4

%V*ﬁﬂfﬁa?ﬁ T A A It 3 5 PR B AR B T 4R
YIRS TE R 3E B AR AT g <3 N PDMS 2 11 B 7%
X} i 2R 4 %Lﬁkm% T 52 bRy FH o # v, iF
FE N B AR LA B A T SRR A SRR AR DA B S5
FAFAF S BRARDE , 256 7 i T 3 OIS B A 3 TG AR [
FEATT o A I 2 B T R i m PAES A, DA
T R AR 3 W R B2 T PDMS B 8 3 e 4 %
TR g B T e 5 AR A R L T Dy o Ak b SR BN A W b A
Yy R S R R SR
2.3 HEAS5HER

3f A 5 1 R A 3 C A o8 B E Ak R Y B 23R
B, R M4 M iE A M (bovine serum albumin,
BSA) \B-%i % £ I (B-mercaptoethanol) o H: il J&
KTEAZ TR HE AT AL 3, 35 P R 25 5 38 BC AR 09 067 250,
PLREAR AR R S PR W B o 32 FH % R R 2% i (phos-
phate buffered saline, PBS) % £& i i X fo{ i i 5L
Jit R R A 2 B U B A G A B At 4 T, DA B
B TR ST Y S AR R L 1 BORE A 00 B S5
Peid 7, PDMS R #4835 FC 4K 1% R4 AR % 7 52 A
WA A ThORS Y A AR A I B A, 2 — 2D B AR AR
%ﬁu%Pmﬂ¢M@%iﬁT%f

& FC AR & 1 PDMS i 0 & LT 4 48

PEFA s (1) 1o i e P < T A X 38 A 18 U1 2 9 e 4
+ 2 TR PR 5 O ARG M Y U R R 4R AR 4
B, BB 7E 52 2% B AR vp S S A 19 1 R00H 4R Cn A
I 98 T 4 5 00 B e g A B ) 5 (2) o R B AiE
PN L 2 T AR K, 3 G A B R A %éﬁl/nd”’
PR S B AR (BT TR B A ), AT X B R R &

JEE IR 2 v B W R AR R AT A 5 (3) 2 D B 4E A« fiE
FEE b A AR A Ak B -3 A AR -1
() — FR A 56 B R 5 (4) IRLA 5 fE #5445 . PDMS ith
J A8 BUAS A A A T 2o A 2 G B LR E M AR
LG HIF R BT AE YRR B POCT 14 4 485 A
BAs . l AC AR B PDMS (803 72 05 A £ B v 4
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S P TR 5 R A A A4 T B P TR AR L s B T
ARG I (9 RS I AL B AL S A AL RO R SR
=57 (6] e R A2 W o e A i) S s R i 42

3 PDMS AR EERAEEBELEDIRE
# POCT H a5

THCIAL 42 A R 7E R T 3 TC R I A 0 B A T el
BRI T DS £l A I € S X 7/ V= o8 U KB A
5 30 P AR AL IR AR PR A T — b s 0 P RS E Y R
M7= G REY PR EY POCT ZBR T R
M DA R AR AR A2 P T G I A A G A A% Rk A Y
1IN R o BETH R T A vy O 4 A T
AL AR G T S TR A R S S RO RS
B AR A R R MR T T TR AR A TP S B
SRR A R RE M o FF IS AR E T RGE E
FE B8 MAE A rh a5 HL AT A% A7l AT A, ok O Ak ik
it O R R CAn R i R B R S )
BT 0 A R DN R S R L A 3 C AR
Sy T BURUE Ui ) e M A 4% B 45 B 08 T A 2
Tl WIAR S, #0 R T HAE B 2 W 1 B H o
3.1 XERREEORAEE KSR

O 2 35 T A e T 28 A A 3 TG A £ J 4 g S Y
T ), OGBS AR A A I ) FR AR HE Tk AR S AR
o WAL A — Wiz M T8 (980 Ak &0t 3k
M 48 B 1 & 3 #& (surface plasmon resonance,
SPR) 8§ i = # 4t (Raman scattering) 5% ) 5 L H |
it B3 PR 5 SR 0RO R SR A A L 51 R OGS 5o
JE R B A DA IR BRI H Y o O 2 o 4 A T A A%
SRR T G DU Y v RO R PR 5 O A
AR AL R Ak I B, {7 G AR AS Hh T R
R =R TR A5 DL SR
3.1.1 HERREEREE RS

Pl 8 35 0 A A% J A 1 O Ol 2 3 T AR A% ik e b
1) 25 B 28 G31] R 00 i 35 3 TR A 5 X A A
gia ol kB e, DO siaT AR I . 22 g
TR A e T 4 JB A K BURLAE A5 5 e o,k
A B A8 1Y BE SRS Ry, AT A2 Ao P MR K D 5
HLE I T I e Bl A 85 24 1 IS IS X 4
HEAT G o7, 15 T B POCT., #2452
5 PDMS Ui ¥ .65 AHES 6 L o i 4F o A2 Jds i) S
NV 6, FE B B O 45 45 45 R BT 09 W] I, 348 A 5E
[F] 7 3 C A S B0 0T A T A B 0 R S R A AR . 48]

Zhao U 121N 5 By AR 40 K R (silver nanopar-

ticles, AgNPs) & i I & T PDMS f3 i 45 85 v 19
AgNPs i it & 1% 4% , T &E L[ (thrombin) 1 Lt
R I o B I 5 20 A T 4R S BC AR Apt 29 T
REfLALF Y AgNPs VE A fGE E | i H 5 [ T 0
B 2 T Y A AR AR S BC AR Apt 15 JE B “Apt 15-
thrombin-Apt 29-AgNPs” & & % . & & % b
AgNPs 119 75 fiE Fifi BE 1ML i v B2 09 T i i35 m L 51 &
WO RO AR 45 0T H IR W g%, 5L
i B 455 LuxScan 3.0 B4R F Al 43 il AR AT E
S3HT RS R RCER 6 LY P18 1 (human serum
albumin, HSA) . ¢ % 3k & 1 A (immunoglobulin
A, IgA) Bk M G (immunoglobulin G, IgG)
ST T B .

P €8 IO 428 A T AR A% SR R A 1 A T 1 L LA
IR L K 5 3L W A5 0 35, HE P2 00 12 W 491l 8 B 11
Tz BN AT . LA PDMS S #2008 e 89 2% K
&4, 76 AR HE R B & T 30 1 R] B G RE 68 k2D R
TR S AR B AR D A T . MR W &
I 7 3 WA 7 FE G B A AR R AR 5 2 A
G5l R N A e B R L T IR S N B4 K URE
REE — RPN RN, 5 308 WS 6k A U
i I P BB N I Fe B A 2 S, AT S BN R AR Y
PR E BRI
3.1.2 RObRUR R E WK R A

TE G 2% T 455 3 TOC A4 A% 8% 425 S8BTt 458
T8 C AR AR SRR U S i UL o R ) i R O AR 5
ARG G5, 51 R PO6ME 5 iy 3G 5 S0 K, LAt 5
PRI H Ao 3% 2 AL R I DL 2O ok Bl ok
A6 hy B il i B T S — b A S R E A
M s T H SRR T 230 05 sl 4 I 42
TE 32 BN WHOR Ja BB % & SO+ B A Pl R B ARk
Aoy TSI UL K A A 25 Pk R S e o I In A
R 2RI K A= Wy AR I 3 Berh PO g R 2 T
TN RAFRBGERAE S . M FAEwS RS,
BEAH Y 2¢O g Rt B oA 09 K I 46 s AL B (large
Stokes shift) % 5¢ & 2, B H A ) T B ot 1Y
T SR G K 2 AR, T (R B R R E PR R A A
ZEVENS S M A T A I T A A% B, 28 O E B iR L
AT LR E RN ) R RBE 5T
7 FH D R G 0 5 ] 5 45 O 3, Bk vz e T AR 4y
- [ AH E A I 2 . PDMS B i 45 08 i 5 ok
A P AR SRR AR S & I SE A P ) i
PR Ak A [R] B 3 A DA 0 152 T 1) R T 45 4
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RSN 2P i, 3 P TR D AR M . AR IR
i Rk R ek I B GG G 25 A, TR
FE A T B b 5 3 T A s FE Al S5 17 0 o 1 BRETR A
T 5z Ry AR . B, Yu FEVHE R T — R H TR
W Hp PR 240 it A TR %) 20 f 4 %2 76 (neutrophil extra-
cellular vesicle, NEV) (1) o 4 2 i i 1 2 o 4 1%
% W ¥ & A (integrated microfluidic chip for
NEV, IMCN) . NEV i T 3% £ 1 f2 32 A= 9 3% 1
T, WAE B VAR TS R T TR AR AR AR Y, R A
1 A 5 2 f T Y 40 i A 8 0, AT AR S Bk L 4R
2 Wi . IMCN 4 PDMS # Jfi , N ¥ % A SHM
25 K6 TCIE R AR = R RO & LT R AR 5 R R
CD66b T4 1 1% 2k LA K CD63 3 Bt i ik At A )5
1E SHM 45 14 3038 18 P It 2, 38 3 B B 52 2% 16 it 38
SR Ui TR A, $ R AlE 4 491 NEV 729 CD63 i it
AR W [ B B SR 3K . B AWM HIERT
TG AR EE R B 95 CHERIR — 4 Mk (di-
ethyl pyrocarbonate, DEPC) /K # 2 fit & £ 1)
NEV, Bt CD63 i FL /& Al i/ 2 4 2% 2 (miRNA,
miR) , I UL —EE R E 3 AR EF (loop
probe, LP)#F47 2422 , 7E Phi29 DNA 2B & il Al it 48
¥ Wi #% = ¥ IR (deoxy-ribonucleoside triphos-
phate, ANTPs) [ B B T fil & = F IR A ¥ 4 (roll-
ing circle amplification, RCA) JZ Jif . RCA J*#1 5
7 2 3(cyanine 3, Cy3) .5-& F:9 % (5-carboxy-
fluorescein, FAM) .#£ % % 5(cyanine 5, Cy5)#ric
M 4> F 1% 4% (molecular beacon, MB) 45 4, 37 #i
MB 12 T KARZS 3 3 A8 1 & & 4548 IF R IF
Ja "R AT T o WO B T 3 A 4 R AR AL
A I 2 8 #E A7 0 o, i — 2D as I HL A 2% > Bk 4y
M2 B AT A 12 Wit BE . IMCN Xt NEV (194 3k 5
ik 90% L b, ATAE 4 h 52 A 10 L I35 FEAS 1Y 23
Br, B s Wi At 1o B m o & .

P T 9 O 7 365 T AR 12 IR B S0 R i L
44 B I AT SR 0 A AR, DA A U 4 Bl ) 2
HIRAHR . ML AR e 5 R 2 85, 1%
AR BT AT Rl A PR AR A SR, Gy
T BT BE R MR G o I R ME R W AR B
SIRA R, GB 08 52 BN H bR 43 B 1 09 sl RS i
BRI . JE TR A R SIREGE A T A
HH — ZR BB B S G I A A A AR B L LA R R
[F) 17 FH 400 35 7 75 2K o i 4 Lia A0 %3 F T — 3k A
T T Bt 5 S B A Ao 42008 e, 10t >k PDMS-3

T OBLJZ 25 A M 0T, AL HE 3 A A0 a7 R ) X, B X
W& A — X AuNPs 4 # , Hob 22 £ @ A 58 &
HAMEE DNA 53 Ao K 4% 58 I8 B XUEE | A7 4% [ 5
5530 B AR 58 4 B A1) 4 cDNA, #3 i Au-S
HEAT [ 2, FH T T B A DU 4 B €5 4 45 2K 1 (S, au-
reus, S.A) . F 5 FE W T IKH (S. typhimurium,
S.T) F1 &1 i v 9K # (V. parahemolyticus, V.P) .,
MEEA A R BE AR 5 A S AR AR S A R
T BC - AR S, S W BE 500 r/min 1) 5%
R IF i e A AL S AR 5 4 MY cDNA 2558
i, dsDNA. fil A SYBR Green I J¢Rl)5 , YekHix A
dsDNA ™ A2 52 5, [A) B A 4 e Tt el 2 4%, 55
MAF S WIEABOR . @ B ae TS A HI R &,
RERNGET (GEEIE GE), U AR S /7K
R BE L (G/G) #EAT 8 i 43 BT o 1208 i AR AR 1 26
FO ORI K B | bR X = R0 Y
AL A RO T AR B O 0 R M A R AE
B P27 IR 8, 30 min PN AT 58 AY 22 # AR ]
AR DN, A% I XA B ST AT R A A8 ST, AR A
i T HAE I POCT J7 i i v F: 77 .
313 hFEFAAMAEEREEEHE

1k 2% % 6 (chemiluminescence, CL)if Bt {4 &
TR A 1 3 G AR 5 M AR 45 G ik K Ak 2 RO B
SEELRI o Ak 2 O RO — M IR T & O B TR A
2 S I R S LU B A B RO T o i R
JK A% F K FT S K 3 (luminol) | it 4 b B R IR
(peroxyoxalate, PO) a¥ & 4% 2 4F (potassium per-
manganate, KMnO,) 55 1k 5% & G0 |, 3x 283477 78
5530 T AR 45 5 1 B0 A At B 1 W AR B AR R
O SR A S RO RS . PDMS i 588 A
52 ROGIE Bo AL A RS & i — B3R TH T
Wy i A AR A S B S ALK . AR R E
T GOR B A B TR AR A AR SO S, R pH
1B LA B B I B ] 55 Ak T k2% kot B L A 350 %
55 I [) s 8 sk X6 0 G R R AT R R T, BE
SRR A DA HERRAE 5w ROR A, ST 4 R A
FE S HERRPE o 3 FC AR S 8 TR0 TE R, S REA
Uit 28 10 T8 I 8 AR S Kb i SR AR A 25 A ik
b2 R, 77 A G A 5 FE B H P 25 4l 3K
1) [) B 2 38 Ay AT 5, 28 0o i b 38 5 4 8 AT 52
T O AR 1Y o B A IR AL AR IO AN UR
HEAESESI8 R HE S WEES . Peng %97
AT — T BE T O 45 A6 22 RO I AR W R Ik L 45



#5054

Wy oo , 45 3R TP R g SR A TROAL 0 C A SRR A < T A W s 2 A I 6 i A€ * 509 -

& 2= ¢ #% R ) W (hybridization chain reaction,
HCR) {5 5 MUK AR, S AP 1A miRNA (miR)-21
5155 M m R Z EAN . %48 B A%k T PDMS
M, iz FHEROG 20 55 52 R Y B AR i A% B, 4
I P TR G 38 L A A AR A AR A A ) A 3 3
e fot. WHEGEHEHN TRAMEGEKIES
H,0,,ky CL $& 4t 250 i) ; SM Al R s B &5 Y
AR ISR TR = S S I SRR A =g
X 4 4 A i A 19 CD63-Apt 1% & Je B4, If-
P AR 5 S M 6 A5, TRD ) Y JE 9 910 AT B R A AR BI0OR
Ao D3 G 2 25T AT B9 ARE GE T8 A R, AR W &R AR il
B & Je BTS2 B HCR ¥4 5 CL & (R A
BPCL-2 8 i 55 & 06l & AL A7 WE ) | e % [m] 25 46
I miR-21 1 155, S FL AR s 09 530092 W P it 1 — It
K HE BRI T H
314 T EHAHAMAEEREEEHE

L 5 3 T A A% R A R T L = B SO A
Bl BC AR 5 ¥R AR 25 6 5 51 & B2 0% 3% AR 1L T R
R TAE o 2 A JE e L 45 4 SO I RRAE |, R 6% 5
EUDORE S NNEE R c 3 all B T E VA= €]
(surface-enhanced Raman scattering, SERS) 4% R
AHZE A, AT — 20 3 TH R 2 TR S R A R B
Sheng 258 fif # tf — Fh JE T SERS 11 PDMS #f i
PO 0 L 20t 45 A R 38 4 ORI 5 i R 4R WL
B R, ST N g AR G B O A
Y1) v H G % (M (alpha fetoprotein, AFP) #1448 %A
Ak 157 AL 1 (MnSOD ) 1% BUSE b P 3 7] 25 4l . 7
AR A L A P 4 PEG AL B Dl LA SR KM
FE AT 26 7K T3 T8 P A Bl MW N A & T B B
T B4, 38 A IS EC AR BRN L X R BRI 2 A
“Raman  signal molecule@AuNPs@H-Fe,0,@
cDNA” I A SE AN S S G S amE
Bz 25 W, 8L SERS 55 MK . B HIAL 5
min, 75 £ 5 9 155 R I 3 i G I 25 SR 5 Tl B A
P25 W BRF I 22 (ELISA) 25 AR AT | A I B 300 12 7 44
it — MR RO T

SERS A 5 o #2584 fil & 78 B 2 8 AU
e A A% JEk 25 1 () B A BF ) T L 5 R K 2 ek )
PO B T AR L R T R K 3R 4
WA T 28 T LB BRI A R, O T e R AR
FEAEY AR W EAT R, A T A B RS W e B
SRR o FERRE N SR IR B8 BT AR L
T, LA B AR VAL 3 R A 0 e e ) G

4, N Yang 5 0l 1 —Ff PDMS A4 5 (14 7]
ZE I SERS G 4568 i, A B T 2l 45 45 1 1] 38 W
W PR &K (urea) F IR R (uric acid, UA) ¥ XU AR 52
I, %8 T L AgNPs B2 45k SERS FEJiE , 45
A 5-FAM 286 AR i i 38 B (4 % 8 4w 2F 17 4 55 1 4l
3. KA 632.8 nm % (0.5 mW) Bk, B4 it ]
5 s, i@k W 1325 em ™ ALY SERS 15 5 A LT
Ji&sE B o3 BT AR TR AR R B RO 1R
FE A S I v, 2t ) R T R PR T A% G I R I
for U, o B Pk 5 2 A > O D S AR A9 I ik B A 58
1E 55 1 PR G T 45 SR A 22 45 /N ), SRy B O A 5 1 E )
S I B T — bR B

O 27 T 5 365 T A A% J% 2 T 1 L v R B o
i S MR DA R R A R AR A5 B R B FE AR
W POCT w3z T Wb g s s 0 G 0 o it 7
o ) A5 Tk . SR, B H AT 28 B AR SRR A G
BT M BT R S AN AR — R R . Bl
PR RIND e I =8 Rl B NN TRTE DS E T
N CE @ NINESF2 S5 I e 3 1 R G Tl LW LN L B
1A Y br Y POCT 48 % 4% H 25 | ZAI/ER .
3.2 ELERREE AR RS

FE 25 BLIE 0 R AL J i 4000, H A 27 3 T A 1% Je%
w E B R Skt . LT /ENLH
T R 5 AR A5 A 5 51 R B H Ak AR S s, ]
B A= 7 i 7 DAR I, AT A& i 2 A8 T i
UL 5 4 Ak DA KA B A5 R o B ot s
RS R e  ety RN 1 i A e S R e S i
BT 95 30 P AR A% B, R P Ak 2 B I 428 3 AR A% JR
Ao FOLAb 27 O 958 A C MR AR IR B il S T Ak e AR
TS B0 A B B R a5, AT S IR AR A A R PR
RIS A AR A POCT 24t T —#
FA AW ¥k o TETF R BT PDMS M T o 45
O 1A L AR A T R G L AR AL R AR I, % T PDMS
(4 151 53 F 45 M RB A T i — Fh 4 2% )28, B4 AT Y
H 4 2 Pk BB 12V BE A A 2 1 TG AR 1% JR 2 1 BF
AL T A J) I, AT AL 2 AE S T e $R T
TR B R PE L A, PDMS Y AT S E 5 5 N T
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JE B S3E P BB 05 4 Al B B e T ) S B 7 KON fl e
T S5 M AT E L A AL AR P RE o kA, S B
PDMS W30 T4 R | B8 il 2 th B 25 5 A% =4k 45
A B AR IAE A5 588, Ay HEL Ak 2 3 TG AR A TR g ) 1)
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H, Ak 27 i 45 TG IR 1 IR gR e i 5 HE 5
TR W ARG A, 2E— 20 $& T4 I 52 50 (i Bl
it A Ak T2 VL L 9 K A BRI R RN 45 ) o HL A 2 LI
P 305 T A A% JRE AE R AR WD bR B ) POCT 0 B8 ¢
B Tz 0 R H R S, 38 A Rl I A R 1 R
b B AR R DL B A 2 AR IR Y e RORE AT A
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3.3 MWESRIRE ISR AL RS

FI 0T 45 3 TC A4S A% B A8 A= D)o LB 5% i e
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AR IR 2 A R R B B . 7ESEBR N X 28
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5 2 B TG 97 A0 AR A% B A 1 3 T 2 E BUEE A AR
KN R R DL ER S IR EEY
Prii ¥ POCT SUBARAS )12 W T, A T 18 3 i A
R . 7E PDMS fof i 45 4 Be AR 1% e A iy ik 2 5
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Tl AN [] 288 78 7 G I B AR AH 45 6, AT R A 1 A
P38, 7 — 8 T E I R ARG 0 45 2R i 25 il
Lin Z&"U Ry T —Ff PDMS i #2005 B 56 B 1k
2PN R S AL AR A 45 A R AR R o LG IR
fi 988 40 Y (circulating tumor cells, CTCs) H A% JF
71N 48 9 it 5 (non-small cell lung cancer, NSCLC)
NCI-H460 il NCI-H1650 41 fitd 4y B 53 45 AL, £ Bl 34

WA R 4 i Hp 28 [R) A 2 e R - B B (Hey-
thiol) 4% & #5 iC 9 CTCs #4770 & . F & T
RA16 fil EGFR W Ffi if i f& /& i 1) CulnsS, 44 K 1
i IR O Ak 2 AR IR GE 2 R G AT A B A R
CTCs(RA16 Jil T4l 3k NCI-H460 41}l ,EGFR Jil T
3K NCI-H1650 4t il ) I #2 s s i 5 5, 52 3L
BRI . AR A 1F T, CTCs 194 B 40 % A4l
JE 3 503k #) 83.4% 1 76.8%, 7E 100 cells/mL (il
B 1A w3 R g e 3 0 75 NCI-H460 4 g ¥k
JE & (107+£5) cells/mL, NCI-H1650 41 ity ¥ & K
(87+4) cells/mL, % 615 5 5 UE 25 5 43 51 Ry (110
4) 1 (85+3) cells/mL, iZ i 5% iy NSCLC . 1] 4 ]
G R PPAG R AL T — A B SR 50 S e R
AR T L

A KRS 25 B0 U 8 32 T AR A TR i 1) F R
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RAF R85, Bl Chen 25 B % Hy — F 42 1l X
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I8 C R Ty fig Ak 2% 1R S v AR T R R 40 M, i B
L TE AZ A7 B A () 50N 0 BE A [ B 41
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T ik WA () 35 T A 3 PR A R - CD133 i AKX
I3/ 3 Hep3B 411, GPC3 i it {4 X f8 4 3 HepG2
A . R FH 2P AR OGN AR 0 R A0 A D E AT 28
6 &, CTCs 43 85 80 %235 8] 90%. % .th Jr 3ft B
PEC 11455 R 505 A58 56 AR 9 HEW M (PEC I £ 4k
WOk AT S PR R RO E 5 9O MU e 5L E AT
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o e S P R RO R 5 B AT, R IR A e
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JRUAE U 2 AR 8 3 TC R A% R A S TG
FE RO AR R B A R H A AN AT gk
G Hb A7 AE — B8 S5 S BR8] 79 RS Y B R T i
LA 5 A BT P A 1 0, 3K 0] BE 2 6 e 2 A I 4
ST R M o LA, U T I 4 3 O AR B AR 1
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Table 1 Performance indexes of biomarker aptasensor based on PDMS microfluidic chip

Ap-
Detection tamer
Strategies of specificity Targets . Linear range LOD Ref.
method modifi-
cations
Colorimetric  visual inspection or quantitative thrombin AgNPs 20-5000 pmol/L 20 pmol/L [91]
analysis by scanner
Fluorescence measured using a cell imaging NEV released miR / 10°-10° EVs/mL miR-223-3p: 0.61 [95]
microplate detection system fmol/L; miR-425-
5p: 0.24 fmol/L
collecting fluorescence signals ~ S.A, S.T, V.P AuNPs S.4andS.T: 10>-10° S.A: 36 CFU/mL; [96]
for quantitative analysis CFU/mL; S.T: 39 CFU/mL,
V.P: 10'-10° CFU/mL V.P: 7 CFU/mL
Chemi- biotin-labeled hairpin probes en- miR-21, miR-155 / 1 fmol/L-10 pmol/L miR-21: 0.39 [97]
luminescence able HCR amplification and de- fmol/L; miR-155:
tection 0.49 fmol/L
Raman rectangular detection zone via AFP, MnSOD 4-MBA, 102-10°g/mL AFP: 5.89 pg/mL;  [98]
scattering magnetic aggregation concentra- DTNB MnSOD: 6.23
tion detection pg/mL
SHM promotes hybridization, prostate cancer AuNPs 1-10’ particles/pL 1 particle/pL [103]
enabling signal readout via nano- cell exosomes
probes
target binding to the aptamer re- urea and UA 5'-FAM / / [99]
placed FAM, resulting in signal
attenuation
Electro- target binding to the aptamer im- C. parvum oocysts / 10-10000 oocysts/mL 10 oocysts/mL [100]
chemistry pedes electron transfer
differential pulse voltammetry cortisol hormone / 1 pmol/L-1 pmol/L 0.2 pmol/L [104]
Dual-modal photoelectrochemistry and fluo- NSCLC cells NCI- AuNPs NCI-H460: 50-1x10° NCI-H460: 16 [101]
rescence H460, NCI-H1650 cells/mL; NCI-H1650: cells/mL; NCI-
50-5x10° cells/mL H1650: 15 cells/mL
near-infrared photoelectro- liver cancer CTCs AuNPs  100-5x10° cells/mL HepG2: 8 [102]
chemical and fluorescence imag- cells HepG2 and cells/mL; Hep3B:
ing with supplementary SHM Hep3B 6 cells/mL

AgNPs: silver nanoparticles; NEV: neutrophil extracellular vesicle; EV: extracellular vesticle; S.A: Staphylococcus aureus; S.T:

Salmonella typhimurium; V.P: Vibrio parahaemolyticus; AuNPs: gold nanoparticles; CFU: colony forming units; HCR: hybridiza-

tion chain reaction; AFP: alphafetoprotein; MnSOD: manganese superoxide dismutase; 4-MBA: 4-mercaptopropanolic acid; DTNB:

5,5'-dithiobis-(2-nitrobenzoic acid) ; SHM: staggered herringbone mixer; FAM: carboxyfluorescein; UA: uric acid; NSCLC: non-small

cell lung cancer; CTCs: circulating tumor cells.
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