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THIRAESERSEER I HEATINK, FEARIFER, fFFEH
BPEZESE ML Ak, FRYIR SR, BAHE
Yl AL, ESERSIE S HfEME LA, I, #FFEA
SURS SERS SR 8 4 45, TR T SERSHUAE
B RS AT MR — RO, B PR SR
FREFEMBLE R, R T2 TR, IR
NARHE T AR E IR, (ESERSKANE AL, &4
R TR AR, SRR S R R e
HERYOE TR TR KA BREOR, I IR AR 2
F R RGEIE, AR T RHOE E R BAER ), S
PRBERETERUEIE N A i sh, Sl T Iow kL gt o
PR IR 4 A S —AAER . [RINE, SERSHIMRE R
JESE A A TS . AR, SERSHURTE.S A
B R FAEYE N . Gaods ARk 4%
SUMAERE I AR SERSTIO At i, S8 1 X Py
FIERR A B R IRFAGEI,  HOAS: I SR 480 5735001 ng/mL.
MaZ5 NPT T — R B B0 SO, T4
BB AR EROR, AR5 T SERSIH =,
M SEEE T X miRNA RS HEE 134T

ML AL miRNA A KPR HAR,  SRA e
BB, BRAr GAFEYI L RN SRR S O SR

W B 2, T R miRN AR 9 R S P R R
BRI BRI, XL HE R FURH T, T A
FH& R SO A5, il & e F 41 % (catalytic  hairpin
assembly, CHA)Z—FPHi %M miRNATF 5K FEL,
TTHREMEAL, 7R N Ty BB B n] £
I, TECHARYHHBI T, SERSHLE A AT LB miR-
NA PR A =7 72 R

FEARTTE Y, FATME T —F T CHARSERSHH
WS R, HTR P A CRCH EmiR-122-3pFImiR-
150-5p. Qi R, 156, Hl& 14491k %E(Au nanoc-
age, AuNCs) 52k (magnetic beads, MBs){E N1
SREL. e, KRR EAT AT XA RAAE I R 2 {5
F-4-ZHIER )} (4-aminothiophenol, 4-ATP)F5,5'- —#f
ARAL-2- A FEA H iR (5,5'-dithiobis(2-nitrobenzoic acid),
DTNB)LL } & JDNA1(hairpin DNA, HP,)4 &
AuNCsZ i, & PifSERSIR4TH(AuNCs@4-ATP@
HP |, HIAuNCs@DTNB@HP, ). % %DNA2 (hairpin
DNA, HP,)/ i [E & fEMBsFE I, 4 iRl g R4t
(MBs@HP,_, FIMBs@HP,_,). )5, ¥FEAEW .
SERSH#AEN . WARIRENH M Z 3N NAE T, FEA T Hoz
miRNA fil % CHA S (36— RAF S HUKR), B K &

Au-AgNBs
e 4-ATP
e DTNB
Cmr_ HP+
(. HP12
Cmr_ HP2
HP2.
® wvBs
ww - miR-122-3p
A% r e T - miR-150-5p

B 1 (WBNUF () SERS TR A MImiR-122-3pFImiR-150-5pfy A (a) SERSTREN -G A AL (b) SERSTHFAL A 6 2
Figure 1 (Color online) Schematic diagram of the SERS microfluidic chip for detecting miR-122-3p and miR-150-5p. (a) Synthesis process of the

SERS probe; (b) detection principle of the SERS microfluidic chip
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HP,-HP, & &¥)(AUNCs@4-ATP@HP,_,-MBs@HP,_, il
AuNCs@DTNB@HP, ,-MBs@HP,.,). TE IS REEk )
fEHIS, HP-HP, R S ERHIEIEREN, B3
HESRSERSAH 5 (B kA5 5 HOR).  M#E4-ATPFIDTNB
FE1083F11330 cm ™ ZbEAF 4 B A58 15 8 miR-122-
3pMImiR-150-SpfFP AR B, IRALSEIR 45, PFAh
SERSHUIm A By RAGEE . EE M. o mEE s
. e, fHEHIZSERSHR TR kil e A FICRC
I TP miR-122-3pHImiR-150-5pF ik K AU 2% 5.
J T B UFSERSZE SR A HERPE, (1 FHqRT-PCRIT VLA T
BIE.

1 FRST5%
L1 RIS

HAEMRMHAUCL) . 75K I (hexamethylenete-
tramine, HMT)., FHFREL(AgNO;). PLIRIM AR (ascorbic
acid, AA). T75bidk = H B b4 (hexadecyltrimethy-
lammonium chloride, CTAC), S &4 (NaOH), Wiz
£R2% wpEh 7K (phosphate buffered saline, PBS), MBs. ik
iR (HCI)FI = Z TS (CoH, sNOs) I [ [ 24545 e Ak 2 )
ARAF(PE). 5,5 -6 UN-2-iF 5 H iR (DTNB)
W H PRI AR 2wl TR IR AR S TR Ak,
qRT-PCRAGIN ] &0 1 KA A YR By A R ).
A 25 5 7K L BH 6 18.2 MQIMllipore R 4
il . RN CHAR NI HIRAZ TIPS, 4EHP,, |
HP,. HP, FIHP,,, HAGZEFHACHSI(MTI-1HIMTI-
2), HRELEEEC S (MT3-1HIMT3-2) FIBEHLRE 31 11

F 1 LEHCHARRMER B ERTS

Table 1 Nucleotide sequences used for CHA reactions in the experiments

H A T A TR B AT BN ).
1.2 IRRAEACR 4

KK B R BB B 320 16043 1 i
A, HofdsE 4RI 46,12, BvE2001, tE104;
CRCEZ VIR 6624, T 1841, ZobE12/4. FrfZ
KA WEZBNERES, HRARAR T AR
= Bt = 2 AR B2 D1 25 1 B A AL HE(NO. LW2024008).

1.3  AuNCsHIEK

FIFH B 7Bkl 46 AuNCs. BB IR N Bk,
TEZE IR F¥100 mL 1% HAuCL 53 mL 30 mmol/LAY
HMTF LAT700 r/mindif #4142 min)5, EREIEGAS
550, RS, #0.5mL PVPHIT00 mL 10 mmol/L
AgNOs A R W it —2E . fem, 50 mL
0.1 mol/LIJAANN AR S WARZR H. Freedii b B 2|
A, EERTHEI2h RMERE, U
700 r/min 5.0 N ), HFUTTE Y R ES mL 2
BFKH, 153 AuNCs.

1.4 SERSHEH RIS
#4-ATPHIDTNBAE A 2[5 54> Fil it 4 -3t
PriE i S| AuNCsR I, HEAATHP,  FIHP,, [FFE L
G-t p s ny gy AT A, H A PR SER SHR 4T
(AuNCs@4-ATP@HP,_ HIAuNCs@DTNB@HP, ,). H
AL BRWE . ZERIZIEFE T K 4-ATP/DTNB(200 mL,
2 mmol/L) 5 AuNCsiAEW (8 mL)IEG. il b5, Fir
#1435 I TECPZE ik (160 mL, 1 mmol/L)i%fLHP,_ Fl

HFR FF3(5-3")
miR-122-3p AAC GCC AUU AUC ACA CUA AAU A
miR-150-5p UCU CCC AAC CCU UGU ACC AGU G
MTI1-1 AAC GCC AUU AUC ACA CCA AAU A
MTI1-2 UCU CCG AAC CCU UGU ACC AGU G
MT3-1 AAC GCC AUCC GC ACA CUA AAU A
MT3-2 UCU GGG AAC CCU UGU ACC AGU G
Random ACC AGC UCG AGU AAG GAA AUG
HP, HS-TGT TGC ACT ACG TGA CAA TGG TGU TTG CCT CAG CAT CGA CTG CAA CAC AT
HP,, HS-AGC TCC CTT GTA CCA GTG AGA CTT CTA GAC GTA CTT GCT CAC TGG TAC AAG GGT TGG GAG A-NH,
HP,, TGA GGC AAC ACC ATT GTC ACG ATA AGT CGA TGG TCG TGA CAA TGG TGT TAC GT-NH,
HP,, ACT TCT AGA CGT ACT TGC TTG TAC CAG TGA GCA AGT ACG TCT AGA AGT CTC ACT GG-NH,
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HP, (10 mmol/L)53 5|/l A4-ATPFRiEJAuNCs(DTNB
FRICHIAUNCs)H, K12 h. KRS/ BE80 uL
BSA W (1wt%)H, W E 60 min, #AJ5211£(9000 r/min,
25 min). SERSHREN B BT il 4%

1.5 ik TIRE

TR TR Rl 2o R RN S 2 B ) 3SR S g, Hf
AIEACHYHP,.  FIHP, B EIMBs % i LK Hl %,
HP,_ HIHP,,7E95°CHNHAS min, 1841 2 %155 FE—
. FH2 8 F/K4i{EMBs (40 mL, 0.5%w/V) =K, X
J& BT EAE 180 mLZE M . FFEDC (0.15 mol/L)
FINHS (0.1 mol/L) 5 Fr 5 ¥ W AE il ZUdi k F IR &
50 min, M TR ERRAE. Tk, HKHP
(1 mmol/LYIMARAY T HEE LI, &a, B
WA TREME 85, DA RBRARTERNTHP, DRI AR R
£ (MBs@HP,., FIMBs@HP,.,).

1.6 fimdas h ikl

il VE—Ff i PDMS 56 FIBEE S 20 A, HAB AL
RGeS R SR K 2949 mm, 5522 mm, JEEE
5 mm. Z6 A H LA =&k, (1) 34 I0EE (3 mm)
FE I T8 (200 mm,  TEFE300 mm): FEMEIEEE
WK EA TS MR EAE ], AT 5] EIR SRR
N, PEPEE BT A VAR Y. (2) BEMEIREIX (K
1.8 mm, $20.75 mm): FEIUEE = FH Tl A7 ARG 2 iy
R PR A FHP - HPYE A4 RFEIE /MG (4 mm)Ee
HEREPEW S| 7, P IMBs AT 851, MIT7ERR I
EEPRAEEENE. 3) FURE: BAERIEM, N
SRR WA T s AR AR ER B . B R A =
T B, TEAutoCADHMF sty 6, 35
PDMSHU S F IR, SR, BT U5 A
B, BB ARG b, #k10~15 min, THEFEUE. 5 F
¥, Wk FSU-8IE, JEIE1 min. FHEEAME RS, BRSE, 75
95°C N #fE2 minj5, HALIR OBRAEWIZH, LLATIE
JEEE). S NEER Y, SRR, FPDMSHR
Y SIREEIR A, fEEA P T T ORMBEAE, BIFE
fEZ530 min, ZPRAHL. Tk, IRAWIEIFE R
b, FEAET2°CHOBMR ECE 2 Wik, WA EERE,

Bt LHCFPDMS)Z, VIEIIFFTFL. A LB AT
BRI P UES min. B B 8 i — R TPEG

I, AT 50°CHE & 30 min. FHHEEBGH, H S HNEEDE
He, CEBH. THEBETALIH30 s, W H S s ARk,

o, MR A
1.7 SERSK:

FERTI AR D, KRS . HFRmiRNAFISERS
RET 43 BT N 250K B2 IR . YR E A 3 P T
PLH shifi shItiE SRk A, = P 8ICHAR WK
BUHP,-HP,Z 59, SR)5, (il S0x 45l HP-HP,
BEYRISERSIGRE. BOGIEK 785 nm, BRG] A
10 s, JIF K5 mW.

1.8 Uik

A PG i 1 3 e inViahi 2 G I T
K. i FHJUNICO 2100 PCEEAM-1T UL BE A6
A KA R 2 Hh- 1] UL -3 21 A (U V-vis-NIR) O 1.
i HIS-4800 11 37 & 5494 W/ BE(SEM) . Tecnai 12i%
ST B4 (TEM) . Tecnai G2F30 S-TWINS & 55
S PEER S S T B AR (HRTEM) R AE KB BHE S5 f
45H4.

2 RSN
2.1 AuNCsIFRAE

P TEM A1, AuNCSIESIE], ShHhas isr 5 (Rkah
¥, SEYIREIRE H14.22 nm, FHK #35.92 nm ([E]2(a)).
AuNCs 1 i T 8] B550.240 nm, FHIAuNCsisE7E
{11131 FAE K (E2(b). AuNCsTE675 nmAibh B TR5R
FILSPRIZISIE(E2(c), MEEHhER). 7RI 785 nm, ¥
JCHREES mWEET, 4-MBAFRICAuNCs[#SERS itk
(K2(d)), HAE1075F11592 cm™ 42k 6 ] WLARAE 1543 531
FHZRIA b C-HIf N 25 I 4R SRR B 28R sh 5 RS, A
WK B 255 T A A58, AuNCsTEE A
LS SERSHY MR A . SERSHGTR I S 8 2l
AuNCs i 5 A LSPRALN J P AMEE 2 [B] A LSPREG A 5 |
A, I FEPL 2 (55 B3, 4551 E I AuNCs AT LA
VER AR AR S5, H T SERSHRET 1yl &

2.2 SERS#EEHHIE AP FAE

i T SERSEREN X SO AR # FEEL, K XTSERS
TRET(AUNCs@4-ATP@HP )& B B k4T T R 4E.
SERSHEF 3 Fh DI RELSAALLAL:  AuNCstE i Ik,
4-ATPYE MRS F, HP L ENCHAR N Z —, HIT
HISESERSTH 5. ANE2(c)F/R, 1E4-ATPATHP, 4135,
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B 2 (MM )AUNCs . MBsHIE SYRISEHFRAEK. AuNCSIITEME4 (a) FTHRTEMIE{£(b); (c) AuNCs. AuNCs@4-ATPFIAUNCs@4-
ATP@HP,_, [JUV-vis-NIRJ:ii%; (d) 4-MBA (1x10~° mol/L)F7ic AuNCsHISERSYGii%: (¢) MBsIITEMIEE; (f) H—HP-HP,E &M TEMEIL;

(g) HP,-HP,E AW TEMEN S

Figure 2 (Color online) Structural characterization diagram of AuNCs, MBs, and complexes. (a) TEM image and (b) HRTEM image of AuNCs;
(c) UV-vis-NIR spectrum of AuNCs, AuNCs@4-ATP and AuNCs@4-ATP@HP;_;; (d) SERS spectrum of 4-MBA ( 1x107° mol/L) labeled AuNCs;
(e) TEM image of MBs; (f) TEM image of a single HP;-HP, complex; (g) TEM image of HP,-HP, complex

FHAuUNCsTE675 nmAb 15 LSPRE B 43 5 418 2|
681 nm(ZL (4 thZE)F1697 nm(iE (ah<k), S Aps b Fizr
F& I EJE FH AuNCsI R ERE 5 2. HP-HP,E &)
1 H SERSHEF 5 SRR EH Z B CHA KN A5 2 1 74,
AU SERSIR S KM ZE A (1. WiEI2(e)UT7R, MBs
S EARZ 350 nm, s AN S) . R ETHLRE Y
BRIEZEM. EROFTR, @it CHAR N L A dsDNA
B I K SERSHRE! [ E AEMBs R 1. [&12(g) (I TEMIA]
1 B R MBs L Z [R5 | )25 3 B AUNCsitE— 2
R, VL EGERIEGUE T CHAR N AR F71E. SERSIHESH
“PS > F AT TMBs R AuNCs Z [8] L & A [RIHP -
HP, 2 AW EHAL, HERUHP,-HP, & Sk 2, r=4k
fISER S5 S tloi.

2.3 R BPERICHAY B I f PET AL

A& SR [R] B A I miR - 122-3p AmiR-150-
SpEXHEE. [fif4-ATPFIDTNBTE1083 11330 cm™'4b
B AF AR CAS I miR-122-3p FImiR-150-5p. A& 3(a)fr
7N, B E 100 pmol/LAYmiR-150-5pia ik 5 A [k B
AmiR-122-3p W (( 1) 100 amol/L; (1) 1 fmol/L; (1)
10 fmol/L; (IV) 100 fimol/L; (V) 1 pmol/L; (VI) 10 pmol/L)
IRA G HMISERS G, 1083 cm™ AMAF I (138 5 i 5
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miR-122-3p¥fk BF B AN G 38, M71330 em ™ ZbHRAR g
BB BRSNS P, miR-122-3p A FELE X miR-150-
SRR JL-F- IR, YmiR-122-3piA Wk & — & I,
5N [RIHR B B miR-150-5p¥ R A 5 247 SER S,
AT LAAS 2 R () S B0 45 SR S5 18 (1813 (b)).

F T RAECHAY AT f 71k, LAmiR-122-3p A4l
PEAT T B K IR, W3 ()R, MIKiE4TT LG
i, HP, (VKIE3)FIHP,. 7E 5 A MGG L T A S K
HEZRAE N . YKGE SHEHP, . AImiR-122-3p7EM & — Bei
[ JEIRAY, HILT — AW A, K miR-
122-3p ] ABGE AT IFHP 1 R Je 254 . itk — 20
HP,_ I AFIHP,_;-miR-122-3pH, FE¥kiE6HE T —4>
BZA, IEBE R T — 1 PR KNS, JHH
Bt i miR-122-3p. X—Z5RIAE T CHATE SRS
W B AT A T

2.4 SESSEOI

T AR ARG R, AT T ILA
B SHL, CIEREA I E] . SERSIREFIGIARL, Znp
VWA, IR ()R, 1083711330 em™ FRAF i Ah
HISERSHR & B AN, 40 1S ES minfi,
BRI LK. HI, A E 5 min. BT
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Microfluidic number Microfluidic number
(d) (e) 13000 (f) .
12000 11083 cm™ J— —=—miR-122-3p miR-122-3p
= 11330 em! M 12000 —e— miR-150-5p 12000 miR-150-5p I
3 10000 I = _
s M S 11000 E) I
> 8000 & 10000 S 9000 {
b~ > P
2 6000 M = 9000 = 1 I
& f @ @ 6000{ 1 I
T 4000+ & 8000 8
= £ c
£ ] £ 3000
20001 7000
i m 6000 |
051152 253 35 4 45 5 55 1 2 3 45 6 7 8 9 10 Tris-accetate PBS HEPES
Time (min) Volume of SERS tags for miRNAs (mL) Category of buffer solution

Bl 3 (R0 U S FICHAY S8 T A PR IEAS RS2 804k, (a) RIFIHRE BImiR-122-3p- 5 miR-150-5piR A i 7E 1083 H11330 cm™ b
HHIE 4 1 SERSHEJE TR R (b) AR JE AYmiR-150-5p 5 miR-122-3piRA A RE 10834111330 cm™ AMFAE I AYSER SHR BE UL . () T4
lmiR-122-3pAY CHA%H BY JCZE SER ST 45585 A AU BE I HL Tk % 1kiE 1: Marker; VkGE?2: miR-122-3p; VkiE3: HP,.; Jkifi4: HP,,+HP,_; JKiH5:
HP, ;+miR-122-3p; Jkifi6: HP, 1 +HP, 1 +miR-122-3p. SIS HLAL. (d) EE I H); (¢) SERSIREFAIAAR, () i yRhE

Figure 3 (Color online) Evaluation of cross-reactivity and feasibility of CHA amplification and experimental optimization. (a) Line chart of the SERS
intensity of characteristic peaks at 1083 and 1330 cm™' for different concentrations of miR-122-3p and miR-150-5p mixture solutions. (b) Line chart of
the SERS intensity of characteristic peaks at 1083 and 1330 cm™" for different concentrations of miR-150-5p and miR-122-3p mixture solutions. (c) Gel
electrophoresis image of the CHA-assisted pump-free SERS microfluidic chip for detecting miR-122-3p. Lane 1: Marker; Lane 2: miR-122-3p; Lane 3:
HP,_;; Lane 4: HP,+HP,; Lane 5: HP, ;+miR-122-3p; Lane 6: HP, ;+HP,_;+miR-122-3p. Optimization of experimental parameters. (d) Incubation

time; (e) volume of the SERS probe; (f) type of the buffer solution

BEE AL, SERSERET HIEMTHPHA T UL 252 i CHA K
(1) 55— AL E3(e) Bm, MIABUNT6 pLif, miR-
150-5p7E 1330 cm ™' 4b A4 5 i bt %5 SER SFRET A 38 i it
B, YA T6 uLit, SRR R x4
FATRE S S S RS A G, Ik, miR-150-5p
f i SERSTRAHATA N6 pL, miR-122-3piY#i& SERS
TREF R R AL ]S uL.  H TSR 0PI R S 25 I 4
AR, VPRI 1 5% RO R RS R U A G
B B3 B T AEAN A G2 TR R 2 SR A 5
PBSZ il /i i i A 2258 850%. [Ritk, PBSHEIE R
Jer SS9 2% R

2.5 SERSHHHLE i HRAE

LT RE L BRI AGE B inAE 1, DA R
AR, 4(a) B SRR L 25K Fe ik ) AR Uit
ReREEA B ANEH SR s R A shiish, 7260 sy ik
BAEIE, BTN, P, A 8K A

PERA NN, E4b)ic sk T El4(c) h A~ X1
SERSY:iE. TS E7E1083 em™ A2 7E1330 cm ™!, X 45
I B A 155 5 BE ARz /N XL A T 1EAE SER ST
T R A AR e [R], eI A rp, AR B[R] X
SRS AE 28 B4 TSERSKN. AnPEl4(d) iR, Bl Rt
[ 3G, BORBZHP,-HP,E SR, 511083 F
1330 cm ™ A ERAF IGGE B A 345, 24 E]) A E]S minf,
K AT . B, SERSTHORHGE R B
TP RGYE & 2 B RE T, BRI )4 S min.

2.6 SERSHmIEGHA I ERM: . o tEAE R
PEVEAR
TERLYI % SERS U s I, X ERE#EA 1T
flfi. (1) ATEEE. SN RO 5 I SERSRLR
5505 F AN A ] v JE miRN A s M (miR-122-3p AlmiR -
150-5p# BE 4 471 nmol/L)ISERSIEIE.  {l&5(a) iR,
LS 2 mLFE A ZER. KS(b)A1083F
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Figure 4 (Color online) Characterization of the SERS microfluidic chip. (a) Digital images of ink automatically flowing in the microfluidic channel
over time due to the capillary action; (b) photographs of regions I and II in the pump-free microfluidic chip; (c) SERS spectra measured for regions I and
1I; (d) line chart showing the intensity of characteristic peaks at 1083 and 1330 cm™" for the HP,-HP, complex in the rectangular collection chamber

over time
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Figure 5 (Color online) Performance evaluation and quantitative analysis of SERS microfluidic chips. SERS spectra (a) and bar graph of
characteristic peaks (b) of five different batches of SERS microfluidic chips detecting the same concentration of miRNAs solution; SERS spectra of
SERS microfluidic chips after 1, 7, 14 and 21 days of storage (c) and line plot of SERS intensity of characteristic peaks (d); SERS spectra of blank,
random, MT1-1&MT1-2, MT3-1&MT3-2 and miR-122-3p&miR-150-5p detected by the SERS microfluidic chip (e) and SERS intensity scatter plot of
characteristic peaks (f); (g) SERS spectra of serum miR-122-3p and miR-150-5p at different concentrations (100 amol/L, 1 fmol/L, 10 fmol/L, 100 fmol/
L, 1 pmol/L, 10 pmol/L, 100 pmol/L and 1 nmol/L); (h) calibration curve between the intensity of the characteristic peak at 1083 cm™" and the logarithm
of miR-122-3p concentration; (i) calibration curve between the intensity of the characteristic peak at 1330 cm™' and the logarithm of miR-150-5p
concentration
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Table 2 Comparison of the SERS microfluidic chip with other miRNA detection methods
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Colorectal cancer (CRC) is among the most prevalent forms of cancer globally, with a high mortality rate. In response to the
urgent need for improved diagnostics, this study presents a novel approach that employs catalytic hairpin assembly (CHA)
as a signal amplification strategy, in conjunction with the rapid enrichment and separation capabilities of magnetic beads
(MBs), to construct a surface-enhanced Raman spectroscopy (SERS) microfluidic chip. This chip is specifically designed
for the detection of two CRC-related microRNAs, miR-122-3p and miR-150-5p.

The SERS microfluidic chip is fabricated by synthesizing gold nanocages (Au nanocage, AuNCs) as a liquid
enhancement substrate. Two Raman signal molecules, 4-aminothiophenol (4-ATP) and 5,5'-dithiobis(2-nitrobenzoic acid)
(DTNB), along with hairpin DNA1 (HP,), are used to modify the surface of AuNCs, creating two types of SERS probes
(AuNCs@4-ATP@HP,_; and AuNCs@DTNB@HP,.,). Additionally, hairpin DNA2 (HP,) is immobilized on the surface
of MBs to prepare two capture probes (MBs@HP,_; and MBs@HP,.,).

The detection process involves introducing the sample solution, SERS probes, and capture probes into three separate
inlets of the microfluidic chip. The target miRNA in the sample triggers a CHA reaction, leading to the formation of a large
number of HP;-HP, complexes (AuNCs@4-ATP@HP;_;-MBs@HP,_; and AuNCs@DTNB@HP,.,-MBs@HP,_,). These
complexes are then enriched in a rectangular collection chamber under the influence of a miniature magnet, significantly
amplifying the SERS signal. The presence and concentration of miR-122-3p and miR-150-5p are determined by the
characteristic peak positions and intensities of 4-ATP and DTNB at 1083 and 1330 cm™', respectively. The SERS
microfluidic chip offers a linear detection range for miR-122-3p and miR-150-5p from 100 amol/L to 1 nmol/L, with limits
of detection (LOD) as low as 19.74 amol/L and 16.35 amol/L, respectively.

This method is characterized by its simplicity, speed, and ease of operation, with the entire detection process being
completed within 5 minutes. It also offers a wide linear range and low detection limits. Moreover, the SERS microfluidic
chip exhibits high stability, strong specificity, and excellent repeatability. Using the SERS microfluidic chip, the expression
differences of miR-122-3p and miR-150-5p in the serum of healthy individuals and CRC patients were accurately detected.
The results indicated that the expression levels of miR-122-3p and miR-150-5p in the serum of CRC patients are
significantly higher than those in healthy individuals (*p<0.05). The SERS microfluidic technology provides a reliable
alternative approach for the detection of miRNA in clinical samples, which is instrumental for the early diagnosis and
prognostic monitoring of CRC.
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