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Abstract : Polystyrene(PS) spheres were used as a template, and the metal-assisted etching and wet
chemical etching techniques were applied to prepare large-area Si corona-pillar arrays, silver nanop-
articles were then grown in-situ to obtain silver-covered Si corona-pillar array ( Ag/Si CPA) sub-
strate. The experimental results show that the prepared substrate has excellent surface enhanced Ra-
man scattering(SERS) characteristics, and its electromagnetic enhancement factor is up to 1. 81 x 10°.
Meanwhile, the rhodamine molecule (R6G ) -labeled DNA hairpin probe was immobilized on the sur-
face of Ag/Si CPA substrate, and SERS signal detection was performed for getting the corresponding
dose-response curve after complementary hybridization with various concentration of microRNA-
106a. The results demonstrate that the detection of miRNA-106a, based on the SERS characteristic
of Ag/Si CPA substrate, exhibits the advantages of specificity and high sensitivity with the limit of
detection of 0.917 fmol - L ™" in the detection range of 1 fmol + L™' =100 pmol - L™'. In addition,

compared with the real-time fluorescence quantitative polynucleotide chain reaction ( RT-qPCR )
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method, not only the detection results are consistent, but the detection method based on SERS spec-

troscopy has a higher sensitivity.
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W, BSR4 PR (PSA) TG 11 (AFP) B
P (CEA19-9) 43 51l 5 HiT 5] S ik | JHF-Js 1 e
A R SCIPE ) R B R B (ACTH) I
SRR IR B R (HCG) J3 %1 5 /0N 48 i 92
FLIREE A 5 G I E 0 5 i B PR 7= ) o A BRI A%
WER% 2 miRNA-21 5 miRNA-106a 23 J17E 5 i 5
f i p g B R HRE, AR & R
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1974 4F | Fleischmann S5 7ERRE 19 4R H AR 2% 1
PR T SR B S BT ( Surface-enhanced Raman
scattering , SERS ) %N , {4 & 2% 11 W Bt 43+ B hr
BFS AW AR FRREE T RE RN
K G5 HE) JRy B 3 1 45 B F IR LR (LSPR) Rtk
SERS i A, iy 2 A P Al Ry 9 48
SUERHIE, 7T LA AP R 2R, 51 T A
T KA SETEST ) BT, Morla-Foleh 217 A1) ]
T R A A B AR 9 KRBT (Ag NPs) [ 671
HLMER) RNA, #E47 ToAR12 SERS Kzl #1434 RNA
5 F 25K ; Guven 2617 FI) FH 4 LR 5 4 9 K AT
TREF T T 3T SERS WY BN 5 = A
M7 5, FExHREAR ) miRNA21 FEFTRE I, H:

KA BR435113%3 0. 36 nmol - L™' 5 0. 85 nmol -
L7 — W5 A A i) 4 2 DU AR Ak = 4k
TP 4 KT FE RS RN — SR AL Rk AL B Kok T
Bt RHIIR FR AR 4 miRNA-141 JEATAG I 46 )
iK% 1.8 pmol « L™', SR, /S miRNA J&—F
SRR i AR AR R AR A W, (H TR g
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2.1 RFE5LHE

S i I 5 43 B 46 . 4- B R R (4-
MBA) Fl A5 R 4R ( AgNO, ) ) T Sigma Aldrich 2%
Al SRR (HF) 4R (HNO, ) W F B i T 5]
HRRA T BN (PS) INERIA TR 5 A= )
BHEA PR F s RNA 225828 vl (T S IR B, ¥k
B =40% ) W F At 50 B AR AE WA R A Al TE
GE i B 75N EERHE YR A R F S R6G
B 5 miRNA-106a 56 4 T AMIC AT A 2% 1 R
(R6G-DNA-106a) ., miRNA-106a ., 5 miR-106a
BRCHE £ TiC A9 A% B2 ( U/C-miRNA-106a) LA & miR-
NA-21 ¥ A L REEY TRA AR, L5
FHZK LN 18.2 MQ - em ™' 1y HE4EK

F2 Y S A A - 5 K S A R B OB
(SU-70, H 7 Hitachi 28wl ) 5 i #5 X hr & OG5
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2.2 Ag/Si CPA EEK&H&

Ag/Si CPA B A s it B an &1 1 Fros, il
FAEBUR . (1) W L-B BEAERALN 5 em x5
em MRE R VAl — )2 B HERR PS /NER1E AR,
AP 1.5 nm JERY Ti BEHT 20 nm JE#Y Au
IR, SR 5B Bk 3 A HE/H, 0, (25:2) Wi, 6%
PSR RN 2 min, WIZE Ti/Au 43 )8 2 AL/
N HF/H,0, BB kB8 SRR FE S 5 (2) K
FERERESIZ A AgNO, (2 mmol + L™") HF(2 mol -
L") F1 HNO, (5 mmol - L") 4§ AIR ST,
JWE 15 min J5 BCH & /7, H HNO, (10 mmol -
L") YR 2 min, i T REAE 0 T0 0w 34 2% 2 A IR 45
fn P, DL T 0 100 2% B S 20 0l LA R S UK,
R TERERE T IE B 5 J2 6 B 10 76 R Ak A 91
(3) e HF (10% ) b BRFEAREEFERE 51 10 min, 7
B HBE A AgNO, (5 mmol - L") ¥ H K I 3
min , W FETEER AR A 2 T AR ARG T2 I
B Ag/Si CPA FENIK, B 5 FH A Sl /KIS e Ml |, I
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chemical etching
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Wet chemistry etching

1 Ag/Si CPA FEJEAYHI & Hi R
Fig.1 Preparation of Ag NPs/Si CPA substrate

2.3 miRNA-106a #REHHl & 5 551

K B R6G-DNA-106a , miRNA-106a . U/C-
miR-106a Fl miRNA-21 (083750403 1 frs .,
1E R6G-DNA-106a H1, DNA HY 5’ ¥ f&4fi R6G 43
5, WA R R L 7 51 R B RE 6% B RN X
TE R MR, BRAAEHR 2 i B8 3 7 571 E 5 miR-106a
HAMECXT, DNA 9 3 ¥ & 41-SH ; 7 U/C-miRNA-
106a ', BB SLEE O AT R T i C L mg e &
5 miR-106a 1Y R HEIE U F5C

&1 R6G-DNA-106a 5 miRNA HIFE 5]
Tab.1 Sequences of R6G-DNA-106a and miRNA

EZN

¥ 51

5'-R6G-GGCGAGGCTACCTGCACTGTAAG

R6G-DNA-106a

miRNA-106a
U/C-miRNA-106a

miRNA-21

CAGTTTTCCTCGCCAAAAAA-SH-3’

5'-AAAAGUGCUUACAGUGCAGGUAG-3’
5'-AAAAGUGCUUACAGCGCAGGUAG-3’
5'-UAGCUUAUCAGACUGAUGUUGA-3’

FATE J5 4% R6G-DNA-106a ¥ fift 75 Vi i K
10 pmol « L™ TE Z& phis i, AR5 I 80 L i
RO K INIE] 95 C IR S min, BEH
IR 65 CIRR4E 5 min, PRI A PKK G
BEIFEAEFF 20 min, W] R6G-DNA-106a H1 1) Hif ik
750 | B H AMECIE SR R AR ZE R, B miRNA-
106a H% 885, F TE 22 v K il 5 19 miRNA-
106a SREHA R W EERBES] 1 pmol - L1, FEIK
B 200 pL 55 HA RO A B 405 35 e il sfL b
BAFLPHAT 1 em x1 em K/ Ag/Si CPA
LS TEE IR N E 24 h R SR AR,
FIA 20 wL(1 mol - L™", pH =7.4) i) NaCl 5K
LA 3 b, B LR S TE 2% oh s Ve, 5

PRAFEAE TE S opi b4 1 .
2.4 miRNA-106a K&l

T4, H RNA 2258 2% il 4% FR 10 F5 76 B LU
PRI E Y miRNA-106a , 43 1]l £ >4 100 pmol -
L' .10 pmol - L '.1 pmol - L™'.100 fmol -« I.7"
10 fmol - L™" 1 fmol - L™" ¥ 6 A~EE S, I
FEARE AR EL 500 WL % A 22 K B A BRI 21
P55 G AL, 45 B B A AT I R IS A
FASHAL BT 37 CHERA T 3 h 5, B 3
JEAR YR TE 28 wh i FER 40 K 55 Uk, B S &R
W AT 5 225056, BREF Y SERS G 3% il &
miRNA-106a A F2 AN 2 i, i F3EE
EERE miRNA-106a BR4ET BBRIE )T 51 5 Fop A I )
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Fig.2  Preparation of miRNA-106a probe and schematic of detecting miRNA-106a
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FEE P EMESERA K 3 i, mE 3(a) Al
W R REAE RS S Ay S P RS kA B AR
900 nm, FEFEEEE N 1.2 wm, fiEkE 22 (6] Y [A]
Btk 350 nm, Rk T 10 2% bR ; 781 3 (b)

o TR Ak A 2 1) 280 12 A 2 20 ol s B A e IR ik
FERES A To0 I IO 1 00 e IR 4548, e v
500 nm; FEME 3 (c) AT A KB, JRAL A4 K ) Ag
NPs [R5 0048 24 120 nm , 45 K543 78 55 76 e
ARFEAT A T , Ak A 00 16T B35 9 Ag NPs 4070,
B 5 (Y Ag/Si CPA JEJIE ¥ SERS i 2L
TR o 7 e AR R T s ) AR A KR T Y
PERT .

5170'5.0kV/8:9mm X20.0k SE(M) y g ool sUr050kv 8 ﬂmmx SE(\amne

" SRRl SUT0S Okv 9.2mm %20 Ok SE(M

I3 RERERFS(a) \Si CPA(b) 55 Ag/Si CPA JEK (o) U HLBE
Fig.3 SEM images of Si circular pillar array(a), Si corona-pillar array(b) and Ag/Si CPA substrates(c).
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Fig.4 Raman characteristic peaks of silicon wafer and the
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Fig.5 Electric field distribution of the substrates. (a) Si circular pillar array. (b) Si corona-pillar array. (c¢) Ag/Si CPA.

E— S8 S RO, AN, T Ag NPs 2
i) SERS RV, AT Ag/Si CPA J JFE 8 fik 45 11F g
AR

RS bR B FRATT B A BR 2% g3 ik
(FDTD) AT L o A 15, 5 Rl 5 i,
R, ASEIEK A =785 nm, f 3R J7 [ W«
Bl RERIAE R R e = 11,9 SRR E A HL R
BPe,, = - 28.466857 - 0. 364611971, HIl 5
AU AR REAE R 1) 5 e R A AT 27 1 e K H
s B WP ], AL et bR Ak A v T A 22 [ 1)
FLZ758 B3 T R A A I A 1 FL 5 A il
J& Ag/Si CPA [YRERE SR HL 7 98 BE B, — e
PR R O F AR Y 4 YO E Y T
DL Ag/Si CPA BICEA HIF A S8smsEE
3.2 Ag NPs/Si CPA EJKH SERS #5151

JWEFE AgNO, YRBEXT Ag NPs JR A7 AF K 1 52
i), 356 45 R T A0 4-MBA 2 T1E Wi 4510 4
TRAILILK Y SERS Fetk, FRATFERI £ 1M Ag/Si
CPA € FiN 20 pL(1 mmol - L") Y 4-MBA
VST, RPN AgNO, B R il 45 1 5 Fh BRI iR A T
SERS JGig i & , 250 45 1 5 ik — 2, 45 R an &l
6 imm, HIE 6 (a) il UL, 24 AgNO, ¥R AL,
TEFENC 1 A2 el IR fEAE R Y Ag NPs A9 RGT
BN FHAR [ BREE A, 77 A 19 LSPR #5005 24
AgNO, W EEF I, B 4 Fn 5 (9 stk A A 2% i
) Ag NPs A1 s AR, [l BRI /0 LSPR #4 s
/b WAE 5 mmol - L™ A AgNO, & BT il % 1)
I 3 B IR REAE 0T, Ag NPs B9 RSP rp 43
Y5 B A %, i LSPR #4405 &2, X b i1
SERS & ha# . HIE 6 (b) ] L A ), 55

JE 1 ~5 XA T 1 078 em ™' 5 1 590 em ™!
M 4-MBA ROF7 S ARHE IR B e 5180 )N, T 5
JIE3 Y 4-MBA B RRAE I 8 B2 f K, BRI
KA SERS ¥ R, PR s 2 0 T miRNA-
106a HAEI

AgNO,
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WA A A (b) 76 5 B L L &Y 4-MBA (1
SERS Jti%,

Fig.6 (a) SEM images of Ag/Si CPA substrates 1 —5, which
correspond to the prepared conditions at 3, 4, 5, 6, 7
mmol - L™" of AgNO; concentrations, respectively. (b)

SERS spectra of 4-MBA on the above 5 substrates.
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(a) SERS and Raman spectra of 4-MBA on sub-
strate. (b) Intensities of SERS peaks at 1 078 ¢m ™'

Fig.7

for 25 spots on the substrate. (c¢) SERS spectra of
4-MBA-linked Ag/Si CPA substrate at different time

intervals.

[ 4-MBA 73 T4, X B, E 7 (a) H 4-MBA
BT 1078 em ™ AbHr S W RGP R B AR5 Iy =
1.139 x10°,1,,, =8.491 x 10°; SR J& , #3 ¥ 5L 6
SR (BOCEHRER d = 1. 473 wm G8OEERE
HREFL A =0.945 pm® FOLZEIBEIRE h =1. 86
pwm A1 4-MBA 73 F i 5 AL P o =2.0 x 10°
em® « mol ') IF G E] N, =3.817 x 10",
Nggrs =2.836 x 10°, W A2 (1) AT45 £ € 3
B3R F = 1. 81 x 10°, LA, 78 35 I bl
HLHRL 25 A5, W00 2 75 3 4-MBA 7 T 1 078
em " b B P S W EE QT (b) TR 45 A5 I iR
B AR AR ME2E 3. 17 % , 3¢ B LS 1 15 5 1k B
I, [FIBT, B 7 (c) 5t T 5EHE 4-MBA BYFE & 5
JPEAE (] B — J& A — > A J5 I 1Y SERS ik, o]
D3 IS HL A ARG (0 B [0 AR 1
3.3 miRNA-106a B9 47

SEH B %1% miRNA-106a ¥R 41 9 Ag/Si
CPA BLJiEAE 0 91 46 25 i 43 3R A AS [R) vk B 1Y
miRNA-106a Ff T B AN AL | 517
SERS J&i i 2, aniEl 8 (a) firzn, H B AT, 7647
GRFEIE Y SERS JGigH, 7 T 1 650 em ™' b /Y
ROG RAIF WA J3 45 K, 7 B 25 A5 o VR Ak B 1
T R AE e 5 B 2% W 08557 , L3 miRNA-106a 1Y
HWeBE A 100 pmol - L™"BF, R6G H4FAEIEAT: 3 B mT
BRI SR SR EE B A DG PE, TR I
B %P DNA B U A 247 I S AR 7 2 AR A
W7 T 1 550 ~ 1 750 em ' X3, 11 5256 o miR-
NA-106a £ FIRF K A9 miRNA-106a H M58
JE 8 DNA-RNA XWEEHIBEA 7 F 1 650 em ™' 4k
FIRFAE I, BT DL R6G 11 i 1IF e 1E 5 2 47 5 1
L6200 Sk B B SERS 15 55 miRNA-106a
W B2, LA miRNA-106a I E C ARG AL IR,
IR I 505 5 5m 1, 5% & V8 Y 04 A
SRR 12 H AR, 15 BB AR T )
A -m N 2R A& 8 (b) Fis, FEE T, Al 5
miRNA-106a IR C WLIE LR UG B4
T AT =3914. 49556 x C +67816. 64603 , #H X Z
R =0.998 04, X FH,HTF Ag/Si CPA LK
SERS #5:1 #) miRNA-106a A6 B 56 () 3h 25
KGR (1 fmol » L™" ~100 pmol - L"), 3fE X
WAL TS 55 SR A 3 Ahr v 22 BTt 1 Y
HRE A B, U175 %] miRNA-106a F4 46 i BRI
Z0.917 fmol - L',
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Fig. 8 (a) SERS spectra of original substrate and corre-

sponding to different concentrations of miRNA-

106a. (b) Dose intensity curve in logarithmic coor-

dinates.

RS UEAI A5 R R v B 9 A T PIR
FEREA3 5915 miRNA-21  miRNA-106a S5 3k 26 i
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Tk M AT DL R 4 LR 280 8 A R oA
miRNA-21 %32 Ab #1572 F 1 650 em ™' 2L R6G
FRIEIESIRE 1, FLRILRFLIR Y SERS 1558 B/ 1)
W (<11% ) ,5 miRNA-106a BB IEEE RO TR 2%
LI Lgso WD T 28% T HAME) miRNA-106a 4258
J5 Lo VD T 29 92% , Rt AT B A 285 2R B
BLUFA e, BE R AEAE miIRNA A — AL
AR TEL T AL AT SR PR AAGI

)5 , K RT-qPCR 7 A FATH 1 Y miR-
NA-106a K5l J5 s A7 ] SEPE IR, WA [] ik B2
) miRNA-106a FEAEI , 73512547 SERS DG
DN RT-qPCR Kl , 25 R4 T3k 2 h, K2 W]
DIFE R 4SS miRNA-106a #8419 Ag/Si CPA
X miRNA-106a #4745 5 B RT-qPCR J5i%
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Fig.9 SERS spectrum of original substrate and SERS spec-
tra of the substrates hybridized with miRNA-21, U/
C-miR-106a and miRNA-106a of 100 pmol + L',

respectively.
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Tab.2  Detection results of samples

N RT-qPCR/ SERS/
B ] R
(fmol + L") (fmol - L77)
1 10 800 9930 -8.06%
2 776.00 828.09 6.71%
3 266.37 245.23 -7.93%
4 131.37 124.29 -5.39%
5 - 16.99 -
6 - 1.27 -
4 4% 7w

Wi % Ag/Si CPA BYIE R, BF9E T AN [
AgNO, Wk BEXT el AR kAL 4 51 SERS R PR Y5210
IR H miRNA-106a #RE 55421 Ag/Si CPA S
X miRNA-106a #1746 90, 6 i 4% B 3% %] 0. 917
fmol « L=, Z 30 M AR /R 1) R B0 RN R A 1) R 5
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