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E T & MAKAF/PMMA £k SERS #1408 REMEREY TiRIZR N

KWEL R BB KL FRTL R, A B
L THRZEMZRME TR 5 TRA, Wil T 315211
2. FUKFBES A WS S TEWER, H0L G0 315211

3. TUWRFEEAPEM R E RS, Wil T 315020

HOE w0 SR A K 4G B B4 ) o R O T 3R TR R 2 U (SERS) HOR BEAT iy AR PG I Y G
B o SRR Langmuir-Blodgett 7735 » 383 7E S 0KAT (Au NROERTEA LB 75 Au NRs B 2
JKe 5 W ORI S8 ST I 2R B AL TR AR 12 Y IR (PMIMLAD [ 5 52 ST AR 1) Au NRs, JE R T BR 20 A« 35 5) 0%
HEZ ) —4EBEAR Au NRs/PMMA GK 85 F WAL IE . AR5 - SR T 45 B 7 11 BE HOR Ak B3 4 1 2R i . A%
GYUORFF (Au NR) IR TR ER , DAHT SR B R 19 SERS 54k, 505 % B, Au NRs/PMMA JE)E B A {5 K11
SERS #5475 785 nm P A BMOL IS T, 3 K 7R LUK F] 5. 49X 10° . geh, FIHIH & #9 Au NRs/PM-
MA JEJE . T & i 51 B 4 b R A 6 BT 1 i R S PR BT B (PSA) 1Y i RABCTE AR 1 & BRI BF5E . 78 PSA
A TEARICAS I AR . 1 e X PSA R UER IO AL 2R IV BEAT SERS JGIE 09 B E AR . 75 2] PSA 23 514 T
823, 1080, 1385, 1586 fl 1 640 cm ' Ak #Y T AL S AFAEE s FLUK . A Xh PSA ARUER I L I R 55 148 100
REAS B A P LW REAS (9 SERS S6 3% 047 0 52 #0434 07 %6 4 78 PSA Y SERS Sl th 5 L b PSA & 4 4156
ML AR AR, B A1 240 BIAE T 649, 680 LIS 1 640 cm 'S4G AE I, 3 — 2, @ ad %t 5 PSA [FJ&@
B Mo bR S IR 1 (AFP) AR 5 PSA [R] U504 B 1A 00k BE A A 2 ChK2) BEAT SERS St 46 W #1 43
Bro ZBALT 1640 em AR R S AFAEVEXT T PSA HAT i A 7 S 4 o R HLAE D i PR LT A A P PSA TEdRid
FE A I B B R S A B L 2 R AR . T UL R AR . X R ] PSA W A B o U A AT R . A5 B AL T
1 640 cm™ ' A A H7 2 FRAE W38 B 5 PSA BEAR TR P PSA (v B AR S i 0] - iy i 26 o B . R I AR I 3
AR RN . 25 2R R BT, 25T Au NRs/PMMA L) 19 SERS #5285 5 5 46 2 % e 9 5 20 Hr (CLIA) J5 i
ORI A5 R — 2. HLEA I CLIA S iR I R B SR A AR FR O 0. 06 ng « mL ", HIFohric il i [
H0.1mgemlL '~0.1ng+mlL ', Fith, T Au NRs/PMMA SERS £ i 9 85 2 8 8 b 359 e bric
I BAT o 2 AT .

KEEIR  FMIGEPL2EG SURFE s ATY R AR S PR AR iE A
hE KRS 0657.3 XEkARIRAD: A DOI: 10. 3964/j. issn. 1000-0593(2019)03-0784-07
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P g o 151 368. 2 J7 il FETHE I 222. 9 J5 B, TE I/
RN BB MBS EANSEL, BECERGZ
IE RS WA YT . TSR TS o 1 G 9 AE U0 AT B I

WFm BHE: 2018-03-19, f&ITHHER: 2018-07-14

PR, AR AR, R, T REHEEEL
T A R, AN A I R E R, R A N W
0 TG IRTS B BT 09 B 387
AR PR . 0 0L HG T I8 R L
BRI, S S AR S . AN
LW, CEBRERM#ER, —HRERFBEDHK
50w PR N 4 TG A % ) € (senzyme-linked immunosor-
bent assay., ELISA). Jilt # % % M| & ( radioimmunossay,
RIA), {2 K& )4 % 43 BF i (chemiluminescence enzyme im-

ELWB: HRHRF¥IEATH (61320106014, 61675104) Fl T U K% T F5 8 3 48 3 450 H %W B
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* JE IR R A

e-mail: zhoujun@nbu. edu. cn

e-mail: vivien_tong@163. com



5% 33

itk 5 g 4 A 785

munoassay, CLIA)S, {FJ2 i &4 I o F 55 2 5 5t i 4048
AR s FRE T 30 kA A 0 A2 S BR A

2% 1) 1 58 1 8 4T (surface-enhanced Raman scattering,
SERS) A 2y —Fb Fo A5 A R AE 635 3 A BeAR . T LR K3
WAL T R RGN RmMAMIE B FiigFES, ©
BETZ 0L T R B W, Ak A R AE ) 15 R T
Dt R ARG H MR B SERS B s Rk EEIA K TR R H
ZE B TR 4L ¥R (localized surface plasmon resonance, LSPR) 5|
AL LG S 3 5, AT A A SERS 56K TF & il 988 b 75 40 46z 0
HARKMPEHET, BRT, 5T SERS £ A 0 1% 4 & 9
R S B 43 S WS . R I R A I, R ARG R
JEAR A I AT A W — e s ok Ak 2 A R B R
W00k e M 4 G K R 43 - 5 L2 ) AR IC 1Y B 4 A8 K kL
FHEH, @AW EARIE 2 T 1 SERS 6 i 5k B 8] 2 2 AE £
Y&k, BRI ARIC /T SERS 0 B 3% . H 2
AR 7 W 1) B RE A LSRR R, DRI AR R AR L (BRI
FA LA — SO LR S B 5 ANAR BT A S T R BT 3 ALY
FE SR DU R 25 o AR R T R A O . JC A g e B P A
TRFAG BB E AR C 5 T AU & & BT SERS JEJK H #53k
15 Iiga bR A W 11 SERS BIAT S AT 5043 R 2 3 43 A . AT A
JH IR AR W A F A A A TR E A DN ) T B, filn, 22
2135 205 10 9 IR A S5 1 Bt R (prostate-specific antigen, PSA)
VAR A g KR TR RO L AR B L I S AT
SERS #:ill » 3% M1 £ 70 5o 31 77 1 40 3 SERS $di6 . i 2
GRHT TR N 55 R 3 AR B IS T PSA g SERS FRIET .
Chaloupkova & 45 T — B 4% 2 R #& K i 4110 1 37 ( Glutamate
carboxypeptidase [[ inhibitor, Anti-GCP [ ) &1fi ) Fe; O, @
Anti-GCP || @ Ag 9K0L T, 3l 1 751 B 5 1 BT I (Glu-
tamate carboxypeptidase [[ » GCP I ) 5 Anti-GCP [l $T {A& 45
SEPESS A, HEERM GCP I SERS {55 JLAG T AR FRAK %
0.48 ng » mL " f R BR AR P00 BB A5 S AR H S .
T AR B 5t 4 B Ok 25 K9 AR 15 B3R 19 SERS, A REAR B A 5K
BRI A5 R . . A PR AR R AT R SERS R T R
PR b AR B TG AR T A T O T Y DG A

AHFSE R FT 0 ) Langmuir-Blodgett Jy 5 F1 45 8
TR U A A% T AR 4 A K AT/ R T 0 TR R IR
(Au NRs/PMMA) JLJiE . JF & PSA () Thric K 5% . 3 RE
JH T DR I AR AS 1 A . B e i R AR,

1 SEge sk

1.1 UE5iKH

AT UL YE 43 6 6 BE 3 (LAMBDA 950, PerkinElmer) ;
{84 307 8 G AL (BWS415, B&-WTek Inc. ) 3% & 5 114
ML WA BE (SU-70, Hitachi) ;s & = /& 3 ¥ U 2.0 B (TGL-
20M, [ P A B0 AL AR A IR A R s AF BN L
(ZEPTO, Diener) ; #5 JiE VEHL (KS-120EL, T3 i BERH L
M B A R R 5 #E ) BRE A% (ZNCL-GS, 1] B 2 1 AR
HRRARAED .,

4 W (HAuClL, « 3H,O, = 99.9%). #l & 4k &h

(NaBH,) | R (AgNO;) | X 3 36 %8 iR (4-MBA) | R
SN IR W TR (PMMAD Il T Sigma Aldrich 23 &) 75 ke 4k
ZH R (CTAB) . IR 44 (NaOD I F By 5 T 3 71 43 B
o]y PUIRIIER CAAD W TR e il Ak T A R vl s B
K ZBE(C, Hs O, 99. 5% My + [ 25 4 A 1b % 3K R A IR A |
T F SR S PR 0 B (PSAD FR VS WK (0. 1 mg » mL "), H iR
#H M (alpha fetoprotein, AFP) FR#fEE# (0.1 mg » mL™') K&
PR B GO AR 2R 1) W T A6 o BHER A R A R A R
s N R K OBk B ik % 2 Chuman glandular kalli-krein-2,
hK2D) b #E % (1 mg « mL™') g F Abcam /A w); H %
(CoHsCHy 299 50 I FAUM & oAb THRA ;5 #
fiz (HCL, 36 %) W F#i /L b B4 Tk A RA | LA
PEIMEREAS R B B T PR FE 2B E BB .

1.2 #pdlE

1.2.1 &thRAFegH &

% F Joshua & #1456 Gold nanorods, Au NRs!'®, H.
AL BRI - (D HACL % (0.5 mmol « L™, 5 mL) Fl
CTAB% (0.2 mol « L™', 5 mIIRBIRS G, ® A
600 pL ¥R 0.1 mol « L™"yKIF A NaBH, , # & 2 h R
B S FEW: (%% %K 2.5 mL i) CTABC0. 1 mol « L ')Al
NaOI(0. 4 mmol « L™ ¥F W H IR G IF MK 2 50 CRd
FER: HIERAEB P INA 180 uL 4 AgNO; (4 mmol
LY, #% 15 min J5, WA 2.5 mL 9 HAuCl, (1 mmol -
LD I 90 min, FREWRAERTEAE, A 21 puL iR
36 % #y HCL, #7815 min J5, A 12 pL #J AAC0. 1 mol «
LoD, A 4 pL SR (¥ LR 4 1R & %
WEE 12 h 5, AR 3+ 1/ Au NRs,

1.2.2 Au NRs/PMMA X & 4 4] &

Au NRs/PMMA B 5 19 i £ & nE 1 s . Bk
EWF: 5%, BL14 mL 39 Au NRs & #% (0. 348 nmol « L™ 1)
BFE.CHLFLL S8 000 r» min ' B EE B0 15 min, £
HREHEE T 14 mL fB 4K, BAEIRY 10 min 5, #E
E—WE LSRR LT ZH CTAB, B3 5581 Au
NRs %5 8JG . B Au NRs B T LR d, A 10
mL B H R, 53 F T 42 IR AW AL O
I FEM Au NRs I ZA2IMA T K ZBE, BEE T
AR PR, Au NRs B Fif 2R G 8l 5 A, JFHE
GV AEWE LS s R R R MBS, BIA 7 mL EH
PMMACL. 8 mg) i) H 2R, #F & 12 h J5ff Au NRs iy —
AEWE S5 R [ s S R MREE R G, W ROBOE ERIDJE R Au
NRs/PMMA # i Bfijg . BUH Au NRs/PMMA # 6 3 &
FERER (3 emX3 em) |y A THAE 80 CFHT 8 h;
o). AHEsR Au NRs (1) SERS #¢ 1, F F 4 8 F 1R 5 DE bl
TETIH Sy 35 W FI RN 30 Pa 9414 F % Au NRs/PMMA
WEZ AL PR S min 115 Au NRs $REZEWMIRER T, R Au
NRs/PMMA FJ il f5 5 52 o8t . # B ar# i il
1.3 &M=

WG 3 2 SR FH S8 A0 AT WOt 43 6 6 BE X 1. 2.2 1
Pl g B4 B Au NRs 3 WM T4 J5 19 Au NRs/PM-
MA 8 AT 58 A1~ A1 G35 &
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1 AuNRs/PMMA EEKHH &REE
Preparation schematic of AuNRs/PMMA substrate

Fig. 1

Au NRs/PMMA iK1 SERS SGil I . BTk
P IC 1 ¥ B2 Dy 10 mmol « L' 4-MBA 18 5r TR K. A5
B H % 1) Au NRs/PMMA KR 7 4-MBA B . 10
minf5 B BEIE . T B R 25 8 1K 40 3 vh vk 3 W, DA 2%
B fE 1Y 4-MBA 437, Re R B8 TR S . BEAT B = 0615
R, [E R, PR BR, FREUBT IR S 7. 3 mg 1Y 4-MBA #3 K
BTG R RE AR [ B AR A o R s R 8L
B )G AT 4-MBA {9 Hz S 6 RI . DL B ¥ 7E 785 nm
S 20 mW EOEIH AN 10 s B4 I ] #9525 45 1 T
7.
1.4 PSA fy SERS i

2 PRI IR M V4 AR AR B BE A BE . Oy kS R S G2 vl b
14 T - 5% TG s 0 K 0 G ) B T R AR A o YR R B R
e MLV AT R R . FRERAE Sy . T AR 4 L% K PSA bRt
WL 5 LB R, A A ENREM 0.1 mg » mL ' & 0.1
ng « mL "1 7 ADARAEREARE W . R U0 A5 9 AuNRs/
PMMA B&Ji% 43 5 5 6 75 e il 19 PSA A5 of B A S W 20
min f5 B R IF 2 B ok 3 . R EIR T AR TR
J5 . #EAT SERS Y61 K, SERS S it K ) (14 52 56 4% 14 5 B
t—3.

2 AERSHE

2.1 Au NRs #1 Au NRs/PMMA EJE R
Au NRs Fl il & ) Au NRs/PMMA & (%) 1 4 i 7 2

BT (SEMD B & 2 s, B 2Ca) A DL, Au NRs (B
B8 R —, HKR&EH R 3 1[KT5E5) nm, HBE
(254+2)nm]; B 2(b)H, Au NRs/PMMA # Ji&i 35 5] 5% 4%
Hol Au NRs I A HEFTE BUECR 19 — de W 454 (AR ED . 43
Mra& 8], BT CTAB Jy3RTH i M M & B Au NRs 1) £ H
WA IER A, AR, CFHENEIL M Au NRs £
TET A9 350 40 I FELf (SR TSR TETAY B O RE AR, R S RN
Ml LR 90°, AT Au NRs 3 5 T WA 7 W 19 38 L T
G i o i B T A e G E OB | I A T e ol
IR IR, REA FIETVHE; e, WHERT/KRY 5k
F10] 0 g L R DR BT D0 94 KR 22 TR] B B A R /)
L e ) EWE S5 M. SEBR b Au NRs B Wf Au
NRs/PMMA i JI5 1) 58 5101 DL 0% BOG 3%t se ke 1 Bk b 72
TERE 2Co)H, Au NRs 7 & 09 W e i& v F 511 Fit 725 nm &k,
Au NRs/PMMA i & i) W i i 57 F 612 1 900 nm &b, X b
Wi e, T L& B Au NRs/PMMA A W% i e
i HA S LIRS RN R 9, 3XJE Au NRs R [) 5 Z1 7 2 T 45 B
WOTHE & 20, R KRS AuNRs & LI IR 77 U HE
21 S

XFE 2% 9 AuNRs/PMMA 3L (1) SERS #5117 3%
fiE ., WS B ZERE 19 4-MBA DL & 5 5L 4% 35 19 4-MBA
#) SERS i &l 3(a) fi7R . fE A W, 5 Au NRs/PMMA
BECEEHE Y 4-MBA 4 T 1) SERS HRAF W 5 B 7 o5 F 5k A 1
[ 4-MBA 43 F 1) 7 2 FRAF 0 38 18, 3 02 g 36K Hh % 2 HE S
19 Au NRs j=2E i LR E IR T B2 1Y

B 2 (a) AuNRs #1(b) AuNRs/PMMA E KA B EE; (c) AuNRs iF & F1 AuNRs/PMMA 5 % {9 £8 5 - 7T 0L AR g S i
Fig. 2 SEM images of (a) AuNRs (b) AuNRs/PMMA substrate; (¢) UV-Vis spectra of AuNRs colloid and AuNRs/PMMA film

F4E Au NRs/PMMA 3 i) SERS 14 38 4% ¥4 (1) SERS
Hag AT, RO

EF = (Isgrs/ Nsers)/ o/ N (h

KA, Tsers 5 Lo 730 HIAAER 4-MBA 437 1 SERS RpAE 05 Fl iz

SREWE AT FR A3 3R 5 N 5 Naers 23 901 22 78 06 B8 6 38
PN R AR DS | 4-MBA 4 F4. A 3(a) 1 4-MBA
i F 1078 e AL 2 W (9 FRAY SR, 15 B T = 2. 756 X
10%, Isgrs = 1391 X 10°; SR )5, MIFL R S M OLH HE
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1.473 pm, PWOCEBRE 1. 86 pm AIEAY 4-MBA 47 F F (&
BT R 3,32 X 107 )P B 5 F] Ny, = 6. 18 X 107,
Nggrs =5. 13X 10° , Wi = (D B, AuNRs/PMMA 3 i€
W F EF=5.49X10°, 64k, 7 AuNRs/PMMA B4 |
BEHLEL 25 AT W 575 3] 4-MBA {2 F 1 078 em 'Ab 1

oL 2 U g BZ A0 I&T 3 (b JIT 7 s 4 UG iR 19 AR X AR UE 22
4,020, RUIFER IR I WES . i 3o g4 i 6
& 4-MBA [0 it 3 i 7E 8] B — J6 1 — > A J5 1 & 9 SERS
Jei . T DL R LA AR A i AR E

B 3 (a) 4-MBA H) SERS i fi4i £ i ; (b) ERK L 25 =BT 1 078 em™' Y SERS 1§38 & ;
(c) B E A EIA 8 /5 £ 4-MBA §J SERS St if

Fig. 3

(a) SERSand Raman spectraof 4-MBA; (b) the intensities of SERSpeaks at 1 078 cm™' for 25 spots on the substrate;

(¢) SERS spectraof 4-MBA-linked AuNRs/PMMA substrate after different time intervals

2.2 E-T SERS W PhyE#R R ARSI 7 2
2.2.1 Au NRs/PMMA & & % 3 #& 5 #7

T 47 AuNRs/PMMA 3 JiE K6 I i 47 75 40 19 2 g
GIAT . X BRI B A AR VE 2 PR LA MR EE S 0.1 mg -
mL 'y PSA SRUEW WA SERS 3% F0 iz £ 63 #E 4T R
sERNE 4 iR, 7EE 4 1, AuNRs/PMMA LK 19 SERS
HEREAUA T 5AES  HiE 4 ME 2% vl SERS SG 3% ) 47 42
FEUE 4 B F 713, 964, 1 122, 1 284 #1 1 488 cm '; PSA
o HE VA VR 1z 2 O3 A BRLAS 43 AL T 713, 755, 848,
1122 #0101 284 em 'y 5R AL 55 YL 2 AR AR, 1T PSA i
VU SERS S H bR TR DA WLER B L AR 2 R AE 0 DL S
& H AL T 649, 680, 823, 964, 1 180, 1 226, 1 336,
1448, 1586 LA 1 640 cm™' b P41 2 45 AE 06, Xt EL & 4 o
B A A L TE 2% v ) PSA AR UEVE W SERS G 1En] WL, B Ak
A 1L 2%t SERS S 3% 19 iz 2 R e W B B A B AR
X PSA SRUEVE K 19 SERS SG 1% s W /N s % b PSA FR
T SERS J6il M 2 63 0] LLE . FE PSA AR ol 7 1 11
SERS 1% i 4 30 A 2 FRAE 0 . SRR B ORT BL4H £,
Pl AuNRs/PMMA FEJE X PSA (5L 8 15 5 A B K Y 15 98
Rk, AT LRI AuNRs/PMMA B8 # 47 PSA Y J6 b5 10
WM, 55 —J7 T, % R H] PSA FRAEV I SERS SGilk 5 84k 4
I 22 vh I SERS J6 1% i A 8 r RRAE S 2 I F G, Btk
Bk 3 BB F A 1 7 B R A 06 L R O % b B B AT 4 iz 2 R IE 0%
Jo o SR LA e o B B 2 AR AE 0 N GE A T AT R 2L
PSA #iilll
2.2.2 RPIBARE M RAR ISR E 6y Rt

I bR AR PSA i TR e I ;T I K € 52 4347
B T LSRG v R A LA A, A 0 Z R IE R I 5 R R R
s X PSA BRUEE W L IR 552 LT REAS K Lo 1 TE A
1) SERS S % #F 47 0 7 F 43 A, DUGR % PSA $r ME % W 1)
SERS Y1 5 ifiL i o PSA & i AH G AL 2 FRAE IR . AI&l 5

B4 i85t SERS K%
a: AuNRs/PMMA HJi5; b: PSA B UER K ;
c: BAEA MG ; d: PSA bRIER
Fig. 4 Raman spectra and SERS spectra
a: Au NRs/PMMAsubstrate; b: PSA standard solution;

c: New-born battle serum buffer; d: PSA standard solution

FiR s B F PSA — R BAFE T B, W H 5 M am
THHA Y PSA FREVE WY SERS S ik, & M B A7 649,
680, 755, 1 080, 1 226, 1 336, 1 385, 1 586 I 1 640 cm
b — B0 B KR AE WL T I 9 RE AR Y % 3 B AT 755,
1 080T 1 336 cm™ ' Ak Ay $ 5 FFAE 0 1 558 B8 LL PSA BRI
s o 2 BB 5 e B I 09 59 MR LW RE AR 1Y PSA VR BB AN
38.28 ng + mL ", I{k T PSA FRifEE M o PSA Ay Hk FE (0. 1
mg » mL 1), BEAF 755, 1080 Al 1 336 cm Akt hr S
FHAR Aok B B REA g PSA, B —J7 i, SRR
oL P i W BE A SERS SEAE A HL . & B PSA A T 1
SERS S 47 F 1 080, 1 226, 1 336, 1 385 Fl 1 586 cm™*
Aib i r B R AT I 5 2 M LYY ) SERS JEi% — 3. TRk A
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THAASE . BZAF R P FRBCE R R RO RS PSA B MERE A WO I 10 WG, SERS JE It B T 1 640
A S T DR LT R A 052 BRI, BB /6 PSA o ARRORLE A GE RO HRIE T W AU . 44T 1 640 om
U SERS B (5T 649, 680 LA K 1 640 ern Ak A 0458 W R S 15 PSA 2 FE A V8 M 00 VI A XY
2 T 1 G5 0 R e HE AT DL 2 78 B0 2 9L 6 2 07 () R

B 5 PSAMRAR RS IR IFB AR SERS S if
Fig. 5 SERS spectra of PSA standard solution

and the clinic serum samples

HE— 2B X R LR TG PR I 3 B AR B PSA K I Y b 2
FRAEWE AT AL 30 . BEBE S PSA [RJE W5 & O (% 8 b
YW R E (AFP) DL 5 PSA [ 5 0 A A 385k e i i 2
(hK2)#:17 SERS Ye ik, &5 FaniE 6 fron. & 6 o] WL,
AFP bR SERS 3% H 4 F 649 F1 680 cm™ ' 4 By fir =
HEAE 16 55 PSA AR AE 7 I B2 4R AE 1 T 4, hK2 AR o %
{9 SERS it tf i T 1 080, 1 284 1 1 336 em ' &b i $ir 5 4%
fEVE S PSA BRuEE R WP 2 FRAE G TR A . Bk, HEBR LRt

oo 7 A 0 R B AL UG T 1640 em ' Ab 0 S AHAE B 7 (a) RERER) PSA SRHERAH R SERS il
KT PSA B R S K 1 i K I 55 BE AR o PSA TG bR (D) PSA i 76 7] &8 W) R 2
S R Fig. 7 (a) SERS spectra of PSA standard solution with differ-

ent concentrations; (b) the standard dose-responsecurve
of PSA

6 PSA #1 AFP L& hK2 #R#E R & H SERS Hif
Fig. 6 SERS spectra of PSA, AFP and hK2 standard solution

2.2.3 ARBEAN Fw oL

e, M 2. 2.2 Wi IFA AT Au NRs/PMMA 58
19 PSA JCARICHR I J7 %8 » X AN [7) e BE 1) PSA A5 EFE AR V5 WK B S 55k M5 R A i SERS Sk
HE47 SERS Sk kil . Z5 R WK 7 iR, WATRKI, bEE

Fig. 8 SERS spectra of clinical male serum samples



5% 33

S ST 789

Bl 7Ch) AP A3, PSA W IR S F O 0.1 mg » mL~' ~
0.1 ng e mL " HARK BTy 60 pg« mL ',

R1 MEEENRNER

Table 1 Detection results of the serum samples
. SERS/ﬁ (:LlA/i X A 24

(ng * mL™1) (ng *mL™1) /%
S1 996. 42 1 040 4. 19
S2 35. 29 38. 28 7.81
S3 14. 58 16.02 8. 98
S4 6.42 6. 81 5.72
S5 2.74 2.93 6.48

2.3 I bR 0 i A A B A i

K P IR A 25 0 TEAR AR I T 58 LT T I PR 55 P L 9 A AR
T PSA BRI . ESE, X RR IG5 G 5 R L REAS 2 AT
SERS JGif A . a8 Fron o 85 » AR 48 A M S 0 1l 2k
Bl 7Ch), i A2 T 1 640 em AR Y B A AR IR, 1R
PRI PSA WEIFH T3 L, [, £ 1 walh 7R
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Abstract Preparation of high-quality noble nanostructure substrate is vital for the application of surface-enhanced Raman scat-
tering (SERS) technology in ultrasensitive bioassay. In our work, based on the improved Langmuir-Blodgett method, the gold
nanorods were extracted from colloid to the interface between the colloid and toluene with the help of ethanol, and fixed by poly-
methyl methacrylate (PMMA), then a uniform and dense array of two-dimensional domain-like nanostructure was formed in a
large area. Next, the plasma clean technology was used to treat the fabricated substrate for enhancing its SERS performance due
to the exposed surface of the Au NRs. The experimental results showed that the Au NRs/PMMA substrate exhibited the excel-
lent SERS characteristic and its enhancement factor (EF) achieved 5. 49X 10° under irradiating of 785 nm laser. In addition, the
highly sensitive label-free quantitative detection of tumor maker, prostate specific antigen (PSA), was developed by using Au
NRs/PMMA substrate. In the experiments of label-free detection, the Raman characteristic peaks of the PSA were first acquired
by comparing the SERS spectra of the PSA standard solution and new-born battle serum solution, and they were mainly located
at 823, 1 080, 1385, 1 586 and 1 640 cm '. Following, the SERS spectra of PSA standard solution, clinical male serum sam-
ples and female serum samples were measured and analyzed to screen the Raman characteristic peaks of PSA associated only with
serum PSA levels, and they were located at 649, 680 and 1 640 cm™'. Furthermore, the SERS spectra of a-fetoprotein ( AFP)
belonging to the glycoprotein same with PSA and human kallikrein 2 (hK2) homologous with PSA were separately measured as
two controls, and the extremely specific Raman characteristic peaks of PSA located at 1640 cm-1 were determined and applied in
the detection of clinic serum samples. Subsequently, the does-repose curve was obtained by the relationship of the intensities of
the Raman peaks at 1640 cm-1 and the PSA concentrations in the standard solutions. Lastly, the PSA concentrations in the clini-
cal serum samples were detected based on the SERS-based label-free detect proposal. It demonstrated that SERS-based label-free
detection not only exhibits a well consistency of test data when compared with that of the chemiluminescent immunoassay

1

(CLIA), but also higher sensitivity, and its limit of detection as low as 0. 06 ng * mL."" in the range of 0. 1 mg * mL.™! ~0. 1 ng

« mL ™', Therefore, it reveals that the proposed protocol has a significant application potential for the quantitative detection of

tumor marker.

Keywords Surface-enhanced Raman scattering (SERS) ; Gold Nanorods (Au NRs) ; Prostate specific antigen (PSA) ; Label-free

detection
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