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Colorimetric Sensing of Prostate Specific Membrane Antigen
Based on Gold Nanoparticles

Feng, Tingting*  Gao, Shougin ~ Wang, Kun
(College of Traditional Chinese Medicine, Shanxi University of Chinese Medicine, Jinzhong 030619)

Abstract Cancer is a major cause of death and its early diagnosis has been a research goal for many decades. For males,
prostatic carcinoma has become the second leading cause of cancer death worldwide. Prostate specific membrane antigen
(PSMA) has been widely recognized as a prostate cancer marker. Thus, measurement of PSMA would be more valuable for
the early diagnosis of prostate cancer. Nanomaterials have the characteristics of small size effect, quantum size effect, mac-
roscopic quantum tunneling effect and surface effect, and have been widely used in various fields, such as cell imaging, anal-
ysis and detection, drug release and treatment. Gold nanoparticles have been widely used in biosensing and medical diagnosis
due to their simple preparation, high stability and unique photoelectric properties. In this paper, a new colorimetric approach
is proposed for simple detection of PSMA based on gold nanoparticles. In the experiment, we synthesized gold nanoparticles
with positive charges, and the polyanionic peptide as the substrate of PSMA. The detection of PSMA was based on the prop-
erty that different aggregation states of gold nanoparticles can lead to the change of color and the specific recognition of
PSMA for its substrate. The positively charged gold nanoparticles interact electrostatically with polyanionic peptide, resulting
in aggregation of gold nanoparticles. In the presence of PSMA, however, the polyanionic peptide are hydrolyzed into glu-
tamic acid fragment due to the reaction between the PSMA and the polyanionic peptide, resulting in the dispersion of gold
nanoparticles. This behaviour leads to the development of a rapid and simple colorimetric method for assaying PSMA activi-
ty, with a detection limit of 0.5 nmol/L and the linear range of 2~ 10 nmol/L. This approach is simple compared to the exist-
ing ones since the gold nanoparticles-peptide based sensor is easy to be assembled and the detection can be achieved without
the involvement of complicated procedures. Moreover, the applicability of the method has been demonstrated by detecting
PSMA spiked into urine samples.

Keywords gold nanoparticles; colorimetric sensing system; prostate-specific membrane antigen; specific recognition; pep-
tide

]l

5l

RIS 2T $R i E L WA T H . i 2 e e

I3 R 2 55 o o L R R 2 — 1L
ok, IRIEFTHI IR SR RO R 2 ETHES. s
B A S R LR PR 5 76 BT 8 e PO 2 S04 i A
AT T CER, Sz N TR, O E

* E-mail: tingtingfeng1985@126.com
Received January 9, 2019; published March 26, 2019.

PUJE (prostate-specific membrane antigen, PSMA) & —ff
A5 B A B b ) 10 Y s R B, H 750 MR TR
B K, HAXT TSR 100000, S —FhEET 4IRS
PEPUR SN R R ET R R AR 1LY, A
R 51 e E 78 R S 22— B PSMA 7 Bl 41 i 1

Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the Doctoral Research Start-up Fund of Shanxi University of Chinese Medicine (No. 2014BL19).

T H 32 117G P R 24 K 25 A R 22 4 (No. 2014BL19) %1 B

422

http://sioc-journal.cn

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

Acta Chim. Sinica 2019, 77, 422—426



1 F F ®R

R ZEBNATT . TR VPG A ik i 1 AR Aok
T

P SRR, PSMA W] DUKfi# N- SR AR HA R
W, ERAEIRIA N- O RARIRY. AR bR 3
SERRTIN PSMA. 177125 3 B o ACHUAR G v, 1207
ERSE E, (B EARTACE S, e ST, R,
KJRMER RN PSMA BJ7 4R B2

GORMBLRA N RSF RN 7 RS RN E
TREE RN K R SN R L, TS i T
FAGUR, WA CRASR . AT 2R SR
A0 H SRR T A A R e B
Je o v AR AR S5 75 T P8 A A E AR AR AR BN IR
LW AR T R, R e KR TR
(I 2 AR AR AN R TT R AE AR, & ik
e B A S 1 VW3 R X/ i 0B TR ol
BEAP, SR BRI R A e ) BE AR RO R B B 7K
PERREYE, BB LBITENRIFTE. T &
ARBTRLIIIE RAEST, EAR S, BATBT T 890K
TIURL AR e B S A R, I T i A7 Ml A7 i P A
.

2 HRSWR
2.1 HNERIE

HRHE SCHR[24], PSMA AT LIKAR -2 2R IK B,
I, Wit T - B E IR Z K (Glug) N PSMA IS
). BUIK Glug 19 pI £ 3.46(GE L ProtParam #A4i+5
1332, 7E pH 7.4 (¥R, Glug i s, WE T =
O 7S e VR K B R B 1 & 4l oK R [T ]
(+)AuNPs]7E pH 7.4 FIFE  Zeta HLA N 4-32.8 mVES,
Glug F1(+)AuNPs A A FE R 2L H) A . X FhfE
BE SRR AR, MiZARTIMA PSMA 5,
PSMA 1] DIZKEIKEE Glue, 2 WiZ R BRI T 5
RIR T 5(+)AuNPs Z [H] ) VE R i gs, SE0CR
LM EAUORTUR 1, A RIEE R AR, R
BT & 40K BRI L B IR E R, AT PSMA ks
.
2.2 ZIEMHHIMIL

1 5T IMABLEL Glug % (+)AuNPs [1)45 #h-H]
DRSO G sz . B H R BLE H, 7E(+)AuNPs H
TN B Glug &, (+)AuNPs [958 7] WL A 1R BH 5
ARk, Asao SEWROGBEAE T BE, Agro SEWROGEE(E I N, 44
ZAMFIOA R EERAL. X R Glug 5(+)AuNPs 2
(A Z A AR, 7] 3E8(+)AuNPs KAEFRE. &
TEANE 52 T KB Glug W2 (1728 40 6 IR 6 HUAE Agro/A 520
Msema(E S1, LRHMER). BEE KB Glus BRI N,
Agro/ Aszo T ELAR BTG K. 24 Glug IO E Y 0~8 pmol/L
B, “HEAMIFRILIERR. ME XTI, 552 T
A 1E HEL37 I ik BY NH,-KKHHHHHHKK-CONH,(7E pH=

Acta Chim. Sinica 2019, 77, 422—426

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

7.4, M1t ProtParam 3Rt H AR F] pl A 10.48) %
(£)AuNPs 2 4h-AT WOGIG Rz, 45 1RV, ZIKBA
REffi(-H)AUNPs KAEFEWE 2, XFER), H—HL
7 (+)AuNPs 5 ik Bt Glug 2 18] () & 1 F A 4
(H)AuNPs KATREE. FEARSEIR Y, EFEIREL Glug K
£y 6 umol/L VENyfetE R MR, TR i FE 1l ik B
Glug & 774 B I A (B 1); (+)AuNPs KN
4.2 nmol/L, R F /B4 pH 7.4 1] PBS.
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Figure 1 Absorption spectra and color changes of (+)AuNPs solution
(4.2 nmol/L) in the absence (a) and presence (b) of Glus peptide (6.0
umol/L)
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Figure 2 Absorption spectra of the (+)AuNPs-Glus complex in the
presence of various concentrations of PSMA (0, 2.0, 4.0, 6.0, 8.0 nmol/L
for curves a~e)
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Figure 3 Absorbance ratios (at Ag/Asy nm) of the (4 )AuNPs-Glug
system in the absence (control) and presence of different proteins: (1)
carboxylesterase (0.25 U/mL), (2) nitroreductase (0.5 pug/mL), (3) BSA
(100 pmol/L) and (4) PSMA (6.0 nmol/L). The reaction was carried out
for 15 min at 37 “C, and the results are the mean= standard deviation of
three separate measurements
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Figure 4 Variation of Ag/Asp versus the reaction time for the
(+)AuNPs solution containing Glus with different concentrations of
PSMA (0.0, 2.0, 4.0, 6.0, and 8.0 nmol/L)
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Figure 5  Absorption spectra of different reaction systems. (a)
(+)AuNPs only; (b) (+)AuNPs-Glus complex; (c) system (b)+PSMA
(6 nmol/L); (d) system (c)+1 pmol/L Hg*'
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Figure 6 Absorbance ratios (at Ag/Asy nm) of the (4 )AuNPs-Glug
system in the absence (control) and presence of various substance: (1)
urea (20 mmol/L), (2) uric acid (0.3 mmol/L), (3) CaCl, (0.5 mmol/L), (4)
MgCl, (0.5 mmol/L), (5) L-histidine (0.1 mmol/L), (6) glycine (0.2
mmol/L), (7) oxalic acid (0.05 mmol/L), (8) PSMA (6 nmol/L). The reac-
tion was carried out for 15 min at 37 ‘C, and the results are the mean +
standard deviation of three separate measurements
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Table 1 Determination of PSMA spiked into urine samples
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A (control) 0 <<0.5 (detection limit) —
B 1.0 1.06£0.08 106+8.0
C 2.0 2.04+0.13 102+6.5
D 3.0 3.09+0.21 103+7.0
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Reference 41l /Ki# 1t & Si(Millipore, USA); FEIK: SKY-
100C (Shanghai Sukun industry & commerce Co., Ltd);
Zeta HALME (X : ZEN 3600 (Malvern, England).

HAuCly, 73Hr48, Acros; = W3+ /S bt VR Ak &%
(CTAB), 4r#714li, J&K Chemical; NaBH,, 7;-#T4li, Sig-
ma; PSMA, Sino Biological Inc.; 4 IfILif FH & F(BSA),
S3Hr4ti, Sigma; % ik NH,-KKHHHHHHKK-CONH,, 1t
WRABEREAREGRAF; 2K y-Glu-y-Glu-y-Glu-
y-Glu-y-Glu-p-Glu (Glug), Jb3 58 F B3 R H ARG R A
A, FRIREERE, /M4l Sigma-Aldrich; Al3EiEREE, 2>
#r4li, Sigma-Aldrich; Na,HPO,*12H,0, 7>#r4ti, Jb5itk
LT KHyPOu, Fr#frdli, dbsiib )5 HCL, 4044l b
FAL A AT HNO,, Z0drall, dbate sl A |l
EDTA #h#h, b, Jbnifb ¥ AAH]; CaCl, 74T
g, Jbatfk T MgCly, orbrgl, dbaifb 5357 A
R, e, AEEERFIA R, JREK, s, AR
AR AT JRER, bral, HREBRFI AT, LA
B, A RBOAFI AR, HERR, 8RB A .

S0 A FH 0 2% R TR R IR 2 S A RL(PBS: 2
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PBS ™, MHFIKREEN 100 nmol/L. IEBHAW 3, 1RA7
TE—70 °C, VABHLRER 3G PEA 2 5200, S5 A Bt F 1)
BRI EAE VT, R BN RIR, PA& S
BT, S2a6 A 7K CA Milli-Q #B 4K (B 5 R i 18
MQecm); At I B R 3 R Z pr 4t
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LYK IR 1) 1) 2% 1 RO RR[26] A bR BLAASB IR
B 2 mL 10 mmol/L ff] CTAB W IIAZE] 15 mL 1.0
mmol/L HAuCl, ¥R+, ZEZEHEE 15 min; 285, 14
FEHEIA N 2 mL 100 mmol/L NaBH, 1A, Zk2:4i+k
BIFEA G, TRNVKFE . R AR 4
UKBURIE 520 nm A ¥ EE RO R $(2.7 X 10° Le
mol 'ecm™ )54 10.5 nmol/L.
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KFBELEF, T 1 mL PBS Z¥i(2 mmol/L, pH
7.4), A 1 min, f5EIESEKER | mmol/L. FHEWR
*7T 4~8 C.

BRAERERI VL, £9KBR-Glug bh (O fE Bk R
H A% B DL N IR HEAT: BL 400 pL 1448 K UL (K
4 10.5 nmol/L)F 6 puL MIIKE: Glug(fi & ER 1
mmol/L) T 2 mL HJE.LE, ARJEMA PBS S22
mmol/L, pH 7.4), EAHN 1 mL, IRAEIIE].

4.4 KNEIFBRFRMEERENIE ST

BRAERR S UL, BT 3R 4 B DU B R4
£ 2 mL & OFEIMA 0.5 mL PBS Z& (2.0
mmol/L, pH 7.4)LL K 200 L [F) & 9K Bikifs & 75, TR
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