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Abstract: Gold nanoclusters (AuNCs) are gold atom aggregates less than 2 nm (excluding the ligand shell)
or 150 atoms. It has been widely studied due to its small size effect, fluorescence property, and catal ytic activity.
In this review, research progress in the preparation of gold nanoclusters containing accurate atom numbers using
biomolecules and chemically synthesized molecules as ligands have been summarized. The factors that affect
the preparation of gold nanoclusters have been discussed. The applications of AUNCs having accurate atomic
numbers in the fields of analyte assay, catalysis, bicimaging, and drug delivery have been introduced. This
review provides references to the further researches on the preparation technology and biomedical applications
of AUNCs.
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Figure 1 Schematic of the formation of gold nanoclusters
(AUNCs) in bovine serum albumin (BSA) solution
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Figure2 Schematicillustration of the fast (<10 min) synthesis of Cys-AuzsNCs by the protection-deprotection method. CTAB: Cetyl-

trimethylammonium bromide



TUAE S BRI B 0 e 9 R AR I ) o6 S L 8

+ 1487 -

H Augg(SR)oq 48, 1A 2 FhAS 1] 43 J5 1 M 9 K A
eI E i, BT Auig(SR) 14~ Alzo(SR)16+ AUss(SR)2s
H Augaa(SR)eo 551X L8 B A [A] J5 1 H i 4 9 oK %
RN A R, N R G FL & i 750 B 5 9K % 1
EFIMEAL I BT Z A N FE DR &R, DA ROK 4 4 K i i
B . FH 1) P R T B 44 T RT RE AN AR A
1.3 BEEECAFNE thAC i

FLAE 1960 4, iSRG AR CRI 1 G A0 oK 5 A st
WIS Ie, HERL 10 7150415 DU ) 1
. KHMWAHRS, ¥ =K% (triphenylphosphine,
TPP)- 5 4 % 1) & A W) A DY o JE IR A0 B 75 it T 2 —
KR A WH A, BN NaBH, %, il 15
Auy(PPhy)el® . I 5LKr NaBH, A1 = 2 3B A SR 1)
Pl ey 50 1, 75 VUSRI — £ By i ) w43 3
G 11 AR T Aug (PPhg),Cl™ 4 i 37 7 71 5
ooy G, RIS SE S, e
£ 20 MR T HI Augg(PP3),ClL™

BT IR S AR A B AR LA, R AR
AR BCIR R T G TR . BRI
ST &K A, B EERS 4 105
B JF ity B R OIR B B e - B B K 4 T (polyami-
doamine, PAMAM) Jt[aIVA T H il , NaBH, 1E N
WA, 555 4N &R T K AuG,-OH PAMAMIY,
KA R W% (polyethylenimine, PEI) 1E ABECAA,

FI B AR 5 5 ih 30 A 8 A4 51 1 Aug-PEIY;

WA KK MR AR R (histidine, His) [FIS{E Ak
Ji 700 R0 R 3 00 A AR A 25 R RO A g oK R
Auo-Hig®2%
2 SHKERIZFHRIER

JE 7550 R B 10 G 9 K A 1 o) % R — A e R
WIS R, T E AR AR RS BT IR B )
SERRITE BT LAAS, ISR pH B SR IR B i ik
ARITE A (10 B8 /R B 25 O3kt ot o e 1) 5 i 4 S L AT
SO o G PR AE IR ] £ A R — M B &R 3B SR 7
AR EC A2 B, 24 R A &R AT — ZR A R R
SYUKIRIVA S S5 AR ST A v RE R AR B
21 pHEBEMR

TEE YRR R B 2, pH B AR A 2
AR SRR G TR I S R IA B, B B A R
JSL PRI SR B0 15, DTS 9 K AR 1 R~ s g5 4 . R
F— S AR A i A R GSH-R &M 2 &1t
(B 3), M pH M 7 AT E 11 8, Frd gk iz
JFEWR, &R FHOE . 2 pH Sy 7 B, 3]
(R AR IR F AU AR, 2 pH B nE) 11

E:i! : h u

Figure 3 Schematic illustration of producing Auio-12, AUis,
Auis, and Augs NCs by adjusting the pH of the reaction solution
in the CO-reduction method

i, & T R R IR Aus(SR)1 . K BSA
WAL A g K AR, NaOH [ in N i i 20 1 4 40
KSR TR H B, 24 pH R 7.4 1A R gk
%N BSA-Auys, 1124 pH EFHZE 11 B %15 3 Fa
i) BSA-Alps, 1XHJHE2AF pH 2611~ BSA 75 [H]
P AR 1
22 REHFIE

YRR A o PR IE J5 AR K AN 218 R A%
R 1) — X A3 R N, X — ik AR e X 4 R IX
XN IR AS R BB . B e KA A A
TP R SE R ZE R AR 4K, GIE A 40K 75 Auas(SR) 1
BB — AR, BIFE IR AR, Pl R AR
e Sz NI 248 R A% SR R e B I 2R B A BT o, B 2%
SRR A R I 455, & B SR 0o, A i i1
J&, MR ERE AT 40 TR, Augs(SR)qs 4 AT
BRI R . SRT, U =T 40 CRE (1 50,
60 1 70 C), AUps(SR)1g 1 7= 2 A S B, FETE AN [F]
ERTFHIRE K. ik, LRAFFRER 40 C
YE AUps(SR)1g G il N [ F U 5
2.3 FARMBRAE A S SR E/REE RS20

C A R AP ) < G K 72 1 4 B A5 TG A 1) 46 ) AR 1
JREVIAE, AFEEAAEA A FE R, & argm
SRR . HAk 2RI R B R T,
KA 3 B A B i Augs(SR) 1 i, IR M 57 L i
AR T 0 5 I S R TG A Sk 15 L A B v 1 FRLAL 2
PR O, R R BN, 5 4Rtk
M EE IR EEANTR], A2 R S 9K i & I R i 1 .
W T8 K FH WA 5 o 1 T, 1 B 4 A A4 5 T A R
IREEA 101 b 1: 40, 5B REEREE N 101
I FT A R 4 9K R 2 SR R RLAR 9K A% 24 B8 R
PErE 1:1~1:5 B, RZEGUKE SR AEZ I K
R R Y B 9K % T2 BEREE R T 10 5 |,



. 1488 - #j 2424 3)  Acta Pharmaceutica Sinica 2018, 53 (9): 1484 —1492

ORI E IR, £ERT AT BSA BRAR
I EAKFERS, M4k S BSA /R NS : 1,
8:1F112: LBF, 2 BI& S A 4 R T (K9 K 75
BSA-Au,. BSA-Aug fl BSA-Auyo ™. PRI, 8 ik 4%
FIE AR, AGEAA S SRR i BEOR L, AT AR T
FIT £ 1R [ 4 0 K AR 1 i i R
3 YRR

SR BT AT BT R 08 S B T R K
o7 T B T RGN S R, TEOLIH AR R OB, B
o A R ERE . Iz A ROT IR R, RO R T
Mo, UM YELE, 18S9 KEE S TR
ML AL AV RAR AN 2% S 2 AU R T
() B AT 5t
31 ST

M T 28 O s 1k, gk s wH TR
PR R A L RS . TR LR R A E
FIE R E ki, ZaKiES FE R B &
REE, RAETEK, E R RERE % B e i
WA S FE S o P i BN RIS “IF-3%7
RN, 11-55 %+ —%ERE (11-mercapto undecylic acid,
11-MUA) R HIE&9K%E (AUNCs@11-MUA) 7]
SEPLNT FE R (pyrophosphatase, PPase) 1 11 6
MW (K 4). RFRF 11-MUA [I3RIES CU®* & kxR
JeVEK, MiHEBERR (pyrophosphatic acid, PPi) 115
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Figure4 Schematic diagram of detection of phosphatase activity
by AuNCs@11-MUA fluorescence “Open-Off”. 11-MUA: 11-
Mercapto undecylic acid
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