W F F 4R

LRk

Review

ACTA CHIMICA SINICA

DOI: 10.6023/A14080568

BT EEMS AR S & BASKE S RS

MfEE  FEZC REERY HE
CRUKERRAS: GOREPERTIART KA & 5T A% K 300072)
C RSB R  ERRACTF Ot KB A TR SRR ORI BE L 200092)

RWE 5148 (Ay, Ag, PtE)YRKRIEH R0 LA BI4— BN FA R 2 7 RER, BEEMMBEELT. 8AR
~F(<2 nm) AR AR S AL SV T, R HOR AR ARG PO SR AT T AT 0. BRI 2 iR & m gk ik
KA T i EAR kg RE, B EMHTAMZ e SG. iR e, A Bas UL R abric g2 M. A scdts
NFHFRSY, B E A AT LA MR 1 LR VR 22 RO RRERR R A RN AR (0 75 7 B A R, R IS S8 465 31258 1 STk b i
R A VLK A T2 IR R FI 0285, BEJSIRER T AR 2 o 1S i E R R 5 A RN 5 42 R A K B I ¢
HFK. BFER. FNAEZMMIKR. ACHEAGE R T EAMEZ IR BRI & 8t &8 90K SRR e s 5 AF 0%
HAEYBE 2 N A SOHAT T R

X RERE; KK EO; 2k wk

Synthesis of Noble Metal Nanoclusters Based on Protein and Peptide as a
Template

Yang, Weitao* Guo, Weisheng” Zhang, Bingbo*” Chang, Jin**
(“ Institute of Nanobiotechnology, School of Materials Science and Engineering, Tianjin University, Tianjin Key Laboratory
of Composites and Functional Materials, Tianjin 300072)

(® Research Center for Translational Medicine, East Hospital, The Institute for Biomedical Engineering & Nano Science,
Tongji University School of Medicine, Shanghai 200092)

Abstract Noble metal nanoclusters (NMNCs) are the molecular aggregates, which are composed of several to one hundred
atoms, and possess good biocompatibility, ultra small size (smaller than 2 nm), excellent physical and chemical properties,
especially the strong photoluminescence, have aroused people's wide concern. Currently various kinds of methods to synthe-
size the NMNCs have been reported, and the NMNCs have been applied in many fields, such as bioimaging, electrochemilu-
minesence (ECL), biosensor and cell labeling. After BSA was the first protein to synthesize the Au nanoclusters, subsequently
other kinds of similar protein and self-designed peptide appear. This review focuses on the advantages of this emerging
method in recent years that choosing the protein and peptide as the template, simultaneously lists the protein and the peptide
sequence reported in recent years, and explores the connection between the specific amino acids composition of protein or
peptide and the wavelength, quantum yield (QY), size of NMNC:s. In the end, we explain the prerequisits possessed of protein
and peptide in synthesizing the NMNCs as well as predict the further development and the future of this synthesis method

based on the protein and peptide as the template in the biomedical application.
Keywords noble metal; nanocluster; protein; peptide; fluorescence
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Figure 1 The trend of ligands in the synthesis of NMNCs*®!
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Figure 2 Formation of the gadolinium-based hybrid (GH) nanoparticles
in BSA template®"!

B3 ¥ IRLL BSA SRR A B g K R0
Figure 3 Synthesis of the gold nanocluster choosing BSA as the tem-
plate for the first time!*®!

B4 LLBSA NSRS RAEPIKEEN TEM H 505
Figure 4 TEM images of BSA-Au NCs"*¥
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FHSZB P8 b ) He v R BRI, Yan 250370
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Figure 5 Design the BSA-Gd,0;/Au dural-modal probe choosing BSA
as the template!*”!
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Figure 6 Synthesis of the gold nanoclusters choosing apoferritin as the nanoreactor'
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Figure 7 Schematic illustration of synthesizing of the gold nanoclusters choosing pepsin as the template under the different pH condition
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Table 1 Summarize the synthesis of NMNCs in the protein template
K Bindi R ti Reacti
. MW/ Isoelectric c':y 1nc.11ng edu.c e eac. 1.on Maximum Quantum
Protein «Da oint amino amino amino condition emission/nm eld/% Ref.
P acid acid acid (pH) Y ’
. AupsNCs: 640,637 7.0 [38~43],
BSA a. 4. Y (21 Y Alkal
S ca. 66 7 C(35)/Y(21)/W(3) C aline AgisNCs: 685 12 [51~54]
Lactoferrin ~ ca. 83 8.7 C(33)/Y(21)/H(9) C Y ca. 12.4 AuNCs: 650 6.0 [64,65]
Transferrin =~ ca. 80 7.5 C(40)/Y(26)/W(8) — ca. 12 AuNCs: 695 7.0 [57,58,63]
Alkaline AuNCs: 657 —
L a. 14.4 a. 11 2)/Y (2 Y
ysozyme  ¢ca c CONE) ¢ (strong) AgNCs: 640 1.3 [68.70]
v 3~6 Aus/Aug: 402 37
Pepsin ca. 34 1.0 C(7)/Y(18)/W(6) C W 0.6~2 Au3NCs: 510 5.0 [71]
10~13 Au,sNCs: 670 35
Insulin ca.5.8 53~54 C(6)/Y/K/N/R/W Y/K/N/R/W Y Alkaline AuNCs: 670 — [74]
Papain ca.23.4 8.75 C(8)/Y(28)/W(7)/H(3) C/Y/W/H/R/K Y ca. 12 AuNCs: 690 4.3 [80]
Trypsin ca. 24 10.5 C(7)/Y(10)/W(4) C Y ca. 12 AuNCs: 690 6.5 [76]
HRP ca. 40 3.0~9.0 C(10)/Y(5)/W(1) C Y >12 AuNCs: 650 1.2 [83]

Cui 2B N T & B CCYRGRKKRRQRR( fif #x
CCYTAT)Z K751, @it i~ M) pH %44, Ak
T AR RIMRGEKFZE(PH=9, Ags/Age/Agr, Aem max =
432 nm; pH=12, Agsg, Aemmax="0667 nm), XEEIFHK T
BPE pH AR AR 22 T 51 H S R ()3 S5 E 1A
[F. ZZ KB LR dk: Xi—A CcCy, HidE
FPARR(C)FIFIE(-SH) G H Ag FT, FIFERER
Y)Y FRESRIR IR Ag'; X3RN TAT R EN(E
SRR, EER AR, X ENE TR 2 BT8R — R
B - AMEERNEER T HHH e I Ih#e,
HA5H . BEE Wang 25000 A BE 1 £ Ik 7 71
CCYTAT XS & T RIEIIKIE (hem max =677 nm,
P 8)H B 1 X = Ak e A R P AN B AL e 8, %5
A AR A0 R [ e it T — AN BT e

F e FIAZEE (A B TR RUT o 2 1) K B 4
NEZARE SN, Yo 25005 oMk 8 1 %
[CE AR — e B R R BT T =R 2 kP AR
A R R HE R AR QK R, 2 KR A sk R
KECDKKECDKKECDK, Ao max =610 nm, HLHLHDCH-
LHLHCDH, Ao max=615 nm; HDCNKDKHDCNKDKH-
DCN, Aem max =630 nm, MR PLAERAEIS A, FF7E
Y A% X SR AT B R e
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15 DL 2 BONASEAR & i 9K AR I Rtk 1, ¥F Z RHE
T AR SGHAT Tt — DR R, FN BT 2SR HEA
tH—E RO LERIBE TGS, R Liang 2557 3=
B IRIR Ak (cyclodecapeptide) & Bl T 4 40 K 7% 1) 7] Hsf
NEEAT G, IR RAR KN 660 nm, M7
MIRAE r=41.5+2.5 s 'emM !, rfri=1~1.2, 523
T MRUZGHIXAE RS, %8k 5 4T LR 5
SEPUE A AE 77, R Z R R S s o R Il i i
B — A EIER . R 2 IR TR T34
JER AN KR ) A T BT 22 IR 2.

SR, FH KA USRS 22 v T 1 Ji 0 e 2> R 4 4
TR FEALE 15 DA 22 KO9SR & 1l 5t & J@ 9 oK iR R SR 4212,
A A5 R AE AN R R BR (A T 7T 1. AUk Tan Z605%)
LTI R T & RGBT BT 75 2 K i gt B,
R BTBETH 0 2 BT $E HAA N ThEe: 18R fE R E
(AieaeS). KIMEERW)ZITE 20 FhEEEmR It R
HE R, BEEHE 2 KB, 23R 2K
[ e ) R AN S R A AR AL, IR RE 1 22 B R 5 IR 7 4 Ko
THEZIThRE. 23R8 R I B A BT 20405 G e 2
K%, AR (C) B R IR(Y) & LA, HA:RE
ZR(C) M 4 58 1 109 s 8L 11 A L 451 ) A A2 %2 o6 i
E,:][B].
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Figure 8 Schematic illustration of synthesizing of the gold nanoclusters choosing self-designed peptide (CCYTAT) as the template!®
K2 HTERSREIBYPOKRIENZ KT FICE
Table 2 Summarize the synthesis of NMNCs in the peptide template
. MW/ Binding Reductive Reaction condition Maximum Quantum
Peptide name . R L . Ref.
Da amino acid group (pH) emission/nm yield/%
12/9 AgNCs: 661/432 0.8/1.5 [84]
CCYRGRKKRRQRRR — C Y
12 AuysNCs: 677 11 [85]
KECDKKECDKKECDK — C NaBH,4 - AgNCs: 610 — [86]
HLHLHDCHLHLHCDH — C NaBH,4 - AgNCs: 615 — [86]
HDCNKDKHDCNKDKHDCN — C NaBH,4 — AgNCs: 630 — [86]
CCYEEEEEERRR 1631 C Y 12 AuNCs: 655 — [73]
[D-Cys®]-GnRH-II 1282 C Y/W 12 AuNCs: 612 — [73]
([D-Cys®]-GnRH-1I), 2563 C Y/W 12 AuNCs: 624 — [73]
Cyclodecapeptide — C Y Alkaline AuNCs: 660 3.6 [87]

5 REERE

AR 3OS UL R H AN 2 RO BRARCGX — J5 2ok & b
JE& (Au, Ag)AKIEIAT T dh, BB T 7 AR A
FEFIZE T 2l SO b R E ) REA R & i A
Z IR H, LA AR E R IR BRI (K D REAN [ R IEFF
AFREABE B2 RS ERER. 5SEAR
AR ERES AR EL, 2 APPSR S I B, T AR
N, Hed B E w2 a6 i o e m gk g AT H
Ik, PN EBLEREE 2 RS BRI PR & e, e
ORI AR SR St 8 A i s AL R P =5 2 I3, 1K
BRI T SR R SEBRE R, H Al 5% %07 T 4

Acta Chim. Sinica 2014, 72, 1209—1217

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

BT, R MRAT AT R SR TT . SRR &
FUM 2 ROZAARGEAT T8 2 A0, MU 5 ISR o AR
B, HTaREeERIRE T REMC REEAL, 28
T 1A B 78 1) S M K HL R B 5 2 Ik 5t e s TR
FUIE AR P LB A AR WY 55 58 DR 3 PR 1) FLAE AR W R o
U . RS E N EA S Z IR, Sk
FGETELF . PR SOCHARE, JF ARl 4 &
fBeR, SLBlZ DhRgfth e — SRR, MEHE#
WG5S 71, DA LB I8 A B st i 2
RPN T St m PRI G b 25, LA RS
fFr e, HAYEREE LR
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W, 2002.8~4, RiEKRFMHFHRAREDHRFTR
PR, 1994 220k T g F R, Ko FhESHEELE
225 (FIF: Tk FEAFRRL), 1999.11~4, X
EREMMERZH S THA R, WA FIF, 2000.8~
2002.8 £EFHKAKRFUMBFE RGBT REH, HRH 6
TR R DI A T BN T K kR e e A R
HpmiE R G HRRSE AN XE T BERF T Eg R
HFa g TR, AR E K32 863 TEMA . 973 F. AR
AL XAB. BRLEHFNAD. BRAKRAFZ AL, R
F EAE R EER B F50 23, RAAATZ A 2800 45
A, EERIREL LT KRB 180 &4, 318 1200 4%,
SCI %sh B ¥ R+ 238. wisfkFEARXLAEH 50 437, &
RER RETHBLSFT —F L7

d:h

RER, ARRTFRAFRXFESR, AVEFITRELH
RFHFHRIZ. 2004 5 F M KFERFMHFF P45, KF
MR G KA FEEE ARALCGENREFE FHEf L
KA T AFEFT LA, 3FHRIIAR); 2009 4 3
B K RERF TEMAFEEFAL. 2009 54 A NIRF) F K5
B, MEFBRORAFZALME 2R, 4 LG THEH
ETERR 1M, AEIFERARAF AL ERA 2R, L
HEFHAREFR 1N, ANEIRSFARARHAFETELEE
BERAAAB. 2009 F Nk H FFRFRFHEHIT IR
%:2011 SRR FRFE AR FELFHT; 2012 F
Nik E#T CRFEAAIEFHITRIA B I FHKIF; 2013 A
BEFRFE AR B TR

MYk, 2012 Bt ki, 2R R A LK K
SRS IR FEBMEE, LB I T CulnS, F 549
% R R h R IEAT R 5 4. MRI# %A 55 &.

R4k %, 2012 A, 2010 20 F R # K3, BUSHH
IEFEFL. ERMRATQET T RFLLINETF R4
G % Re s RIRAT 69 35 R AR B 5 g & 69 L AL 2013
F, EABARZ RN RATAE LD B 3 2 AH R RNIH) R
#E3, BB THARARBES Y HF09MEER.
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