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Synthesis of Eggwhite Protein-Based Fluorescent Silver Nanoclusters by
Biomimetic Mineralization for Probing Cyanide

XIA Xiao-Dong® HUANG Hao-Wen
(School of Chemistry and Chemical Engineering, Hunan University of Science and Technology,
Xiangtan, Hunan 411201, China)

Abstract: A new synthesis strategy for f{luorescent silver nanoclusters was developed. During this synthesis
process, without any other reductants, only facile biomaterials, i.e., eggwhite proteins, were used as materials and
scaffolds for preparation of silver nanoclusters. By simple incubation process under the optimum conditions, this
one-pot methodology yielded nanoclusters with unique optical properties. The mechanism of this synthesis strategy
was presumably based on Biomimetic Mineralization: sequestering and interacting with inorganic ions, followed by
providing scaffolds for minerals formed, mostly through functional proteins. The diameters of this nanoclusters
were smaller than 2 nm, which charaterized by the analysis of transimission electron microscopy. Obviously, this
synthesis strategy was simple, environmental friendly and cost-efficient. Additionally, a novel silver nanocluster-
based fluorescent probe for cyanide in aqueous solution was described. This probe relied on the cyanide etching-
mediated fluorescence quenching of the silver nanoclusters, which also was confirmed by the analysis of
absorption spectra. Thus sensing assay for cyanide possesses highly sensitivity and selectivity, and good linearity.
With this probe, the detection limit was down to 1.2 wmol L™ and lower than the maximum level (2.7 pwmol-L™)
of cyanide anion in drinking water proposed by the World Health Oranization(WTO).

Key words: eggwhite; biomineralization; fluorescence; silver nanaclusters; cyanide

WSO H 1. 2011-06-12,, W& ki B 191.2011-07-27,
F X HARBF 34 (No.21075035) % B 0L H
SHIEE R A L E-mail : xxdwork@126.com; 23 51 il 5 : S060019186M ,



2368 Jx Hl fk

- %27 %

Bt 4x B8 &/ 9N FE (gold/silver nanoclusters) FH %X
AL R TR, HoR RN T 3 nm, HOG M
REASTH] T 5 [ B (1 40 KR (KL AR 3~100 nm) ; 43 /48
GRBLF 1 T TR R BT L T F X R R T
FEAT 1) 2 T 55 B8 1 L AR B G20, T 4 /AR AN i 1) S
TR R BT L B SRR R (PR R AR, S BUE L
1 L R FIOGBUR G, BN AR 1 Bt 4
& 4 7% 38 o8 78 i (NaBH,, VE 3 J5U5) 42 3 2 il 45791,
B BC AL AT (NH,, COOY) I ELAT R 1) 205 48 e 1 1) 3R
HWE T B4 8 SO R R AN
W R G T A /AR S G g e 12 TR B A% R T T
JSLER A A B 6 A 5 3 R A T AR A
M E AT, TET 53 ik JE R AE B A LAl
IO, T [ AR 157 8 14 7 vk IO AR AN AR R LA

G RN B IR RO PR RE 2 A TEHL
UK RE B T R O i AR 2 2%
TCAN A ) A SR AR AR A 08200 T Bl T
14 4 J B T HRAET /NG R T 2L BH B T
PRET SCRRHR T AR 85 /b 550 B8 e o e A A T
PheFE, T UL Liu 5K R T —Fo R 4
G RS T UOGIRET Y FURY R IO T W AR
T YL DRI ST T I A B O TEAT B SR

PTG F AR —FhE WS . R
X — H ARG 0T & K 5 4 R A ST U R R 3R
MR T —Fh G O CR N Tk, RS S
(1 A= 0 26 1 R R O D3 i SR | 3 A 4 o
pH E, FIHA Y 0 F 8 S AW kD6, — 50
Ok B ARG BT DGR N . B SR R S
TELNREHE H BIVE R B804k | A2 iR AN 5 1% Il
J7 1% T A 1 4 /AR M % 3 P 1% 38 D) 0 Ak
WA BT R AU T, A AR AN R
PERERRE S50 2 I L AR AN FE Al i U T TR
B 1 e B i 1 S BB T BRI L 1%
7 1 B e 4 R AU R R | TR A B
LRMEDC R BRI ARV B UL i R R T PR
B EREK
1 SEZGERSy
1.1 XFE5iKHA

o HEE S T B (JEM-2010, H A< HL 7 #k
K th), S 5T W36 B T (PerkinElmer, USA),
FL 4500 %5306 % B 11 (Hatachi, Japan), FLEGHE &
& BT RS (ICP-MS, Agilent 7500),

i%5 BT 4 (Solarbio, MWCO ; 8000-14000), T fiif X%
A, IR, WU AN 38 R [ 7 43 B 4l A iR
SyMTAL ., Sl K
1.2 SBRMEERK

Wi B R s — A, 1 mL B AR N0
1 mL 8, 20 HCT pH (B 9.0(F VA 1 R 555
PR P 25 A1 R BB ARt b AE 7K A R 43 8 B9 10 mL 28
VW2 mmol - L™ BEER AN, I Z S AL A5 pH {H)
o, B EAREIEE W 000 pl T/NBER AR, A
1 mmol - L™ 1Y AgNO; ¥ W 100 L, #4148 5) R W
TUVE 7= A BB (AR Ak 28 N I Ak PGS0, 7 V201 £ DA
T @B A AR 6, R H IR ZE K 585315
Br A3 alifb AR 4 % |
1.3 RIAEFNIE S

FH 151 43 9033 S L BE X AR N SR HEAT T RAE, Wk
B2 O Ry R VG VT, A 9 L A T, RO 6 A
M1 em, AR BIBRHERE L 730 BERH 2 nm, %
G o3 M S AN R . MR R Bk A X
5.0 nm, & 55615 i K 480~590 nm, AT 1E
AR P ,300 pL A9 L,

1.4 ®WUNEEF

200 pL LR glifb it AR, AR A &
) 50 - (RS A M VR E o3 B 2l AL B TS ),
43 BB 10 min &, 2¢ 658 B I8 082 (8, 4 B HL 28
I

2 BR5UE

2.1 RWERIEBRIE

A B AN R RN OE PR RE BRI AR R
AT RSS2 — X P& R RN T T
FGRKALF Z [ S BADOGECROEPERE , A
T i Z AR T R A0 AN 2 T A I O, PR e e
D4 R AN 5 G S TR T 1 3R T A 7 35 141 R 2
MR, RE GRS w5 R AL IR
REFI DI Re 9 2 N T B B RO C AR R
18 22 BBl i R Al B DABE R R A
ARGV, EASTE oM, 2 AR ILY Re LA
IFEA Z AR, SRR D) e M JE 1A RN 45 44 4
AR T AFERIE e, (AR B R E T B
AEYT DI RES, XS R AT Y E Tk
U5 EE B ZRE AR, RMAAEFEEARAR
Wy AR T RE AR O LG i T2k
RO, B TR R DO AR I AR, B



%12 3

BRI R (L 4 N R R AL P e 2360

RN 1(a) s, BRI RS BRI R AN g
TEK HP ARG b 43 1, X R RO ERTE B 2 R R A,
HAFH SORT], SEER W 7 pH R 9.0 (Y55 M 5%
PF T ZDRRAR G M 43 1, A9 AR o TR B | A,
FR LA R B e A RO AR B - 5 — il i TR
BT EEAR 4 100 wmol - L, TEBLHAE A1 T (e, =
10 pmol - L) AN BEIE 8 AgOH 8 Ag,0 JLTE (K, (AgOH)
=1.52x107%,20 C)®; TEHEERETEE A A0 1k
VERR D7 (3 A5 15 T 98GR AN AR ik P R W8 7%
W TE €0, 372 7 18 AL Sl Se b (WL I 3B 4 14, A o 4
NFEITE B, oAb ok R 2 BL T 40 1LV 25 U4 AuCly
AR AE T XF pH 2% A4 5 B A A PE < >4 pH<8
B8 AR R RE & AR 1Y pH>11 B 37 B A= 8
i Ag,0, T8 4T 1958 /3 HOVE FHE Lz e | ot
Ag,0 IR DR, il 200 K E A
WA AL . pH 0 9.0; A EFIEEEN 100
wmol - L, SEEALIS [B] 75 24K | K2 2 h oA 269N
WAL, 2 d SPGB IR B AR e, (AR A2 R
B EEORBE R K, B AR B vk B R EE Ol 0.01
mol - L B, & WL AN 6 am B 55 |, TELAb 4%
PFF G B0 RY BR A o EL A G K it R AR 35T/
T2 nm, WL 2 J s LB A3 HT

h

\ e
mineralization ;
Ag’ Ag = . / CN;, etching Ag(CN)y
Ag (b) AgCN) Ag(eN)y
protein

Bl sesd B i A

Fig.1 Schematic illustration of experimental processes
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Fig.2 TEM image of eggwhite protein-based silver

nanoclusters
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respectively. The inset was the color photograph of silver

nanoclusters excited by ambient light
3 DAFRIGTE o AR B T A R
Fig.3 Cyanide-dependent spectra of silver nanoclusters.

(A) emission spectra and (B) absorption spectra
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(A): the CN-dependent spectra, the CN™ concentration from top to bottom was 0, 5, 10, 20, 40, 80, 160, and 200 pmol - L™, respectively;

(B): the CN™-dependent response signals; (C) the calibration curve of the detection systems
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Fig.4 Responsibilty of the nanocluster syntems toward CN™ and the calibration curve
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Fig.5 Kinetics of responsive systems toward CN~
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