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Abstract

In this research, bovine serum albumin (BSA), glutathione (GSH), and metal ions are used to
synthesize fluorescent metal nanoclusters. Positive polymer is used to coat fluorescent metal
nanoclusters and glucose oxidase (GOx) to form a composite material. The glucose oxidase in the
composite interacts with glucose to produce hydrogen peroxide. Then hydrogen peroxide is used to
change the surface properties of the fluorescent metal nanoclusters, and thus reduce the
fluorescence intensity. Therefore, we can indirectly detect the glucose concentration.

Our research explored the optimized fluorescence metal nanoclusters, BSA/GSH-Au NCs.
After analyzing the quenching effect of glucose on BSA/GSH-Au NCs, we found that BSA/GSH-
Au NCs can effectively detect glucose. The fluorescence intensity changes logarithmically with
glucose concentration, and the correlation coefficient of the logarithmic calibration curve is 0.994.
Besides, BSA/GSH-Au NCs have the specificity associated with glucose, which means it can be
stable when detecting glucose. In addition, we found that 0.05% chitosan is the best polymer
conditions to coat BSA/GSH-Au NCs and glucose oxidase. We then apply BSA/GSH-Au NCs /
GOx @ chitosan with the optimum conditions to glucose detection. The fluorescence intensity of
the composite material also changes logarithmically with glucose concentration. The lowest
detectable concentration of glucose is 0.01mM. The correlation coefficient of the logarithmic
calibration curve is 0.971.

During this research, we successfully synthesized the composite material, which can detect the
concentration of glucose stably and accurately. For further study, this material will be modified and

hopefully apply to blood glucose monitoring in human body.
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RN EdiEn
- EIREs EH
(-) F=%EH
A Ve T ¥ B ik ¢ SynergyTM 4 Multi-Mode Microplate Reader ( Biotek Instruments,

USA)

(= &
2 i j ¥ ¥=¢ bovine serum albumin (BSA) ~ 2<%k 4 ?x glutathione (GSH) ~ = % £ &
HAuCly ~ # & 41 AgNO3 ~ o a4y Cu(NOs3)2 ~ § F #% glucose ~ § 5 #&% 1 fi= glucose

oxidase (GOx) ~ ¥ ¢ % &7 *= polyethylenimine (PEI) ~ # % p# chitosan
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=
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£ :,\Iiﬁ;')}aié 0 £/ 2K ¥ E%E (BSA-AuNCs)
(1) fefl 50 mg/ml e & v 36 3% ~ 10mM g BagEs 3% ~ 1M eh
NaOH % %
(2) 4e» 10mM 500 L 14 Bag+ 3% (Aw) > £ 02 vortex B#siR § -
(3) #r»> 1 M50puL 7 NaOH ;3 /% » I 12 vortex B# R 3 o
(4) #5853 x SodigE > 2 70°CE iy 75 A 4 e

OF S AUEBESSHETS ST E

™

BN Boden kIR A A K ¥ L B% (BSA/GSH -Au NCs)

(1) Fetl 20 mM egimk 4 753 i ~ 120 uM eh2 6 F 6 % 337 ~ 20mM 4
B33 ~ 1 M NaOH 3 i o

(2) 4t > 20 mM 250 pL 355k 4 PR3 7% ~ 120 mM 250uL 592 i 5 39 3o o
375l 2 &3 -k > 02 vortex B#R 5 o

(3) 4t » 100 uL20 mM & B+ 3% (Au’")» & 12 vortex Z# 5 4 488 5 o

(4) 4c» 25uL 1M 7 NaOH 73 i% » ¥ 12 vortex R# 2 5 -

(5) #0 &3 s~ S BgE 0 3t T0CK Jiu 75 A 4B

(6) H 10 & > = r F ey L ik -

P &R £ AL S By SR a R A ¥ 2 W% (BSA/GSH-

)

metal NCs )
(1) pefl 20 mM gk Pxi3 ik ~ 120 pM eh2 & Fd F-d 3% ~20mM 4
B3 3% ~ 1 M ¢ NaOH i3 i% -
(2) 4v > 20 mM 250 pL gk s P53 %~ 120 mM 250 pL 0% 5 F 6 F-v 03

e ~375ul 2 35 ok 0 F vortex BHR 3 o
5



(3) 4c > 100 puL20 mM 14 B3+ 3% (AU~ Agh ~ Cu?') > ¥ 12 vortex & &
54403 o

(4) 4> 25l 1M 5 NaOH 3 i » ¥ 17 vortex B2 3 o

(5) #=5R &3 e~ do R 0 2 TO°CK fis 75 A 4 o

(6) /10 B » 2~ HE e K ik o

by hev /HEAREBE A F AT BT 2T R

LOFHI R PR ERHE LY b0 R B MA LY
R

(1) pel 200.0 mM % % ;% (pH 6.0) ~ 5.0 mM 1% F #%:% /% ~ 100 unit/mL
i FAEF CpERR

(2) #v» 15uL200.0 mM % @% 7% (pH 6.0) ~ 30 uL 100unit/mL 7§ 5 4% %
L A% > 02 vortex B#R 3 o

(3) Aulde r B RER T F AR Tl vortex RFR S > RERRY FF
wEREA B L 00mM -~ 0.0l mM-~0.05mM~0.1mM~05mM ~ 1.0mM -
20mM ~3.0mM ~4.0mM ~ 5.0 mM -

(4) 4e x4 5K 0 2R LA S 300 uL -

(5) #T FBREIEEBERY A 3TCABE i 1544830 A4k~ 60 A

48 ~ 00 & 48 ~ 120 4 45

2. 2 e R PR ER A N FCRBA A R Y T
(1) pefl 200.0 mM &3 7% % (pH 6.0)~ 5.0 mM . & & 4 (40 - )~ 100
unit/mL 0§ F AEF “fFR R o

4

(2) #4c > 15puL200.0 mM i 7% ;% (pH 6.0) ~ 30uL 100 unit/mL =% F 4= %

v fEA R > T2 vortex B#R 3 o



3) A& %4e ~ 30 uL5.0mM i j & AR % 0 0L vortex BFR 5 0 i FidR Y
K F
g AR S 0.5mM e
(4) er 2 33k 23R AEAE S 300 UL o

() #I gRRENERERZHY > N I7CF B30 ~ 48 -

2 glucose, maltose, mannose, galactose, fructose, lactose
o F BSA
e gk e cysteine, glutathione, homocysteine
F- RRSA

(Z) E3343¢ R 2ifd o /HERAREBENFLMAES § 5T 5
4 & 1 #(BSA/GSH- metal NCs / GOx @ polymer)
l. &= PEl ¢ 2z 2djjd v /324 s AN FRBMAER F MBS pE
4 & +#2(BSA/GSH- metal NCs / GOx @ PEI)
(1) pe% 0.10%% 1.00 %= PEI ~ 100 unit/mL 22 1000 unit/mL 0§ § #& ¥ i* =3
& ~ 200mM =i 7% % ~ BSA/GSH- metal NCs o
(2) 4t » 15 uL 200 mM £ 753 i o
(3) A ul4e » 30 uL 100 unit/mL £ 1000 unit/mL % § 95 1§73 % ~ 15uL &
150uL BSA/GSH- metal NCs > i 14 vortex B # % 3 o
@) A 54~ 0.10%22 1.00%:0 PEL (44 = )
(5) 4vr 3 EESF -k D3R AMA S 300l

(6) #E TS 2] pF
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R+ /l’§

(pL) PEI GOx 200 mM

- | Phosphate -
P(E OIA)) Bdsik R e l;i?;ﬁ\?gs bu?fer 38k
ul 2 (%) ulL ,E)i (pH6.0)
(unit/mL)

0.01 30 0.10 30 100 15 15 210
0.05 150 0.10 30 100 15 15 90
0.10 30 1.00 30 100 15 15 210
0.50 150 1.00 30 100 15 15 90
0.05 15 1.00 30 1000 150 15 90
0.10 30 1.00 30 1000 150 15 75
0.20 60 1.00 30 1000 150 15 45
0.30 90 1.00 30 1000 150 15 15

4. = £ % BSA/GSH- metal NCs/ GOx @ PEI 2_jk & if i%

(7) 2 8000 tpm &t 20 A 48
(8) 442 ¥ KR » 4 20 mM Phosphate buffer (pH 6.0) % 34%84# 300 uL -

(9) MRS ART B vortex B#RJ o

2. &2 chitosan & B2 £ Fd v SEEHREBA N Y RBEL § BT
i f¥ 4§ & ++ #1(BSA/GSH- metal NCs / GOx @ polymer) (BSA/GSH- metal NCs /
GOx @ chitosan)

(1) 7 0.150 %2 0.600 %: chitosan ~ 250 unit/mL 7 54§ 1 F#i3 5% ~ 200
mM % 5% 7% ~ BSA/GSH- metal NCs -

(2) 4~ 30.0 uL 200 mM £ % % o

(3) 4 » 30.0 uL250 unit/mL F 5 #EF ©* F53 % ~ 150.0 uL BSA/GSH- metal
NCs » # 12 vortex BHiR 3 o

(4) 4 wlsex 0.150 %2 0.600 %= chitosan (44 = )

(5) 4erd ok 3 RRBMA S 300.0 pL



B R
( l‘-L) chitosan 200 mM

250
chitosan unit/mL BSA/GSH- Phbosg_hate FRvE
( % ) R 'ﬁ;,% fi GOx metal NCs ulier
L (pH6.0)
(%)
0.010 20.0 0.150 30.0 150.0 30.0 70.0
0.025 50.0 0.150 30.0 150.0 30.0 40.0
0.050 25.0 0.600 30.0 150.0 30.0 65.0
0.750 37.5 0.600 30.0 150.0 30.0 52.5
0.100 50.0 0.600 30.0 150.0 30.0 40.0

4. = £ 2 BSA/GSH- metal NCs / GOx@ chitosan 2_ jk A& i% i%

(6) #E*zE? 21
(7) 2 8000 rpm & 20 4 45 o
(8) 4 t & ;%% - 4 20 mM Phosphate buffer (pH 6.0) I %4844 300.0 uL -

9) MAgF A BT BN vortex PR 3 o
CIR ) ANk A= J=

() flPaa+¢ Botid bo /Ry s Bi Ay LMAL F BT L pF
#F & ## (BSA/GSH- metal NCs / GOx @ polymer):& {7 § & #&1& Bl
1. pefl 200 mM % #% % (pH6.0) ~ 5mM 1§ § 47 7% ~ BSA/GSH- metal
NCs / GOx @ polymer -
2. 4v > 30 uL BSA/GSH- metal NCs / GOx @ polymer
3. Auber A RERE FAERR 0 T 0L vortex RE R 5 0 RERRY Y A
R & B 5 0.000mM ~ 0.010 mM ~ 0.025 mM ~ 0.050 mM ~ 0.075 mM ~ 0.100
mM ~ 0.250 mM ~ 0.500 mM ~ 0.750 mM ~ 1.000 mM ~ 2.000 mM -~ 3.000 mM -~
4.000 mM ~ 5.000 mM -

4. 4 20mM i Fa R (pH6.0) > 33 % M A 5 300 pL -

v

5. ¥

(%Y

B REERERAEY W 3T7CF 90 A4 o
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(I)  WPIBREEREH
1. K g £ 5 330nm -

2. B~200 pL 2z~ F R EF R &P o

5 FLEFE%

SRR L g TR Y RS PR
(=) #F#2sdd 36 £H2 K% 2 ®ME (BSA-metal NCs) % %5t jFd Fv /8
BeHrPs g 2k & kB4 (BSA/GSH-AuNGCs) 2. £ B |+

Y N T A S 1 £ 1 [ LR P T e

Y

Fv v £ 2K EMAE > Akl K L 680 nm P ek F 4 %:".g.%;%;‘xi

i

,};tnp)c.kjpﬁ#pém._ﬂ_/ﬁ 3-v £ 3 ,}%?,lc,]'ﬁ];g:v‘——g_,ﬁ v et B o B A

TR R - 2R ko

5000

4000

3000 -

——BSA Au NCs
——BSA/GSH Au NCs

2000 -

mm\\\\\\“

0 1 T T T
400 500 600 700 800

Wavelength (nm )

Intensity (a.u.)

Bl= BSA-AuNCs fr BSA/GSH-Au NCs # £ & 3#
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() MARERGEF L340 Fy Fv /%R B2 # ¥ X W% (BSA/GSH-
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B MR A A Y RRMATEFNET Y FRA DT R IR 2

8000 -

6000 -

4000 -

Intensity (a.u.)

2000 -

— Au

Cu

400 500 600

Wavelength (nm)

AALAANAGY
s

700 800

Bl = BSA/GSH-Au NCs ~ BSA/GSH-Ag

NCs » BSA/GSH-Cu NCs 2_ % & sk 2¥

N R ST LYY SR Y P R o SV R R

(=) I* 2iifd 39 £H7 K F LMAELFH §HERPR
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5000 -+
4000 - [glucose]
~
3 (mM)
3 3000 - —0.0
i —0.1
v 2 i
g 000 —0.2
= 0.5
1000
—~— Y —1.0
0 T T T T T T T T
400 500 600 700 800
Wavelength (nm )
Blz BSA-AuNCs R85 & B2 % % k3
(=) JI* 2 3o /ERHNREBZ A FLBARFTY FBRR > 2HHA P
FREFEHLEZFAFELBEETT FHERMNZER
RHEBI 7S SEFF FHARRARSH  FEBRERF FEF AP+
E S NT RRIG FREOHE T RBERIA T AR R R AR A F Rk

B = ¥R O o

4 0 HApR thlich 0.994 0 21T UFER oh

WiRlg F AL BIRR -

Intensity (a.u.)

[glucose]

(mM)
—0.00

—0.01
—0.05
0.10
—0.50
—1.00
2.00
3.00
4.00

600 700 800

5.00
Wavelength (nm )

Bl7 BSA/GSH-AuNCs B 5 5 #E2 & & k3
12



) ® 15min
® 30min
® 60min

90min

® 120min

y =0.134In(x) + 0.447
R>=0.942

y =0.179In(x) + 0.532
R>=0.987

y = 0.153In(x) + 0.622
R>=0.989

y = 0.146In(x) + 0.670
T T T T | R2=10.994

0 1 2 3 4 > [y =0.136In(x) + 0.664
In([glucose]) (mM) R2=10.930

Bl ¥ 5 BEA Sk L S 680 nm ek in B it dicis B A

Bl= i 9 /E%RHNEBZ A FELBAHRT B FHERTE L D
¥okigonk (1 UV %3)
(F5ERI L2 2455 0.00mM-~ 001 mM-~0.05mM -~ 0.10mM ~ 0.50 mM -

1.00 mM ~ 2.00 mM ~ 3.00 mM ~ 4.00 mM ~ 5.00 mM )
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(Z)  #F2aify 3o /By Bi k¥ XMA ALY PP
OB EE R IR - AERBLE LT F e

PR KT T LR R R BRI N T 0 F 0 g e e i

4000 ——control
=
< ——glucose
—
2 3000 ——maltose
% 2000 \ mannose
= ¥ ——galactose
L]
1000 - ——fructose
s lactose
I : ‘ ‘
400 500 600 700 800
Wavelength (nm )
Bl ~ BSA/GSH-AuNCs &P 7 I pE#E 2. ¥ % K 3%
6000 -
5000 -
~ ——control
5 4000 -
fi ——cysteine
j? 3000 - GSH
2
£ 2000 - Wty —homo cysteine
]
1000 - BSA
—glucose
0 *‘

400 500 600 700 800
Wavelength (nm )

Bl1 BSA/GSH-AuNCs & ip| # o o % = A 2 % Sk k2§
14



https://zh.wikipedia.org/wiki/%E6%9E%9C%E7%B3%96
https://zh.wikipedia.org/wiki/%E5%8D%8A%E4%B9%B3%E7%B3%96
https://zh.wikipedia.org/wiki/%E4%BB%A3%E8%B0%A2

o EAR AR Aae b ek BE L FEMAE FERT L
#1#(BSA/GSH- metal NCs / GOx @ polymer)
(=) &=0PEl ¢ fhz2dijfe o /HAS FOARFRBAER §FHEF LpE
# & # #(BSA/GSH- metal NCs / GOx @ PEI)
RS T 0 F 9 PELé R R T R T R F M ek

PN ST SEREL S S S

1600 -
1400 -
1200 -
1000 -
800 -

——control

600 1 —— giucose

Intensity (a.u.)

400 -

200 -

0

400 500 600 700 800
Wavelength (nm)

B+ BSA/GSH-AuNCs/GOx @ PEI z % £ % ¥

(=) &= chitosan # 2 25 Fd 0 /%A REREZHNFRBMAER § 5T
it f¥ 4 & 1 #1(BSA/GSH- metal NCs / GOx (@ chitosan)
145 B+ - 7 15 0 chitosan k& 3 0.05%PF 2k 5 R Bosk 0 ¥ oA Bk

B PP $Hd3s o fe chitosan Jk R #& % 5 0.10%FF » Ak i e 4z ¥ -i:j‘—fi:]‘k‘ﬁ * 12

BARY oox REFRBR KK AT P IERE R & E Kk & o chitoasan b ik
Bk RAEERRIT FBHH
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4000 -

3500
[chitosan]
3000
’; (%)
= 2500 - ——0.100
z 2000 - —0.075
£ 1500 ——0.050
= 1000 - . 0.025
500 | —0.010
0 — \ T —T T T T T T
400 500 600 700 800
Wavelength (nm)
B+ - BSA/GSH-AuNCs @ chitosan 2. ¥ % & 2
N L LN E IR TS TR Ty gy Py PR Y TR
11 #L(BSA/GSH- metal NCs / GOx @ chitosan):i& 7 § & & & /P
I B - = ot o chitosan ¢ 2 M F L R RV EY FEER N e L
BB TEERAEARC R LT ERER S HEM % B ERAPH REi
0971 > & ™M+ R3] 0.0lmM > ZEF M4 E HHREF BB ORTR -
14000 [glucose]
12000 - ﬂl}%oo
10000 4 —0.010
/; —0.025
< 8000 - ——0.050
= —0.075
g 6000 - —0.100
‘;3 —0.250
= 4000 - —0.500
2000 ——0.750
1.000
I —— ! 2.000
400 500 600 700 800 4.000
Wavelength (nm ) 5.000
B+ - BSA/GSH-Au NCs @ chitosan ¥ B § % #&2 % & &3 (chitosan JE & % 0.05% )
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1 .
0.9 -
y =0.170In(x) + 0.613
Rz=0.971
£
-
S5
0 ‘ | | | |
[glucose] (mM)

Bl = § FMERERE 5 680 nm iz sk sg & h¥tficks € 8

B~ BHRAE?
- EHS R b /R B R A FREAL LS F ORI F LR L BT

(=) fI* > E5BSA 2 GSH#2* & & £ kR Ly £ 3 f B#% (BSA/GSH-

AuNCs) 4p#t 2 & Fd 34 £ 2 A WH (BSA-AuNCs) F 22 M BSA * £ -
dMGER R FHFEEG >  2ESE A ARPIFFY 26787 30 T A BEER
3r% o

(Z) E*HFF e B+ ——ACWUR BHE - vEF LR DT ERBER > 7 2

Fo F0 /AR RS f B (BSA/GSH-AgNCs) ~ 2 5 v F-d /R8P4 3
B # (BSA/GSH-CuNCs) P4 J#35 -~ -3 2o
Sy AR v /R HE A X RBART TES L LB FRRRIZ T
AN

17



(- ) 2wid 3 /3By <4 7 A BH% (BSA/GSH-AuNCs) 7 F >tk Rl 4 § 4%
THERRRERCEFTERERSHEME G akGdF RFERFL 0044 EHEKRERZ AP
B lics 0.994 -

(=) APHFEAL 059 39 /By g 2 L B#E (BSA/GSH-AuNCs) fx g @ b
R d FREEHT TP E RO B A RRR AR
SEF SR R TR -

S HFHEEe REBANFRMALT IR PFOFIF LA E ARG §
B
(- ) MPEI# B4udFd dd /4754 2 ¥ B# (BSA/GSH-AuNCs) % § 5 #

I~

BRI EHPE ) koA o 4 RIEEFEEERR -

(=) v chitosan & i jf o F5 /$5#%4 " & % A B (BSA/GSH-AuNCs) % i
FAEF CEEAFEHALPE ¥ konk i A d FHRESE T o chitosan kR 0.05% 5 ¢ B &2
FA kB A end i E o

B ATRAT e R A ghd God /e g ROk W EEAS §ET P ¢

-
F}

HAL* 2t F (Y3 B2 ORI oSk
J%manéﬁéﬁ%é}é/&wﬁ%ﬁéﬁﬁﬁ(MMﬁﬁth&)lﬁ
FHEF PR EMRT G ocRRIG A EH R ERZ M Gl 0971 -
MR FRFAFERELFY B /B%kd s 2 4 BE (BSA/GSH-AuNCs) %
TEMFCFEEIAEMHE  PRERAT CNREFRERF o ET FHF L pE

FWF AL GBF C I A A B A A BBTY @ @F BUELS Pl o

CAMESECT- PR Sl

-~ RFLF RAFEHERY 2 F F R

—

DR&GLEEhg A+ RAFEHFE AR RERY N FhERR O DS IF
FREE R N BRI 50 Mk BRI G BB RUNR R R TR

B R o
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Z~ FERBEELSITE L
A EPERFEFN S A6mM 0 @ P m A PET BRI AR MER 001
mM > Fpt T A BRPE R 29 Rv SR INERFHNF RBAEZ § I
§ fF4F £ 44 (BSA/GSH-AuNCs/GOx @ chitosan) £ F iR Mk B § § # i
A FR FORFAEE S APT UG KR e E 0 ARFEF T E
i BB R 0 B T B dee] o TR OB A P AR Sl RS FERA O
BRI A Me B E LR ¥ B BB RS T E G B O R $ 3 'L

FERA 0 A kiR - b iRt g o

B 3R () 2 26
-~ AP (2014) ¥ R4F/ L K B2 & =22 0 % i R Synthesis of Fluorescent
Cerium/Gold Nanoclusters as glucose Sensors > B = 5 4+ & it & % & 3557 7 45 2
Z ~3E &% (2009)° % £ 2 K B2 4 4 & * Bioapplications of Luminescent Gold
Nandots (Fg 2%~ )

I & (2011)° 39 H-£5 % X B 0 & <& k¥ Protein-Metal Nanoclusters:

Ji

Synthesis and  Applications * B> S8+~ F & A L4577 F 2
o~ Faers (2013) ¥ R E K48 & #4424 # & * Bioapplications of Photoluminescent

Carbon Nanocomposites (Fg L # < )

=g

» Z Yang; C-K Chiang; H-T Chang, Synthesis of fluorescent and photovoltaic Cu,O
nanocubes, 2008.
-~ Prathik Roy; Zong-Hong Lin; Chi-Te Liang; Huan-Tsung Chang, Synthesis of enzyme
mimics of iron telluride nanorods for the detection of glucose, 2012
S E R

2ida (2016) - f1% FREA T & 2 243 K BAGRET 55 T E B
(R4 R 2% it %)
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