545 % sriifks# (FENXI HUAXUE)  BFE4is5 5 5 1
2017 45 H Chinese Journal of Analytical Chemistry 662 ~ 667

DOI: 10.11895/j. issn. 0253-3820. 160799

% Bk S K F RE BB R M E T 5

K FmET Ka XX wmER FEHE 48 I AU
(FEREFR % A AT I S, RMRHE R, KT 300457)

H OE O 1-(3- AN 3-Z 35 W (EDC) 5 N-ERIEBEIARE T M (NHS) 15 4k 50 4 22 b 15e
B G KA TR, SR DO GBI 7T HIE 1500 Bk i 8 0 2 Iy A IR sk 36, 5 8 T S 2 ), B 35 28 i Ay o
2% (HEPES | Tris-HC1 #17% .PBS Z& 0 ) .pH {8 (pH 6.5 ~9.0) ZE ¥ (10, 25, 40 150 mmol/L) .NHS
1 EDC (13 (NHS 0.2 ~ 1.0 mol/L,EDC 0.01 ~0.5 mol/L) &z —# H41(0,0.5,1.0,2.0 F12.5) ABEE R
HHE (4, 8, 12, 24 F136 h) S X HBERM RN, i 1 B AR SC 00 45k, SCI0 45 R%EH, 25 mmol/L4-F2 2 3k
WK% £ B8R (HEPES) 2% 0 (pH 7.0) , NHS/EDC ¥} 0. 4 mol/L/0. 2 mol/L 124 h (¥ 5 ii i} ] 2y EDC-
NHS & b N 22 KA B & GRORE T 1 e S00 0 ik . AN SR 45 R ] M S SR SR iR S %

EHA 1-(3-THEELNE) 3-Z 5 W, N-REISHIBET G, S99 T; 2K
1 5§

EYRALT BAT M DOGA R, Qe w45 By 1AL IR RGO 2T 5 T M LA By 1) AR
YA gR | 2 IRl s A 21 G 9 KR TR I U AL AL AW B2 25 5 I A AR 2 T A
MRLHIE " ), Z IR E AR T 25 A E M TAE R R e b i S e iR ) e s IR 7> A
il RN PR BB . A 2 IR B S AR R A 1-(3- AR ) 3- L Bk
JEEhMRER (EDC) 5 N-Y2IEBE FAME TG (NHS ) 5935 10 52N 2 fi i FH A5 07 1% | — JBeds P2 3 A S0
TG, B A B B o8 R A5 i < B B 2 2R B B AN KRR 3R T, TR 1) s AR A, B AR T i EDC-NHS
(&AL, 55 22 IRl R 1 0 1 e K A DK 4 5 BN, T Bk e 8 021 . EDC-NHS i AL S i A R £
AR, AR SN A | R (4 AR 2R R 5315 M/ INRIAR G B — (g P2 EDR R [RI B 5
YR T ASIR] 1 S5 454 ARG R TR EDC R NHS (I ARXHR BE 2% Wi S pH (A2 A3 SCiikGE
FATRIEM R AW EDC FI NHS TEALH A 1F K= PR e TG W 1 B e 45k e s Ay 1Y
WFFE R, FLR B S W20 EDC-NHS MBIRECR | EJ2 i TEMBR R b & 99Kk 1 1A TR
FEE TR 7K i B A A A OR AR SRk EDC-NHS 1 14 S I K 22 R Bl AR 11 5T i 35K 38) 463 44 K b
F AR EAREAT e ™ P, REVTE L KT SD0KR T 455 8 ML A A 0 9256 50, B
AEEMIIRSHME, ZIREGE & TS PRR T BB, 5T EDC-NHS i 165 I 5% L Al
(e & BN LA 3 DB (1) EDC B SEFREE IOV, A2 ER — v 18] 74 Ot 53 i , O -1 5 57 IRAR
BH KRR HEIRIR ; (2) O-MEEE S IR NHS S5 A S e v B i ) P e] 4y NHS-Jig , I H. NHS-JiE 3
Ty TR 2 IR SR 1 5 R 28 S I FR B e 5 (3 ) NHS-IR A O-PE 57 IR AR AE 5 22 Ik sl 1 B i
B S ST I B | 22 R s B A SR A A ) 1 R I E AR T (T 1) ol T I L R ] R A A
Ty K ik | 3 BRI AL BREL 0] RE R ] 5

ABIEFE R ] — 2 A | R )48 Ui ) <5 40 KORE 5~ A 22 JIK B 5980 P IR AC EDC #l NHS #E47 48
WRIE o B SEA AT 20 nm )G KORE T, 1) P2 S5 Fi B 0 55 S IG 8 X & 4 KOk 7 R 47 3R AL, 12
FH B ARICHI 2 K SHELKLKLKL ffE 058 70, ¢ T HAR R 2S5+ — R IB i 1 G 4 K0k 1 L i
R ZRAT e 2 KR ACKE T 20 & (A LA 7K AR A2 DRI 5 PR A S AR BE S8 A BBk S A%, i
A I 5 BN 5k B e A AR SN A 2L 5 A IR B | DT A AR S WO, 548 1 4% G v i v 7o

2016-11-01 Yk ;2017-02-16 5%
ALRERARFIEILLTH (No. 21575102) BT

% E-mail; jfliu@ tust. edu. cn; s. wang@ tust. edu. cn




5 ] B B4 S TE 4 A KR T4 T B R B 5 663

EDC ‘CO \
Q il Zik
11-Fi 3R b ¢ Intermediate d Peptides
11-Mercaptoundecanoic Z KPR

acid 2
Hydrolysis

fows: | NHS
‘—’ e
. o

KA AR

Hydrolysis

GAKRT  ILBER ‘:. )
Gold G 9K KL T i »
nanoparticle Functionalized gold o il 4y E-TANEN

anoparticle ! Conjugation
nanoparticle Intermediate g

K1 2K 118+ — R B SRR T B EIR R B ALEE, (a) 11-F5E+—MRIB W Sk
KT, (b) BRI G IARL T 5 EDC SV A2 O-BR RS IR . (o) AERE Y O- J 5 oK fige A=
WRIR . (d) AFE O-B AR5 2 RS # 2 1 B B VIR A K, (e) AERSE O-THE S
R A6 NHS-Fig . () NHS-BRKARE ORI . (g) NHS-iE &) 5 2 kel 2 5 9 202 S i B
I B

Fig. 1 Mechanism of coupling peptides to gold nanoparticles. (a) Gold nanoparticles are modified with
11-mercaptoundecanoic acid. (b) The carboxylic acid on modified gold nanoparticles reacts with 1-(3-
dimethylaminopropyl ) -3-ethylcarbodiimide hydrochloride ( EDC) to produce the first intermediate of
O-acylisourea. (c¢) The unstable O-acylisourea is hydrolyzed to regenerate carboxylic acid. (d) The
unstable O-acylisourea reacts with the amino group of peptide to form the conjugation. (e) The unstable
O-acylisourea is also converted to N-hydroxysuccinimide ( NHS)-ester by reaction with NHS. (f) The
NHS-ester can also be hydrolyzed to regenerate carboxylic acid. (g) The NHS-ester inclines to react with

the amino group of peptide to form the conjugation.
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Table 1 Experimental conditions of coupling peptide with gold nanoparticles investigated in this study
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Effect of NHS/EDC concentration HEPES 25 mmol/L 8.0 - 24
pH B4 Effect of pH HEPES 25 mmol/L - 0.4 mmol L/ 2
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Effect of reaction time HEPES 25 mmol/L 7.0 0.2 mol/L B

HEPES:; 4-(2-hydroxyethyl) -1-piperazineethanesulfonic acid; EDC; 1-( 3-dimethylaminopropyl ) -3-ethylcarbodiimide hydrochloride; NHS:
N-hydroxysuccinimide.
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Fig.2 (A) Transmission electron microscopic ( TEM) image of gold nanoparticles ( AuNPs), (B) UV-vis
spectra of AuNPs
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Fig. 3 Fluorescent intensity of dye-labeled peptide-
AuNPs and EDC-NHS coupling conducted in different
buffer solutions. ( A) Tris-HCI buffer solution; (B) PBS
( C) HEPES buffer solution; (D)

Sodium borate buffer solution. Experiment conditions :

buffer solution;

pH 8.0; concentration, 25 mmol/L; concentration of

NHS/EDC, 0.2mol/L/0. 1 mol/L; reaction time, 24 h
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Fig. 4 Fluorescence intensity of dye labeled peptide-
AuNPs and EDC-NHS coupling conducted in different
concentration of HEPES buffer solutions. Experiment
conditions; pH 8.0, concentration of NHS/EDC,
0.2 mol/L/0. 1 mol/L; reaction time, 24 h.
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Fig. 5  Fluorescence intensity of dye labeled peptide-
AuNPs and EDC-NHS coupling conducted with different
ratios of NHS/EDC. Experimental conditions: 25mmol/L
HEPES buffer solution, pH 8.0; reaction time, 24 h.
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Fig. 6
AuNPs and EDC-NHS coupling conducted with different
concentrations of EDC-NHS. Experimental conditions;
25 mmol/L. HEPES buffer solution, pH 8. 0; reaction
time, 24 h.
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Fig. 7
AuNPs and EDC-NHS coupling conducted in HEPES
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buffer solutions with different pH. Experimental condi-
tions: 25 mmol/L. HEPES buffer solution, NHS/EDC .
0.4 mol/L/0.2 mol/L; reaction time: 24 h.
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Fig. 8
AuNPs and EDC-NHS coupling conducted for reaction
time. Experimental conditions. 25 mmol/L HEPES buffer
(pH7.0); NHS/EDC: 0.4 mol/I./0.2 mol/L.
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Study of Efficiency of Coupling Peptides with Gold Nanoparticles

ZHANG Qiang, LI Rui-Xue, CHEN Xin, HE Xing-Xing, Han Ai-Ling,
FANG Guo-Zhen, LIU Ji-Feng® , WANG Shuo”
(Key Laboratory of Food Nuitrition and Safety, Minisiry of Education of China
Tianjin University of Science and Technology, Tianjin 300457, China)

Abstract  Fluorescence spectroscopy was used to investigate the efficiency of coupling peptides to gold
nanoparticles via 1-(3-dimethylaminopropyl) -3-ethylcarbodiimide hydrochloride-N-hydroxysuccinimide ( EDC-
NHS). The experiment conditions including buffer solution, pH value and concentrations of buffer solution,
concentrations of NHS and EDC, concentration ratios of NHS to EDC, and coupling reaction time on the
coupling efficiency were investigated and optimized. The experimental results indicated that the optimized
experimental conditions were as follows: 25 mmol/L HEPES buffer solution, pH 7.0; 2:1 of concentration
ratio of NHS to EDC, 0.4 mol/L NHS, 0.2 mol/L EDC, and coupling reaction time of 24 h. This study may
provide references for the relative research involving coupling peptide or protein with gold nanoparticles
Keywords 1-( 3-Dimethylaminopropyl ) -3-ethylcarbodiimide hydrochloride; N-Hydroxysuccinimide; Gold
nanoparticles; Peptides
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