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Resonance Scattering Assay for Trace Human Chorionic
Gonadotrophin Using Gold—platinum Nanoalloy
Immunoprobe as Catalyst
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Abstract In the presence of sodium citrate as stabilizer, a gold-platinum nanoalloy (GP) in the mole ratio of 49 I 1 was
prepared by using NaBH, as a reducing agent. The rabbit anti-human chorionic gonadotrophin antibody (RhCG) was labeled
by the GP to obtain a stable immune GP probe (GP-RhCG) for the human chorionic gonadotrophin (hCG). In a pH 5.8
NaH,PO,-citric acid buffer solution and in the presence of KCl, the GP-RhCG probe was aggregated un-specifically to big
particles that exhibited a resonance scattering (RS) peak at 590 nm. When the hCG was added, the GP-RhCG probe com-
bined specifically with the hCG to form a dispersed GP-RhCG-hCG immunocomplex that resulted in the RS intensity de-
creasing at 590 nm. The decreased RS intensity (AZsggnm) is linear with hCG concentration in the range of 6.67—86.7 ng/mL,
with a detection limit of 3.7 ng/mL hCG. The immunocomplex exhibited a strong catalytic effect on the slow Cu,O particle
reaction of glucose-Cu(Il), and the particles appeared a RS peak at 610 nm. When the hCG concentration increased in the
immune reaction system, the immunocomplex concentration increased, and the catalytic product of Cu,O particles increased,
which caused the enhancement of RS intensity at 610 nm. The increased intensity (Alg o ,m) is linear with the hCG concentra-
tion in the range of 3.33—133 ng/mL, with a detection limit of 1.7 ng/mL hCG. In addition, the influence of foreign sub-
stances on the determination of hCG was examined. The results show that 150 times of L-aspartic acid, urea, BSA, glycine,
Ca(Il) and Zn(II), 50 times of L-lysine and L-cysteine, 30 times of IgG and IgA, 40 times of IgM did not interfered with the
determination of 80 ng/mL hCG. This indicates that this method has good selectivity. The hCG content in the serum sample
was analyzed by the GP RS method and GP-catalytic RS method, the results are agreement with those of the chemilumines-
cence experiments. Both RS methods are of some advantages including low-cost, simplicity, rapidity, high sensitivity and
selectivity.
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Figure 1 Principle of detection hCG using GP catalytic RS method
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Figure 2 RS spectra of GP-RhCG-hCG systems

(a) 8.48 pg/mL GP-RhCG-pH 5.8 Na,HPO;-citric acid-1.0 mg/L KCI; (b) a+
13.3 ng/mL hCG; (c¢) a+33.3 ng/mL hCG; (d) a+53.3 ng/mL hCG; (e) a+
86.7 ng/mL hCG
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Figure 3 RS spectra of glucose-Cu(Il)-GP-RhCG-hCG systems

(a) 2.0 mmol/L CuS04-61.5 mmol/L KNaC4H404-0.37 mmol/L glucose-150
pL reaction solution; (b) 8 ng/mL hCG; (¢) 50 ng/mL hCG; (d) 150 ng/mL
hCG; (e) 200 ng/mL hCG

1.2
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Wavelength/nm
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Figure 4 Absorption spectra of GP systems
(a) 56.0 pg/mL GP; (b) 57.1 ug/mL Au; (c) 44.8 ng/mL GPA
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Figure 5 Absorption spectra of GP-RhCG-hCG systems

(a) 8.48 pg/mL GP-RhCG; (b) 8.48 pg/mL GP-RhCG-pH 5.8 Na,HPOy-citric
acid-1.0 mg/L KCI; (¢) b+26.7 ng/mL hCG; (d) b+60.0 ng/mL hCG
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Figure 6 Relationship between hCG concentration and Alsgy nm for the
GP system.
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Figure 7 Effect of GP-RhCG concentration on Alsgum
pH 5.8 Na,HPO4-citric acid-1.0 mg/L KCI-66.7 ng/mL hCG
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A JE A (D) 2E 1 Cu O Bokr; (H R EE 1K) GP fURL(GPA) F fi
WAE IR SS, M RILIREUN SREERR . I, JoFE AT
B3 GP 5 GPA. K 8 R, YA AEAKE 4
FM R T HARLLIETE, (5 GP-RhCG 175 H A5 1R 55 [
AE. A% T CuSOs. KNaCyH,06-NaOH.
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2.0 mmol/L CuSO,4. 61.5 mmol/L. KNaC4;H4O4-NaOH.

0.37 mmol/L i Zj#i. 70 C. 7 min 2c1F0,  Algioami&
Bl NEH, ASCEH EIR AT AN E hCG. &%
LT A 98 SN BN AR R IR 2 e S N A
150 pL (FikE 50 G5, Ao nm FATENAE. IHASCE
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Figure 8 Relationship between nanoparticle concentration and Al nm
(a) GP; (b) GP-RhCG; (c) GPA.
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Table 1 Comparing of the reported assays for hCG
Assay Principle Linear range DL Comment Ref.
: g/, 3 ”ZJ\‘ s . B i 2% e .
WA 2 S ATV Ezgitﬁgﬁgiiiézﬁﬁ%T 10~10000 ng/mL  8ng/mL  K5E, fHRMIEARR (7
: g A
AL R E T 4K RF 5 Ru(bpy)s™ -TiO, )2 APt . .
o BRI = WAL, R ECL (5 5 2~2500 ng/mL 0.7 ng/mL  RIFER, (HI7ikE% (8]
ebrid 2B o T hCG [ gk 244 L, SlhE b o
% FEIRE 14, MRS hOG A% 05740 ng/ml. 0.034 ngfml. £t ol
jifk hCG 4543 ZnO FE71 1, S3( ZnO . .
TeBOR 6 g;?;m o I ZnO FEALE, B8 Zn 2~20 ng/mL — R, HAKEE [12]
PGPS HTiE H25 7~ A e i B 40 2 b BRIt 3 S i 3 b 2.5~150 pg/mL — [lE IS [13]
hCG 5 POD A5iC (1 anti-hCG 15 4538 it 4t
Wt S8 oy Wik %ﬁ£%H£?§EMI L 0~20 pg/mL 100 ng/mL ~ f&j{# [17]
ERGNARL s 1 PR AS FRLAW 2 8 5 .
JRF R AE i;ﬁi;ZﬂMM BRFRTHR 0.01~1 ng/mL 1.3 pg/mL  REY, HA = [22]
Au FFIC 9 anti-hCG 5 hCG & P I
HEAL LR R 1 );2%;&%%%A§Um£iiii& 0.25~20.8 pg/mL 83ng/mL  RE, HAH LI E [16]
B TaRER CP F Ll anti-hCG 5 hCG RERBRN, 3.33~133 ng/mL 1.7ng/mL R, ok, R ik

U G 8 S SRR P T 28 B S S E 57

28 HiEA

hCG [ 58 73 M7 75 42 AT B e (R A PR PR AN REBUE,
IEH S A TS+ hCG & RIINE, nkA
BAFHIEIR. R S B 4K A S LR B G i A
G ARG AL S EIRHURDEERE DI E M+ hCG &
&, W RES R ROCESHEH B 2).

K2 MHHHTE R
Table 2 Results for the determination of hCG in sera

GP-RS results’/ GP Cat-RS results®/ Reference results/

SAmPe oL ) (mgemL ) (mgemL ")
1 3.68+0.18 3.70+0.22 3.75
2 4.54+0.12 4.49+0.16 4.50
3 2.49+0.11 2.63+0.10 2.55

“GP-RS 2 S e AR & SR G IHE, GP Cat-RS i Suiie 4K G4
HEAL-JEIRTBCR G i ik

3 g

ASCH GP #5id RhCG 3115 T GP-RhCG #R %, T
GP-RhCG HE! A AR St SR A RN G i [ NN, T —
ANSE 6.67~86.7 ng/mL hCG LR BUsHG itk k.
GP-RhCG-hCG %33 & & W05t H A B - () 7k R LA 1%
SRIGMELLAE T, = YI(E 610 nm AbAT —Hsm LR A
W, FEIENT T — 3.33~133 ng/mL hCG Iz gik
TR AL — S A S ) R O D i . A T v R (PR,
Ja — LR B H I B0 B IR,

4 SLIGERSY
4.1 E5RAF
Cary Eclipse 845863 66 v1 (36 1H Varian 24 w]);
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SK1200H & 7 38 i 3 2% (b it R} 75 A 38 A B4 #],
TAEHE Ky 59 kHz); SYZ-550 B4 vk 28K S (1T
TREmBALES) ), HH-S2 M #ERL KA Ba (Sta i K H O
AR ).
4.2 k7

HRPl hCG PiE AL s WA EVEAH R A A,
Rabbit Anti-Beta-hCG, catalog number bs-0953R): HX 0.2
mL JUAFBRINAE] 0.20 mg %t hCG HLik ik T8
R, 195 0.2 mL KN 1 mg/mL ) hCG HURIRS,
HKFiFE S 10.0 mL, f$2KEH 20 pug/mL [#) Rabbit
Anti-Beta-hCG (RhCG)WAM, T 4 CORAE. I 7144
B 101, WP 2 pg/mL. 50 pg/mL hCG H s brdE (b
S B AR ALY AR AT R A 7], hCG beta peptides (human),
catalog number bs-0953P): H{ 0.50 mg hCG %1435 1.0
mL KRGS G, KBS 10 mL, £33 50
ng/mL hCG HU)g bRk, I ATHEE K 1.0 pg/mL hCG
W pH 5.8 WERA AT IR G R L
12.09 mL 0.2 mol/L Na,HPO, % #i A1 7.91 mL 0.1 mol/L
FrE R R 20 mL A RG34, T4 CRAE,
10% KCI /KW HEFIFREL 1.0 g SALET K 7840 5 i
Jii, F/K#iRE 4 10 mL; 0.1 mol/L HCI; 0.1 mol/L K,COs;
2.9X10° % mol/L HAuCl, ([H 2445 4k 2% 3R 5 2 w));
29X 107 % mol/L H,PtCls (¥ 2445 1k 2k 71 2 7))
0.05% M AL B CHIC ) 1.0%F7 IR = VA Wi JEAR
(Fehling)¥¥: 0.2 mol/L CuSO,4 ¥, 1.23 mol/L 471 1%
B (KNaC4H,404)-6.25 mol/L NaOH ¥ ¥; 5.56 mmol/L
AR, TR A aligl, S8 FHZK D K.
43 EHRNPKRESEHFIE

#4100 mL HETE R K /NG A I RE D) B b7 T E K
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(HNO; : HCI=1 : 3, {ARILL)RIE 1 h, SR Ak uE
B T R, B K 40.0 mL B TR HER
WA, AR R 490 uL 2.9 X107 % mol/L
HAuCl, #1110 pL 2.9X 1072 mol/L H,PtCle ¥, & 3.5
mL 10 mg/mL MIFFERR =81 THEE D, SRS,
TRA W 281 0 3.5 mL #TECHI19 0.5 mg/mL NaBH,,
FLBE th TG (A R i AR IR, R HE 10
min. HZKEZ 50 mL, #3388 90K546(GP), Bl Au
TR N 56.0 pg/mL, & S5EAMIEEREE 49 1 (LR
NHT Aw’ 5 PE R B, S TR 4 C
TRAFA . ARG SR M (GPA) I L 2.0 mL
56.0 pg/mL GP T, A 0.5 mL 2.0 mol/L KC1 &
W, TRAJE IR R K, HORIE N 44.8 pg/mL.
4.4 GEEHIRTE
441 ARAE LR pH AE 6 44F

ARILHETARE pH TRk EAbsic i zgm. &
WAE S mL HLIEZFE A H I 500 uL 56.0 mg/L (LA Au
&MY, — &1 0.1 mol/L HCI 5% 0.1 mol/L
KoCOs 1 4K S 19 pH I 5 28 2.5~9.0, F43 A
150 uL 2 pg/mL (44T hCG ¥, JECE 10 min, JIA 10
pL 10% KCI, 84, BE 2 h, Fik%E 2 mL, e LR
BT IR Tsonm. S5 ARKH, 4 pH /N T 4.5 B, hCG
JASBERSE AoK 4411, JLIRHUR SR EEH, 2 pH K
T 4.5 1, Tsoonm B2/ HA TR E (3 3). AWFFUSCHRIRIE:
MK SRR LR FURN pH W4T lkim T 0.5 Sl
I AR A A5 . ARSI T R A K 4401 pH
Wit hCG S 2.95, PGS &4 - TRE,
I hCG A ELZEE T 9K S, Lo BN HiETH
JE. WA SCIESE pH H 6.0.
442 RIhCG A E8itdF

MRAE 5 mL HEEZI R A 500 pL 56.0
mg/L (L Au vh)EBZKE M, 755 pH 4 6.0, 4350

F 3 AIA pH A G EAGIKAF LS K5
Table 3 Effect of pH value on the labeling

A 0, 50, 80, 100, 150, 200, 250, 300, 350, 400, 450 uL 2
pg/mL {4t hCG ¥, 10 min J5 A 10 uL 10% KCI,
WA, JCE 2 h, FBEAE 2.0 mL, G PR L G
Isoo nme Z5 KW, 24 hCG KT 150 uL B, Tsoonm 52
NHBETAARGER 4), MASTERE 150 pL.

443 %4 hCG 44K 4 44(GP-RhCG)#) 47t

H{ 10 mL 56.0 pg/mL(LA Au ) 448 KBL T,
B 200 uL 0.1 mol/L ] K,CO; ™5 pH {HZ1 4 6.0, i
E¥5), N 3.0 mL 2 pg/mL (4t hCG W, TRAE
A1 2 h Ja, T 4 CLRAAFEH, HAWRAEHR 42.4 pg/mL
GP-RhCG.

45 ZEHE

76 5.0 mL 20 B, fKIRFEHL 250 pL pH 5.8
WA - IR ZZ P W, 300 puL 424 pg/mL
GP-RhCG ¥, 100 pL 1.0 pg/mL hCG W, #H 15
min, A 15 uL 10% KCI, FkES 1.5 mL, W4,
G V. EE PMT HLU K 450 V, SO AR S Beds
B095 nm, REEIESRZWN 1% T, DARBR MK
TR Qex— Aem= A =054, PG00 T
TR H PR G iE, WE 590 nm KA i 4R HCE
FEHRSE Tsoo nm; ASIThCG 075 1, W5 3525 FE (590 nm)os
T Alsog sm=(I590 0n)o —I590 nm-

76 5.0 mL R PERE P, KRB EL 30 uL 0.20
mol/L CuSO, %, 150 pL 1.23 mol/L KNaC4H,04, 150
uL G 3% [ NI (R 50 £i%5), 200 uL 5.56 mmol/L 5 25 H
WL, SRR 3.0 mL, B2, £ 70 C/KIE RN 7 min,
VKOK DA N 2 %30, BEE PMT HLUE A 500 V, 0k
RS AEYI N 2.5 nm, RATIEIER TN 1%T, LLAKK
R KT R K (Qex = Aem= A= 0) 5 1F, FHZEIE5
e Ve IR e, W& 610 nm B ALK)
ILIREC HBRE L10 am; AN WCG M2 A, WS A
1E(I610nm)0, -H‘ﬁ AI610nm:[610nm_(IGIOnm)O-

pH 2.5 3.0 35 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
I590 nm 364.3 591.5 762.6 746.9 54.8 84.1 63.0 59.1 81.8 40.3 45.8 83.8 92.7 54.7
R4 RPHCG FHEXTEHAKFRL
Table 4 Effect of RhCG amount on the labeling
hCG (uL) 0 50 80 100 150 200 250 300 350 400 450
L590 o 233.7 224.4 121.4 166.4 72.8 80.2 82.6 59.0 49.0 50.9 60.8
[5] Chai, R.; Yuan, R.; Chai, Y.-Q.; Ou, C.-F.; Cao, S.-R.; Li, X.-L. Ta-
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