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Nanoparticle probe for the detection of HCV core antigen and clinical diagnosis
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[Abstract] Objective: To prepare Ru(bpy);**(SiO,@Ru) coated silica nanospheres as electrochemiluminescence (electrogenerated
chemiluminescence, ECL) biosensor probe, and evaluate its application value in the detection of the hepatitis C core antigen
(HCVcAg). Methods: The water-in-oil(W/O) microemulsion method was employed for one-pot synthesis of SiO,@Ru nanoparticles.
The as-synthesized Si0,@Ru nanoparticles has a narrow size distribution, which allowed reproducible loading of Ru (bpy):** inside the
silica shell and HCVcAg, on the silica surface with glutaraldehyde as linkage. The as-synthesized SiO,@Ru could be used as a lable
for ultrasensitive detection of HCVcAg through a sandwich immunoassay process. Results: The calibration range of HCVcAg con-
centration detection was 1-1 000 fmol/L,the lowest detection limit was 3 fmol/L. Compared with clinical RNA HCV, there was a
good correlation, linear correlation coefficient was R’=0.937 9. Conclusion: With high sensitivity and good reproducibility, Si0,@Ru
could be used as a label in clinical diagnosis, curative effect evaluation and blood screening of blood center.
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MPI-E £ JJRg LA 2% & 6 AT (V5 4 5 4y
PrAas A BRA R ) AN K (R R 2k e A T2
XUFAZE 1 B ) Frift HCVAg 5 HCVAbL HCVAD2
(e EAEYEARARAF), 4 H 3R a i
(Abbott ARCHTECT i2000SR ) LA K Bt £ 14 5 A% 0
P (HCV cAg) Kl A R 2R (anti-HCV )ik
7 (Abbott Laboraties , £ ), % [CCOBAS AmpliPrep/
TaqMan 48 SZHE it PCR AL SECED G HCV RNA
K7 (Roche Molecular Diagnostics , 9E[E).,

MiEFEA . OHCV I ¥EBEA K H 2013—2015
AR HUTH A R BE 112 R BE AN Y 214 419
WRUIT R B 4RI 24~66 %, FIFA BB HCV $it
KA (5)HCV RNA PHYETE 6 S H L L /54
A P 2 25 TSI 4 43 23 VT 1) B 1 P9 AL I 4% B 3R
TR Y WibR e, Q3L W B 11T D RE 52 1
M FEA S H 2013—2015 4F g 50 T 45 B2 e k47
UM BEIR YT 1Y 87 A B AT 112 3% e B T 2 g
R A B G AR R S IR o s
T R 3 E GRS TR Y 2 WiAR e, Bk
HCV TR M w5 2L 141 6, ¥ HERR HCV B R I8 T
2013—2015 4F [H] g 5% 7 55 — = Be A [N RS fiff i
A5 105 BERE HCV BIE (BT HCV BAPE) Iy,
HBsAg FHYEIMTE 26 #1151 HEV 1gM BHYE I 15 1]
Pt HAV IgM FHEEILYE 12 1, #5504 (TP 1G ) FH %
L% 15 6] ; 52098 3295 2 (HSV-1) B i BH M 1L 7 5
B s 5t HCMV Ui BHAE 35 10 615 1 77 28 KGR A
(RF) FHAE I35 16 61 ;SLE /9 A & %5 ik (BT Sm
PUARFT ANA) BHIE L35 14 1] ; B4 1oG 2 53 & 1
T 10 ) ; B2l TgM % 5 38 1 1 10 6] A M 2 Ik 42
Z I M 8 B, @IRA MG s HCV Y
I ¥ # 35 B Abbott 1k 2% & Y61 ] HCVeAg I & 25
Ro 3 AR A, B HCVcAg BIPEIR & il %
HCVcAg 55 FHPEIR & I3l \HCVeAg 38 FH MR & i
I, 2 25 F Abbott 1b2% & OGS i 3 4318 A i
TH AT RN, I 5E A 43 97 24 (0.1320.01) . (5.21£0.36)
. (84.22+7.06) fmol/L,

12 7
1.2.1  SiO,@Ru % k4 F 84 41 &

K FH A2 7K Sz ) A EL R A Si0,@Ru 44 K kL

T BB S R Zhang S5 BIRIE , F R IR 8

1.77 mL Tween-80,7.5 mL ¥ 2 %%, 1.8 mL 1F & 5 fl
340 pL Ru(bpy)* W KW (5 mg/mL) IR G 5], %
TR B R SV 30 min, i 2298 B4 A8 E Bl ALK
&R, ¥ 100 pL IERERR L8R (TEOS) InA it &
Yreb FE 1 AR & A 60 wL NH;-H,0 A5 & B
BN, Z M T REEEFE RN 20 h, RV SRS A
Z2 PO 5t DA 0 K UK DT A 7K R A 2R A
ULVEHSE ., SRJE L)L 8 000 v/min 5.0 10 min, 7E B0
JIEHR AT LA B0 8 G D00E , 725 BIEW, IJOK S
FUK ARG EDTTE 3 K, 7843 bR 23R HE P A Fngh ok
TR TR ) Ru(bpy)s™ , 5 K il 7ok 16 24 K AB0RE 23
FFE 2 mL JoK CBED g B aniEl 1 R A
T L 2 ) 4% () Si0,@Ru 44 K 7 N ~F#e H — | i
TEM & 7] 0 HAF- 567 4% 4 (140+5) nm(E 2),

il
§ s (1
. A
& o w  TEOS NH;-H,0
—

& {,r' Ru(bpy)32+/H,0
Py)3”HHy Si0,@Ru

B 1 RHEMILESE SIO,@Ru XK F

Figure 1 SiO,@Ru nanoparticles synthesized reverse

microemulsion method

E 2 SiO,@Ru #K 1 F# TEM E(x100 000)
Figure 2 TEM diagram of SiO,@Ru nanoparticles
(x100 000)

122 4k A4 B4kt HCV Ab2

B 2 mL SiO,@Ru fif: 44 K 5 G 1) £ T v VR A
% 6 mL, FHIA 400 wL 1) 3-2 N3 = 2 A rE b
(APTS) , 5 ZUHE 30 min, 2.0 PR 5 3145 2 B A
) Si0,@Ru, SiO,@Ru 4% TG4k 2 h, B0 Pk
Jaf B E 3 mL, 55 2 mL HCV Abl 7£ 37 C F ¥ 2
h, 3K 4% Abl & i 19 SiO.@Ru fik 44 >k & & W
(Ab1-Si0,@Ru), Ab1-Si0,@Ru 4 5 mL 1% BSA 4]
J, FH PBS k%, Fif% Abl-Si0,@Ru 43 HLAE 2 mL
0.02 mol/L pH 7.0 PBS ' {47 T 4 CT¥ ., KK
H EAZHE HCV Ab2 (il &t B An &l 3 iR .
1.2.3  #4%& MU/MUA 154545 Au % 4%

Au TAEHLZ 2 mol/L KOH # 2 h HEA7i5 1,
M5 CBER —POK AT IE Ve . P Au R I
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o APTS NN 3000 - g
OH=— O0—Si” "NH, 2500 -
g 22000 - i
Glutaraldehyde ~ Ab2  1%BSA o_( "5 1500 -
i —( i i = 1000 - €
Ab2-Si0,@Ru 502 1 v/d
B3 #kEEWLEZE HCV Ab2 K#l & 8 et — : ,
Figure 3 Process of crosslinked HCVAb2 on nanocomposite 0 10 100 600 1100
HCVecAg (fmol/L)

T30 pL 2.5 mmol/L. MUA #1 30 wlL 7.5 mmol/L. MU
M) LB ,4 °C F 10 h, 3543 MU/MUA &4 1Y
Au A,
1.2.4  Au ¥ AR 69 AR A

MUMUA &4 Au FEBIREET TNTU %9 15 min,
PBS 5T 4 °C5 100 pLHCVAbL#EE 1 h, £41%
BSA SPHERERPESS & AU 53] AbL B Au LR
(Ab1-MU/MUA-Au), Hil & an & 4 s,

- MUMUA TNTU  Abl 6
P P

Au HLH%
1%BSA  HCVcAg Abl1-SiO,@Ru

@«
B4 Abl £4# Au B4R (Ab1-MU/MUA-Aw) K #l &3 72
Figure 4 Preparation process of Abl modified Au elec-
trode (Ab1-MU/MUA-Au)
1.2.5 ECLAZ5 A Z
MPI-E R A3 Al 22 SO A, = Rl TARIA R
G 2209 TAF A, B0 22 H B Sl Xk i, Ag/AgCl HRL A
(T AT KC) R 2 L s B, O A3 19 4 (PMIT) g T i
1000 V, 7E 0.60~1.25 V HL A7 [X 1] P4 3517 476 4
Z(CVs)i i, [F2PE 5% ECLAF %,
1.2.6 #4#% HCV RNA #&n|
JURE R IR TG HCV RNA A6 il 38 7] 6 3 B
Pl ARG R 15 U/mL,
1.2.7 A3 & K EAAN HCVcAg
T A% i HEORE B HCV eAg A5 I 70 &5 06 3 55 48
PE o DISE I SHE>3 fmol/L 1 g B

2 &5 B

2.1 ECL Z#EA4n

C,02~ 1 2y 3k J g 77 AT K K 3 58 Si0,@Ru 1Y
ECL 5%, T &M Ak 3 mmol/L 1) C,0.> F H H:
ECL {753 m 2 5 2, FERALA 5544~ ECL 5
FE R HCVeAg F ¥R B2 38 i3 m ,HCVeAg i Il
FIARAERRZE NI 5 Ffs, RAEJEREIN 1~1 000 fmol/L,
] 5 75 72 4 1glE= 0.609 8+1.468lgc(H:H IE 4 ECL

a~g:0.1.5.10,100.500.1 000 fmol/L., HCVcAg % W iRk &

30 min Ji5 5 Ab2-Si0,@Ru ¥t & 30 min,
5 ECLEES HCV cAgiRETEER M %
Figure 5 Quantitative response curve of ECL intensity to
HCVcAg concentration

TR EE ¢ N HCVeAg WREE, Hf7 A fmol/L), £k
PEAH G R HR?=0.990 7, HARAE HHBR 3 fmol/L
(SIN=3).,
22 EHMaE

PR HOV RG34 TR 5 11035 48 HCVeAg
B2 55 FH PR A PHAE 3 04T ECL S PRI,
IR HA R 2E5 (R 1), H CVRH¥I<10% .

F1 BEAFELN(ECL)#M HCVcAg ES M
Table 1 Detection of the repeatability of HCVcAg by

electro chemiluminescence (ECL)

iyl ¥iE HE M
[ZZ/N AL (fmol/L) SD CV(%)
B A 20 0.122 0.011 9.09
SFRPEREA 20 5315 0.523 9.84
PHHEFEA 20 83.110 5.834 7.02

2.3 s RAE AW

AL B HCVeAg K R 5 HCV RNA 2%
WG IR 2, XF 214 B2 AUEBE E # A
I IEFEPEATHUR BRI N B R B P ATH T T
ECL HCVcAg & HCV RNA & &=/, 24501
28 B HCVeAg K5l 22 5 HCV RNA 1Y R & .y=
17.043x-6.486 , £ 14 #H & R %4 R?=0.937 9,P<0.001,
78 ECL X HCVeAg 45 i % 5 HCV RNA # &
FEAEIEAIEME (£ 2),

141 B dE HCV 2% Y 0 B A H Al 92 95 1 i 38 L
F Rl ReAEAE T LW 03 135 1) HCVeAg i 1% 5 W,
3, X 4 6 HCVeAg FHE MG 47 731, 3 51 BH 4
F77E HBsAg FHE I35 v, 1 31 47 75 28 KU P9 BF
Mg, #EFTE A HCV RNA FiHt HCV (55 1k 2F
KOG AT, /T 3 B HCV RNA Fl4L
HCV ¥ 0 BHE  BIA 2 T 48 55 79 AT 48 1R A I e
L VR I Sy B
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%2 2146 HCVcAg #HE 5 HCV RNA HENH i 1ER
Table 2 Detection rate of HCVcAg and the distribution of
HCYV RNA load in 214 cases

o B HCVcAg[n(%) ]

HCV RNA ## (UmL) 1%L BT G0
<15 11 19.1) 10(90.9)
=15~<1x10? 22 6(27.3) 16(72.7)
=1x10%~<1x10° 40 14(35.0) 26(65.0)
=1x10~<1x10* 45 30(66.7) 15(33.3)
=1x10%~<1x10° 34 32(94.1 2(5.9)
=1x10~<1x10° 33 33(100.0) 0(0.0)
=1x10° 29 29(100.0) 0(0.0)
ait 214 134 80

&3 141 H13E HCV BEEMMFUR T AEFEE TR M
&R HCVeAg 1 H 1R
Table 3 HCVcAg detection in sera of non HCV infected

persons and sera with presence of interfering

substances 141 cases (n)
K BK #IA
2H 5 ys¥]
1l s mpes s
JE L (E R Ho At
L 0s s 3 3
AAETHRI IS 37 1 1 0
it 141 4 4 3

A 104 FEE HOV RS AH B A H Ay 25 P 52 9 28 35 A 1L 3 A2 45
HBsAg B 7E HAV IgM B ¥E HEV IgM FHE T HCMV Bl 84
I TE-1 BUAR B . W37 GH A v] B 5 e T4 BT i v 28
DA TR BH M I 355 L 22 YR 0 52 L A I 35 JSLE LT A4l TG &
e LY PR g B R O T DA R A R R S P T AR BH P 1Y
x4 WHEFEFDERE ZE K HCV RNA 2 HCV

cAg WL E#i HCV 4 f 1R
Table 4 Distribution of HCV RNA load, HCVcAg, and
anti-HCV in AIDS patients with abnormal liver

function [(%)]
HCV RNA N HCV cAg it HCV
mEOml TR e e
<1x10° 29 4(13.79) 25(86.21) 8(27.59)
=1x10°,<1x10* 11 3(27.27) 8(72.73) 5(45.45)
=1x10%,<1x10° 24 8(33.33) 16(66.67) 20(83.33)

=1x10°,<1x10° 17 7(41.18) 10(58.82) 16(94.11)
=1x10° 6 5(83.33) 1(16.67) 6(100.00)
A1t 87 27(31.03) 60(68.97) 55(63.21)

4 WoR 87 3% e I Dy Be R R I R AR
HCV RNA HCVcAg F1 4T HCV 1 FH ¥ 5 5 51 4
66.67% .31.03%%1 63.21%, ECL ik HCVcAg
5 HCV RNA # 8 2 1F A K .y=15299x-6.117, R*=

0.844 3, P<0.05,
3 it 8

FEJE HCV S & & M E K HCV AR 32
BL3E AL R, AR i T = A R R M
HCV {9 19 b7 =5 B0 5 X6 ik it 53 % s 1 ARG 0 4
VI AL gL, B A EXF HCV 5998 A Fs i 328 2
JE T Bl A0 B8 43 BT (EIA) f Bt HCV BRI DL I
HCV RNA K, {H A A T 380K, 29% & B R F
i, Jr LA H i AE 4 S P T R A R K DU (NATT) it
W A XE AR K . AR B S S I 2% 0 & R AT
2015CNBUAFR By B 1 B ) o HCVeAg H TIN5
JiF %2 Wi, 7E 8= HCV RNA & i £ 8 HCV
RNA, Jir LA & AKX A, &5 F 2h 4k i) HCV $t
Ji R 00 R A ) R Y R A T
A 5% 38 A K L T R AT
SiO,@Ru AR E A MR, HA R & 053 JOME Y
— 1, Ru(bpy)s> 1l $H 2% Tk Bk U350 Ab2 1 3 i %
TR ACHR T RESE R, LIS DA A Y L R
1~1 000 fmol/L, [a1 15 J5 2 H7 1glE=0.609 8+1.468lgc,
MEVE P IR B R 3 fmol/L, XY E 1) HCV
ST TR A LY 4 3 AT, HoA ARG i E B
PE, B 22 B/ F 10%.,
XF 214 BT BETR YT 10 T8 I R I AR A R AT
K Il JHCVeAg B9 K5 5 % 4 62.17% ,HCVcAg 5
HCV RNA S RZAPEAH AT R *=0.937 9, JLHHCV
RNA ## KF 1x10* i, B RIL 94.1%, KF 1x10°
i, BHPE R 538 100% , L 7E HCV RNA k= 9 1%
BUF AT LU TH0% 816 7 T RO PEA
X141 34E HCV I #17 HCVeAg #ll, &3 4
BIFEME 42 HCV RNA Fi3t HCV #1ik,3 B8 517N
RIS, 1 1 B KOR A 7 FIvE s, it
HCVcAg Rl a] GEAA7E XU R T-HE A XU
Xt 87 191 3K 18 5 A4 JFF LIy RE S 0 1 I T R A A T
SyHT, FRATEE RS 214 BN R B 1 ITE AR A
HCVeAg RGN R A (31.03% vs. 62.17%) W A% T
12, HE HCV RNA 5 HCVeAg LM 640 22 11
0, DS s R PR DY I HILV 9 5 2 L B AT R
Xt HCV i B 1 26 IK A5 50 0 ikl /8 L, 167 o B
BAPESS SR $R/RTE IR PR X HIV £ HCV YL
HEATPLN B IT B, @ 1 HCVeAg & 18 HCV
RNA 197 8 AL 1845 .
H It Si0,@Ru AT AE R ECL 48 £F H 90 3 fr ik
Y1 8 ARSI, Si0,@Ru K E (T 464 1277 W)
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