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Abstract

In this paper, a quantitative detection method for Heparin Binding Protein (HBP) was established
and its performance was tested. The quantitative detection of HBP was achieved by using time-
resolved fluorescent nanospheres as fluorescent markers, combined with the principle of double
antibody sandwich method and immunochromatography technology. The linearity of the detection
method was good in the linear range of 5~1000 ng/mL, and the equation was y = 0.0324x - 0.0971,
R? = 0.9975, intra-batch precision CV < 5.21%, inter-batch precision CV < 7.06%. The reagent has a
good correlation with Heparin Binding Protein (HBP) Detection Kit (fluorescence immunochro-
matography) developed by Zhonghanshengtai Biotechnology Limited Co., Ltd. The positive coinci-
dence rate and negative coincidence rate were 96.23% and 95.0%, respectively. The false positive
rate and false negative rate of this method were 5.0% and 3.77%, respectively, and the diagnostic
coincidence rate was 94.52%. This study established a quantitative HBP detection method, and
the method has the advantages of simple operation, rapid detection and accurate results.
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1. 518

JFF 3 454 5 F (Heparin-Binding Protein, HBP), LA P HY I A S e i S ORE TR S A 7
1t HBP 808 2 Rl RIS BOR M2 Wi fE AR [1] [2] HBP Hi Shafer ##%<5[3] T 1984 4 5 X5y B 2 -
PR G HE AR TR, LA Pyt LSRR B9 A2 I F A% 1) R SRR, I i
WOE B BRI, PR R RS K AE[4] [5]. HBP FEAR AN B R Gy T R R AT TS A
DXk, BATIR e M BURTEANRS k. HBP RIE L (e 3t 41 i D1 (RORE B 3 vy AR W A 1 e AT HOAE T A
AT AL () 5 A P A0 B 45 SEAT RO BR[6] [7] BR T /AR HBP th ] 1y Fe At s i PR 2
Wik 45 bR, U0 Zhou S [81HF 7T A BUAE 18 1k FHL A& P4 it i i R i A v I HBP KT T, IFIESIT 3R 45
 ER UG P L ZE R s SN A2 B A T e . HBP AF o — M A M E A2 Wibric s, fE50m 5
S A I AE IR R R A B

H AT HBP RIS I 5 32 5 B4 BB S BEW B 22 POt B EMTIR S o (H MR S B PV g v
k5 52 B MR R h S R R, SBOZINEEENERE, R[] A2 ROEN A
B, B SRR B i L O Lok N A, AR K e EAE A B A [10]. 4%
BRG] [12] 2IGRLFLMER[13] [14]558 2 ATVE AR C YA i HBP A A I, (HIX L8757 35:#8 737
FAEAREBRIE, . RIEVEEEAE, REEAEE. ISP 0%E EEARZH S A ARM L oxR

DOI: 10.12677/acm.2022.125628 4338 Il R 125 23k i


https://doi.org/10.12677/acm.2022.125628
http://creativecommons.org/licenses/by/4.0/

e &

Wt o e e TR SRR, RIER A PUR R TR R BURSS &4, S5 & XA I 072 SR FELAN
FFEENTHAR, A0 B PUR AT € BRI TR TT R MR TR, S5 A RE R AT ) B
SRR, RZITERAIRE R WA, RS R[15] [16].

AT FE 1L N B 5 5 I 18] 0 BRSO R R E R IR T, R4S — AR T . A AR
R P L 45 R AR 1 HBP & Soha k7).

2. MRHEIE
2.1. #R5RH

A HBP EA TR HBP fIEPLIA HBP-2H6. HBP FJEPLIA HBP-1E2 (B # L EM R A IR A F);
EPLR 19G Pk B ROV EDHEARFIRAF): T B FROCPURFER O N EAR AR A
H); FHERZF4E R (M5 IE Sartorius A]); PVC MR BEISLF4E. WoKAW( Ll Sbs BB G R A R]): N-
IR IA®E W % (N-hydroxysuccinimide, NHS)(_ LAl BRI AR AR); 1-48-3- - HHR-EAN
)ik — W (EDC) (#2[H sigma 2~ 7])s HARM AN (o Hral, H2E BT R A R). IRRFEAK
ARG LERE LR 112, PR AR 12 KAERC G, IGRSH N RIE. fili% .

22. &R EF

R 4 (HGS510) A 4w FE 1 2 HL(HGS201) HGS802 7 J& Fe ML (T /M I i Bl 45 PR 24 71); CTS300
BRI LIS R R AR BSR4 (i — R AR A R A W]): JS1000 Y75
eI AL (PR R A E AR A B BR A #D)..

2.3. HBP #rfE
# HBP EAHUEFB N 5. 10, 100, 250, 500. 1000 ng/mL ¥4 B fRIARME i o
2.4. @NFHIESERAEZE

2.4.1. EHWERS HBP Hiik(HBP-2H6)BEE

HY 100 uL ¢ J6AER, TN 900 pL FRic 2% /i (50 mM MES, Ph = 6.0)#E47F%, HX 10 uL 1 NHS (20
mg/mL), PUEIEST, SRS 5 uL EDC (20 mg/mL)PRIETES], =R & 20 min. 17,000 rpm, 5.0 20 min,
Fei B3, YIVER 100 pL ARICZEM (20 mmol/L MES ¥, pH 6.5)&E &, fnA 0.1 mg HBP-2H6 Fifk,
PUEIRS), FEPFE 2 he I 100 pL 20% BSA =imE M 1 he B0 )5, £ LER, JUEH 1mL 454
YIFEREW(50 mmol/L Tris, 10%JEHE, 2.5%ifE5HE, 0.5%M% & M, 0.5% PVP10, pH 8.0)HE &, 3E5%)%
TER HBP-2H6 45 & & .

2.4.2. HBP ¥l &

43 5) L RE B A TR AL P (10 mmol/L Tris ¥, 1% PVP-10, 0.4%f% 2 1, 0.5% NaCl, 0.2% TWEEN20,
0.05% Proclin300, pH8.0)H145 & HFHALFL (10 mmol/L VUHERENZ T, 0.2% PEG2000, 0.5% PVP-10,
0.5% E&EE F8N2E, 0.5% S9, 0.05% Proclin300, 10%jJEE, pH 8.0)AbFEFE MM A, LRI T
AbFE 30 min, FFE T 37CTEM T4 6 h.

7E PVC AR _ENG B NC 5, 3R £ RITARMREZE 1 mg/mL, RITE NC I EAE N C R (FifEsk), RIA
HBP-1E2 FifA# B £ 1.5 mg/mL, KI7E NC i EAE RN T (ML), M E e N 1 ul/em, RGBT 45°C
TFHFER T 1 h 5%
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TEGE A 3 FIER O IER HBP-2H6 4544, WiE e N 3 ul/em, 45CTHEFF T4 1 h; 15 25%
TRFEIREEHOR 25 A8 BE R ERIIR K ARG 2 PVC SO LA B b, R 2H 2% 58 BRI AR V) A 5E 2 4 mm
MR ACo%, NIRRT R3S 5 A IR AR TS % 8, T =R

2.4.3. ¥t RE
A5 FHASAS 45 5. 10, 100, 250. 500, 1000 ng/mL AN EEbRvE i 8] Logistic P4 2% /712
BB S EMRE A A SbrE ML, IR s B3R ID R

2.4.4. Wl-ERER

MERTESS T AT, WREURRE 05 R A BbRdE B 100 pl, T ELRINERN-RInREfLAL, EHr
— B S, I s T SR R 1 TIC (B, FRARAENT R 1D R kR 2, i HBP
I

2.5. R EHHL

25.1. T &BHWREMKL
TR L T ZIKEER 0.5 mg/mL; vHRI 2: T 29K 1.0 mg/mL; 1% 3: T Z0KFE N 1.5 mg/mL;
TR 4: T RIRIE N 2.0 mg/mL; DAHR 2 & 3E 1 T R EMIRE.

252 LEBHEEREMRL
XF HBP fUiASE S50 BT 5. 6. 7 ke,  DAULHIE A3l B IR .

2.5.3. HMIRTEAEER
IEHL HBP ¥4 104 100, 250 ng/mL HIARAES, A RIFEIMAFEASG ) 5. 7. 104 12, 15, 17. 20,
22, 25 min YR -RBEATATI, DA e I A I RN (] .

2.6. H-F4gETEM,
2.6.1. L&tz

FH#RIE v 5. 10, 100, 250. 500. 1000 ng/mL ff] HBP ARG MLk oe R & ikt 5 e
9y =0.0324x —0.0971, *H% &% R? = 0.9975.

2.6.2. FBEHEEM

IEHUAREEY 104 100, 250 ng/mL ) HBP bri ftdh 474tk Py AL )RS 25 BEM e« HEP RSB RE 2R 1R
P SE RGN BRI R AS I, 3 ANVRFEE 1) HBP btk 43 B 5 R E SR, bk A 8 1 R 4y Sl B
SAHEREIA I AR EATREI, 3 ANVRSE R HBP frifk it 3 A 5 IR E M. TH RIS R AP ME . Ax
HEZE AN S R AL
2.6.3. XTELSELE

BRI EE HBP 1 73 Bl RIS AR LG, FF AR o i 2R AR B Bt A B 2 )l A R i A
VIR A IR A R T 2 456 8 A (HBP) R ) & (98 6 e JE )l g« BA 10 ng/mL Ayl 5H{E (cut-off
fH), WHEHEMSER R FERFER BHER BRI &R RO EE K5, P <0.05
Bt ER, @il Kappa — B 08 H w R 7L — 50k

27. G FE S

Hd R M prime 8.0.2 it B AFEAT 0. HISC/ MR A Pearson ZeMEAHSC /3 4idi. HI ROC ik sy
PrizWidkhe, It a3, K KHE o= 0.05.
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3. &R
3.1. TZ&HN

311 HFEHRREEHRE
T LA 2509 0.5 mg/mL. 1.0 mg/mL. 1.5 mg/mL A1 2.0 mg/mL. & 1 fTLAE 1, Gk E
9 1.0 mg/mL B A5 B N 14 B 4F

-0~ T1:0.5mg/mL =+ T3:1.5mg/mL
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Figure 1. Screening of the HBP antibody concentration
[ 1. HBP B4R & ik

3.1.2. RIBEMRRE
RO MRER L 45 RN 2 i, 2 6 R 16 P AR (LN R K R AR BF

- S5fERRE = 6fFHHE
80+
- T{ERRE
60+
@)
= 40+
20+
0= T 1 ]

1 1
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HBP4Z:E & 45 R (58

Figure 2. Dilution multiple screening

B 2. mRREHIHE

3.1.3. BAEHMRIE
Fa WIS S 3 FTR, ¥R 10 ng/mL 1 100 ng/m (47 A 7E 12 min i T/C (it B4 TR s ik
25, Wik 250 ng/mL AREE S A T/C 475 15 min A HARE , BLGA T 10 R BT 713 4 15 min.
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Figure 3. Detection time optimization
B 3. tnEtE L
3.14. &t
RN 4 FioR, %J57VEAE 5~1000 ng/mL YEE A kS R REF, SNy = 0.0324x — 0.0971, R®=
0.9975,
35 ¢ y=0.0324x-0.0971
R?=0.9975
30 F
25
S 20 f
= 15 F
10 F
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0 L L 1 Il L J
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Figure 4. Standard curve
4. FRfERIZ
3.15 BEE

o EAZ T I = ORI R R RS S5 S CV < 5.21%, LIRS 25 CV < 7.06%. #-Hrds R 1.

Table 1. Precision analysis

F 1 REESN

Hek P IR (ng/mL) AR B (K) Y18 (ng/mL) SD CV(%)
Bt 10 5 4.97 0.20 3.94
50 5 15.86 0.48 3.00
250 5 32.00 1.00 3.13
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Continued

f ot il 10 5 5.63 0.21 3.70

50 5 17.07 0.81 4.74

250 5 33.27 1.42 4.27

HE 10 5 5.47 0.11 2.07

50 5 16.40 0.85 5.21

250 5 36.69 1.54 4.19

k1) 10 5.36 0.33 6.24

50 16.44 0.82 5.00

250 33.99 2.40 7.06

3.1.6. ImpR#FEA LT

PR TR — B T S L 2, SUFE R OTERIBH MR A R S HMER SR 050N 96.23%F
95.0%, FFEFKEm . ART7VEPIRFH AR I 12 2 508 5.0%A0 3.77%, F Hi2Wi &%~ 94.52%.
AR TT R AT R A i B R A E AR B A BR 2 5 O 2R &5 A B 1 (HBP) A It 771 2 (% ' S 8 )2 T

%) (P <0.05), K1{E A 0.928.

Table 2. Analysis of the consistency results
=2 —HMERSW

HBP £l -+ (ng/mL)
HBP s 77 &
<10 10~20 20~50 50~100 >100
<10 19 1 0 0 0
10~20 2 10 0 0 0
20~50 0 0 9 0 0
50~100 0 0 0 8 0
>100 0 0 0 1 23
4. &g

ARSI FF AR BT I A] 2 HE 5 4 K MaRARIC HBP $idk, 1%J59%4E 5~1000 ng/mL ZPEJEHEN, H
HRIFIZIESE R, LT ANy =0.0324x —0.0971, R®=0.9975. WA BT AR, HAKSEE CV <

5.21%, fILIAFEEE CV < 7.06%, 5P EMBAB A R AR KR

L

I (HBP) Rl 17 & (¢

HRIZENTIE)FSME: R 4T, FHYERF & R A B 75 250 58 96.23%F11 95.0%, PifP 7k BA RIFn—k
P (BRI A O 24 N 5.0%F0 3.77%, I HAZWiFF &N 94.52% . A7= SR ERIE, #0E Hi{E,

15 min (FA A5 R T HMRAME, FAHED, R 10 L, HF8 & AHE (1

E&UH

PIC 7 3R 5 WA W R o BEAS: B A R PR AL PR REAIT 72 (B H 45 20200005) -
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