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 14 

Materials and methods 15 

Chemicals and reagents 16 

Pregnanediol-3-glucuronide (PdG) was purchased from Kehaojia Biotechnology Co., Ltd. 17 

(Wuhan, China). Carboxylate-modified polystyrene time-resolved fluorescent microspheres (TRFM) 18 

(200 nm, red fluorescence [365/610 nm, λex/λem, 1% solid]) were provided by Xian Qiyue 19 

Biotechnology Co., Ltd. (Xian, China). PdG-BSA and the mouse monoclonal antibodies against PdG 20 

(anti-PdG-mAb) were purchased from Clongene Biotech Co., Ltd. (Hangzhou, China). The Rabbit 21 

anti-mouse immunoglobulin (IgG) as the secondary antibody, Luteinizing Hormone (LH), Human 22 

Chorionic Gonadotropin (HCG), and Potassium carbonate (K2CO3) were purchased from Sangon 23 

Biotech Co., Ltd. (Shanghai, China). Estriol (E3) was purchased from LGC Science Ltd. (Nanjing, 24 

China). Proclin 300 was purchased from Bioss Biotechnology Co., Ltd. (Beijing, China). N-(3-25 

Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride (EDC), N-Hydroxysulfosuccinimide 26 

sodium salt (Sulfo-NHS), Bovine serum albumin (BSA), D-(+)-Trehalose Anhydrous and Tween-20 27 

were purchased from Aladdin (Shanghai, China). PBS buffer, sucrose, and Tetronic 1307 (S9) were 28 

purchased from Adamas (Shanghai, China). MES buffer was purchased from SenBeiJia Biological 29 

Technology Co., Ltd. (Nanjing, China). Sodium chloride (NaCl), Disodium hydrogen phosphate 30 

(Na2HPO4), and Sodium dihydrogen phosphate (NaH2PO4) were purchased from Fuchen Chemical 31 
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Reagent Co., Ltd. (Tianjin, China). Ethanol absolute was purchased from Fuyu Fine Chemical Co., Ltd. 32 

(Tianjin, China). Sample pad (FH-8975), absorbent pad (FH-S073), and nitrocellulose (NC) membrane 33 

(CN140) were purchased from Fenghang Technology Co., Ltd. (Hangzhou, China). All the other 34 

reagents in the present work were analytical grade without any purification. Deionized water used 35 

throughout the experiments was acquired by the laboratory purification system. 36 

Apparatus 37 

Transmission electron microscopy (TEM) images were recorded with a Tecnai 12 Transmission 38 

Electron Microscope (FEI, USA). Fourier transform infrared (FT-IR) spectra were recorded by Fisher 39 

Nicolet iS5 spectrometer (Thermo, USA). Ultraviolet-visible (UV-vis) absorption spectra were 40 

recorded by a Shimadzu UV-2550 spectrophotometer (Shimadzu, Japan). Fluorescence detection was 41 

carried out on an F-2700 fluorescence spectrophotometer (Hitachi, Japan). Zeta potential and hydration 42 

particle size were measured by a Zetasizer Nano ZS90 instrument (Malvern, UK). The strip scanning 43 

results were recorded by the Suzhou Hemai Fluorescent Strip Scanning Reader (Hemai, China). The 44 

test strips were prepared by XYZ 3060 dispensing platform (Bio Dot, USA). The test strips were cut 45 

through the ZQ 2002 automatic test strip cutter (Jinbiao, China). 46 

Results and discussion 47 

The conditions of the coupling reaction process were optimized in Figure S1, and the optimal 48 

coupling conditions were pH 8.0 and the ratio of anti-PdG-mAb to TRFM 125 μg/mg. 49 

 50 

Figure S1 Optimization of preparation conditions of TRFM-mAb (A) the pH of the buffer and (B) 51 

the ratio of anti-PdG-mAb to TRFM. 52 

As shown in Figure S2A, the fluorescence intensity of TRFM remained relatively stable under 53 

different ionic strengths (NaCl, 0.1 to 1.0 mol/L). The stability of TRFM under high ionic strength 54 

conditions enabled TRFM to be used in extreme environments. As shown in Figure S2B, the 55 

fluorescence intensity of TRFM decreased slightly under pH 11.0, but exhibited stable fluorescence 56 

intensity in a wide range of pH (3.0−10.0). Moreover, TRFM exhibited a relatively stable fluorescence 57 

intensity after long-term UV irradiation (Figure S2C). This result showed that TRFM had a high 58 

stability, which was conducive to their application in chemical and biological analysis. 59 
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 60 

Figure S2 Effect of different ionic strength (A); pH (B); irradiation time with a 365 nm UV-lamp (C) 61 

on the fluorescence intensity of the TRFM. 62 

Figure S3 showed the detection image of the TRFM-LFIA strip at different dilution ratios of 63 

TRFM-mAb. The fluorescence intensity of the TRFM-LFIA strip was increased with the dilution ratio 64 

decreasing. However, the background fluorescence intensity of the TRFM-LFIA strip was stronger 65 

when the dilution ratio was 1:10. When the dilution ratio ranged from 1:50 to 1:100, the fluorescence 66 

intensity at the T-line was higher, which was suitable for the competitive mode. Considering the above 67 

results, 1:100 was chosen as the optimal dilution ratio for detection. 68 

 69 

Figure S3 The detection image of TRFM-LFIA strip under ultraviolet irradiation in different TRFM-70 

mAb dilution ratios. 71 

We tested the T/C of 11 blank samples and calculated the standard deviation (σ) to be 0.105. 72 

According to the detection limit equation LOD = 3σ/k (where σ was 0.105 and k was 0341), the lg CPdG 73 

was 0.924, and the detection limit of TRFM-LFIA was 8.39 ng/mL. 74 

Table S1 the corresponding data table of LOD. 75 

σ k Lg C=3σ/k C (ng/mL) 

0.105 0.341 0.924 8.39 

Compared with the previous reports of PdG detection in urine samples, the TRFM-LFIA strip was 76 

convenient to use and less dependent on the instrument (Table S2). 77 

Table S2 Comparison of our assay and previous reports of PdG detection in urine. 78 
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Methodology LOD 

Linear 

range 

 

Cost 
Accessibilit

y 

Readout 

system 
Reference 

LC–MS/MS 
0.01 

ng/mL 

0.38-

100 

ng/mL 

High 
Low (need 

laboratory) 

Instrume

nt 

(Chen et 

al., 2020) 

Radioimmunoa

ssay 
- - High 

Low (need 

laboratory) 

Instrume

nt 

(Mendizab

al, et al., 

1984) 

Immunochemi

cal Assay 

0.4 

ng/mL 

0-50 

ng/mL 

Mode

rate 

Low (need 

laboratory) 

Instrume

nt 

(Hiroi et 

al., 1986) 

Enzyme 

immunoassays 
- - High 

Low (need 

laboratory) 

Instrume

nt 

(O'Connor 

et al., 

2003) 

Colloidal gold 

strip 
- - Low High (OTC) Eyes 

(Leiva, et 

al., 2019) 

TRFM-LFIA 
8.39 

ng/mL 

30−200

0 

ng/mL 

Low High (OTC) 
Eyes/Inst

rument 
This work 

As shown in Figure S4A, the fluorescence intensity of TRFM-mAb remained stable over a wide 79 

pH range (4.0−12.0). As shown in Figure S4B, the fluorescence intensity of TRFM-mab remained 80 

stable at different ion concentrations (NaCl, 0.1 to 1.0 mol/L), and its stability under high ion strength 81 

conditions ensured that TRFM-mAb was applied to actual urine samples. Moreover, TRFM-mAb 82 

exhibited relatively stable fluorescence intensity when stored at different temperatures for a week. The 83 

results showed that TRFM-mAb had high stability, which was conducive to its application in the 84 

detection of actual urine samples. 85 

 86 

 87 

Figure S4 Effect of different pH (A); ionic strength (B); temperature (C) on the fluorescence 88 

intensity of the TRFM-mAb. 89 
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