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[ Abstract] Objective To construct an Escherichia coli (E. coli)-specific reporter phage, T6:: Nluc,
and evaluate its performance in the rapid diagnosis of E. coli-induced urinary tract infections.
Methods T6:Nluc was constructed by the CRISPR/Cas9 system combined with homologous recombination
technology. Then biological characteristics of T6 and T6:: Nluc were systematically compared in terms of
optimal multiplicity of infection (MOI), one-step growth curves, and lysis efficiency. Time-luminescence
curves were plotted to determine the limit of detection (LOD) and the impact of urine matrix. Luminescence

quantification was performed to detect the specificity of the phage after being co-cultured with non-E. coli
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pathogens. In addition, 104 strains of E. coli isolated from clinical urine samples were collected to analyze
the detection coverage of T6::Nluc. Finally, 437 clinical urine samples were obtained for clinical validation.
Results The successful construction of reporter phage T6:: Nluc was validated by Sanger sequencing. Iis
one-step growth curve and optimal MOI differed from those of T6, and the lysis efficiency remained
comparable. T6::Nluc exhibited outstanding diagnostic performance, enabling the detection of =10* CFU/mL
E. coli within 40 min, with complete resistance to interference from urine matrix and excellent pathogen-
specific recognition. Additionally, T6:: Nluc successfully detected 51 out of 104 clinical E. coli isolates
(49. 04%). And the results of the detection in clinical urine samples indicated that the phage had a sensitivity
of 48.84% and a specificity of 100.00 in the detection. Conclusion Reporter phage T6:: Nluc is

successfully constructed, and can sensitively and specifically detect E. coli causing urinary tract infections,
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significantly reducing detection time and enhancing efficiency and accuracy.
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1.5 T6%5 T6: : Nluc % 4 5 H Pt Yo 3k

1.5.1 —2AKiM4g 5 mL 1x10' PFU/mL Y
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Table 1 Summary of primer sequences
Primer Sequence (5'—3") Tm
UHR-T6-F ttcaactgeegttcgacgat ATAATCGACATTCTTCT 60 °C
UHR-T6-R gtegtattaTCATCTATACCTATCCAT 60 °C
Nluc-T6-F gotatagatgaTAATACGACTCACTATAGC 60 C
Nluc-T6-R agtaaTTATGCTAAAATACGTTCACACAGACG 60 C
DHR-T6-F cgtattttagcataa TTACTTGGGCTACGC 60 C
DHR-T6-R aatteggatcticeagagat GACTGATGGGTTATCTATT 60 C
M13-F GTAAAACGACGGCCAGT 60 C
M13-R CAGGAAACAGCTATGACCATGA 60 C
pCRISPR validation primer R CCCGCTTCAGTGACAACG 60 °C
pCas9-F GGTGATGTCGGCGATATAGG 58°C
pCas9-R TCCGTTAAAGAGTTACTAGGGATCAC 58 C
T6 recombinant primer F CGATTGCGATTAGGC 53°C
T6 recombinant primer R CATCTGAAGCGAGGA 53°C

Lowercase letters indicate the primer overlap regions
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F2 sgRNACEE
Table 2 Summary of sgRNAs

sgRNA Sequence (5'—3")
hoc-sg-1-F aaacGGAGGAGTCAATGTAACCTGg
hoc-sg-1-R aaaacCAGGTTACATTGACTCCTCC
hoc-sg-2-F aaacATGTAAGCTGAAGTACGATGg
hoc-sg-2-R aaaacCATCGTACTTCAGCTTACAT
hoc-sg-3-F aaacATAATCAGTAGCAGTAACGAg
hoc-sg-3-R aaaacTCGTTACTGCTACTGATTAT
hoc-sg-4-F aaacCACCAGATGTAAGCTGAAGTg
hoc-sg-4-R aaaacACTTCAGCTTACATCTGGTG
hoc-sg-5-F aaacTGTTGAACGTTAATAGAAGGg
hoc-sg-5-R aaaacCCTTCTATTAACGTTCAACA
hoc-sg-6-F aaacGTGGATTCATTGTCTTCTTAg
hoc-sg-6-R aaaacTAAGAAGACAATGAATCCAC
hoc-sg-7-F aaacAGTTTGACTTCCAATAGATGg
hoc-sg-7-R aaaacCATCTATTGGAAGTCAAACT
hoc-sg-8-F aaacGCTGAAGTACGATGTGGAAGg
hoc-sg-8-R aaaacCTTCCACATCGTACTTCAGC
hoc-sg-9-F aaacTCTGCTGTAATAGTTTTGCTg
hoc-sg-9-R aaaacAGCAAAACTATTACAGCAGA
hoc-sg-10-F aaacACCGCACCAGATGTAAGCTGg
hoc-sg-10-R aaaacCAGCTTACATCTGGTGCGGT

Lowercase letters denote the restriction enzyme cutting site

sequence of Bsal. sgRNA: Single-guide RNA
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1.2 3 M
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A: PCR amplification results of upstream and downstream homologous arms and Nluc gene block; B: PCR validation results of

homologous recombinant plasmid. The primers for lane 1 are M13-F, DHR-T6-R, 2 683 bp. The primers for lane 2 are M13-F
and Nluc-T6-R, 1 657 bp. The primers for lane 3 are UHR-T6-F, DHR-T6-R, 2 636 bp. The primers for lane 4 are UHR-T6-
F, M13-R, 2 715 bp. The primers for lane 5 are Nluc-T6-F, M13-R, 1 774 bp; C: PCR validation results of pCas9 plasmid
transformation into BL21. The primers are pCas9-F and pCas9-R, 1 335 bp; D: PCR validation results of pCRISPR-sg-1~10

plasmids construction. The primers are hoc-sg-1~10-F and pCRISPR validation primer R, 646 bp; E: PCR validation results of

T6: : Nluc. The primers are T6 recombinant primer F and R. The template for lane 1 is T6 (3 863 bp), and the templates for
lanes 2 and 3 are T6: : Nluc (3 907 bp). M: Marker; Nluc: NanoLuciferase

E1

TR R T6: : Nluc RIIEIE

Figure 1 Construction of plasmids and validation of T6: : Nluc
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Figure 2 Efficiency of plating for sgRNA
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Figure 3 Comparison of biological characteristics between T6 and T6: : Nluc
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Table 3 Comparison of results between luminescence assay

and gold standard method

Urine culture and mass
spectrometry (gold standard)

Luminescence assay Total
Positive" Negative"

Positive 21 0 21

Negative 22 394 416

Total 43 394 437

a: Positive (gold standard) , all 43 samples are confirmed to be
infected with E. coli; b: Negative (gold standard) , among the
394 samples, 272 are confirmed to be sterile, while the remaining

ones are non-FE. coli infected samples
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A: Limit of detection of T6: : Nluc. The positive threshold is set at RLUs =10.71, and T6: : Nluc can detect BL21 at

concentrations =1x10* CFU/mL within 40 min; B: Effect of urine on the detection performance of T6: : Nluc; C: Detection

specificity of T6: : Nluc; D: Detection coverage of T6: : Nluc in 104 clinical E. coli strains
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Figure 4 Detection performance of T6: : Nluc
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Table 4 Comparison of novel detection technologies for uropathogens
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