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Abstract: [Objective] Pseudomonas aeruginosa is a Gram-negative bacterium prevalent that is
conditionally pathogenic and commonly associated with nosocomial infections. Its quorum sensing
signal, 3-oxo-dodecanoyl-homoserine lactone (30C12-HSL), has been reported as a biomarker for
its infection. Here, we aimed to develop a 30C12-HSL biosensor for facilitating rapid diagnostics
of clinical P. aeruginosa infections. [Methods] We constructed a reporter plasmid responsive to
30C12-HSL and prepared a lyophilized cell-free biosensor based on that plasmid. We
characterized the biosensor with 30C12-HSL concentration gradient, validated its utility by testing
clinical samples, and attempted to optimize the preprocessing procedure for clinical samples.
[Results] Our cell-free biosensor is sensitive, specific, and capable of diagnosing P. aeruginosa
infections in clinical respiratory samples within 60 min. [Conclusion] In this study, we developed
a lyophilized cell-free 30C12-HSL biosensor. By pre-expressing RNase inhibitor, we increased
our biosensor’s tolerance to body fluid, and further demonstrated its potential to be developed as a
rapid diagnostic method for clinical P. aeruginosa infections.
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Strains and their application used in this study
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Strains

Usage

Escherichia coli DH10B

Escherichia coli BL21 Star™ (DE3)
Pseudomonas aeruginosa PAO1
Acinetobacter baumannii ATCC 17978

Plasmids construction
Cell-free extracts preparation
30C12-HSL extraction
30C12-HSL extraction
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Table 2 The plasmids used in this study

Plasmids Descriptions

pJL1 sfGFP expression driven by T7 promoter
pDY5

pDY14
(BBa_K649000)
pDY37

GFPmut3b expression driven by BBa_J23100 promoter

LasR expression driven by BBa J23100 promoter, 30C12-HSL-induced GFPmut3b expression driven by Plas

Murine RNase inhibitor expression driven by T7 promoter
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EAM 16, BERHEEY) 10, & kEh 5, BRE
TR 7, WERR AR 3, pH 7214, T 37 °C.
250 r/min 554 FH3R 2 ODeoo M 0.5-0.8. A
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2182, 115 °CKIH 30 min, BN H g
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Figure 1 Construction and characterization of 30C12-HSL cell-free biosensor. A: General architecture of
reporter plasmid pDY 14. B: Cell-free reactions containing pDY 14 and 30C12-HSL under blue light excitation.
C: Two-hour fluorescence kinetics of lyophilized cell-free biosensor treated with 30C12-HSL concentration
gradient. D: Dose-response curve for the biosensor, fitted with Hill function. E: The biosensor’s lower limit of
detection reaches picomolar level (500x10™'? mol/L) and leakage GFP expression is negligible. F: Chemical
structures of 3-oxo-dodecanoyl-homoserine lactone and 3-hydroxyl-dodecanoyl-homoserine lactone. G: The
biosensor is specific to 30C12-HSL and can discriminate its difference with 30C12-HSL, Pos Ctrl denotes
50x10"? mol/L 30C12-HSL, Neg Ctrl denotes methanol. Three replicates per sample were assayed and the error
bars represent standard error.
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RIS I FBAEAS 1 405 W S SRR BRI L i
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Q 2]
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= = |
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@Q@%%ﬁééﬁﬁ@ t/min
SeF oL K FFS
&2 FEBUE MG KA 4R 1R 2 A

Figure 2 Detect 30C12-HSL extracted from clinical samples with Pseudomonas aeruginosa infections. A:
Overview of tested clinical samples. Spu-Pos denotes positive sputum sample, Dra-Pos denotes positive
drainage sample, Swa-Pos denotes positive swab sample, Spu-Neg denotes negative sputum sample, and
Uri-Neg denotes negative urine sample. B: Endpoint fluorescence of cell-free reactions treated with clinical
sample extractions. C: Fluorescence kinetics of cell-free reactions treated with clinical sample extractions.

Three replicates per sample were assayed and the error bars represent standard error.
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Figure 3 Pre-expression of RNase inhibitor enhances the biosensor’s tolerance to body fluid, enabling faster
preprocessing and readout. A: Western blotting demonstrated the expression of RNase inhibitor (~50 kDa) prior
to E. coli lysis. B: Endpoint fluorescence of cell-free reactions treated with respiratory samples, whose
preprocessing procedures only included PBS addition, boiling, and centrifugation. Two replicates per sample
were assayed and the error bars represent standard error.
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