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Speech Topic and Abstract 

Title: 
Identification of compounds against ceftriaxone-resistant nontyphoidal Salmonella by Ultra-
High Throughput Screening and exploration of the antibacterial effect and potential 
mechanism of its derivatives 
Abstract: 
Objectives: For the past three decades, ceftriaxone-resistant (CRO-R) nontyphoidal 
Salmonella (NTS) are emerging worldwide over 43 countries reporting cases with the 
resistance rates from 0.2% to 56.5%, particularly from high-prevalence regions including 
Africa, India, Pakistan, Bangladesh, and Southeast Asia (Al kraiem AA. 2018). Taiwan CDC 
reported an increased rate of cefotaxime resistance in NTS to 7.2% in 2016. WHO 
announced in 2017 that third generation-resistant Enterobacteriaceae, including CRO-R NTS, 
are one of the priority pathogens for research and development of new antibiotics. 
Therefore, the objective of this study is to identify new compounds as potential antibiotics 
against CRO-R NTS. 
 
Methods: First, a recombinant GFP-cloned CRO-R NTS strain (ciprofloxacin-susceptible 
ceftriaxone-resistant isolate NHRI-172) was generated for quantitative confocal microscopy 
in High Content Screening. Then, an in vitro invasion assay was established using 96-well 
plates by infecting monolayers of 4-5 day old Caco-2 cells with CRO-S (Salmonella 
Typhimurium SL1344) and CRO-R (NHRI-172) strains for 2h, followed by 1h with gentamicin 
and subsequent removal of extracellular bacteria, and another 1h with ciprofloxacin (CIP), 
ceftriaxone (CRO). This validated in vitro model was later applied to Ultra-High Throughput 
Screening (uHTS) using 1536-well plates and robotics, with library compounds added in the 
last one hour for screening 22,677 chemical compounds which are mainly FDA-approved 
drugs, known bioactive compounds, and nature products. Second, derivatives of the target 
compounds were generated for determining their minimum inhibitory concentrations (MICs) 
in S. Typhimurium SL1344 (SL1344), its yqiC (ubiK, related to ubiquinone (UQ)/menaquinone 
(MK) synthesis)-deleted mutant (ΔyqiC) and CRO-R strain (NHRI-172) using CLSI microdilution 
method. Third, adenosine triphosphate (ATP) assays were conducted for quantifying ATP 
production in SL1344 treated with 1/64x, 1/8x, 1/4x, 1/2x, 1x, and 2xMIC of the target 
compound derivative in comparison with ATP production in SL1344 not treated with the 
derivative (control). Fourth, RNA samples were extracted from mid-log cultures of NHRI-172 
and SL1344 for quantitative Reverse Transcription PCR (qRT-PCR) to quantify the mRNA 
expression levels of the 23 ubi/men genes relative to housekeeper 16S rRNA. The relative 
mRNA expression levels were compared between NHRI-172 and SL1344. The experiments 
were done in triplicate. Student's t-test was used for statistical analysis. A p value of <0.05 
was regarded as statistically significant. 
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Results:  
Our uHTS identified naphthoquinone-imidazolium (sepantronium bromide, YM155) from the 
86 groups of the 451 active compounds in the library. At least 22 derivatives of YM155 were 
generated with their chemical structures characterized by NMR, Mass and Infrared (IR) 
Spectrometry. Compared with the MICs of the parent compound YM155 in SL1344 (>128 
μg/mL), CRO-R NHRI-172 (>128 μg/mL), and ΔyqiC (32 μg/mL), the MICs of two YM155 
derivatives showed their remarkably lower MICs for SL1344 (2 μg/mL), CRO-R NHRI-172 (8 
μg/mL), and ΔyqiC (<0.25 μg/mL) in AST-062 (C31H45BrN2O2) as well as SL1344 (1 μg/mL), CRO-
R NHRI-172 (2 μg/mL), and ΔyqiC (<0.25 μg/mL) in AST-064 (C46H60Br2N4O4). Our ATP assays 
showed that 1/2x, 1x, and 2xMICs, but not 1/8xMIC and 1/4xMIC, of AST-062 significantly 
decreased ATP concentrations in SL1344 at 2h when compared with control (p <0.01). The 
qRT-PCR analysis showed that most of the ubi genes (13 in 14: p <0.05 in ubiI; p <0.01 in ubiC, 
ubiA, ubiX, ubiG, ubiH, ubiE, ubiK, ubiD, ubiT, ubiU, ubiV, and ubiJ) and the men genes (7 in 9: p 
<0.01 in menF, menC, menE, menB, menI, menA, and menG) are significantly downregulated in 
CRO-R NHRI-172 when compared with CRO-S SL1344 . 
 
Conclusions: At least two new derivative compounds (AST-062 and AST-064) were generated 
from the uHTS-identified naphthoquinone-imidazolium and showed significant antibacterial 
effect on CRO-R NTS. Their inhibitory effects possibly work through compromising bacterial 
ATP production and involve biosynthesis of menaquinone and ubiquinone. 
 
Keywords: Ceftriaxone-resistant nontyphoidal Salmonella (CRO-R NTS), Ultra-High 
Throughput Screening (uHTS), naphthoquinone-imidazolium (sepantronium bromide, 
YM155), minimum inhibitory concentration (MIC), ubiquinone (UQ), menaquinone (MK) 

 


