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Introduction

Bacteria are single-celled microorganisms that are found
abundantly in various environments such as the human
body, water, food, and soil. Although only 5% of the
bacterial population are pathogenic, every year there are
millions of fatalities because of bacterial infections and
contaminations [1]. In order to contain the spread of
infectious diseases, sensitive and timely diagnosis of
pathogenic bacteria is of significant importance. However,
bacterial detection is not the only challenge in infection
control, also rapid determination of an effective antibiotic
for treatment is also critical to overcome the antibiotic
resistance problem that develops in bacteria due to misuse
or overuse of common antibiotics. Commonly used
antimicrobial susceptibility tests (AST) in clinics required
at least 1-3 days as a growth period of microorganisms,
also the culturing of some bacteria species take more than 1
week, and furthermore, some are non-culturable.

AST free from culturing to obviate
the misuse of broad-spectrum
antibiotics, play an enormous role
in the fight of multi drug resistant |
bacteria diseases [2]. For example,
Mycobacterium tuberculosis.

Here, we describe two different
capabilities of IRIS system for clinical research and
development. (1) Label-free and kinetic measurement of
DNA hybridization and denaturation for single-nucleotide
mismatch detection (Genotype), and (2) Single cell
imaging for identification and antibiotic susceptibility
testing (AST) by monitoring growth and division of
individual bacteria (Phenotype).

‘$IRIS

1 888-IR1S-008
info@iriskinetics.com
Printed Jan 2025

[

y
4

Multiplexed SNP Detection

The aim of this experiment is to detect single-nucleotide
polymorphisms (SNPs) in genes associated with
Rifampicin resistance in Mycobacterium tuberculosis.
There are 34 unique rpoB mutations, including 30 within
the rifampicin resistance-determining region (RRDR). For
demonstration we picked 2 point mutations Y and B.
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Discrimination of wild type strains and SNP contained
mutant type strains is depending on the evaluation of
melting curve profiles of surface probes that are perfectly
matched and single-base mismatched to different regions
on the ssDNA target (with both mutations) [3].

Methods

The iRiS chips are coated
with a polymer, MCP-2
(Lucidant Polymers). Spot
printing was performed
with an M2-Automation
iTWO high-precision
microarray-dispensing instrument. Our new proprietary
immobilization technique [4] has been utilized to achieve
high-quality and efficient probe spots. Image shows a
region of the IRIS chip with 4 different probes: and
are perfectly matched to target and WY and WB are
probes with a single mismatch each at a different location.

Results and Discussion

Figure 1 shows hybridization and denaturation (melting)
cycles of the 60bp RRDR ssDNA target to the IRIS chip.
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Figure 1: Binding and melting kinetics of matched and mismatched
probes clearly demonstrates that the ssDNA target has both mutations.
The chip can be used repeatedly by eluting the bound DNA target.

IRIS chips can measure DNA microarrays with many probe
spots with a capability of measuring more than 30 point
mutations simultaneously. In addition to drug resistance,
applications includes cancer and microbiome research.

Whole Cell Imaging

The ultimate test of antibiotic susceptibility is the
demonstration of retarding cell growth and replication.
Single cell imaging is a powerful AST technique [5]. IRIS
performs real-time and label-free whole cell bacteria
detection and visualization [6]. DNA barcode probes are
spotted on IRIS sensor surface that can be configured to
detect any bacterial pathogen by introducing antibodies
conjugated to complementary DNA sequences as
intermediary reagents. In homogeneous (one-step) assays,
the antibody—DNA conjugates are mixed into the bacteria
sample before flowing it over the DNA-spotted IRIS chips.
Target bacterial pathogens are decorated with DNA-
conjugated antibodies in solution and they are captured on
the sensor surface by specific DNA-DNA hybridization as
illustrated below.
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Utilizing IRIS platform’s imaging modality to visualize,
monitor, and dynamically quantitate the surface area of
100s to 1000s of individual bacterial pathogens captured by
DNA-conjugated antibodies on sensor chips. Fig. 2 shows
a typical growth and replication trace of an individual F.
coli pathogen on IRIS.
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Figure 2: Growth and replication monitoring of an individual E. coli
observed at 37°C in 9:1 broth: PBS buffer. The inset shows the method
for calculating growth rate.

We have demonstrated
the feasibility of rapid
AST using E. coli and
two drugs: ampicillin |
and gentamicin. We | °° G s
monitored the growth | "~ 7 s
rates of ~20 individual | ; | |
bacteria incubated in

9:1 broth: PBS buffer |

in an IRIS cartridge | . 100
with ~10ulL volume. “ ’
Different doses of antibiotics are added and growth rate
histograms are generated as shown clearly indicating that
this particular strain of E. Coli is not resistant. In
conclusion, [RIS platform can provide clinical researchers
studying antibiotic resistance a truly unique capability.
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