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Background
of the Study

Mycobacterium Tuberculosis (Mtb) is the
causitive agent of Tuberculosis (TB) (1)

In 2021 10.6 Million people fellillto TB
and 1.6 Million people died (1)
Over 80% of TB cases and deaths are
reported in low and middle income
countries (1)

TUBERCULOSIS
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A Solvatochromic dye

Q

i Trehalose
OH:

Solvatochromic "

Probes

rehalose probes can be metabolized by Ag85
forming Trehalose Monomycolate (TMM) (1)

Mycobacterial cell wall

Dyes are designed to change their
fluorescence intensity when transitioning
from an aquous to hydrophobic
environment (1)
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Advantages of these probes: speed

affordability, operationally simple etc

Synthetically convenient (Bioorthogonal
or Click chemistry) (1)
Chemically stable
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(1) Octopi: Open configurable high-throughput imaging platform for infectious disease
diagnosis in the field Hongquan Li, Hazel Soto-Montoya, Maxime Voisin, Lucas Fuentes
Valenzuela, Manu Prakash bioRxiv 684423; doi: https://doi.org/10.1101/684423

Octopi

Introduction of Octopi: a low-cost ($250-$500), reconfigurable autonomous microscopy
platform.
Machine Learning Pipeline (MLP) and automated slide scanning system
Successfully applied to automated malaria parasite detection in blood smears.
Utilized spectral shift for detecting DAPI-stained Plasmodium falciparum parasites.
Screens over 1.5 million red blood cells per minute, achieving high sensitivity and specificity.
Potential for large-scale robotic microscope network to enhance disease diagnosis. (1)
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Integrate a novel MLP that

Resedarch

automaticated slide scanning
system using the solvatochromic

Objectives

1. Determine the detection

protocol
2. Access the limits of detection

3. Implement clinical samples
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QUALITATIVE METHODS

Bacterial Culture Inoculation and Metabolic
Labeling
Confocal Fluorescence Microscopy (Leica)
Octopi Microscope

QUANTITATIVE METHODS

Leica Software
Fiji
Python
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Distribution Curve

Standard Deviations from the Mean
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8. Figures

RESULTS
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Figure 1: Probe Performance and Imaging at Different Leica Microscope Objectives. Each subfigure presents a comparative analysis of probe performance. This
figure depicts 3 groups (A), (B), (C). (A) Images depict Leica 20X objective. (B) Images depict the Leica 60X objective. (C) Images depict the Leica 160X
objective. Subfigures (a)-(f) showcase the results of imaging experiments conducted for 10uM 3HC-Tre. Subfigures (g)-(1) showcase the results of imaging
experiments conducted for 100uM DMN-Tre. Subfigures (m)-(r) showcase the results of imaging experiments conducted with no probe (unlabeled) Msmeg. All
incubations were performed for 3 hours, and probed for 30 minutes. Subfigures (a, c, e, g, 1, k, m, 0, q) showcase fluorescent images. Subfigures (b, d. f, h, j, 1, n, p,

Back to A gen da r) showcase brightfield images. Scale bar 1s 50 ym for all figures.
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Figure 2: Dose-Dependent Effects of 3HC-Tre and DMN-Tre Probes on Cellular Imaging. This figure depicts 2 groups, (A), (B). (A) depicts images using 3HC-
Tre probes, while the rightmost column is the fluorescent, and the leftmost column shows the brightfield images. (B) depicts images using DMN-Tre probes,
with a similar format to (A). Subfigures (a)-(d) demonstrate the 1uM. Subfigures (e)-(h) demonstrate the 10uM 3HC-Tre and DMN-Tre probes. Subfigures (i)-(1)
demonstrate the 100pM 3HC-Tre and DMN-Tre probes. Subfigures (m)-(p) demonstrate the OuM 3HC-Tre and DMN-Tre probes. The images provide insights into
the effects of varying probe concentrations on cell behavior and imaging outcomes. All images used Leica’s 60X objective. Scale bar is 50um for all images.
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Figure 3: Comparative Cellular Imaging Using the Octopi Microscope. This figure presents a comparative analysis of cellular imaging outcomes facilitated by
the Octopi microscope. Subfigures (a, ¢, ¢) showcases fluorescent images, whilt subfigures (b, d, f) displays brightfield images. Subfigures (a, b) illustrates cells
incubated with a 10pM 3HC-Tre probe for 30 minutes. Subfigures (c, d) depicts cells incubated with a 100uM DMN-Tre probe for 30 minutes. Subfigures (e, f)
features control cells incubated without any probe. All samples were incubated for 3 hours. The scale bar is set at 20um for all images.
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Figure 4: Comparative Analysis of Cellular Imaging Between Octopi and Leica (60X Objective). This image depicts 2 groups (A), (B). (A) images acquired using
Octopi microscope. (B) images acquired Leica microscope with 60X objective. Each pair of subfigures represents the same cellular sample imaged by both systems.
Subfigures (a - d) represent the same sample incubated with a 10uM 3HC-Tre probe, (e - h) with a 100uM DMN-Tre probe, and (i - 1) without any probe. Subfigures

Back to Agenda (a, c, e, g, 1, k) correspond to the fluorescent images while subfigures (b, d, f, h, j, 1) represent the brightfield images. All samples were incubated for 3 hours, and
probed for 30 minutes. The scale bar is set at 20um for Octopi images and 50um for Leica images.
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Conclusions
and

Future Direcions

Successful demonstration of environment-sensitive
probes (DMN-Tre and 3HC-Tre) in labeling Msmeg
bacteria using Octopi and Leica fluorescence
Microscopes.

Combined use of brightfield and fluorescence
microscopy for visualizing labeled bacteria across
magnifications, forming a foundation for future
high-throughput image analysis with machine
learning.

Focus on finalizing machine learning-based
diagnostic pipeline, integrating brightfield and
fluorescence images, and optimizing algorithms for
quantitative insights.

Transition from Msmeg to Mycobacterium
tuberculosis (Mtb) to validate approach on disease-
causing bacteria.

Conduct experiments to define sensitivity and
specificity thresholds of environment-sensitive
probes and Octopi microscopy for robust detection
limits.

Optimize Octopi microscope for TB diagnosis,
including autofocus system refinement.
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