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Executive Summary

BIOPIX-T has developed a novel portable diagnostic device that extends the capabilities of its
established Pebble qcLAMP platform. Designed for real-time, multichannel fluorescence detection
with integrated isothermal heating, the device enables accurate monitoring of RNA/DNA amplification
and fluorescence signals in whole-cell biosensor (WCB) assays. The system is paired with a custom
smartphone application that prioritizes ease of use, accessibility, and suitability for field conditions,
ensuring a smooth user experience. Initial tests confirm the device’s ability to detect DNA
concentrations as low as 1 pg with high reliability, validating the optical system, photodiode sensitivity,
and data handling. This innovation targets a currently unmet market need by offering laboratory-grade
functionality in a compact, field-ready, and with a cost less than €1000, a unique combination not
available in existing commercial solutions. Its affordability and adaptability make it ideal for point-of-
care tests, mobile testing units, and cost-sensitive screening programs, in resource-constrained
environments and beyond.
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Acronyms & Abbreviations

Term Description

LAMP Loop-mediated Isothermal Amplification

RPA Recombinase Polymerase amplification

PLA Polylactic Acid

LED Light Emitting Diode

GFP Green Fluorescent Protein

INAAT isothermal nucleic acid amplification technique
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1 Introduction

1.1 Overview

This deliverable aims to design and develop a cost-effective, portable test device for isothermal, real-
time RNA/DNA amplification and multi-channel fluorescence detection. Building on the principles of
the Pebble diagnostic platform developed by BIOPIX-T, the device will offer an affordable and
simplified alternative to conventional real-time PCR systems by leveraging isothermal nucleic acid
amplification techniques (INAATs). These methods eliminate the need for thermal cycling, enabling
rapid and energy-efficient molecular diagnostics.

The system will incorporate an LED source at 488 nm to excite multiple fluorescent markers, enabling
detection of GFP (emission at 509 nm), SYBR Green | (emission at 521 nm), FAM (emission at 517) or
mRuby3 (emission at 592 nm), as well as plastid autofluorescence from chlorophyll (emission at 650
nm). The latter will serve as an internal control for whole-cell assays, ensuring assay integrity. An
integrated optical filter system will direct the emission signals into dedicated detection channels,
enabling simultaneous multi-channel fluorescence readout.

Unlike existing commercial portable INAAT devices (e.g., Genie lll, Biomeme Franklin, TwistDx RPA
Basic), which typically cost over €2,000 and are limited to single-channel fluorescence detection, this
device is designed to offer multi-channel capability at a fraction of the cost, such as less than 1000€.
The system will be lightweight (under 2 kg), highly portable, and 3D printed to reduce production
complexity and cost. It will also feature two sample slots for parallel PCR vial analysis, further increasing
its utility for field and point-of-care testing applications.

1.2 Relation to other tasks and deliverables

This deliverable is related to the following other AquaBioSens tasks and deliverables:

Receives inputs from: The design and development of the portable fluorescent reader does not depend
directly or indirectly on any other task.

Table 1. D1.2 Input from other tasks and deliverables

Deliverable Due Date Input for D1.2

N/A N/A None.

Provides outputs to:

1) Task 5.4, which aims to determine in laboratory conditions the characteristics of the diatom WCBs
when used in combination with the multi-channel fluorescence detection device designed in WP1.

2) Task 3.2 which aims to develop assays using LAMP and RPA technology for RNA amplification in
crude samples.
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Table 2. D1.2 Output for other tasks and deliverables

Deliverable Due Date Output from D1.2

D5.4 M30 Test performances of the diatom Cd/Ni WCBs on the multi-channel
fluorescence detection hand-held device in laboratory conditions

D3.3 M30 Develop RNA amplification assays with stored reagents and crude
samples

1.3 Structure of the deliverable
The deliverable is structured according to the following sections:

=  Principle of device operation

= List of the device components

=  Electronics and optics configuration

= Device design and fabrication

=  QOperation of the device

= Smartphone application design and operation
= In-house evaluation results

= Cost considerations and market positioning
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2 Description of work

2.1 Principle of device operation

The new portable device, developed by BIOPIX-T, builds upon the principles of the Pebble diagnostic
platform [1], enabling real-time, multichannel fluorescence detection combined with precise
isothermal heating. The system can be used to monitor RNA/DNA amplification and total fluorescence
in whole-cell biosensor (WCB) assays.

It utilizes a 488 nm LED as the excitation source, allowing for the detection of multiple fluorophores.
Specifically, the device supports real-time measurement of GFP (emission peak at 509 nm).
Additionally, to track plastid autofluorescence from chlorophyll, the system includes an emission
detection channel at 650 nm, as chlorophyll pigments also absorb cyan excitation light (488 nm). Also,
the device can detect the SYBR Green | (emission at 521 nm) and FAM (emission at 517) fluorescent
dye that are used in as indicators in LAMP and RPA molecular techniques in WP3. This multichannel
configuration enables the simultaneous monitoring of amplification dynamics and biosensor signal
output, supporting a range of versatile applications in synthetic biology, diagnostics, and
environmental sensing.

More specifically, in the device, a 488 nm LED serves as the excitation source and can efficiently excite
GFP, SYBR Green |, and FAM. The primary optical filter transmits wavelengths between 500 nm and
530 nm, a band that lies within the emission spectra of all three fluorophores. A secondary filter passes
wavelengths from 610 nm to 650 nm, matching the emission range of chlorophyll. The photodiodes,
which are sensitive to wavelengths from 400 nm to 650 nm, successfully detected these emissions in
the positive samples. A synopsis of the fluorescent dyes and the emission is presented in the table 3
below.

Table 3. Summary of the fluorescent dyes.

Excitati K . .
xcitation pea Emission peak (nm) Detection Techniques
(nm)
GFP 488nm 512nm Whole-cell biosensor
(diatoms)

SYBR Green 494nm 521nm Real-time LAMP
FAM 493nm 517nm Real-time RPA
Chlorophyl 430-470 nm 650nm Whole-cell biosensor

(diatoms)

Workflow Summary

= Samples are prepared and loaded into the device.

= The Raspberry Pi activates (if needed) the heater to reach and maintain the target isothermal
temperature.

= Cyan LEDs (488 nm) illuminate the sample through the excitation filter.
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= Fluorescent signals generated by fluorescent products pass through the emission filters and
are detected by the photodiodes, which are controlled by the Arduino.
= The Arduino digitizes the signal and transmits it via Bluetooth to a smartphone application.

2.2 List of the device components

Arduino and Raspberry Pi-Based Device
e Function: Core control and processing units.
e Details:

o Arduino UNO Wi-Fi Rev 2 handles analog signal acquisition from sensors (e.g.,
photodiodes)

o The Raspberry Pi Zero W manages higher-level tasks, such as data processing, user
interface, data storage, and connectivity.

LEDs (Low Cost) as Excitation Source = 488 nm

e Function: Provides the light source to excite fluorescent molecules (e.g., GFP, mRuby3,
chlorophyll).

e Details: Uses cyan LEDs centered at 488 nm, suitable for exciting range of fluorophores with
overlapping absorption spectra.

e Characteristics: Dominant wavelength: 488nm, Forward voltage: 2.74V, If: 350mA

Figure 1: OSRAM LED as excitation source at 488nm
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Excitation Filters - Bandwidth 475-495 nm

e Function: Restricts light reaching the sample to a narrow excitation window.
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e Details: Ensures specific and efficient excitation of target fluorophores while minimizing
background or stray light.

e Characteristics: Single bandpass filter, size is standard dia25*5.0mm, peak at 488nm

Emission Filters - Bandwidth 610-650 nm / 500-530 nm
e Function: Isolates fluorescence emissions from specific fluorophores.
e Details:
o 500-530 nm for detecting GFP (emission ~509 nm).

o 610650 nm for detecting mRuby3 (emission ~592 nm) and chlorophyll
autofluorescence (emission ~650 nm).

e Characteristics: Single bandpass filters, size is standard dia25*5.0mm, peak at 515nm and
630nm, approximately.

Heater

e Function: Maintains a constant isothermal temperature required for RNA/DNA amplification
reactions (e.g., RT-LAMP or RPA).

e Details: Typically operates in the range of 37-42°C or 60-65°C, with closed-loop control
managed by the Arduino.

Photodiodes - 480-650 nm
e Function: Detect emitted fluorescence light after filtering.

e Details: Broad spectral sensitivity allows detection across multiple emission channels. They are
connected to the Arduino for analog signal readout.

e Characteristics: Spectral range sensitivity: 480-650nm, Dimensions of active chip area: 0.4 x
0.4mm, Dark current: 0.005nA, Photocurrent: 0.1pA
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Figure 3: OSRAM photodiodes as detector
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Figure 4: Dimensions of photodiode and cathode marking

2.3 Electronics and optics configuration

The device’s electronics consist of an Arduino UNO Wi-Fi Rev 2, which reads the photodiode signals,
and a Raspberry Pi Zero W, which controls the LEDs, the heater, handles data acquisition, processing,
and communication. Serial communication between the Arduino and Raspberry Pi allows for
synchronized control of the heating and optical detection processes. The heater, positioned beneath
the sample, maintains a constant temperature optimal for isothermal amplification. The system
integrates optical components for multichannel fluorescence detection with embedded electronics for
signal acquisition, thermal control, and data processing. A 488 nm cyan LED serves as the excitation
source, directing light through an excitation filter (bandwidth centered at 488 nm) to selectively
illuminate the sample in the reaction chamber. The sample, typically undergoing isothermal RNA
amplification (e.g., LAMP or RPA), emits fluorescence which is filtered by two distinct emission filters:
one with a bandwidth of 500-530 nm for detecting GFP (emission peak ~509 nm), and another with a
bandwidth of 600—630 nm for detecting mRuby3 (emission ~592 nm) and chlorophyll autofluorescence
(emission ~650 nm). Each emission channel is aligned with a silicon photodiode (sensitive to 500-650
nm), which converts the light signal into an analog electrical signal. The schematic structure of the
electronics and optics configuration can be seen in Figure 5.
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Figure 5. Schematic diagram of the electronics and optical layout of the portable fluorescence detection device.

2.4 Device design and fabrication

The test device is engineered with a compact, drop-shaped enclosure that is optimized for portability,
modularity, and ease of use in both laboratory and point-of-care settings. The housing is 3D printed
using PLA (polylactic acid) filament, a biocompatible and biodegradable thermoplastic commonly
used in medical-grade prototyping. PLA offers excellent print resolution, mechanical stability, and
safety for biological applications.

Dimensions of the device are approximately:
e Height: 220 mm
e Width: 130 mm
e Depth: 70 mm
e Total weight: < 1000 grams

The internal layout includes two integrated sample slots, designed to hold standard reaction tubes for
parallel amplification reactions. These slots are positioned above the central heating element and
between the optical detection components, ensuring optimal thermal contact and efficient
fluorescence signal capture (Figure 5).

The device is constructed in two main parts: a main body and a movable top lid, which are secured
using embedded neodymium magnets. This magnetic closure mechanism allows for fast and tool-free
access to the reaction chamber and internal electronics, streamlining sample replacement and
maintenance.

At the heart of the device lies a resistive heating element, precisely aligned beneath the sample
holders to enable accurate and uniform thermal control for isothermal nucleic acid amplification
techniques (INAATs), such as loop-mediated isothermal amplification (LAMP) or recombinase
polymerase amplification (RPA) (Figure 6).
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The internal components are precisely arranged to ensure reliable excitation and detection of multiple
fluorophores in real time, while minimizing crosstalk and noise. All sensor signals and thermal data are
transmitted via serial communication to the processing unit.

The entire system can be fabricated and assembled in under 24 hours, utilizing FDM 3D printing
“material extrusion” process and off-the-shelf electronic components. This rapid turnaround supports
iterative prototyping, small-scale manufacturing, and deployment in decentralized or low-resource
diagnostic settings.

Figure 6. Pictures of the 3D-printed prototype device

2.5 Operation of the device

The portable diagnostic system is designed for intuitive operation and remote control via a smartphone
application. The main steps of operation are outlined below:

1. Power Activation

The device is equipped with a physical ON/OFF button located on the outer casing. When powered
on, an indicator LED illuminates, confirming that the system is active and ready for operation.

2. Application-Based Control

The device is operated wirelessly through a dedicated application, which serves as the user
interface for initializing, monitoring, and recording the assay. The application connects to the
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device via Bluetooth and can be installed on both smartphones and tablets. The application
doesn’t require any internet connection.

3. System Initialization and Component Control
Upon startup, the Raspberry Pi Zero W takes control of the system’s core functions:

o Activates the 488 nm LED, which serves as the excitation source for fluorescence-based
detection.

o Regulates the heater, maintaining the constant isothermal temperature required for
nucleic acid amplification (typically 60—65°C).

Simultaneously, the Raspberry Pi communicates with the Arduino UNO Wi-Fi Rev 2 via a serial
interface. Then the Arduino manages the photodiode signal acquisition process.

4. Fluorescence Signal Acquisition

During the assay, fluorescent markers (e.g., GFP, mRuby3) or chlorophyll autofluorescence emit
light in response to excitation. This light passes through specific emission filters and reaches the
photodiodes, which convert the optical signal into electrical signals (voltage or current) and
continuously monitor fluorescence intensity over time

5. Data Transmission to the Application

The acquired electrical signals are processed and formatted by the Arduino are transmitted via
Bluetooth to an external application. The application displays real-time signal curves and
numerical data, providing the user with immediate visual feedback on the progress of the
amplification reaction.

6. Results and Analysis
The application receives and records the fluorescence intensity data, enabling:
o Real-time monitoring of amplification process
o End-point analysis to determine the presence or absence of target genetic material

o Export or storage of data for further analysis or documentation in the device and later
can be sent when the internet is accessible to an online platform, for example an email.

This operation workflow enables user-friendly, wireless control of a compact, low-cost molecular
device, suitable for deployment in laboratory or field settings with minimal user training.

2.6 Smartphone application design and operation

The AquaBiosens device is complemented by a dedicated smartphone application designed to ensure
seamless interaction between the user and the hardware system. The app has been developed with a
strong focus on usability, accessibility, and field compatibility, incorporating the following key
characteristics:

Simple and Intuitive Design
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The user interface (Ul) features a minimalist and clean layout, enabling easy navigation without
requiring prior technical expertise. Key functions such as device connection, test initiation, real-time
signal monitoring, and result display are clearly accessible via a streamlined home screen.

User-Friendly Operation

The application guides users through the essential steps of operating the device, such as pairing,
starting a measurement, and interpreting output, via a step-by-step process. All controls are touch-
optimized, and notifications provide real-time feedback on system status and measurement progress.

Offline Functionality

Recognizing the need for diagnostics in remote settings, the application is fully capable of operating
offline. It does not require internet connectivity for any of its core functionalities. All data processing
and storage are handled locally on the smartphone, ensuring complete independence from network
availability. Later when internet connectivity is available, the user can export them to the desired
platform.

Bluetooth Connectivity

The app communicates with the diagnostic device via Bluetooth Low Energy (BLE), enabling wireless
control and real-time data acquisition from the embedded photodiodes. Upon activation, the app
automatically scans for nearby devices and facilitates secure pairing with the diagnostic unit.

In addition to real-time operation, the application offers robust data management features. All
measurement results are automatically saved locally within the app, allowing users to access a
complete history of past tests without requiring external storage or internet access. Each data entry
includes all relevant information, such as timestamp, sample ID (optional), fluorescence signal
intensities, and diagnostic outcomes, ensuring comprehensive and traceable records. Users can easily
review and compare and previous test results, making the app suitable not only for individual use but
also for small-scale longitudinal studies or batch testing workflows.

The user interface of the application can be seen in Figure 7.
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Figure 7. Screenshots of the accessory smartphone application. From left to right: Home screen, Test
monitoring screen, Experiment history tab, Experiment details tab

This mobile application ensures that the device remains portable, easy to use, and accessible in any
setting by combining hardware performance with intuitive digital interaction.

2.7 In-house evaluation results

An initial qualitative evaluation was conducted to assess the sensitivity and specificity of the portable
fluorescence detection system. The objective was to determine the device’s ability to reliably detect
nucleic acid-derived fluorescence at varying input concentrations of target DNA.

Experimental Setup is:
e Template: Human genomic DNA

e Reaction Conditions: Serial dilutions of DNA were prepared, ranging from 10 ng to 1 pg per
reaction, covering a broad dynamic range of input concentrations.

e Fluorescent Dye: 1X SYBR Green, a commonly used intercalating dye that emits green
fluorescence upon binding to double-stranded DNA, was used to visualize amplification that
resembles the desired fluorescent dyes.

e Detection Parameters: The device’s 488 nm excitation LED and 500-530 nm emission filter
was used for SYBR Green fluorescence detection. Photodiode readings were monitored in real
time.

Results of the tests:

e Positive samples (reactions containing human DNA at any tested concentration):
Consistently yielded a clear and detectable fluorescence signal across all dilutions tested (10
ngto 1 pg). Signal intensity varied with concentration, but qualitative presence of amplification
was always confirmed, demonstrating high sensitivity of the optical detection system.

e Negative control samples (no-template reactions):
Consistently showed no detectable fluorescence signal, indicating excellent specificity and
no background noise or false positives attributable to the device or the detection chemistry.

These preliminary results demonstrate that the device is capable of reliable fluorescence detection
down to at least 1 pg of input DNA, using a standard intercalating dye and isothermal amplification-
compatible conditions. The consistent differentiation between positive and negative samples
confirms the functional integrity of the optical path, the sensitivity of the photodiodes, and the
robustness of the data acquisition and transmission pipeline. Further quantitative studies are planned
to establish detection thresholds, amplification kinetics, and reproducibility.

2.8 Cost considerations and market positioning

A detailed cost analysis has been conducted to evaluate the feasibility and competitiveness of the
developed portable diagnostic device. The analysis covers the following components:
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e Plastics and Structural Parts: All structural elements are 3D printed using biocompatible
filaments, allowing for low-cost, rapid fabrication without the need for injection molding in
early production stages.

e Electronic and Optical Components: The system integrates off-the-shelf, low-cost
components, including microcontrollers (Arduino and Raspberry Pi), LEDs, photodiodes, and
bandpass filters, which are selected for their performance and affordability.

e Assembly: The device is designed for rapid assembly using minimal tools. Modular parts and
magnetic alignment further streamline assembly and maintenance.

e Cost Reduction Through Scaling: By utilizing bulk procurement or sourcing from low-cost
suppliers, fabrication costs can be reduced by an estimated 20—-40%, resulting in significantly
improved cost efficiency for scaled manufacturing.

Crucially, the attainability of this low price point is made possible by building on the patented
operating principle of the Pebble platform, developed by BIOPIX-T. The Pebble system, originally
designed for compact, colorimetric real-time molecular diagnostics, provides a proven foundation for
efficient heat control, optical detection, and system integration. By reusing core design concepts and
adapting them for multichannel fluorescence detection, manufacturing complexity was minimized.
Thanks to this highly optimized design approach and scale manufacturing, the device can be
commercially positioned in the €500—€950 range.

This pricing is especially significant because it occupies a currently unaddressed market segment:

e No existing commercial solution offers real-time, multichannel fluorescence detection (e.g.,
for GFP, mRuby3, and chlorophyll autofluorescence)

e  With support for isothermal amplification
e Inacompact, portable, and sub-€1000 format

By bridging the gap between laboratory-grade performance and field-deployable affordability, the
device is well-suited for:

e Point-of-care solutions
e Resource-limited or mobile testing environments
e Low-cost screening initiatives

The device’s price-to-performance ratio and flexibility represent a strategic advantage that sets it apart
in a competitive molecular test solution market increasingly moving toward decentralization and
miniaturization.

3 Conclusions

The development of this portable, multichannel fluorescence test device by BIOPIX-T marks a
significant advancement in accessible molecular testing technologies. By uniting high-performance
optical detection with a user-friendly mobile interface and cost-effective design, it addresses the
growing demand for decentralized, field-capable diagnostic tools. With further validation and
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refinement, this system is poised to become a game-changer in point-of-care testing, offering a robust
solution where conventional lab-based instruments are not able to bridge the gap between precision

test solutions and real-world applicability.
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