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1 - Abstract

The rapid detection and quantification of one or more biological agents has become essential to anticipate a possible
public health threat (epidemic or pandemic), protection of biodiversity and ecosystems. Our goal in this Phd project is
the pathogens detection by design and development of a miniaturized, sensitive, efficient, reliable and cost-effective
electromagnetic microfluidic lab-on-a-chip device using a few microliters of biological sample from plants, trees or
agricultural products. The detection principle is based on thin flat multilayered micro-coils associated with microfluidic
structures to detect magnetic nanoparticles linked to pathogen agents. In a one health approach, the device would be
also applied to immunoassay diagnosis and infectious diseases monitoring.

2 - Positioning and objectives

Up to now, several methods have been proposed for pathogens and virus detection including Enzyme-Linked
Immunosorbent Assay (ELISA) colorimetric method, fluorescence-based techniques and markings with radioelements.
Among them, ELISA is more famous and dominant technique with some market products for medical/bio detection
applications including antibiotic detection in milk, Aflatoxin B1 and Enterococcus detection [1-3]. The standard
enzymatic detection used in the ELISA method has a relatively long measurement time. This method as well as the
fluorescent methods have a limited dynamic range and require the use of transparent sample holder materials, non-
colored and non-fluorescent media. The use of radioactive markers is also problematic because of the regulations on
radiation protection. Therefore, the immunoassays which detect the analyte by means of magnetic nanoparticles (MNP)
constitute a very promising alternative with a better sensitivity obtained for aflatoxin B1, Ochratoxin, Kanamycin and
Grapevine Fan Leaf Virus (GFLV) [4]. Therefore, in some biological and/or medical applications the magnetic method is
more accurate and efficient. The other advantages of magnetic method are portability, easy to use, low power
consumption and cost-effective.

3 — Objectives

The detection and quantification of one or more biological agents has become essential to anticipate a possible health
threat for the human, the animals, the environment (water, forests, plants and agricultural products). There are some
kinds of viruses that produce infection in the green plants as Grapevine Fanleaf Virus that increases the production
losses up to 80%. The biological agents may be transferred by soil, water, air, animals or human. In this area, one of the
main objectives is to facilitate pathogen detection with a sensitive, reliable, portable and low-cost Lab-on-Chip system.
The biological analysis based on high sensitivity magnetic measurements is a new type of immunological diagnosis using
magnetic nanoparticles (MNP) as markers [5-13]. This new method of analysis involves the coupling of antibodies or
antigen proteins to MNP (figure 1). The specific binding of the antibody to its antigen will be assessed by the detection
of MNP of various sizes and also different magnetic properties. Thanks to their extractability and sortability, MNP are
suitable for the examination of biological samples, serving as markers for biochemical reactions [7, 12, 13].

The MNP covered on their surface with a biocompatible streptavidin layer can be coated with antibodies or receptor
proteins and thus specifically linked to analytes (proteins, viruses or bacteria), as illustrated by figure 1. Among the
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available magnetic techniques, the new technique based on the principle of frequency mixing has a definite advantage
by making possible to quantify MNP with a very broad dynamic rang [13]. By studying the characteristics of the response
signal (amplitude and phase) at a well-defined frequency, non-linear and specific signatures of different types of MNP
can be discriminated. A miniaturized structure of planar and multilayer micro coils associated with a suitable microfluidic
structure has been shown in Figure 2.

This project combines the complementary scientific and technical skills and knowledge of the involved teams (LIB in
collaboration with CIMI, PHENIX at Sorbonne University and IME in Aachen, Germany) in order to develop a microfluidic
biomonitoring chip, which determines the concentration of pathogens in biological samples by measuring magnetic
properties of magnetically labeled antigens.
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Figure 1 : Figure 1 : Two conceptual setups for magnetic Figure 2 : Schematic view of the planar magnetic sensor
immunodetection using MNP and immunofiltration approach. with microcoils integration within a microfluidic structure.

Either virus is directly detected using corresponding antibodies
(left) or for serological applications viral antigens are coated to
enrich antibodies against them from human serum (right).
4 - Description of the problems to be solved

The ultimate goal of this project is to design and fabricate the microfluidics chip, which in conjunction with
electromagnetics readout circuits, detects the infections in biological samples as environmental plants including the
forests, the trees and the agricultural plants. The microfluidic structure design, will be simulated and optimized
considering different shapes and sizes for microchannels and micro reservoirs. In order to increase the sensitivity and
enhance the detection limit, the sensing coil position will be optimized as much as possible close to microfluidics
biological sample holding channels. Therefore, new fabrication process should be developed to put them aside and
improve the limit of detection of magnetic nanoparticles linked to pathogen agents.

Fully integrated planar excitation and/or sensing micro coils will be designed and fabricated in microfluidic chip
accompanying the reservoirs and channels which are optimized in size and shape. Numerical multiphysics modeling and
simulations (electromagnetic, fluid mechanics and thermal) of the magnetic detection and actuation mechanism would
make it possible to optimize the magnetic fields parameters of the integrated microcoils on microfluidic structures.
These simulations and also enhanced signal processing in the sensing process will also allow to evaluate the
performance of the microsystem in terms of sensitivity and the limit of detection of biological agents.

Commercially available raw MNP will be tested in innovative microfluidic structures and characterized according to their
non-linear magnetic responses and magnetic properties. They will be surface-coated and functionalized with so-called
"detection" antibodies or antigen proteins for the specific detection of the analyte in collaboration with IME and CIMI
laboratories.

Particularly, in this project one of the preliminary targets is the detection of GFLV virus that infects the grape vine plants
and decrease the grape yield production to 20%. It is necessary to note that whenever the proposed microfluidics chip
is fabricated and the magnetic system is able to detect the GFLV, it is very relevant to extend its applications to other
plants’ viruses and pathogens in the environment and also other infectious diseases in living organisms. In this case, it
is sufficient to synthesis the proper biomaterial and MNP for the target virus or pathogen and use the same microfluidics
chip and electromagnetic detection system with new measurement calibrations.

More than 60 examples of MNP in hybrid with metallic nanoparticles, polymers, carbon nanotubes and graphene have
been proposed. Many of them can be linked to pathogens, viruses and biological agents involved in infection of green
plants and trees [14]. In other words, there are many synthesized MNPs linked to biological agents, which are the cause
of infections in the environmental and agricultural plants and trees. Potentially, the microfluidics chip developed in this
project would be applied as a Point-of-Care (PoC) for different infection detection in environment whenever it is difficult
or impossible to bring the bio samples to professional laboratories in far distances from bio samples.

The other advantage of this system is its simplicity and no need for specialists or expert personnel for detection of
bioagent or pathogens. There is a simple standard procedure for sample preparation and then the electromagnetic
system detects the infection, qualitatively and quantitatively (level of infection). Simplicity alongside with portability,
helps the farmers or forest guards to monitor the health condition of the environment or plants.
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5 — Candidate profile:

The backgrounds in electronics and electromagnetism, sensors and instrumentation for measurements, with
knowledges in biology, modeling and COMSOL simulations would be highly appreciated.

The motivated open-minded candidate will work on a multidisciplinary emerging theme at LIB with complementary
scientific skills and knowledge [5-10; 15-21] in close collaborations with especially German research partners at Institute
of Bioelectronics, Research Center Juelich (FZJ, Juelich), Fraunhofer Institute for Molecular Biology and Applied Ecology
(IME, Aachen), and other Sorbonne University laboratories for magnetic nanoparticles (PHENIX) and immunology (CIMI).
This research on a portable device for one health approach on plant virology Point-of-Care diagnostic has a strong socio-
economic and health impact on environment, biodiversity, agriculture protections and sustainable world.
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