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LTC ÆNIGME
Laboratory for Trans-border Cooperation Aquitaine
Euskadi Network In Green Manufacturing and Eco-design

FRACTALS TO CHARACTERIZE THE MICROSTRUCTURE OF COMPONENTS 
REPAIRED BY ADDITIVE MANUFACTURING (LASER CLADDING)

Dr. Mario Alfredo Renderos Cartagena, Dr. Amaia Torregaray Laruscain, Prof. Nicolas Saintier, Prof. Eric Lacoste,
Prof. Franck Andrés Girot Mata

MOTIVATION
Repairing worn metal parts using additive manufacturing (laser cladding), such as aircraft turbine blades,
minimizes waste, energy consumption and environmental impact.
In order to optimize the component behaviour, it is important to relate the microstructure of the cladded
part to the mechanical properties (static and fatigue) and to the cladding parameters.

PROBLEM
How to relate microstructure parameters such as grain size
and aspect ration, geometrical and crystallographic grain
orientation, boundary network, dislocation density and
residual stresses of each layers to the mechanical
properties and process parameters (laser power, laser
displacement speed, bead overlapping and offset, cladding
strategy)?
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SOLUTION: FRACTAL DIMENSIONS
The laser cladding process meets all the requirements to generate structures that can be characterized by fractal-like properties:
 The material addition process will last as long as the laser beam supplies energy to the system (high energy in a given period of time).
 Spatial targeting of the process (basically the entire system is concentrated in the molten bath area).
 Non-equilibrium (the laser beam generates high temperature gradients that thermodynamically make the process move away from equilibrium).
 Synergism is a reason that would explain why the microstructure generated in the laser supply process is different depending on the strategy used even

using the same process parameters (the texture varies both in size and in the morphology of the grains).

CONCLUSIONS
Fractal dimensions characterizing the microstructure are good indicators to describe the mechanical behavior of repaired
components by laser cladding. The importance of the deposited layer was highlighted and in particular the parameters of the
microstructure such as the grain size and the aspect ratio of the two layers, the crystallographic orientation of the grains of the
intermediate layer which by epitaxy conditions those of the outer layer, and the geometric orientation of the grains of the outer
layer on the UTS, YS, E and A% properties as well as the tension-compression fatigue limit.

Example of self-similarity in grain morphology for an 
EBSD image of the CC deposition strategy on a 

coated specimen. The scale of the self-similarity will 
be limited in this case by the resolution of the image 
used in the fractal geometry analysis (the resolution 
in the EBSD image is 10 microns, the diameter of the 

cross-section shown is approximately 7.7 mm).

(a) Definition of the fractal 
dimension of the maximum 
random boundary connectivity
(b)Demonstration of fractal 
analysis of MRBC by the box 
counting method.
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INFRARED THERMOGRAPHY FOR THE QUALITY CONTROL OF 
SUSTAINABLE PROCESSES (LASER CLADDING AND MAGNETIC PULSE 

WELDING)
Prof. Arantza Mendioroz, Prof. Agustin Salazar, Dr. Javier Rodríguez, Dr. Jon Pérez, PhD David Sagarduy,

Prof. Franck Girot Mata, Dr. Edurne Iriondo, Dr. Amaia Torregaray
Prof. Jean Christophe Batsale, Prof. Emmanuelle Abisset, Dr. Alain Sommier, Dr. Marie Marthe Groz

MOTIVATION
Motivated by a societal imperative, this proposal addresses the urgent need for specialized inspection
technologies to support the aeronautical and automotive industries' embrace of advanced manufacturing
processes that align with society's demands for sustainability and efficiency.
On one hand, magnetic pulse welding, a groundbreaking technique that seamlessly joins aluminum alloys and
steel, enables the introduction of lightweight aluminum alloys into vehicle production, contributing
significantly to greenhouse gas reduction efforts.
On the other hand, the transformative power of additive manufacturing, particularly laser cladding, offers a
sustainable alternative for repairing worn metal components, such as aircraft turbine blades. This technology
minimizes waste generation, energy consumption, and environmental impact, aligning perfectly with the
industry's commitment to environmental responsibility.
This proposal stands ready to fulfill the air and land transportation industries' aspirations for efficiency,
sustainability, and safety, paving the way for a future where technological innovation meets societal needs.

SOLUTION: INFRARED THERMOGRAPHY
Our proposed technological solution for inspecting these components is infrared thermography
(IRT), a non-destructive testing technique known for its ability to perform safe, rapid, and
contactless inspections of large areas. IRT works by inducing a thermal imbalance within the
material and monitoring the subsequent changes in surface temperature using an infrared
camera. Among the various excitation methods, optical stimulation with a homogeneous light
beam stands out for its suitability in industrial-scale inspections. This technique combines a
large excitation area with a wide detection field provided by the infrared camera, enabling the
comprehensive inspection of sizable components.
Under homogeneous optical excitation, the absorbed radiation at the surface increases its
temperature, initiating a heat flow that propagates into the material's depth. The thermal
diffusivity of the material governs this heat flow, and defects disrupt this propagation pattern,
resulting in variations in surface temperature. These temperature anomalies are effectively
captured by the infrared camera.
IRT in this configuration serves two primary purposes that align with the project's objectives:
firstly, it facilitates the depth-resolved measurement of thermal diffusivity, which is sensitive to
the presence of apparent porosity in the material. Secondly, IRT excels at detecting buried
defects parallel to the surface, such as poor adhesion in magnetic pulse welding (MPW) joints or
porosities and lack of adhesion in additive manufacturing/laser cladding (AM/LC) processes.

GENERAL OBJECTIVES
(1) Development of a non-destructive thermographic testing device for real-time monitoring of the quality of parts produced through sustainable
manufacturing techniques: magnetic pulse welding (MPW) and additive manufacturing/laser cladding (AM/LC). This system will enable rapid and
automated detection, characterization, and quantification of poor adhesion and porosity defects in metal components fabricated using these
processes. Additionally, it will provide real-time identification of solidification microstructures (columnar or equiaxed) in AM/LC operations. The
device's scalability will be demonstrated for industrial-scale implementation.
(2) In-depth evaluation of the fatigue resistance of magnetic pulse welds and metal parts repaired or produced using AM/LC, considering the size
and severity of defects present in the materials.
(3) Identification of correlations between manufacturing parameters in MPW and AM/LC and the presence and significance of defects, leading to
optimization of these parameters for enhanced part quality and reduced defect risk.

Project presented in the 2023 Call - "Knowledge Generation Projects" of the Ministry of Science, Innovation and Universities, Government of Spain.
This research work will be carried out within the framework of LTC AENIGME, thanks to the support of LTC SAREA, the Basque Government and the 
Nouvelle Aquitaine Region.
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Laser powder bed fusion of Ni-based alloy components: 
Reused powder effects on surface/structural integrity and 

reproducibility of thin-walled structures 

Summary:
The powder reuse 10th iterations showed negligible effect on the material density (~99.9%) and surface roughness (Sa ~8.2 μm)

of the LPBF-built IN 718 alloy parts.
Characterization of the reused powder showed a reduction in the number of smaller powder particles and an increasing number

of irregular particles (powder particle size of irregular particles L = 100–120 µm, R6–R10).
LPBF-built thin-walled structures are characterized by better quality and repeatability using the reused powder.

Post-doc fellow: Dr. Dmytro Lesyk*
Supervisor: Prof. Aitzol Lamikiz

Aeronautics Advanced Manufacturing Center (CFAA) of the University of the Basque Country (UPV/EHU), Zamudio, Spain
*dmytro.lesyk@ehu.eus, lesyk_d@ukr.net

EXPERIMENTAL RESULTS

ACKNOWLEDGMENT
The authors acknowledge the European Union’s HORIZON 2020 research and innovation programme under the Marie
Sklodowska-Curie Grant (agreement No. 101034379) and TED2021-130543B-I00 Grant funded by the
MCIN/AEI/10.13039/501100011033 and the European Union Next Generation EU/PRTR.

Introduction
Laser powder bed fusion (LPBF) is an emerging technology for the additive

manufacturing of metal/composite products with complex shapes using powder
materials. At the same time, the LPBF technology is a good tool to produce the Inconel
superalloys with high precision, expanding manufacturing capabilities. Heat-resistance
superalloys with favorable mechanical and physical properties are crucial materials for
various relevant applications.

Despite the enormous potential of LPBF, this technology still has many challenges to
use it for the manufacture of appropriate aircraft parts that work in extreme
environments. The optimization of the LPBF parameters, powder reuse/recycling
evaluation, and post-processing are required to achieve high-quality manufactured
superalloy products for a critical manufacturing sector.

This work focused on the effects of reused powder on the porosity and surface
texture of the LPBF-built IN 718 alloy parts. The reproducibility of thin-walled structures
is also under consideration.

Fig. 6. Surface roughness and topography in the LPBF-
produced IN 718 alloy parts after different reuse times

2024 EHU Euskampus Bordeaux Eguna
Bordeaux, France, October 14-15, 2024

Fig. 5. Material density of the LPBF-produced IN 718 
alloy parts after different reuse times

Fig. 7. Thin-walled structures in the LPBF-built  
IN 718 alloy parts using virgin powder (V) and 
reused powders (R) after the R5, R8, and R10 

reuse times

Fig. 2. Flowability in the LPBF-built IN 718 alloy 
after different reuse times

Fig. 3. Powder particle-size distribution in the 
LPBF-built IN 718 alloy after different reuse times

Fig. 4. Schematic representation of the powder reuse 
cycle: 1) LPBF process; 2) remove build plate; 3) sieve 
unmelted powder; 4) replace sieved powder into silo [1]

REFERENCES
[1] https://issuu.com/inovar-
communications/docs/magazine_metal_am_autumn_2017_
app_-/117?fr=sYmI1MzEyMDA5MDQ

Fig. 1. Schematic illustration of the LPBF process
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reproducibility of thin-walled 
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Fig. 4: Percentage of the polymer according to the fishing gear

Annual plastic pollution from abandoned fishing gear (FG) ranges from 28.4 kt to 100 kt , constituting 2.3% to 4.7% of 
global FG production [1]. To identify FG sources and complement existing marine litter classifications, we developed 
an easy-to-use identification-key (ID-K) (Fig. 2) that we applied on marine litter sampled in the southeastern Bay of 
Biscay (BoB) shores (Fig. 1).   

• What? Sampling of beached marine litter
• When? Seasonal sampling from Nov. 2022 to Nov. 2023  
• Where? 8 beaches of the southeastern BoB (Fig. 1) 
• How? OSPAR Marine Litter Monitoring Protocol

• Identification of the FG according to their fishing fleet (Fig. 2)  

• Polymer analysis through ATR-FTIR spectroscopy  

M&M

1

2
3

RESULTS & ADVANTAGES OF THE NOVEL ID-K?

•  14,462 items of plastic waste collected, 10.3% (1,486 items) of which came from the fishing and maritime sector.

• Predominance of ALDFG in PE, PP and HPPE-PP (polysteel). 
• PA items mainly from gillnets and longlines, have rarely been found.
 Main hypothesis: the PA buoyancy is negative, and they are often lost with 
their weights. Thus a large part of lost FG is deposited on the seafloor and 
does not reach the shores. 

References & 
Resources

• Most of the FG found are mending pieces (45.1%), unidentified ropes (37.6%) 
and maritime ropes (11.5%)

• Higher seasonal average of ALDFG on French sandy beaches (145±175 
items/100m) than on rocky shores of the Basque Country (Spain) (6±7 
items/100m)

•  Enable the identification of FG based on the fishing fleet they are used for and allow for the exclusion of items not related to the maritime sector.

CONCLUSIONS

Fig. 2 : Identification key for abandonned, lost or otherwise discarded fishing gear. Fig. 1 : Studied area of the Plasfito research project and sampling beaches.

Fig. 3: Total amount of FG items collected by beach and by season. S1 = winter 2022-2023; S2 = 
Spring 2023; S3 = Summer 2023; S4 = Autumn 2023. ES1 S4 not sampled due to bad weather.

Fundings & PARTNERS:

INTRODUCTION 

Mending pieces from repairing FG and their direct discarding into oceans or docks seem a 
relevant source of ALDFG. This type of ALDFG could be relatively easy to address.
PA gear make up a large portion of lost FG, yet they rarely wash up on shores.
Identifying the fisheries of origin is crucial for better managing plastic pollution from ALDFG.

1EPOC, University of Bordeaux, France; 2CBET+ Research Group, PIE, University of the Basque Country 
UPV/EHU, Basque Country, Spain; 3CBMN, University of Bordeaux, France; 4Parc Naturel Marin du Bassin 
d’Arcachon – Office Français de la Biodiversité, France; 5SURFRIDER ESPAÑA, Basque Country, Spain; 
6SURFRIDER FOUNDATION EUROPE, France.

Jérôme Cachot1, Edgar Dusacre1, 2, Nagore González-Soto1, 2, Asadulla Hil Galib1, 
Chloé Boura1, 3, Florane Le Bihanic4, Idoia Fuertes5, Maria Ballesteros5, Clément 
Moreno6, Sophie Lecomte3, Miren P. Cajaraville2

Novel identification approach for quantifying and 
characterizing Abandoned, Lost, or otherwise 

Discarded Fishing Gear (ALDFG) AquEUS LTC

Novel Identification Approach for 
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Abandoned, Lost, or Otherwise 
Discarded Fishing Gear
Jérôme Cachot1
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Nagore González-Soto1,2

Asadulla Hil Galib1

Chloé Boura1,3

Florane Le Bihanic4

¹ EPOC, University of Bordeaux, CNRS, INP Bordeaux, UMR 5805, 33600 Pessac, France.
² CBET+ Research Group, Dept. Zoology and Animal Cell Biology; Faculty of 
Science and Technology and Research Centre for Experimental Marine Biology and 
Biotechnology PIE, University of the Basque Country UPV/EHU, Basque Country, Spain.
³ CBMN, University of Bordeaux, CNRS, Bordeaux INP, UMR 5248, 33600, Pessac, 
France.
⁴ Parc Naturel Marin du Bassin d’Arcachon (PNM-BA) – Office Français de la 
Biodiversité (OFB), 4 Rue Copernic, 33470 Le Teich, France.
⁵ SURFRIDER ESPAÑA, Edificio Tabakalera, Plaza Cigarreras 1, 20012 Donostia/San 
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⁶ SURFRIDER FOUNDATION EUROPE, 33 allée du Moura, 64200, Biarritz.
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Mortality[3] recorded at 24 & 48 
hours post exposure

Partially-Biobased Waterborne Polyurethane Synthesis and Characterization
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Toxicity assessment of partially biobased waterborne polyurethane 
nanoparticle suspensions in zooplankton and zebrafish embryos

1Smith G. A., 1Rodríguez-Díaz O., 2Larraza I., 2Saralegi A., 2Eceiza A., 1Orbea A.
1CBET+ Research Group, Department Zoology and Animal Cell Biology, Faculty of Science and Technology and Research Centre for Experimental Marine 

Biology and Biotechnology PiE; 2GMT Research Group, Chemical and Environmental Engineering Department, Faculty of Engineering of Gipuzkoa. 
University of the Basque Country UPV/EHU, Basque Country, Spain. Contact: amaia.orbea@ehu.eus

Plastics are a useful but persistent class of polymers. Environmental contamination by these plastics is a 
growing problem as they are known to cause harm to aquatic organisms by inhibiting the normal 
development and important cellular mechanisms whose effects vary by particle size and composition[1]. 
Additionally, the production and use of volatile chemicals (VOCs) during polymer synthesis is a notable 
contamination risk. Biobased plastics and/or monomers have been suggested as a more degradable and 
renewably-sourced alternative for some of the most ubiquitous classes of polymers such as 
polyurethane, which is commonly used in various coatings, adhesives, sealants and foams. Moreover, 
the synthesis of waterborne polymers can reduce the production of volatile compounds.

• Assess the acute and sublethal toxicity of partially biobased waterborne polyurethane nanoparticle suspensions 
and their nanocomposites prepared with the incorporation of cellulose nanocrystals in freshwater zebrafish (Danio 
rerio) embryos and two zooplankton species: saltwater brine shrimp (Artemia salina) and freshwater rotifer 
(Brachionus plicatilis). 
• In zebrafish embryos, acute toxicity was assessed by mortality during 120 hours of exposure and  sublethal 

toxicity by the following parameters: malformation prevalence, hatching, and cell death analysis at 120 hours 
of exposure.

• In both zooplankton acute toxicity was assessed by mortality during 24 and 48 hours of exposure and sublethal 
toxicity by ingestion tests during 1 hour of exposure.

• Polyurethane nanoparticle suspensions formed aggregates in saltwater 
media; this may have influenced zooplankton ingestion tests 
specifically. 

• In zebrafish, the tested polyurethane suspensions and the 
nanocellulose reinforcement did not provoke acute toxicity, nor did 
they cause significant changes in embryo hatching or cell death. 

• Elevated embryo malformation prevalence was observed after 
exposure to the polyurethane nanocomposite.

• None of the tested suspensions were acutely toxic to brine shrimps, 
but exposure to the polyurethane suspensions significantly increased 
mortality in rotifers at high doses (100 mg/L and 200 mg/L); the 
nanocellulose component alone also increased mortality significantly 
at 3 mg/L. 

• The polyurethane suspension alone negatively impacted ingestion in 
both brine shrimps and rotifers. Exposure to nanocellulose caused a 
dose dependent decrease in brine shrimp ingestion. Alternatively, 
exposure to the highest concentration of the polyurethane 
nanocomposite suspension affected rotifer ingestion.

• This study highlights the importance of toxicity testing in different 
biological systems and with various sublethal parameters.

Work funded by the Spanish MICIN project ENSURE2 (TED2021-131147B-I00,
MCIN/AEI/10.13039/501100011033/Next
GenerationEU/PRTR), Basque Government grant to consolidated research groups
(IT1743-22 & IT1690-22) and UPV/EHU predoctoral grant to G.A.Smith

BACKGROUND OBJECTIVE & TASKS

CONCLUSIONS

ACKNOWLEDEGMENTS

Nanoparticle suspensions synthesized from 
castor oil polyol, isophorone diisocyanate, 
and ethylenediamine chain extender.

• WBPU: Partially biobased waterborne 
polyurethane

• WBPU3CNC: Partially biobased 
waterborne polyurethane 
nanocomposite (3% CNC)

• CNC: Bacteria synthesized cellulose 
nanocrystals
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Fig 5.  Zebrafish embryo A)  survival rate (120 h) and B) mean hatching after waterborne exposure to 
different concentrations, n=30.

Table 2. Malformation prevalence in surviving larvae 120 hours post exposure to 
WBPU, WBPU3CNC, and CNC.

Fig 1. WBPU3CNC structure with WBPU and CNC components

Table 1. Particle size monitoring (top and bottom measures) by Dynamic Light Scattering (DLS) along exposure 
time in the specific exposure media at 200 mg/L and the equivalent CNC (6 mg/L). Note: ~ =  too large for DLS

Fig 9. Mortality of brine shrimp and rotifers at 24 and 48 hours of exposure to dilution series of (A) WBPU, (B) WBPU3CNC, and  (C) CNC. 
Significant differences (p<0.05) with respect to controls indicated by empty symbols, n=30.

Fig 11. Effects of waterborne exposure to varied concentrations of polyurethane and CNC 
suspensions on ingestion in A) brine shrimp and (B) rotifers. Significant differences (p<0.05) with 
respect to controls indicated by empty symbols, n=60.

(A) (B)

(A) (B) (C)

(A) (B)

Zebrafish embryos exposed to WBPU and WBPU3CNC up 
to 1000 mg/L and to CNC up to 30 mg/L, as the 
equivalent concentration in WBPU3CNC, did not show 
dose dependent mortality nor significant differences in 
mortality compared to the controls.
Similarly, there was no significant  difference in hatching 
between control embryos and those embryos exposed to 
the aforementioned suspensions at the same 
concentrations.

High percentage of malformed embryos in some control groups, but lower in embryos exposed to the WBPU, WBPU3CNC, and CNC.  No indication of 
increased risk of specific malformations from exposure to the polyurethane suspension alone. Notable increase in malformation the prevalence  in 
embryos exposed to some concentrations of WBPU3CNC and CNC, specifically spinal & eye deformities and spinal deformity & edemas, respectively.

Exposure to WBPU, WBPU3CNC and CNC did not significantly alter the survival of brine shrimp exposed for 24 nor 48 hours. However, in rotifers there 
appeared to be a dose response when exposed to the WBPU and WBPU3CNC, with mortality increasing significantly at the highest concentration at 24 and 
48 hours compared to the control. Rotifer response to CNC was not as pronounced but there was significant mortality at 3 mg/L exposure which coincides 
with its estimated concentration in the WBPU3CNC nanocomposite at 100 mg/L. 

Brine shrimp ingestion was negatively impacted; fasting increased along 
increasing concentrations of the WBPU and CNC; however, WBPU3CNC 
did not have a notable effect on ingestion.
In rotifers, there was also a dose dependent increase in fasting when 
exposed to the WBPU. Interestingly, there was no major dose 
dependent  increase in fasting when exposed to CNC but there was a 
significant increase in fasting when exposed to the highest 
concentration of the WBPU3CNC nanocomposite.

1. Cole, M. et al. (2020). Microplastics, microfibres and nanoplastics cause variable sub-lethal responses in 
mussels (Mytilus spp.). Mar Pol Bul, 160: 111552. 

2. OECD, 2013. Test No. 236: Fish Embryo Acute Toxicity (FET) Test. https://doi.org/10.1787/9789264203709-en
3. ISO 19820:2016. Water quality — Determination of the acute toxicity to the marine rotifer Brachionus plicatilis 

https://www.iso.org/standard/66269.html#:~:text=ISO%2019820%3A2016%20specifies%20a,h
4. Snell, T. W. (2005). Rotifer ingestion test for rapid assessment of toxicity. In Small-Scale Freshwater 

Toxicity Investigations: Toxicity Test Methods 1: 323–335
5. Orbea, A. et al (2017). Developmental and reproductive toxicity of PVP/PEI-coated silver nanoparticles  to 

zebrafish. Comp Biochem & Phys Part C: Tox & Pharm, 199, 59–68.
6. Firth, D. (1993). Bias Reduction of Maximum Likelihood Estimates. Biometrika, 80(1), 27.
7. Kosmidis, I. (2013). BRGLM: Bias reduction in binomial-response generalized linear models. 

https://www.imsbio.co.jp/RGM/R_package_list?package=brglm&data_source=all&init=true
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Fig 3. Zebrafish toxicity testing scheme

Fig 4. Zooplankton toxicity testing scheme.

Fig 7. Micrographs displaying embryos 
with A) normal morphology; B) 
pericardial edema C) yolk-sac edema; 
D) spinal deformation; E) multiple 
malformations. Scale bars: 100 µm.
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There was no difference in fluorescence 
intensity indicating cell death in embryos 
exposed to the WBPU and WBPU3CNC 
with respect to the control.

Fig 8.  Brightfield (top) and fluorescence (bottom) 
micrographs of 120 h old zebrafish embryos after 
acridine orange staining. A)  Control embryo; B) 
embryo exposed to 100 mg/L WBPU nanoparticle 
suspension; C) embryo exposed to 100 mg/L 
WBPU3CNC suspension. Scale bars: 100 µm.

4

Fig 6. Images of unhatched embryos at 48- and 72- hours post 
fertilization and a hatched embryo at 120 hours post fertilization
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Treament WBPU (200 mg/L)
Salinity (g/L) 0.06 (embryo water) 15 30
Exposure time (h) 0 72 96 120 0 1 0 24 48
Size (nm) [Bottom] 237 ±2 179 ±10 181 ±3 175 ±4 249±10 774 ±100 1918 ±152 ~ ~Size (nm) [Top] 176 ±5 201 ±40 179 ±2 786 ±94

Treament CNC (6 mg/L)
Salinity (g/L) 0.06 (embryo water) 15 30
Exposure time (h) 0 72 96 120 0 1 0 24 48
Size (nm) [Bottom] 146 ±10 93 ±6 114 ±4 102 ±12 602 ±157 820 ±160 811 ±52 1254 ±323 989 ±114
Size (nm) [Top] 110 ±19 141 ±14 115 ±14 690 ±107 1219 ±349 1094 ±148

Treament WBPU3CNC (200 mg/L)
Salinity (g/L) 0.06 (embryo water) 15 30
Exposure time (h) 0 72 96 120 0 1 0 24 48
Size (nm) [Bottom] 210 ±8 206 ±58 176 ±3 211 ±3 217 ±1 411 ±84 1403 ±127 - 6128 ±1667
Size (nm) [Top] 226 ±14 182 ±3 186 ±1 463 ±89 5541 ±261 6001 ±1455

Treatment Concentration 
(mg/L)

Total 
malformation 

rate (%)

Spinal 
deformity

Yolk-sac 
edema

Pericardial 
edema

Eye 
deformity

WBPU

0 37 33 0 0 27
50 17 13 0 0 13

125 27 23 0 0 20
250 20 13 0 0 20
500 23 20 0 0 17

1000 23 20 0 0 10

WBPU3CNC

0 10 10 0 0 7
50 13 7 3 3 7

125 30 23 3 3 23
250 17 10 0 0 17
500 17 13 3 3 13

1000 10 7 0 0 10

CNC

0 3 3 0 0 0
1.5 7 7 3 3 3

3.75 10 7 7 7 3
7.5 3 0 0 3 0
15 7 3 3 0 0
30 10 7 7 7 0

Fig 2. Example micrographs of particle 
aggregation in salt water (30 g/L). A) 
Control 30 ppt water; B) WBPU at 250 
mg/L; C) WBPU3CNC at 250 mg/L ; D) 
CNC at 7.5 mg/L. Scale bars: 100 µm.
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Zebrafish (Danio rerio)

Zebrafish embryos (embryo water)
 <2 hours post fertilization2

Mortality[2], hatch time 
and malformations were 
recorded at 72, 96, & 
120 hours post exposure

Cell death analysis with 
acridine orange staining

Hatching: Kruskal Wallis one-way 
analysis of variance. p< 0.05

Mortality & Ingestion assays: binomial 
logistic regression as described in [5] with 
estimation using penalized maximum 
likelihood [6] or maximum likelihood [7]. p< 
0.05 

Mortality: binomial logistic 
regression as described in [5] 

with estimation using penalized 
maximum likelihood [6] or 
maximum likelihood [7]. p< 0.05 

Cell death: Fluorescence 
intensity measured in 
ImageJ and evaluated with a 
Kruskal-Wallis one-way 
analysis of variance. p< 0.05 
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3
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Fig 10. Micrographs of Brine shrimp 
(Artemia salina) and rotifer (Brachionus 
plicatilis). Scale bar 100 µm
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Toxicity to a fish liver cell line of leachates and extracts from 
micronized plastic items collected at different beaches of the Bay of 

Biscay
Nagore González‐Soto1,2*, Christelle Clérandeau2, Bénédicte Morin2, Jérôme Cachot2 and Miren P. Cajaraville1
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Introduction
Despite increasing micro and nanoplastic (MNPs) research, limited information on toxicity of realistic environmental MNPs (eMNPs) exists. This study aims to compare the toxicity to the rainbow
trout liver cell line (RTL-W1) of leachates and DMSO and methanol extracts of micronized plastic items collected at different beaches of the Bay of Biscay.

Conclusions

Materials and Methods
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Gorrondatxe
43°22'42.6"N  
3°01'15.1"W Orrua

43°18'14.4"N  
2°14'22.8"W

Murgita
43°19'58.9"N  
1°57'01.8"W

Tarnos
43°32'27.8"N 
1°30'48.7"W

Plastics were collected on 3 beaches of the Spanish Basque Country 
(Gorrondatxe,Orrua and Murgita), in winter and spring 2023, and 1 beach in 

the French Basque Country (Tarnos) in spring 2021

Establishment of plastic 
polymer proportions

*nagore.gonzalez@ehu.eus

Manual cut of 
the plastic 

items

Polymer☆
identification 

by FT-IR

Establishment 
of polymer 
proportions

Manual cut of 
the plastic 

items

Cryomilling of 
the different 

plastic fractions

Single polymer 
microfraction

<250 µm

Shaking (190 rpm), 
20 ºC, darkness

(24 h)

Distilled water
10 mg / 1 mL

Methanol
10 mg / 1 mL

DMSO
10 mg / 1 mL

Shaking (190 rpm), 
20 ºC, darkness

(24 h)

DMSO Evaporation 
of methanol

0.8 µm pore 
GF/F filters

0.8 µm pore 
GF/F filters

0.8 µm pore 
GF/F filters

Leachate
(Modified from Almeda

et al. 2023)

DMSO extraction
(Modified from

Pannetier et al. 2019)

Methanol 
extraction

(Modified from 
Zimmerman et al. 

2019 & 2020)10 mg / 1 mL

Protocols selected to produce extracts and leachates

10 km

Micronization of the 
plastic items 

Shaking (190 rpm), 
20 ºC, darkness

(24 h)

Cell exposure

Liver fibroblasts 
from the rainbow 

trout cell line RTL-
W1 were selected 
for toxicity testing

1. Cell viability assay 
(Alamar Blue)

- Leachates: 0.1-100% 
dilutions

- DMSO and Methanol 
extracts: 0.01-1% dilutions

(Exposure: 24 hours at 20 °C)

3. Sublethal endpoints
The first dilution <LC25
3.1. ROS production

(4 hours at 20 °C)
3.2. EROD activity
(24 hours at 20 °C)

For comparison purposed 1% 
of leachates was also tested

2. Data analysis
• Differences among groups: 

Kruskal–Wallis test & 
Dunn’s post-hoc test

• LC50, LC25, LC10, LOEC
and NOEC: Probit analysis

4. Data analysis
Differences with 

controls: 
Mann–Whitney’s U test

Leachate LC50 LC25 LC10 LOEC NOEC

Gorrondatxe Winter 98,21 % 37,31 % 12,91 % 20% 10%

Gorrondatxe Spring >100 % 24,85 % 4,78 % 20% 10%

Orrua Winter >100 % 35,41 % 8,83 % 20% 10%

Orrua Spring >100 % 36,04 % 10,84 % 20% 10%

Murgita Winter >100 % > 100 % 8,20 % 20% 10%

Murgita Spring >100 % 98,72 % 20,27 % 40% 20%

Tarnos Spring 73,64 % 23,15 % 8,17 % 20% 10%

DMSO extract LC50 LC25 LC10 LOEC NOEC

Gorrondatxe Winter X X X 0,1% 0,05%

Gorrondatxe Spring X X X 0,01% X

Orrua Winter X X X 0,05% 0,01%

Orrua Spring 30,49% 4,29% 0,73% 0,5% 0,1%

Murgita Winter X X X X 1%

Murgita Spring >100% >100% 3% 0,05% 0,01%

Tarnos Spring X X X 0,05% 0,01%

Methanol extract LC50 LC25 LC10 LOEC NOEC

Gorrondatxe Winter X X X 0,1% 0,05%

Gorrondatxe Spring X X X 0,01% X

Orrua Winter X X X 0,01% X

Orrua Spring >100% >100% 6,57% 0,01% X

Murgita Winter X X X 0,05% 0,01%

Murgita Spring >100% >100% 0,16% 0,01% X

Tarnos Spring X X X 0,01% X

Leachate (20%) Leachate (1%) DMSO extract (1%) Methanol extract
(1%)

Gorrondatxe Winter ↑ ↑ ↑ ↑
Gorrondatxe Spring ↑ ↑ ↑ -

Orrua Winter ↑ ↓ ↑ -
Orrua Spring ↑ ↓ ↑ -

Murgita Winter ↑ ↑ - -
Murgita Spring ↑ ↑ - -
Tarnos Spring ↑ ↑ - -

↑: significant increase in ROS production in comparison to controls
↓: significant decrease in ROS production in comparison to controls
-: no significant difference observed in comparison to controls

Tested concentration: Leachates: 20% & 1%, DMSO extract: 1%, Methanol extract: 1%

Leachate (20%) Leachate (1%) DMSO extract (1%) Methanol extract
(1%)

Gorrondatxe Winter - - - -
Gorrondatxe Spring ↑ ↑ ↑ ↑

Orrua Winter - - ↑ ↑
Orrua Spring - ↑ - -

Murgita Winter ↑ - - -
Murgita Spring ↑ ↑ ↑ ↑
Tarnos Spring ↑ ↑ - ↑

↑ : significant increase in EROD activity in comparison to controls
-: no significant difference observed in comparison to controls

Tested concentration: Leachates: 20% & 1%, DMSO extract: 1%, Methanol extract: 1%

Obtention of micronized mix 
(polymer☆ proportions in mass):

ROS production:

EROD activity:

LC50, LC25, LC10, LOEC and NOEC after Alamar Blue cytotoxicity assay 

*A minimum of 3 replicates of each treatment were used in all tests and tests were performed three times each.

• All leachates caused cytotoxicity at dilutions higher than 40% and almost all extracts at dilutions ≤1% on RTL-
W1 cell line

• ROS production increased in cells exposed to all leachates at 20%, while different responses were observed 
for 1% dilution of leachates, DMSO and methanol extracts

• Similarly, EROD activity was induced in cells exposed to leachates and extracts of several tested samples 
• Overall for leachates, Tarnos Spring was the most toxic mix. It showed the lowest LC50 and it increased ROS

production and EROD activity even at 1% dilution. However, no clear trend was observed for DMSO and 
methanol extracts.

• These results highlight the complexity of analyzing toxicity of eMNPs due to differences in polymer types and 
proportions, additives, sorbed pollutants and aging degree

☆Polypropylene (PP), Polystyrene (PS),
Polyvinyl chloride (PVC), Polyethylene
terephthalate (PET), Polyethylene (PE),
Polyurethane (PUR), Ethylene-vinyl acetate
(EVA), Polyacrylamide (PAM)

PVC PE PP PS PUR PET PA EVA PAM
Gorrondatxe

Winter
Gorrondatxe

Spring

Orrua Winter

Orrua Spring

Murgita
Winter
Murgita
Spring
Tarnos
Spring

Color code

>40% 15-40% 5-15% <5% Not 
present

Follow us:
@fieraproject

I want to know 
more!
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OOFF  PPAARRKKIINNSSOONN’’SS  DDIISSEEAASSEE

L. De las Heras-García1, 2, J. Razquin1, 3, C. Domínguez-Fernández1, 4, E. Soria-Gómez5,6 , J.Á. Ruiz-Ortega1, G. González-Aseguinolaza7, J. Baufreton 2, C. Miguélez1,3
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Although Parkinson's disease (PD) is becoming increasingly important in ageing societies, its
diagnosis still relies on the presence of classical motor symptoms that usually manifest in the later stages of
the disease's progression. Patients may, however, present non-motor signs as cognitive and/or mood issues
years prior to the onset of the motor ones. The Locus Coeruleus (LC) is one of the first areas to exhibit Lewy
bodies and neurodegeneration. Its dysfunction is associated to the appearance of non-motor symptoms due
to its noradrenergic (NA) projections and influence on the homeostasis of dopaminergic (DA) networks. We
have set up a prodromal mouse model of human alpha-synuclein (α-Syn) overexpression at the LC by viral
vector stereotaxic injections. Our goal is to characterize behavioural, functional, and structural changes
driven by dysregulation of the LC-NA system, locally and in projecting areas such as the hippocampus or
prefrontal cortex. Thus, we have studied behavioural phenotypes finding affectations related to spatial and
working memories. Moreover, we have analysed structural changes in local inflammatory-related cells, as
astrocytes and microglia, together with alterations in NA fiber network. These data, along with preliminary
functional studies, provide an insight into how LC-NA dysregulation occurs at very early phases of PD and
may aid in the search for early markers to facilitate its diagnosis.
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FFiigg.. 44.. ((AA)) Immunofluorescence tile image of a unilateral injected mouse showing α-SynWT (green, left hemisphere) inside tyrosine hydroxylase
(TH) neurons (red, merge in yellow) Scale bar = 30µm ((BB)) Immunofluorescence against Norepinephrine transporter (NET) (pink) and α-SynWT

(yellow, merge in white). Confocal microscope images, 40x objective, immersion oil. Scale bar = 30µm, inserts’ scale bar = 10µm.
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FFiigg.. 55.. Immunofluorescence against Dopamine beta hydroxylase (DBH) to check NA innervation in hippocampal LC-projecting area,
CA1. Significant denervation is shown in 1-month P.I. α-Syn mice than control homologues. Slight tendency to denervation is also seen
in 3-month P.I. α-Syn male mice. Confocal microscope images, 40x objective, immersion oil. Scale bar = 30µm. P values are represented
by asterisks as follows: (*) p-value<0.05; (**) Differences were considered significant when p-value<0.05.
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FFiigg.. 33 ((AA--CC)).. BBaarrnneess mmaazzee tteesstt, used to address
ssppaattiiaall mmeemmoorryy. n= 12. Trial time = 4 minutes,
trials per day = 4, total days = 5. ((AA))
Representation of the three different strategies
measured by the Barnes maze: NNSS, rraannddoomm, sseerriiaall,
ssppaattiiaall. ((BB)) Mean time to find the scape cage. α-
Syn males trigger more time to find the scape
cage, even if they present a normal curve of
learning. ((CC)) Percentage of strategies per day. As
days go by, control males enhance their spatial
strategy while α-Syn ones are not able to. The
significant difference in this strategy suggests
hippocampal affectations due to α-Syn.

CCoonncclluussiioonnss

 Our viral human-α-SynWT overexpression is efficient and
specific to TH+ neurons of the Locus Coeruleus. α-SynWT

migrates through NA fibers to LC-projecting areas, as
hippocampal CA1.

 α-Syn injected mice, especially males, seem to have impaired
spatial memory at one-month post-injection (P.I.) timepoint,
suggesting a light hippocampal disfunction. No differences in
anxiety symptoms and aversive memories formation were
observed.

 Significant NA-denervation is shown in CA1 at one month PI,
suggesting that α-Syn is affecting LC-NA hippocampal
projection axis. Differences in NA and NA receptors quantities
are being assessed.

 Increased astrocytic area in CA1 was found at 3-months PI α-
Syn mice, while astrocytic number remained without changes.
To better asses their changes, morphological analysis is being
carried out.

FFiigg.. 66.. IF to check astrocytic area (GFAP, blue) and number (S100b, magenta) in CA1 LC-projecting areas. Confocal IF images of CA1 astrocytes in male and female mice at 1 and 3-months
P.I. timepoints. GFAP+ area shows an increase in both male and female 3-months α-Syn groups. Number of astrocytes (S100b+ cells) is maintained through all analysed mice groups.
Astrocytic complexity analysis is in progress. Scale bar = 30µm. Scale bar = 30µm. P values are represented by asterisks as follows: (*) p-value<0.05; (**)p-value; >0.01; (***) p-
value<0.001; (****) p-value<0.0001. Differences were considered significant when p-value<0.05.

FFiigg.. 22.. EElleevvaatteedd PPlluuss
MMaazzee, used to address
anxiety. n= 8. Trial
time = 5 minutes. No
significant differences
were seen between
conditions.

1month PI 3-month PI

1-
m
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FFiigg.. 11.. TToonnee ffeeaarr ccoonnddiittiioonniinngg, used
to address aversive memory. n= 8.
The test was performed in 4
consecutive days: acquisition day
(electrical shock + tone) and 3 test
days (tone). No significant changes
were seen between conditions in
freezing and rearing parameters.

RReesseeaarrcchh ssuuppppoorrtt -- Grant PID2 021-126434OB-I00 funded by MCIN/AEI/ 10.13039/501100011033 and ERDF A way of making
Europe. It has also been funded by the Basque Government (IT1706-22, PUE21- 03, PIBA_2020_1_0048) and the UPV/EHU
(COLAB20/07). This research was conducted in the scope of the Transborder Joint Laboratory (LTC) “Non-motor Comorbidities in
Parkinson’s Disease (CoMorPD)”. LLDDllHHGG hhoollddss aa PPhhDD ggrraanntt ffrroomm tthhee UUPPVV//EEHHUU aanndd aa ttrraavveelllliinngg ggrraanntt ffrroomm tthhee SSppaanniisshh SSoocciieettyy ooff
NNeeuurroosscciieennccee ((SSEENNCC)) ffoorr FFEENNSS 22002244 MMeeeettiinngg.
Schematic figures were created with BioRender.com.
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Conceptual Offshore Floating PV sideview

Victoria Amazonica (left) 
showing underside of a leaf (right)

G-UHPC Specimen

Electrical resistivity measurement (left) 

Flexural strength test  correlated by acoustic emissions (right)

Green Concrete LTC
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On the different statistics of Zero-Phonon-Line and Stokes-shifted 
photons emitted from interacting fluorescent quantum emitters
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Fluorescence spectrumEnergy levels

ZPL photon

Stokes-shifted photon
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colour depending

on filtering

Organic molecules and quantum dots have a very narrow 
Zero-Phonon Line (ZPL) at cryogenic temperatures [1], 

becoming promising candidates for quantum technologies.

The interaction between quantum emitters leads to the 
emergence of superradiant and subradiant states, having 

different lifetimes, energies and dipole moments [3,4]. 

Non-interacting emitters Interacting emitters

We analyze the intensity correlation of light emitted from 
two interacting emitters for different laser frequencies and 

intensities to better characterize this system.

The intensity correlation is calculated through the positive- and 
negative-frequency  electric field operators:

= Subradiant state = Superradiant state
dipole-dipole 

coupling steady state

Zero-
Phonon 

Line

Stokes-
shifted 

emission

Electronic ground 
state

Electronic excited 
state

Vibronic states
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4 Data taken from  Ref. [2]

The relaxation from the electronic excited state gives raise to a 
photon emitted into the ZPL or to a Stokes-shifted photon.

ZPL

Stokes-shifted emission

Motivation

 

[1] B. Lounis, and M. Orrit, Reports on Progress in Physics 68,1129 (2005).
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[3] J. B. Trebbia, Q. Deplano, P. Tamarat, and B. Lounis, Nature Communications 13, 1 (2022). 
[4] C. M. Lange, E. Dagget, V. Walther, L. Huang, and J. D. Hood, Nature Physics (2024).
[5] A. Juan-Delgado, R. Esteban, et al., Physical Review Research 6, 023207 (2024).  
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References and AcknowledgmentsConclusions
Interacting quantum emitters constitute a versatile photon source, whose 
statistical properties can be tailored with the laser intensity and frequency.
The correlation of ZPL photons and of Stokes-shifted photons can be drastically 
different, which emphasizes the importance of using the appropiate microscopic 
model to describe each experimental configuration.
Available experiments analyzing the correlation of Stokes-shifted photons are 
described well by including additional 1-phonon states in the microscopic 
description of the emitters and using the appropiate electric field operator.

Debye-Waller/
Franck-Condon 

factor

electric field at the position of emitter j

experiment (data taken from [3])

ZPL
Stokes-shifted

In available experiments [3,4], light is filtered and 
laser photons and ZPL photons are eliminated. 
Thus, only the properties of the Stokes-shifted 

photons are measured. To address such 
experiments, we propose a new microscopic 

model that includes additional 1-phonon states.

The correlation of Stokes-shifted photons can be 
obtained using: 

The correlation of Stokes-shifted photons can show a very different behaviour than the correlation of ZPL photons.

Laser tuned to the two-
photon resonance

Laser tuned to the superradiant 
state transition

Laser tuned to the subradiant 
state transition

The simulation of the correlation of Stokes-shifted photons 
reproduces very well the experiment reported in [3].

Similar behaviour of the ZPL and 
Stokes-shifted photon correlation.

Different behaviour of the ZPL and Stokes-shifted photon correlation.

Addressing the correlation of Stokes-shifted photons

Laser intensity/Saturation intensityLaser intensity/Saturation intensity Laser intensity/Saturation intensity

Rabi frequency/Rabi frequency/ Rabi frequency/

MHz

The correlation of ZPL photons can be tailored in a wide range of values by tuning the laser intensity and/or frequency.To characterize the properties of light emitted into 
the ZPL we use the typical microscopic 

description of the emitters, which ignores vibronic 
states and approximate them as two-level systems.

The intensity correlation is obtained using: 

Strong bunching under 
weak laser intensity.

Complex behaviour.Strong antibunching under 
weak laser intensity.

Laser tuned to the two-
photon resonance

Laser tuned to the superradiant 
state transition

Laser tuned to the subradiant 
state transition

Tailoring the correlation of ZPL photons [5]
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HYDROGEN INTERACTION WITH W(110)
SURFACE

RAÚL BOMBÍN1, JEAN-CHRISTOPHE TREMBLAY1, DANIEL PÉLAEZ1, CÉDRIC
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2Université de Lorraine 3Université Paris-Sarclay
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ABSTRACT
An understanding of the dynamics of hydrogen atom scattering on metal surfaces is of great importance for a number of applications, including
catalysis and material science. Of particular interest is the case of tungsten surfaces, as it will be the material employed for facing components in
future fusion reactors. In this study, we investigate the scattering of hydrogen atoms on the W(110) surface, employing both classical and quantum
dynamics approaches to elucidate the importance of quantum effects in this system. The focus of this study is on several key observables, including
the sticking probability and diffraction channels, which are used to characterise the scattering process. Furthermore, the vibrational excitation
spectra of H atom adsorbed on the tungsten surface is studied at both the semiclassical and quantum levels.

POTENTIAL ENERGY SURFACE
We make classical and quantum dynamics for
hydrogen on W(110) using an accurate Poten-
tial energy surface (PES) calculated with PW91
functional.

V = V (x, y, z) (1)
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Fig. 1: Left (right) XY (XZ) cuts of the potential energy surface
in the (2×1 cell). The hydrogen atom adsorption on hollow and
bridge positions is energetically favorable.

MCTDH PARAMETERS
• Spatial grid with spacing ∆ ≈ 0.15 a.u.

• The number of natural potentials chosen
so that the fitting error < 1 meV

• We use ftt SFPs basis with X and Y ones
being periodic. The number of SFPs is
chosen to converge stickingn probabili-
ties.

X Y Z
Spatial-grid 41 55 155

Natpots 20 27 155
SPFs 24 32 64

Table: 1. Spatial grid, number of natutal potentials (Natpots) used

in the fit of the PES and number of SPFs per degree of freedom.

Initial Wave packet: We chose a product of
plane waves for X and Y and a localized Gaus-
sian in Z as the initial state. The initial position
and momentum are x0 and p0 in normal inci-
dence.

ψ0 ∼ e−ikxxe−ikyye−((z−z0)/2σ)
2

e−ip(z−z0) (2)

STICKING PROBABILITY AFTER SCATTERING
• In the classical case, many trajec-

tories are trapped in the surfce at
low energy, traping at the sur-
face has a shorter lifetime and is
almost negligible after 1 ps when
quantum dynamics are done.

• The latter differences are more
pronounced at low energy result-
ing in a large quantum reflection
probability.

• Bulk absorption is enhanced in
the quantum dynamical case due
to tunneling effect, probably.

Fig. 2: Reflection (green), adsorption (red) and absorption (blue) probatilities of Hidrogen on W(110) under normal incidence conditions.

Dark (light) lines correspond to quantum (classical calculations.)

VIBRATIONAL SPECTRA

Fig. 3. Left: From (a) to (f) squared wave-funcionts for different
vibrational states of Hydrogen adsorbed on W(110) surface. Right:
vibrational spectra computed with MCTDH and a 1D quasiclassical
approach.

DIFFRACTION
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Fig. 4. Classical (blue) and quantum (orange) diffraction proba-
bilities for H scattering from W(110) with normal incidence as a
function of energy transfer to transversal directions.

ONGOING WORK
It is known that electronic friction plays a crucial role for atoms scattering on metals.
We plan to use the the stochastic version of MCTD to include this energy dissipation channels
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BioMolecular Interactions Platform
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Molecular Biophysics, (Bio)Organic Chemistry, Sensor Technology, Materials Science, (Bio)Chemical Engineering 

BIOMINT 

*Contacts: Carmelo Di Primo (Bordeaux) – carmelo.diprimo@inserm.fr ; Thomas Schäfer (San Sebastián-Donostia) - thomas.schafer@ehu.eus 

Biomolecular Interactions are at the core of designing and 
employing advanced and functional materials in biotechnology, 
bionanotechnology, health, and biosensors as well as separation 
and purification processes in, for example, fine chemicals and 
pharmaceutical manufacturing. Yet, their measurement and 
characterization often pose a challenge.

Our Motivation Available Technologies

Surface Plasmon Resonance 
(SPR, Biacore T200)

Bio-Layer Interferometry
(BLI, Sartorius Octet)

Quartz-Crystal Microbalance with 
Dissipation Monitoring (QCM-D, Biolin)

Multi-Parameter Surface Plasmon 
Resonance (MP-SPR, Bionavis)

The use of complementary techniques warrants robustness of the 
interaction data obtained and avoids interpreting artefacts. 
During our varied research activity we have learnt that 
thermodynamic constants of biomolecular interactions not only 
vary with the characterization technique but also depend on the 
particular application and environment.

Private companies:

Bordeaux

MartillacSan Sebastián

Institutions:

Additional support from…

BIOMINT Activities

Hands-on workshop (Univ. Bordeaux annual summer school) 
on the use of surface-sensitive techniques for elucidating 
biomolecular interaction on surfaces

Training of young researchers within collaborative projects

Seminar series between Bordeaux and San Sebastián

Joint projects in the bio/materials and health interface

What is BIOMINT about?

Trans-border technological platform that offers its expertise 
on biomolecular interactions to both the scientific community 
and industry in the area of bio/materials/health. 

Vibrant collaboration network in both applied and 
fundamental research, promoting best laboratory practices 
when it comes to determining biomolecular interactions.

What is in for me?

BIOMINT is an open platform that welcomes partners from 
both academia and industry. 

Access to expertise on characterizing biomolecular/materials 
interactions with a set of complementary techniques that are 
not widely accessible. 

Unique opportunity for young researchers to be trained in 
state-of-the-art characterization techniques.

Aptamers can rival antibodies for recognizing the RBD of the spike 
protein. Within an international consortium, we have observed 
that some supposed RBD-aptamers actually do not interact 
specifically and that some literature data lack rigour or are based 
on measuring artefacts. This demonstrates how crucial it is to 
investigate molecular interactions with effective and 
straightforward methods prior to potential health applications.

How BIOMINT works
Example: Insights into binding mechanisms for the design of sensors for the 
detection of SARS-CoV-2

Image: Taka et al. 2021, J Phys Chem.

Receptor 
Binding Domain

Interaction analyzed by SPR (screenshot Biacore T200):

Aptamer*

Control

DNA aptamer
CoV2-RBD-

4C* *Anal. Chem. 2020, 
92, 14, 9895–9900

BioMINT LTC incubator

BioMolecular Interactions 
Platform
Carmelo Di Primo1
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Iván Rivilla3

Leire San José5

Iliane Rafaniello4,5

Thomas Schäfer5 

¹ INSEM.
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Introduction
Astrocytes are primarily glycolytic cells that produce and release lactate to support neuronal aerobic 
metabolism during neurotransmission. This so called astrocyte-neuron lactate shuttle is tightly regulated 
by neuronal signals that trigger aerobic glycolysis in astrocytes and regarded as an essential mechanism 
underlying astrocytic modulation of brain performance. 
Multiple sclerosis (MS) is a chronic demyelinating disease initiated by pathogenic immune responses 
against myelin followed by a broader inflammatory and neurodegenerative process. Astrocytes undergo a 
pronounced transformation in MS whereby they acquire a variety of disease-promoting functions. In 
particular, accumulating evidence suggests that deficits in astrocyte glycolytic activity encompass the 
pathogenic activation of these cells during neuroinflammation and contribute to neurodegenerative 
processes. However, the specific features of astrocytic lactate supply to neurons in multiple sclerosis (MS) 
remain unknown. 
Here we used newly generated, genetically coded lactate biosensors to investigate astrocyte lactate 
efflux induced by physiological stimuli associated with neuronal activity. Ex vivo two-photon imaging of 
extracellular lactate using eLACCO2.9 targeted to astrocytes of the mouse somatosensory cortex showed 
positive responses to extracellular K+, NH4+ and to thus confirming previous observations in culture 
systems. Cortical astroyctes also displayed eLACCO2.9 fluorescence increases in response to the 
cannabinoid agonist WIN55,212-2 that were prevented by the selective CB1 antagonist AM251. Our 
preliminary results in cortical slices suggest decreased lactate efflux induced by extracellular WIN55,212-2 
in cells activated with pro-inflammatory stimuli (IL-1α, TNFα and C1q). Ex vivo astrocyte lactate imaging in 
the experimental autoimmune encephalomyelitis (EAE) model of MS showed a decreased lactate efflux 
induced by K+ and CB1R activation. These observations support the utility of eLACCO2.9c as novel 
imaging tool to explore the features of astrocyte-neuron lactate supply ex vivo and suggest aberrant 
astrocyte-neuron communication in terms of lactate supply during neuroinflammation.
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Summary
1. Viral targeting of cortical astrocytes with eLACCO2.9c allows real-time measurement of extracellular lactate 

fluctuations ex vivo.
2. Cortical astrocytes display positive eLACCO2.9c fluorescence responses to extracellular K+, NH4+ and CB1R 

activation that are sensitive to the pharmacological blockade of lactate transport. 
3. Activation of Gq protein-mediated signaling promotes astrocyte lactate efflux in the mouse cortex.
4. Inflammatory activation of cortical astrocytes ex vivo and in vivo deregulates lactate supply.

Lactate biosensors for fluorescence ex vivo imaging of cortical astrocytes

Figure 1. Mechanism of operation of eLACCO2.9c and expression of the biosensor in astrocytes of the mouse 
somatosensory cortex. (a) Diagram depicting the mechanism of action of TTHA0766-based eLACCO in response to L-
lactate and (b) sensor expression within the cellular membrane. (c) Viral vector injected in the somatosensory cortex (S1)
and fluorescence images showing co-localization between eLacco2.9c and the astrocytic marker sulforhodamine 
(SR101).
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Figure 2. Extracellular K+ and NH4+ induce astrocytic lactate efflux ex vivo. (a) Experimental approach. Bath 
application of extracellular stimuli in cortical slices from mice injected with eLACCO2.9c. (b) Two-photon imaging of 
eLACCO2.9c in response to zero-glucose and lactate (10 mM) (grey bars). Pseudocolor images from cortical astrocytes 
before and after (c) NH4+ and (e) K+ application. (e) Time course of eLACCO2.9c fluorescence responses to (d) NH4+ or 
(f) K+ application in basal conditions. (g) eLACCO2.9c fluorescence responses to NH4+ or K+ application in the presence 
of the monocarboxylate transporter (MCT) inhibitor AR-C155858. Data are expressed as mean ± SEM. *** p < 0.001.

Figure 3. CB1R activation increases astrocyte lactate efflux. (a) Pseudocolor images from cortical astrocytes before and 
after application of the cannabinoid agonist WIN55,212-2 (WIN). (b-c) Two-photon imaging of extracellular L-lactate 
surrounding astrocytes in response to WIN (grey bar). Time course and quantitative analysis of eLACCO2.9c fluorescence 
responses to WIN in (b) control conditions and (c) in presence of the CB1R antagonist (AM251). Data are expressed as 
mean ± SEM. **p < 0.01 and ***p < 0.001.

Figure 4. Astrocyte activation with Gq-DREADDs increases lactate efflux. (a) Experimental approach and fluorescence
images showing co-localization between eLACCO2.9c and mCherry. (b) Two-photon imaging of extracellular L-lactate 
around astrocytes in response to CNO (grey bar) in mice injected with and without Gq-DREADDs. Data are expressed as 
mean ± SEM. ***p < 0.001.

Aberrant astrocyte-neuron lactate supply during neuroinflammation

Figure 5. Deregulation of astrocyte lactate efflux during EAE. (a, b) Experimental approaches for the ex vivo analysis of 
astrocyte lactate efflux during neuroinflammation. (c-h) Two-photon imaging of extracellular L-lactate responses to NH4+ , K+ 
and WIN in control and EAE slices (c, e and g) or following incubation with pro-inflammatory factors (d, f and h). Data are 
expressed as mean ± SEM. *p < 0.05, ***p < 0.001. Pro-inflammatory factors (PIFs) TNF (30 ng/ml), IL1 (3 ng/ml) and 
C1q (3 ng/ml). 
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Despite representing only the 2% of the body weight, the brain consumes up to 20% of the body energy. Most of the brain energy comes from the full oxidation of glucose. However, a sizeable amount of glucose
is partially oxidized and transformed into Lactate via a process called aerobic glycolysis. Most current data point indicate that astrocytes are the main producers of Lactate, which is in turn used by neurons to fulfil
their energy requirements. Interestingly, Lactate does not only play a metabolic role, but it is also a fundamental brain signaling molecule. The mechanisms regulating Lactate production and release in the brain
are, however, scantly known. Cannabinoid receptors type 1 (CB1R) has recently emerged as an important factor playing a complex role in these processes. Whereas persistent (24h) activation of astroglial CB1R
leads to a reduction of Lactate1, our recent data show that their transient stimulation (5 min) triggers an increase of Lactate levels2. These data, however, were obtained mainly in cultured astrocytes, and the
impact of CB1R activity on Lactate levels in vivo has never been directly measured. By combining a novel Lactate fluorescent biosensor (eLacco2.1)3 and fiber photometry (FP), I carried out for the first time high
resolution recordings of brain Lactate dynamics in freely moving animals. Interestingly, I observed that the levels of Lactate correlate with locomotor activity and that Lactate administration blocks hypolocomotor
effects of cannabinoids. Current experiments aim at addressing the potential mechanistic link between locomotor effects of cannabinoids and Lactate levels regulation.

INTRODUCTION

1) CHARACTERIZATION OF eLACCO2.1

2) IN VIVO LACTATE RECORDINGS

CONCLUSIONS AND FUTURE DIRECTIONS 

PARTENAIRES

3) IMPACT OF LACTATE LEVELS ON 
LOCOMOTION

a) Representative trace of FP extracellular lactate changes detected by the eLacco2.1 sensor in
a freely moving mouse treated with vehicle (Veh) or 2g/kg Lactate by IP injection. b) Dose
response quantification of Lactate changes induced by increasing doses of exogenously
administered Lactate. Baseline Z-Score (0) is the averaged signal for the last 3 minutes before
injections. n=4 mice. * P<0.05 by 1-way ANOVA.

4) ROLE OF LACTATE IN LOCOMOTOR
EFFECTS OF CANNABINOIDS

The hypolocomotor, but not antinociceptive, effect of THC is blocked by Lactate injection.
a) Locomotor activity (activity cages) and (b) Thermal antinociception (hot-plate) of mice treated with
vehicle or THC 10 mg/Kg, followed by saline or Lactate 1 g/kg 5 min after. 2-way ANOVA: (a) Interaction
(p=0.0175); * P<0.05, ** P<0.01; (b) Main effect of THC, **** P<0.0001

a)

b) c)

a) b)

a) b)

a) b)

a) Structure of the GFP-based extracellular
Lactate sensor eLACCO2.1. b)
Representative trace of extracellular
Lactate recording in HEK293 cells. Cells
have been excited at two different
wavelengths, 470 nm (in green) and 400
nm (in grey) under increasing Lactate
stimuli, in order to find the isosbestic point
of the sensor. The decrease of Lactate
observed at 0 Lactate as compared to Ref
is due to the removal of Lactate from the
medium. c) Normalized dose response of
Lactate levels. n= 180 cells/3 experiments.
**** P<0.0001 by 2-way ANOVA.

The hypolocomotive effect of THC is correlated with a reduction of Lactate levels in the brain.
a) Representative trace of FP extracellular Lactate changes detected by the eLacco2.1 sensor in a
freely moving mouse. Arrow indicates the IP injection of 5 mg/Kg THC. Green areas indicate
inactive behavioral phase. Recordings lasted 90 minutes, with injection after 11 minutes. b)
Quantification of Lactate. changes during the shift from active to inactive phases under vehicle or 5
mg/Kg THC. n= 8 mice. 2-Way Anova. **, P<0.01 (General effect of activity).

In the first part of this PhD project we effectively proved that:

• The isosbestic point of eLacco2.1 is at 400 nm (fundamental for fiber photometry recordings).
• It is possible to measure lactate changes in freely moving mice with fiber photometry.
• The best lactate dose in order to observe a lactate increase without saturating the sensor is 

2g/Kg.
• The hypolocomotive effect of THC is correlated with a reduction of Lactate levels in the brain. 
• The hypolocomotor, but not antinociceptive, effect of THC is blocked by Lactate injection. 

In the future, we are planning to:

• Analyze different behaviors related to Lactate changes during locomotion (DeepOF).
• Explore CB1-dependent modulation of Lactate on locomotion.
• Study the impact of locomotion on brain Lactate levels in basal ganglia (Striatum, Substantia 

nigra and globus pallidus).
• Confirming the blocking effect of Lactate on THC-induced hypolocomotion by local injections 

into these brain regions, and by intracerebroventricular injections.
• Explore the cellular and molecular mechanisms of the relationship between cannabinoids, 

Lactate and locomotion.
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Oligodendrocytes (OLs) produce central nervous system myelin thus providing protection
and metabolic support to axons. Myelin formation and repair are energetically expensive
and oligodendrocyte metabolic defects have been postulated as a cause of
neurodegeneration. Endocannabinoids modulate neuroglial metabolism through the
activation of CB1 receptors (CB1Rs). Myelinating OLs and precursor cells (OPCs) express
CB1Rs promote lineage progression but the metabolic implications of these effects in health
and disease remains uncertain. Here we investigated the energy metabolism of
oligodendroglial linage and the role of CB1Rs in oligodendrocyte energy metabolism in
vitro.

Seahorse analysis revealed that OLs exhibited a higher glycolysis metabolism compared to
OPCs. Additionally, lactate extracellular biosensor eLACCO2.9 revealed differences in lactate
release between OLs and OPCs. Seahorse analysis showed inhibitory effects of the CB1R
agonist ACEA on mitochondrial respiration in OLs cultures. The antagonist AM251
prevented the inhibitory effect of ACEA on maximal OCR. These results suggest that
oligodendrocyte differentiation is associated with changes in energy metabolism in vitro
and CB1Rs modulate mitochondrial respiration in OLs, possibly mediated by mitochondrial
CB1R.

Figure 1. Experimental procedure for oligodendrocyte cultures. Cells were isolated from the
cortex of postnatal rats and maintained as mixed glial cell cultures for 10-15 days. OPCs were
plated and maintained as OPCs or differenciated to OLs.

Oligodendrocyte energy metabolism: 
modulation by CB1 receptors
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Figure 2. Mature oligodendrocytes show a higher glycolytic rate than OPCs. (A)
Immunofluorescence images of OPC-enriched cultures (left) and OLs cultures (right). (B)
Mitostress Seahorse analysis of oxygen consumption rate (OCR), extracellular acidification rate
(ECAR) and ratio between basal OCR and basal ECAR. (C) ATP rate Seahorse analysis of ATP
produced from glycolisis or mitochondrial respiration. *p < 0.05; ** p < 0.01. Student’s t-test.
Scale bar: 50 µm.
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Figure 4. Agonist activation of CB1Rs inhibits mitochondrial energy metabolism in
oligodendrocyte cultures. (A) Diagram of OLs treatment. (B) ACEA (25 nM) reduced OCR in OLs.
(C) AM251 treatment blocked maximal inhibition of OCR triggered by ACEA in OLs (C).
Hemopressin (HP; 25 nM) did not blocked maximal inhibition of OCR triggered by ACEA. * p <
0.05; ** p < 0.01; *** p < 0.001; ****p < 0.0001 Student’s t-test and One-way ANOVA.
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Figure 5. CB1R does not modulate mitochondrial metabolism in OPCs. (A) Diagram of OPCs
treatment with ACEA (25 nM). (B) ACEA did not modulate OCR in OPCs. Student’s t-test.
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Figure 6. Agonist activation of CB1Rs does not modulate glycolysis in oligodendrocytes.
Treatment with ACEA (25 nM) reduces ECAR in OLs but AM251 (B) did not blocked this effect. (C)
Diagram of the experimental procedure for extracellular lactate assay. (D) Extracellular lactate
realeased after 1 hour by cells treated with ACEA during 24 hours. (E) Measurment of
extracellular lactate under 1 hour oligomycin treatment. *p < 0.05; ** p < 0.01. Student’s t-test.
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• OPC differenciation involves the modulation of bioenergetic profiles.
• CB1R agonism inhibits mitochondrial respiration in oligodendrocytes via mitochondrial CB1R.
• Oligodendrocyte CB1Rs do not modulate glycolysis.
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The role of habenular circuits in the pathophysiology of emotions
Lucía Sangroniz-Beltrán1, María Ceprián1, Jon Egaña-Huguet1, Dmitry Fedorov1, Jon Ander Santas-Martin1, Nicolas Landgraf1, Pablo Reyes1, Eva 
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Barakaldo, Spain4.
MATERIALS and METHODSINTRODUCTION

The Medial Habenula (MHb) is a sub-ventricular structure placed both anatomically and functionally 
between brain regions that code aversive stimuli, therefore participating in the modulation of emotions. 
Moreover, the MHb hosts a variety of specialized cells (e.g., tanycyte-like cells, mast cells, and different 
neuronal and astrocytic phenotypes). In the brain, the cannabinoid receptor 1 (CB1R) participates in the 
control of neurotransmitter release and has a direct impact on animal behavior. Interestingly, the CB1R is 
widely expressed in the MHb. We previously showed that global deletion of the CB1R from the MHb 
results in an impairment of aversive responses. Thus, in this project, we aim to functionally dissect the 
role of the different MHb cell-types under CB1 control, and to determine how stress-related signals (e.g., 
immunological, metabolic) acting in the MHb regulate emotional pathophysiology in males and females. 
We propose that the MHb cellular milieu is a perfect candidate to study the influence of peripheral signals 
on the pathophysiology of emotional responses.

The CB1-flox mice* (males & females, 7-8 w) were injected with an adeno-associated virus with CRE recombinase, attached to a Green 
Fluorescent Protein (GFP) or to mCherry tag for its visualization, bilaterally into the MHb. Viral vectors were used to target specifically a 
certain cell type: GFAP for astrocytes. We tested the innate emotional response (IER) five weeks after the surgery through 3 behavioral 
paradigms: the open field (OF), the elevated plus maze (EPM) and the light and dark box (LDB). Another group of female mice was injected 
with LPS (E. Coli lipopolysaccharides) with a single ip injection of 0.41 or 0.83 mg/kg or saline solution to provoke an immune response 24h 
before the IER. After all experiments, mice were anesthetized and perfused with 4% paraformaldehyde for tissue processing. Using an 
immunohistochemistry technique, virus administration (GFP/mCherry) site expression were evaluated. A separate group of mice was 
processed for patch clamp.
Viral injection into

 the brain
Brain-specific
 -CB1 deletion

AAVCRE AAV-

CB1
f/f

CB1
LoxP

       WT

 MICE: CB1 flox

      CB1-KO

Hippocampus (HC) Medial septum (MS)Prefrontal cortex (PFC)

AAV-Cre
AAV-2 ITR                                         Kozak                      2A(PTV)NLS (SV40)                                                                          SV40p(A)  AAV-2 ITR

Figure 4

• LPS injection at 0.41 or 0.83 mg/kg
• Behavioral evaluation 24h after injection 

GFAP-CB1R-KO in male and female mice
Innate Emotional Response

SUPPORT

*Astrocytes: AAV-9/2-hGFAP-mCherry_iCre

*CTL: AAV-9/2-hSyn1-chl-mCherry

VIRAL VECTORS

CONCLUSIONS
• Preliminary experiments show that the CB1R expression in 

astrocytes in the MHb regulate innate and learned emotional 
behavior in a sex dependent manner. 

*Thanks to Giovanni Marsicano and Manuel Guzmán.
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The red traces represent the physiological mode of 
recording (using potassium internal solution). The pipette 
can inject a positive or negative current into a cell, acting 
like a big membrane channel with controlled properties. 
Here, we have 10 1s steps of 8pA of current, starting from -
40pA up to +40pA. 

Injecting negative current doesn't seem to do anything in 
the CB1-KO MHb, while in the lateral habenula it causes 
rebound spiking and bursting. However, injecting positive 
current causes action potentials, as one would expect from 
a typical neuron.

These images are from the same cell. Here, some events can be seen over a 25s 
of recording. These events represent the excitatory and inhibitory inbound 
connectivity. All cells had excitatory connectivity, but some did not show inhibitory 
connectivity, or just very few events.

GFAP-GCaMP activity recordings from the MHb in the Fear 
Conditioning.  

GFAP-GCaMP activity recordings from the MHb in the 
Fear Conditioning. 
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Arbina Dam (D) as
transition point to
estuarine waters 

WWTP as source
of ARG and ARBs.

Before (A) and
after (B) WWTP
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Sediments, sand, and

green algae
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storage

Eluent concentrated
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Sample types
Abiotic: water, sediments and sand
Biotic: green algae & biofilms

Estuary (E) present
nutrients input fluctuation

with rain events
upstream.  Accessible for
recreational activities like

paddleboarding, canoeing,
and children's immersion.

ARB composition by color colony

Relative concentration (CFU/mL)
of each sample by sampling site.

Beach (F) frequented year-round by
locals for aquatic sports and attracts

around 20,000 tourists during the
summer.

Verification of green algal
population and their
representativeness based
on morphological features
and presence in the area.

 CONTRIBUTION OF
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RESISTANCE -
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OFFICE OF THE EU

EUCAST
CLINICAL

BREAKPOINTS 

AIM:
Establish a suitable monitoring strategy within the One Health approach to identify ARB's potential sources and environmental reservoirs, understanding their
dynamics and dispersal in the Butrón River. This under the context of wastewater effluents input in the river, has caused beach closures due to high levels of fecal
bacteria indicators [5], while the bay is frequented year-round by locals for aquatic sports and attracts around 20,000 tourists during the summer [6].

Identification of potential environmental AMR reservoirs within the aquatic ecosystem of the Butrón River.1.
Develop a monitoring strategy to identify culturable ARB and evaluate the environmental levels of AMR.2.
Assess the potential of biotic (green algae) and abiotic (water, sediments, and sand) components as hosts of culturable ARB.3.

OBJECTIVES:

ESTABLISHMENT OF
BACTERIAL EXTRACTION
PROTOCOL

Obtain a representative
environmental microbial community
with minimal manipulation

ANTIMICROBIAL
SUSCEPTIBILITY TEST (AST)

CHROMAGAR
ORIENTATION

MEDIUM -
ISOLATION AND

DIFFERENTIATION
OF PATHOGENS.

Only AST results with over 15CFU were considered to avoidmisleading AMR data. Plentziabeach and DOX excluded.

Future work
Improve microbiome extraction for a minimum of  50 µl of
10^7 CFU/mL*AST
Narrow isolation of human colonizer/pathogenic bacteria using
selective media.
Monitor ARB seasonal dynamics to assess environmental
impacts. 
Metagenomics for ARGs and antibiotic synthesis pathways
identification 

ARB colonies from freshwater extracts >
estuarine samples ~ salinity-driven
patterns and WWTP influence.

PER ANTIBIOTIC AND SAMPLING LOCATION.

Reservoirs of ARB:
Sediment > algae >

water 

Water use of 3 µm filter -
targeting particle-

associated bacteria only. 

Conclusions

These findings offer a first assessment of culturable
ARBs relevant to human health and suggest the method

for estuary samples may need refinement for better
microbiome recovery. 

References
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The widespread of antibiotics in nearly all environments combined with microorganisms' ability to adapt and survive stress, has led to the emergence of
antimicrobial resistance (AMR) [1], which is considered a silent pandemic projected to cause about 10 million deaths annually by 2050 [2]. In relation to clinical,
veterinary and food-producing animal settings, AMR monitoring in the environment lack integration and standardization [3]. The identification of environmental AMR
reservoirs, where resistant microorganisms can persist, proliferate, and potentially spread to humans and animals, is crucial for establishing routine monitoring and
targeting intervention strategies to prevent the spread of resistance in a One Health context [4]. 
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Antibiotic Resistance (AR) is one of the greatest threats to human health. The global overuse of antibiotics has resulted in the proliferation
and dissemination of antibiotic resistant bacteria harboring a multitude of AR genes that can be mobilized by different Horizontal Gene
Transfer (HGT) processes. Three types of self-transmissible mobile genetic elements participate in HGT: bacteriophages, conjugative
plasmids, and Integrative Conjugative Elements (ICEs). Conjugative plasmids and ICEs rely on conjugation for its dissemination, a process
that requires direct cell-to-cell contact to enable unidirectional translocation of DNA across the membranes of two mating cells. ICEs are
typically found integrated in the host chromosome and encode the machinery for their conjugation, which consists of: (i) proteins that
form the relaxosome; (ii) proteins that form the Type IV Secretion System (T4SS); and (iii) the Type IV Coupling Protein (T4CP) that links the
relaxosome with the T4SS. To date, ICE coupling proteins have received little attention despite their indispensability in the transfer
mechanism. WWee aarree ffooccuusseedd oonn tthhee mmoolleeccuullaarr aanndd ffuunnccttiioonnaall cchhaarraacctteerriizzaattiioonn ooff tthhee ccoouupplliinngg pprrootteeiinn aann IICCEE pprreesseenntt iinn mmuullttiippllee
EEnntteerroobbaacctteerriiaacceeaaee,, wwiitthh tthhee uullttiimmaattee ggooaall ooff ffiinnddiinngg IICCEE ccoonnjjuuggaattiioonn iinnhhiibbiittoorrss ttoo bblloocckk oorr,, aatt lleeaasstt,, mmiinniimmiizzee tthhee AARR sspprreeaadd..

ABSTRACT

ICE COUPLING PROTEIN 
Ruiz-Cruz, Sofía & Alkorta, Itziar.

Faculty of Science and Technology; Biochemistry 
and Molecular Biology Department; 

University of the Basque Country

OBJECTIVES

Conjugative plasmids and ICEs constitute the main drivers of AR spread. Although
ICEs outnumber conjugative plasmids, yet they still have been largely overlooked as
vectors of AR1. Both elements encode their conjugation machinery, but conjugative
plasmids replicate autonomously whereas ICEs integrate into and replicate along with
the chromosome2. An integrated ICE remains quiescent, but under certain conditions,
the ICE excises from the chromosome as a circular plasmid-like form, which is
transferred by the conjugative transfer machinery. Then, is recircularized and
integrated in the chromosome3. Additionally, in some cases, ICEs and conjugative
plasmids transfer non-conjugative elements such as mobilizable plasmids or integrative
mobile genetic elements to a new host.

T4CPs are essential for conjugation, but only a few T4CPs (all plasmid-encoded) have been exhaustively studied, such as the archetype of
the T4CP family , TrwBR388, encoded by the conjugative plasmid R388 or MobBCloDF13, which is one of the few T4CPs encoded by a mobilizable
plasmid, CloDF134. Mobilizable plasmids, which can encode AR genes as well, use the T4CPs and T4SS of co-resident conjugative elements,
because they usually only encode the proteins needed for relaxosome formation. Given their critical role in conjugation, T4CPs represent a
promising drug target to block conjugation and, hence, AR dissemination among bacteria.

HPI

Mobilization system 
resembles the transfer

system of plasmid CloDF13

Mobilization

e

A homologue of mobBcloDF13, herein named mobBICE, was identified within ICEEc1 from
Escherichia coli ECOR316, containing a wide distributed High-Pathogenicity Island (HPI)
among Enterobacteriaceae. encodes a functional T4SS similar to the one described for
the conjugative plasmid R6K, but its DNA-mobilization region is related to plasmid
CloDF13. The expected product of mobBICE, (629 amino acids) shows 31% of identity
and 42% similarity with MobBCloDF13. It was shown that mobBICE is involved in the transfer
of a plasmid carrying the origin of transference (oriT) present on ICEEc16.

MobBICE is an ideal candidate to in-depth characterize an essential component of an ICE conjugative machinery, a T4CP, to find ICE 
conjugation inhibitors, with the aim of blocking/ minimizing AR spread.

2. In vivo activity of MobBICE

2.1. mobBICE deletion on self-transmission.
2.2. Effect of MobBICE in plasmid conjugation.
2.3. Mobilization of CloDF13 by MobBICE.
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Join the Counter-Resistance team
Antibiotic resistance (AR) represents one of the greatest threats to global health and jeopardizes all
the advances in modern medicine. But, although the most dramatic consequences are suffered in the
hospital, the contribution of the environment and the presence of contaminants is one of the main
factors aggravating this problem.
The solution therefore lies in an approach to surveillance and action aligned with the principles of the
“One Health”, in which the problem of antibiotic resistance is addressed at several levels: human,
animal, food and environmental.
The main objective of EARLTC is to create a multidisciplinary network of research groups studying the
problem of antibiotic resistance from different perspectives and scientific disciplines, in order to
find solutions to this global health problem.

Waste Water Treatment Plants

Environmental Antibiotic Resistance 
(EAR)

Antibiotic Resistant Bacteria 
(ARB)

Antibiotics and contaminants
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From bones to landscapes: Integrated approaches with virtual tools for the study of Neanderthal origins

El Polvorín

La Chaise

Entrance

Excavation area
2 m

3D acquisition

3D acquisition

Stratigraphic context

Merging of the data

Sima I de el Polvorín

La Chaise-de-Vouthon

32 m deep shaft
The El Polvorín galleries were scanned 
in 3D during an international mission
involving highly-technical rope skills,
and provided a full model of the cave,
enhancing the complexity of its 
morphologies

Excavations are performed underground, 
and wil be reported on the 3D 
topography of the cave, in order to
better understand the modalities of 
sedimentation of the fossile remains

Surveying the excavation

3D acquisitions led us to obtain a full-scale 
model of the cave morphologies, 
including the former excavation space

The combination of the topographical, stratigraphical and 
archaeological data led us to estimate and reconstruct the ancient 
morphologies of the cave deposits, during the ancient excavations.
We can now reach new understanding of the chronology of the
Neanderthal remains 

The LTC incubator HUMEVOL team

One of the main �elds of interaction and ground for networking of researchers of the HumEvol LTC incubator is the mutual organisation of �eldwork operations, the development 
of new research approaches on the �eld of archaeology, and the understanding of human past. 

Two archaeological sites were investigated in 2024 bene�ting from a transfronter and transdisciplinary approach in the frame of the LTC Incubator framework: La-Chaise-de- 
Vouthon (Charente, France), Sima I de el Polvorín (Bizkaia , Basque Country). 
These two sites are key for understanding the evolution of Neanderthals, and virtual tools are at the centre of the research projects,  providing an innovative and 
revolutionary approach for the development of integrated research in human evolution, the transfer of knowledge and the possibilities of networking.

La Chaise-de-Vouthon is a classical archaeological site for the knowledge of Neanderthals in Southern France, and the 
�rst excavations started around 1870 in the site.  This previous scienti�c history of the site comprises the fact that today 
some of the original morphologies have disapeared, and that the contextualisation of the remains requires an innovative 
integrated approach combining  multi-scale virtual tools and datings.

The application of this approach will allow us to re�ne the chronology of the human deposits, reconstruct the formerly 
excavated deposits and thus understand micro-evolutionary speci�ties of Neanderthals.

Since 2021 a new archaeological intervention started in the Sima I gallery of El Polvorín cave after the descovery of Neanderthal 
remains amongst osteological material recovered by speleologists during their explorations in the end of the XX century.

In order to understand how those deposits and remains came inside the cave and into the lower gallery, we started an 
integrated study combining high-resolution �eldwork at the scale of the excavation, as well as study of the cave system by itself, 
throug the use of virtual tools as 3D models.

Excavation team

Neanderthal remains

So far, the minimumm number of individuals represented in this site is of 1 adult individual: a Neanderthal with archaic 
features. The general size of the bones is small, so the working hypothesis is that belonged to a female individual.

Both these research projects that bene�t of the HUMEVOL LTC incubator frame bene�t from the participation of permanent researchers, young researchers, PhD candidates and Master students from both The University of 
the Basque Country and University of Bordeaux.

Together with the novel and revolutionary approach these projects are core to the networking of the HUMEVOL project, and provide the possibility of multidimensional transfer of knowledge and formation of young 
researchers. The successful results obtained make us think that this might become the ideal frame to in�uence the learning of archaeology and become an international and in�uent school for Human Evolution studies. 

Representation of a human cranium 
and the location of the inner ear on it

Looking inside the fossils in 3D
Analysing the biological variability of the 
bony labyrinth of the ear in Neanderthals

The virtual techniques, and concretely the microCT 
scanning allows us to see, through a process of 
segmentation, inside the bones for inner structures and 
tissue proportions which are of high biological 
signi�cance and help understanding human 
evolutionary patterns. Passing from 2D radiographic images to 3D 

models in a tooth from El Polvorín

Complementary funding:
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SSuuggaarr  pprroodduuccttiioonn  iinn  CCaappee  VVeerrddee::  
aarrcchhaaeeoommeettrriiccaall  cchhaarraacctteerriizzaattiioonn  ooff  TTrriinnddaaddee  ssuuggaarr  ppoottss
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Cape Verde was an uninhabited Atlantic archipelago when it was discovered and occupied by the Portuguese in 1460. During the 15th 

and 16th centuries, the Portuguese tried to implement the cultivation of sugar cane in the archipelago, although due to Cape Verde’s arid 

tropical climate, it was not as successful as in Madeira, São Tomé and Brazil.

A set of 16 ceramic loaf moulds were analysed by means of chemical (ICP-MS), mineralogical (X-ray diffraction) and microscopic 

(Scanning Electron Microscopy and Optical Microscopy) methods. 

Three calcareous fabrics according to EFT and sintering state, 
including from cream, beige to light orange pastes.

The TRD016 individual, light beige paste, has a very distinctive 
configuration because an abundance of vitreous material phase as 
well as primary clay minerals (Illite). Moreover, it shows well 
developed hematite and calcite peaks.

CCaallccaarreeoouuss  ppaassttee

NNoo  ccaallccaarreeoouuss  ppaassttee

One orange (TRD011) and one red non-calcareous fabric.
The first one shows some extent of illite decomposition and the 
appearance of k-feldspars and hematite.
TRD015 shows an intense red paste color, identifying the 
presence of developed peaks of hematite, quartz and feldspar.

The results of this research allow us to deepen into this type of 
ceramic productions and trade in the Atlantic Iberian colonial 
period.
Trade pots in Cabo Verde sugar industry seems to point out 
towards a Portuguese origin, mainly from Lisbon region and, at 
some extent also from Aveiro. However, there is a smaller 
number of items of unknown origin.
This study piles up information on the manufacture and 
physico-chemical characteristics of sugar pots found in Cabo 
Verde.

LLooww  ccaallccaarreeoouuss  ppaassttee

TRD 011

TRD 015

~900/950ºC

TRD 014

~850ºC

TRD 010

TRD 007

TRD 016

~850/900°C

~850/900°C

~800/850°C

There are 4 calcareous ceramics that do not match any of the
known reference groups (TRD006, TRD013, TRD014, TRD016).

Clearly visible illite peaks along with the presence of K-feldspars
and plagioclase (e.g. albite). Calcite is also well developed. Paste 
color is cream or pale beige.

FFiinnaall RReemmaarrkkss

Pottery found at Trindade 
site is compatible with two main
Portuguese reference groups:

~850/900ºC

•Lisboa: including low calcareous sugar pots (CaO: 0,44% wt)
and 3 calcareous possible jug types (CaO: 10,92% wt)
•Aveiro (1 sugar pot) (TRD015)

MultiArchSciences LTC Incubator
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Problem Statement

UUnniivveerrssiittyy ooff tthhee BBaassqquuee CCoouunnttrryy ((UUPPVV//EEHHUU)),, PPaarrqquuee TTeeccnnoollóóggiiccoo ddee BBiizzkkaaiiaa,, 220022,, 4488117700,, BBiissccaayy
EE--mmaaiill aaddddrreessss:: eeiirriinnii..kkoonnssttaannttiinnoouu@@eehhuu..eeuuss

DIgital twins for occupational health RISK assessment of advanced 
aerospace manufacturing processes (DI-RISK)

Dr Eirini Konstantinou, 
Marie Curie Postdoctoral Researcher, CFAA (UPV/EHU)
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Motivation & Objectives

Methodology

DI-RISK aims to aasssseessss those work-related ooccccuuppaattiioonnaall  hheeaalltthh  
rriisskkss  affecting aerospace engineers or workers, overcoming the 
discomfort and lack of accuracy of existing methods.

TThhee  ssppeecciiffiicc  oobbjjeeccttiivveess  of this project are: 

aa)) ttoo  ddeevviissee  a method and framework that will perform a 
remote (tag-free) monitoring of multiple engineers under 
several challenges, such as illumination variations and 
occlusions, while protecting privacy by design, 

bb)) ttoo  ddeevveelloopp  a method that creates an accurate digital twin 
(replica) of the human body in order to extract 
anthropometric and biomechanical data, and 

cc)) ttoo  ccoonnvveerrtt  anthropometric and biomechanical data into 
occupational health risk factors in an automated way. 

Percentage of workers reporting a work-related health problem, 
by type of problem, EU-27 (European Risk Observatory, 2019) 
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Discovering new crystallization modes in random copolymers
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Random copolymers formed by semi-
crystalline parent homopolymers can
crystallize in three well-known modes
(Scheme 1), depending on the comonomer
inclusion/exclusion balance: isomorphism
(total inclusion), isodimorphism (partial
inclusion), and comonomer exclusion (total
exclusion). Isodimorphism and isomorphism
have garnered significant attention because of
their crystallization across all composition
ranges. A model Poly(A)-ran-Poly(B)
copolymer can illustrate their differences Scheme 1. Crystallization modes [2]

In isomorphic copolymers, the similarity between PA and PB allows co-
crystallization in unique PA-B crystals that differ from the parent components, leading
to a linear relationship between the melting temperature (Tm) and comonomer content.
For isodimorphic crystallization, due to the comonomer exclusion/inclusion balance,
PA-type or PB-type crystals are formed, depending on the composition. The partial
exclusion of B co-units causes a Tm depression of PA-type crystals as B content
increases, and vice-versa, reaching a minimum Tm, where PA- and PB-type crystals
can coexist. This pseudo-eutectic behavior extends to other properties such as
enthalpies (ΔH) and crystallinities (Xc).[1,2] This work on a series of linear aliphatic
polycarbonates (PC) based on poly (octamethylene carbonate) (PC8) as a fixed
comonomer with a second comonomer, a PC, with different chain lengths: PC6, PC7,
and PC12 reported apparent pseudo-eutectic behavior of Tm vs. PC8 content, but for
specific compositions, their ΔH and thus Xc deviate from the expected behavior. Wide
Angle X-ray scattering revealed the presence of a new third phase (γ phase) for
these compositions, differing from that of the parent components. Further
examination of these compositions' properties reveals isomorphic crystallization
features. Therefore, our study discovered a novel crystallization mode for random
copolymers that exhibit mixed isodimorphism for some compositions and
isomorphism for others.

Scheme 2. Illustration of Aliphatic Copolycarbonates
Synthesized via Polycondensation of Diols with Dimethyl
Carbonate.

PCnCH2x-ran-PCnCH2y with x= PC6, PC7 or PC12 and y= PC8

PC6-ran-PC8 
PC7-ran-PC8 

PC12-ran-PC8

Random copolycarbonates

a. Thermal transitions showing pseudo-eutectic trend.

b. Structural evidence of a third new phase.

c. Isomorphism for specify compositions.

From a thermal transitions point of view, all
the systems display the characteristic pseudo-
eutectic behavior of isodimorphic copolymers.

The range of compositions with the γ phase and the pseudo-eutectic point
position depends on the chain length.

PC6-ran-PC8

PC7-ran-PC8

PC12-ran-PC8

Despite the pseudo-eutectic behavior for
the first-order thermal transitions, the
ΔHm and Xc show an atypical trend, with
higher values than the homopolymers, and
even showing a maximum at 60% PC8.
This is the first evidence of a new third
phase (γ phase)

WAXS analysis reveals
the γ phase is completely
different from the parent
components.

Moreover, the d-spacing
of this phase varies linearly
with comonomer content, as
in isomorphic copolymers.

The linear
relationship between the
melting temperature and
the d-spacing shown
with respect to PC8
content indicates a local
isomorphism for those
copolymers crystallized
in the γ phase, although
the copolymer family
has been demonstrated
to be an isodimorphic
system as a whole.

nCH2 > 8,
p.-eutectic >50%

nCH2 < 8,
p.-eutectic <50%

➢ The mixed isodimorphic/isomorphic crystallization mode were found in three
different copolycarbonates, and it is characterized by a pseudo-eutectic behavior
from a first-order thermal transition point of view but displaying a third new
phase for specify compositions from a structural point of view.

➢ On the one hand, those compositions exhibiting the third new phase exhibit
atypically high Xc values that deviate from the expected pseudo-eutectic behavior.
Additionally, the range of compositions in which the new phase is present depends
on nCH2.

➢ The formation of the new phase can be related to a conformational distortion of
methylene segments that facilitates a resurgence of dipole-dipole interactions
compared to the compositions where the new phase is absent (according to FTIR
results not shown here).

Figure 1. (a) Normalized melting temperatures vs.
PC8 content and (b) PC8 fraction at the pseudo-
eutectic point vs. nCH2 in comonomers (diol) [4]

Figure 2. (a) Temperature transitions vs. PC8 content and (b) ΔHm and Xc vs. PC8 content [3].

Figure 3. (a) WAXS patterns at -40 °C after cooling (at 20 °C/min) from the melt. (b) d-
spacing vs PC8 content.[3]

Figure 4. (a) Temperatures and (b) d-spacing vs. PC8 content for compositions with the third
new phase. [3]

➢ This project has received funding from the European Union’s Horizon 2020
research and innovation programme under the Marie Skłodowska-Curie grant
agreement No 101034379

[1] Pérez-Camargo, R. A. Eur. Polym. J. 2018, 101, 233 [2] Pérez-Camargo, R. A. Polymer 2023, 287, 126412.
[3]      Liao, Y. Macromolecules 2023, 56, 8199                    [4]        Liao, Y. Macromolecules (under revision) 2024. 
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Investigating Sequence-Structure-Activity Relationship in Foldamer Catalysis 
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b Departamento de Química Organica I, Facultad de Químicas, Universidad del País Vasco UPV/EHU, Apdo. 1072, 20080 San ́ Sebastian, Spain 

*g.guichard@iecb.u-bordeaux.fr

The ability to synthesize artificial sequence-based oligomers that fold with high fidelity (i.e. foldamers) raises new prospects for developing strategies in
asymmetric catalysis.[1] In a previous account, we have shown that enantiopure foldamers can be used as H-bond donor organocatalysts in enantioselective
C-C bond transformations.[2] These results were recently rationalized by DFT studies which provided a first insight into the origin of enantioselectivity and
synergistic activation at the two available catalytic NH sites.[3] However, there is still a lot more to understand about recognition of electrophilic and
nucleophilic species by H-bond donor sites to further expand the scope and utility of this catalytic system. In this regard, we have now synthesized new sets
of foldamers to study the sequence/structure/activity relationship with several model reactions. The study involves the introduction of different H-bond donor
groups at key catalytic sites, modification of lateral side chains and change in the configuration of monomeric units. The effects of these modifications on
catalysis will be reported.

Conclusion & Perspectives

1). Z. C. Girvin, S. H. Gellman, J Am Chem Soc, 2020, 142, 17211-17223.; 2)D. Becart, et al, J Am Chem
Soc, 2017, 139, 12524-12532.; 3). Y. Toledo-Gonzalez, et al, J Org Chem, 2022, 87, 10726-10735.

n.gupta@iecb.u-bordeaux.fr

> Design and synthesis of new urea-based foldamers and evaluation of their catalytic activity in a model reaction.
> Certain residue variations (e.g. C3 and C5) lead to partial helix unwinding at the catalytic site and thus are
detrimental for enantiocontrol and catalytic activity.
> Substitution of the terminal urea by other H-bond donor groups like squaramide (C6) or sulfamide (C7) was not
tolerated, despite retention of the helical conformation.
> The isostructural cis-cyclohexyl diamino residue substitution at the first position (C2) results in reduced catalytic
activity and enantiocontrol suggesting that some degree of conformational flexibility is needed between the two
catalytic sites. Additional computational studies to explain these new results are in progress.
> We also started to study the Mannich reaction with foldamer C1 and its thiourea version C8. Preliminary results
show that C8 actually outperforms C1 in terms of enantiocontrol.

Concept: Catalysis By Helical Oligourea

New Oligourea foldamers 

Previous results  

References

Crystal structures of New Catalysts

product

catalytic
site

➢ Chiral induction with preorganised folding
➢ Low catalyst loading (helicity induced chirality)
➢ Highly modular and Conformational stability
➢ Possible helix macrodipole effects

➢ Chain Variation at residue 1 = C2, C3, C4, C5

➢ Change variation at residue 2 = C2’, C3’, C4’, C5’

➢ Modification of H-Bond donor at site 1 = C6, C7, C8

Sequence-Structure-Activity 
Relationship Study

Catalyst loading (mol %) T (h) R Yielda ee (%)b

C1 0.1 48 R=Ph 86 95

C1 0.05 48 R=Ph 85 94

C1 0.01 48 R=Ph 82 91

C1 0.1 16 R=4-CH3C6H4 84 95

C1 0.1 16 R=4-FC6H4 97 92

C1 0.3 16 R=cyclohexyl 70 94*

C1 0.3 16 R=n-Pr 53 92*

C1 0.3 16 R=i-Bu 70 96*

C1 0.3 16 R=i-Pr 62 91*

Reaction was performed on a 0.5 mmol scale, with 2 equivalents of diethyl malonate/dimethyl
malonate, *Reaction conducted at -30 oC, [a] Yields correspond to isolated compound after
chromatographic purification [b] Determined by chiral HPLC

Computational Model

β Cα

N’1

N’0

Foldamer  C1 C2 C3 C4 C5  C2’ C4’ C6 C7 C8
N1−Cβ−Cα-N’1 (torsion) 62.13° 53.1° -69.8° -5.5° -7.8° 65.5° 50.8°  68.8°  63.8° 67.5°

d(N’0-N2) Å 5.5 5.4 6.7 6 8 5.8 4.8 6.9 6 6

N’0

N1

β

α
N’1N2

Catalytic results: Conjugate addition of malonate to Nitro-olefins

conv. (%)

ee (%)

Addition of enolizable carbonyl compounds to
Isatin derived ketimines

ADAGIO
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30x20x40 micron

C-S-H
CH
CaCO3

t=0 seconds t=15.75 hours

• Carbonation: degradation (lowering of pH, corrosion); Self healing concrete (SHC), carbon 
capture utilization and storage (CCUS), carbon curing, cement re-carbonation and calcium 
carbonate engineering.

• Chemical reaction:         Ca+2    +     CO3
-2    →      CaCO3

CARBONATION IN CONCRETE

METHODOLOGY

MOLECULAR SCALE CARBONATION

CONCLUSIONS

• Dissolution-precipitation reaction of carbonation in cement paste and microstructure 
formation simulated using kinetic Monte Carlo theory. 

• KMC works at a higher length scale compared to atomistic simulations, each discretized 
particle representing a molecule. The simulation box sizes can go from nanometer to sub 
micrometer depending on the computation capacity.

• KMC can sample larger timescales. In KMC time is calculated as inverse of cumulative rate. 
Thus, depending on the likelihood of dissolution and precipitation, these simulations can 
sample larger timescales.

REFERENCES
• Coopamootoo, Kumaran, and Enrico Masoero. The Journal of Physical Chemistry C 124.36 (2020): 

19603-19615.
• Shvab, Igor, et al. Crystal Growth & Design 17.3 (2017): 1316-1327.
• Alex, Aleena, et al. Cement and Concrete Composites 144 (2023): 105281.

• Discrete element methods: used for mechanical interactions, fracture, strain etc.

MSCA Post-doctoral fellow, University of Basque Country (UPV/EHU)

Dr. Aleena Alex

KINETIC MONTE CARLO SIMULATIONS OF MINERAL 
CARBONATION

Self healing in cement mortar
0 day 7 day

2.5 cm

MASKE: A kinetic Monte Carlo simulator
Solid:
• Particles held together by interactions U(r)
• Particles can move everywhere (off-lattice)
• Forces (and stress) arise when particles are not in 

energy minima
• Dynamics from integration of forces

e.g. [Ca2+], [CO32-]

𝐹𝐹𝑖𝑖𝑖𝑖 = −
𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖
𝑑𝑑𝑟𝑟𝑖𝑖𝑖𝑖

= 𝑘𝑘 𝑟𝑟𝑖𝑖𝑖𝑖 − 𝑟𝑟0Corresponding force:

𝜀𝜀0 =
𝛾𝛾𝛾𝛾
𝑛𝑛𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘

ℛ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑,𝑖𝑖 =
𝑘𝑘𝐵𝐵𝑇𝑇
ℎ

𝑐𝑐⧧
𝛾𝛾⧧ exp −Δ𝐺𝐺𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑⧧

𝑘𝑘𝐵𝐵𝑇𝑇
exp −Δ𝑈𝑈𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑟𝑟 − 𝛾𝛾ΔΩ𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

𝑘𝑘𝐵𝐵𝑇𝑇
𝑉𝑉𝑀𝑀

ℛ𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖
, = 𝑘𝑘𝐵𝐵𝑇𝑇

ℎ
𝑐𝑐⧧
𝛾𝛾⧧ exp −Δ𝐺𝐺𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑⧧

𝑘𝑘𝐵𝐵𝑇𝑇
𝛽𝛽 𝑉𝑉𝑀𝑀

Dissolution rate constant kdiss

Molar 
volume of 
particle

𝛽𝛽= 𝑄𝑄𝑖𝑖𝑖𝑖_𝑠𝑠𝑠𝑠𝑠𝑠
𝐾𝐾𝑒𝑒𝑒𝑒,𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑Saturation index:

Excess enthalpy Hex in the solid  → 
solid activity ≠ 1
(low U → more stable → low Rdiss )

MICRO SCALE CARBONATION
• Autogenous healing of the small crack (1–2-micron width) within 15.75 hours (<1 day) 

of simulated time.

• The effective rates of: 
• CH dissolution: 1.46x10-3 kg/m3/s and 
• CaCO3 precipitation: 1.86 x 10-3 kg/m3/s

(a) Initial structure consisting of Calcium silicate hydrate (C-S-H) and Portlandite (CH) and a 
spherical capillary pore with a seed CaCO3 particle.

(b) Carbonated structure

• Effective rates predicted by the molecular scale carbonation simulation were used in macro 
scale reactive transport and boundary nucleation and growth models and further validated 
with experimental results.Mechanical stress, 

reduced solution 
concentration

Dissolution of 
solid

Solution 
concentration 

increases

Precipitation 
of solid

Microstructure 
formation

ADAGIO 

Kinetic Monte Carlo simulations of 
mineral carbonation
Aleena Alex1 
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- Easy two-step sequential protocol that allow hirerchically phase-
separated UV-cured resins with supression of side reactions and a full
step-growth polymerization mechanism.

- Was applied for PSA manufacturing, future applications include 3D-
printing bioMedical devices.
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Mo#va#ons: Hybrid quantum systems comprising a few electrons, such as quantum dots, have garnered increasing a9en:on in cavity quantum electrodynamics due to their poten:al for
realizing ultrastrong light-ma9er interac:ons. These systems offer simplified architectures that can significantly enhance and op:mize electron-photon coupling. In this study, we ini:ate by
inves:ga:ng the modifica:ons of the electronic transport within the single and double quantum dot arrays inside the cavity.

Introduc)on

Current from rate equa:on

References
1. F. Appugliese, J. Enkner, G. L. Paravicini-Bagliani, M. Beck, C. Reichl, W. Wegscheider, G. Scalari, C. CiuA,

and J. Faist, Science 375, 1030 (2022)
2. D. Hagenmüller, J. Schachenmayer, S. Schütz, C. Genes, and G. Pupillo, Phys. Rev. LeQ. 119, 223601
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3. O. Dmytruk and M. Schiro, CommunicaAons Physics 5, 271 (2022)
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Modifying the electronic proper1es of 
The quantum dots with cavity

Saber Rostamzadeh, Rémi Avriller, Clément Dutreix, Fabio Pistolesi
Laboratoire Ondes et MaAère d'Aquitaine, Université de Bordeaux, France

2. Simple (Single quantum dot without the cavity)
Hamiltonian 

Aims of the project

Saber.rostam-zadeh@u-bordeaux.fr

3. Complex (double quantum dot without the cavity)
Hamiltonian and tunneling

Current and transmission

The I-V curve obtained using the rate equa5on approach aligns perfectly with the results from the exact transport calcula5on based from the
Keldysh approach.

εF = 0
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cavity modifica:on of the material proper:es

1. Cavity breakdown of the quantum Hall effect [1]

2. Cavity enhancement of the energy transport [2]

3. Cavity control of the topological phase [3]
Current from exact calcula:on

4. prospec)ve: adding cavity mode
Hamiltonian for array of dots 
inside a cavity

Calcula:ons

1. How cavity modifies the electronic transport of a mesoscopic system
2. Transport properties at strong coupling
3. Interplay between the topology and light

Star:ng point

Quantum dots provide a better understanding of the electronic transport inside cavity

1. Exact calculation from Landauer-Buttiker

2. Rate equation for

3. I-V curves 

4. Utilize it for more complex mesoscopic systems inside cavity

1. Include the cavity modes 
2. Include the dissipations

Complexi:es
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Abstract: Polylactide (PLA) is a promising alternative to petroleum-based polymers for biomedical, pharmaceutical, and packaging applications due to its well-known biodegradable, and recyclable
thermoplastic nature. PLA's thermomechanical properties, however, are greatly influenced by its crystallinity and hence stereochemistry of its monomer, or tacticity e.g isotactic PLA. While asymmetric
organic catalysis using non-metallic catalysts to form C-C or C-X bonds with high stereoselectivity is well established in small molecule synthesis, its application in polymer chemistry remains rare. Even less
explored is the adaptation of this concept to stereoselective polymerization, especially using oligourea-based foldamers as catalysts. In this work, we have synthesized dynamic oligourea foldamers, made of
meso units derived from cis-cyclohexane-1,2-diamine as potential catalysts. The resulting meso-symmetric sequences are characterized by their ability to equally populate (P)- and (M)-helices, the two
helices being able to interconvert through reversal of hydrogen-bond directionality. Additionally, desymmetrization was achieved by incorporating different terminal functional groups at both ends, leading to a
control of helix screw sense. In the future, we aim to study the catalytic potential of these pseudo-meso foldamers in the polymerization of rac-lactide, with a focus on controlling the stereochemistry of the
resulting PLA. In collaboration with colleagues in San Sebastian we also plan to investigate such helical foldamer catalysts in molecular asymmetric catalysis.

Synthesis of meso- and Pseudo-meso Helices 
via Reversible H-Bond Polarity in Oligourea Foldamers

Radha TOMAR,a Daniel TATON,b Gilles GUICHARD*,a

a Univ. Bordeaux, CNRS, Bordeaux INP, CBMN, UMR5248, European Institute of Chemistry and Biology, F-33607 Pessac, France
b Univ. Bordeaux, CNRS, Bordeaux INP, Laboratoire de Chimie des Polymeres Organiques, F-33600 Pessac, France

email: *gilles.guichard@u-bordeaux.fr
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Reversal of the 
directionality of H-bonds

screw-sense inversion

Biomedical applications of Crystalline PLA

Drug Delivery
Microcapsules

Implant
Fixations of fractured bones 

by pin, screw and wire
Drug eluting stents

Introduction…..

Synthetic Approach….

 Synthesis of Building Block…… 

 Synthesis of Meso-helices intermediate…..

 Circular dichroism data Crystal structures of (P)- and (M)-helices

3; M-helix 4; P-helix

Collaboraton:

 Prof. Daniel Taton
University of Bordeaux

 Prof. Mikel Oiarbide
University of the 
Basque Country

Acknowledgement:

Conclusion:
 To improve existing transformations we have synthesized customizable foldamers.
 We developed dynamic oligourea foldamers as possible catalysts using meso units generated from

cis-cyclohexane-1,2-diamine.
 The resulting meso-symmetric sequences are identified by their ability to equally populate (P)- and

(M) helices, with the two helices capable of interconverting via hydrogen-bond directionality
reversal.

 We intend to investigate the catalytic potential of pseudo-meso foldamers in isoselective ring
opening polymerization of rac-lactide, with a particular emphasis on regulating the stereochemistry
of the resultant PLA.

 We also plan to evaluate these catalysts in asymmetric reactions in collaboration with our
colleagues in San Sebastian.

Cradle-to-cradle design

Data Analysis….

CD of compound 3

CD of compound 4

Catalyst Synthesis….
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1st MEETING OF THE ENLIGHT INTERDISCIPLINARY NETWORK ON 
THE IMPACT OF GENDER IN HEALTH

Bilbao, Basque Country, Spain
September 16th, 2024

Lucía Gallego, Sandra Sánchez-Urtaza, Laura Alfonso, Elodie Rosanne Santiago & Sofía Villarreal on behalf of the Interdisciplinary Network on the Impact of Gender in Health
Faculty of Medicine & Nursing, University of the Basque Country UPV/EHU

The ENLIGHT Interdisciplinary Network on the Impact of Gender in Health 

https://impulsenlight.wordpress.com/ is developing the project:

To promote an international network to work on the impact of gender inequalities in

health and wellbeing.

To raise awareness of the impact that sex and gender produce in the expression of

health and disease states and healthy ageing.

To address the gaps in biomedical research: (sex and gender inclusion in study

designs)

To raise awareness of the impact of gender-based violence and provide tools for early

detection and management.

To raise awareness of the impact that gender identity and sexual orientation produce

in the LGTBI+ people’s health and access to healthcare.

To integrate these principles into education and help the academic community,

especially undergraduate students of Health Sciences, to develop the ability to identify

and evaluate health inequalities based on sex and gender in order to design solutions.

OBJECTIVES

NETWORK COMPOSITION

ENLIGHT UNIVERSITIES NON-ENLIGHT UNIVERSITIES OTHER SKATEHOLDERS
 Students’ Union AVIEM, Faculty of Medicine & Nursing, University of the Basque

Country UPV/EHU

 Slovak Pharmacy Students Association, Comenius University Bratislava

 Student association of the University of Bern

 Health 4 Future, University of Bern 

 Women’s Associations (Biscay, Basque Country): Asociación Cultural Manuela 

Eguiguren, SARELILAK, ONEKA Asociación de Mujeres Pensionistas, Mairi

Emakume Feminista Batza, Eskuz Esku Abesbatza, EMELKA, SIM ROMI 

Asociación de Mujeres Gitanas, Foro Emakumeak Medikuntzan, Erabide Emakume

Elkartea, Etxeko Andre Emakumeen Elkartea, Aldaketa Elkarte Feminista, 

AMUVES, Hay una esperanza para ti, SIAL

 Bundesverband Trans e.V.

 Bundesverband Intergeschlechtliche Menschen e.V.

 Swiss Gender Health Network

 Female Empower in Life Science Bern

MEETING STATISTICS

ENLIGHT 
Flagship 
domains 
the ETN 
fits intoThat aims to:I Innovating

M Medicine and Health Sciences with Gender
P Perspective:
U Union
L Leadership
S Sustainability
E Enlightenment

GENDER PERSPECTIVE IN THE AREA OF HEALTH SCIENCES 
INVOLVES

Making visible and correcting scientifically identified gender biases in relation to the differences 
between individuals in the response to risk factors, the manifestation and experience of the 
disease and the differences in health care services.

Considering these differences has a great impact on new aspects of health:

Different response to risk factor exposure

Occurrence, incidence and prevalence of diseases

Differentiated clinical manifestations

Results of treatments, cures and interventions

Targeted and improved healthcare

Improvement in the clinical management and functioning of health services

Raise awareness of the differences that sex & 
gender factors produce in the expression of 
health and disease states and healthy ageing

Promote the integration of sex and gender in 
health, paying particular attention to (but not 
restricted to) health education, research, 
healthcare practice and policy

Event countries/states
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1st meeting of the ENLIGHT 
Interdisciplinary Network on the 
impact of gender in health
Lucía Gallego¹
Sandra Sánchez-Urtaza¹
Laura Alfonso¹
Elodie Rosanne Santiago²
Sofía Villarreal¹

1 Faculty of Medicine & Nursing, UPV/EHU.
² Faculty of Social and Communication Sciences, UPV/EHU.



DIGITAL CATALOGUE · Posters 33

Binding Analysis of Potential Inhibitors of Bacterial Conjugation to the
Coupling Protein TrwB Using EMSA and Proteinase K Digestion Assays

Nagore Santos-Fernández1, Sonsoles Martín-Santamaría2, Elena Gómez-Rubio2, Itziar Alkorta1 and Sofía Ruiz-Cruz1. 
1Biochemsitry and Molecular Biology Dept, Universidad del País Vasco (UPV/EHU), Leioa. 2Structural and Chemical Biology Dept, Centro de Investigaciones Biológicas Margarita Salas, CIB-CSIC, Madrid.

DISCUSSION and CONCLUSIONS

Proteinase K Digestion Assays

EMSAs of TrwBΔN70 and pUC18 plasmid 

EMSAs of TrwBΔN70 and a 45-mer oligonucleotide

ABSTRACT
Despite the role of antibiotics in modern medicine, abuse and misuse has led to the emergence of resistant bacteria, being antibiotic resistance (AR) a global health challenge. Type IV coupling proteins (T4CPs) are essential for bacterial conjugation, the main mechanism

driving AR spread. Therefore, to control AR spread targeting T4CP emerges as a promising strategy. Here, by proteolysis and electrophoretic mobility shift assays (EMSAs) we investigate the interactions between previously identified potential inhibitors and TrwB, T4CP of R388

plasmid. The soluble version of this membrane protein, TrwBΔN70 was digested with proteinase K in the presence/absence of the compounds to analyse whether the ligands induce a conformation change, rendering different proteolytic patterns. Some compounds prevented

or reduced the protein degradation, indicating that they could be conjugation inhibitors. By EMSA we investigated if the compounds prevent TrwBΔN70 from binding DNA. TrwBΔN70 was incubated with the plasmid pUC18 in the presence the compounds, followed by

electrophoresis to discern DNA-protein complexes from free DNA. Only one compound induced partial dissociation of the complexes. These experiments are part of work to control the dissemination of AR by inhibiting specifically bacterial conjugation.

Conjugation process Potential inhibitory molecules of TrwBR388

TrwBR388 is the T4CP of the conjugative plasmid R388. Following

virtual screening (VS), four compounds were selected molecule 1

(M1), molecule 3 (M3), molecule 4 (M4) and molecule 5 (M5).

OBJECTIVES
The main objective of this work is to analyse in vitro

the effect of the potential inhibitors analysed in vivo.

Molecules M1, M3, M4 and M5 will be validated as

ligands of TrwB∆N70 through the combination of

proteinase K digestion assays and EMSAs.

TrwB∆N70     Proteinase K    Molecules

Proteinase K digestion of TrwBΔN70 in the presence and absence 

of linoleic acid (control of conjugation inhibition).

Proteinase K digestion of TrwBΔN70 in the presence 

and absence of M1.

Proteinase K digestion of TrwBΔN70 in the presence 

and absence of M3.

Proteinase K digestion of TrwBΔN70 in the presence and 

absence of M4.

Proteinase K digestion of TrwBΔN70 in the presence and 

absence of M5.

As the concentration increases, more
protection against proteinase K
digestion was observed.

In both M1 and M3, as the concentration of compounds increases,
there was no change in the degradation pattern of TrwBAN70
compared to the digested protein (D).

More digestion was observed in the
samples without preincubation with
proteinase K.

More protection against proteinase
K digestion was observed as the
concentration increases.

MATERIALS and METHODS RESULTS

MATERIALS and METHODS

37ºC  10 min

TrwB∆N70          pUC18              Molecules

RESULTS

Binding of TrwBΔN70 to supercoiled pUC18

plasmid. pUC18 was incubated with increasing

concentrations of the protein.

Binding of TrwBΔN70 to supercoiled pUC18 plasmid 

(1:600) in the presence of M1. 

The maximum mobility shift
was observed from the
DNA:protein molar ratio 1:800.

At 200 µM bands with similar mobility to the free DNA
appeared. Linoleic acid is inducing the dissociation of DNA-
protein complexes.

No dissociation of the complexes
was observed compared to the
bound control (C3).

A slight difference was observed
compared to the bound control
(C3) at the highest concentration.

Binding of TrwBΔN70 to supercoiled pUC18 plasmid 

(1:600) in the presence of M3. 

Binding of TrwBΔN70 to supercoiled pUC18 plasmid in the presence of linoleic acid. 

Binding of TrwBΔN70 to supercoiled pUC18 

plasmid (1:800) in the presence of M4. 

A slight difference was observed
compared to the bound control
(C3) at the highest concentration.

Binding of TrwBΔN70 to supercoiled pUC18 plasmid 

(1:600) in the presence of M5. 

Dissociation of the protein-DNA
complex compared to the bound
control (C3) was observed.

TrwB∆N70    Oligonucleotide Molecules

37ºC  10 min

MATERIALS and METHODS RESULTS

37ºC  10 min

1 52 3 4

1 2 3 4

1 2 3 4 5 6

Binding of TrwBΔN70 to the oligonucleotide (1:20) in the 

presence of M5.

Binding of TrwBΔN70 to the oligonucleotide (1:20) in the 

presence of M4.

Binding of TrwBΔN70 to the oligonucleotide (1:20) in the 

presence of M3.

Binding of TrwBΔN70 to the oligoncucleotide (1:20) in the 

presence of M1.

Binding of TrwBΔN70 to the oligonucleotide  (1:20) in the presence of 

linoleic acid.

Binding of TrwBΔN70 to the oligonucleotide. Oligonucleotide 

incubated with increasing concentrations of the protein.

Firstly, the selected molar ratio for
conducting the assays in the presence
of the molecules was 1:30

At higher concentrations, a faint band
and a smear appeared within the gel,
suggesting a partial dissociation.

No difference in mobility was observed. This suggests that at these concentrations, these molecules do
not dissociate the complexes formed between the protein and the oligonucleotide at the 1:20 molar
ratio.

As the concentration of M5
increases, there is a slight
dissociation of the complexes.

FUTURE RESEARCH

5 6

In silico In vivo

M1 M3

M4 M5

No inhibition was observed

Internal channel of TrwBR388

Binding pockets of TrwBR388 monomer 

Inter-monomeric region of TrwBR388

Internal channel of TrwBR388

Decrease in frequency of 40.54% 

Decrease in frequency of 35.9% Decrease in frequency of 32.67% 

• Induce the G-quadruplex of the

oligonucleotide in order to observe M3

effects

• Evaluate the ATPase activity

• The soluble version of TrwB

R388

was used,

but these experiments should be also

performed with the entire protein

• TrwB

R388

interacts with other molecular

players involved in conjugation

Induces the dissociation of the complexesEffect in the proteinase K assay

In vitro

1. The susceptibility of TrwBΔN70 to digestion with

proteinase K decreases in the presence of linoleic acid,

M4 and M5.

2. Linoleic acid and M5 compound can induce the

dissociation of the complexes established between

TrwBΔN70 and pUC18 or the 45-mer oligonucleotide.

3. The mobBICEΔTMD gene has been cloned into the

expression vector pET24a (+).

CONCLUSIONS

VS
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CHARACTERIZATION OF THE ANTI-INFLAMMATORY POTENTIAL AND MICROGLIAL BEHAVIOR OF 
THE CONDITIONED MEDIUM OF DENTAL PULP STEM CELLS
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Limitations of stem cells based therapy are: i) large amount of cells
needed; ii) risk of host rejection & iii) correct cell integration to avoid
uncontrolled cell proliferation.

Recent strategies have focused on the potential of stem cells
secretome as it can modulate the physiological state even of distant
cells while avoiding this major risks and drawbacks (Mukhamedshina
Y. et al. 2019; Nakano M. et al. 2021).

In this work, we analyzed and tested the secretome of Dental Pulp
Stem Cells (hDPSCs) as a possible alternative for brain therapy.

INTRODUCTION
Culture of hDPSCs

Basal

Hypoxia
stressed

Pro-inflamm
envr. (w/LPS) 

Supernatant hDPSCs

DMEM
w/o FBS

RNA extraction →       RT       →       qPCR

q-PCR Lipidomic study

Mass spectrometer

→

Spectra
acquisition

Lipid identification

All analyses were done with Fiji & GraphPad Prism

All images were generated with BioRender

Biostation

6 − 8 · 104 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Phagocytic test

12,5 μL/ well
(2 · 109fluorescent beads)

ELISA

→

Recording for 24 hours
Fluorescence measurement

(515 nm)

Absorbance reading (540-540 nm)

→

METHODOLOGY

RESULTS
Expression of HIF1

in hDPSCs DMEM

Basal Hypoxia stressed
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Figure 1. A) Schema of cell culture conditions used in the study: hDPSCs cultured in DMEM in
basal conditions either normal or in an hypoxia stressed environment and their (A’) HIF1α
expression determined by RT-qPCR.
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Figure 2. A) Lipidomic analysis showing the relative changes in lipid expression of hDPSC under hypoxia
or pro-inflammatory environment respect to basal conditions.

A

Figure 3. A) Experimental design for the Fagocitic test; BV2 microglia cell line was cultivated for 6 or 24 hours
with basal media, media supplemented with LPS (20 ng/mL), media supplemented with CMs (800 μg/mL), CMs
and after LPS or viceversa, or LPS & CMs at the same time. After the treatments, BV2 were in contact with the
beads (2 · 109 microspheres) for 1 hour and 15 minutes, and fluoresecence was measured. B) Quantification of
the phagocytic capacity of BV2 through phagocytation of fluorescent beads after 6 & 24 hours, respectively, with
each condition (n=4, with triplicates). Statistics respect to BV2 LPS: 6 hours: ***, p=<0.0001; Krustal-Wallis with
post-hoc; 24 hours: BV2 LPS & BV2 EVs:**, p=0.0011; BV2 LPS & BV2 LPS EVs: *, p=0.0108; BV2 LPS & BV2
LPS+EVs: **, p=0.0051; Krustal-Wallis with post-hoc. Data is represented as mean and SEM.
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Experimental design BA

Figure 4. A) Track of the phagocytic capacity of BV2 microglia cell line throgh phagocytation of fluorescent beads (2·109
microspheres) during 24 hours with basal media and media supplemented with LPS (20 ng/mL), LPS & CMs from the
corresponding conditions (800 μg/mL). Image snapshots showing the cells 0, 6 and 24h post-addition of beads, LPS & CMs
respectively. B) Quantification of fluorescence intensity mean in cells (n=100-120 for BV2 & BV2 LPS; n=50-70 for BV2 LPS+
CMs) and normalized to BV2 with LPS after 24 hours. Statistics 6 hours: ***, p=<0.0001; BV2 LPS & BV2 LPS+ CMs-Basal **,
p=0.0025; BV2 LPS & BV2 LPS+ CMs-Hypox, ***, p=0,001; Kruskal-Wallis with post-hoc. Statistics 24 hours: BV2 & BV2 LPS
***, p=<0.0001; BV2 & BV2 LPS+ CMs-Basal **, p=0.0029; BV2 & BV2 LPS+ CMs-Hypox ***, p=0.0009; BV2 LPS & BV2 LPS+
CMs-Basal ***, p=0.0002; BV2 LPS & BV2 LPS+ CMs-Hypox ns, p=0.2716; Kruskal-Wallis with post-hoc. Significant differences
at other time points not shown. Data is represented as mean and SEM. C) Quantification of the levels of TNFα secreted by
BV2 microglial cell line under basal conditions, activated with LPS & with LPS + the corresponding CM, 6 and 24 hours after
their addition. Statistics: ***, p=<0,0001 respect to BV2. ###, p=<0,0001 respect to BV2 LPS; two-way ANOVA test with
post-hoc. Data is normalized to BV2 and represented as mean and SEM.
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 Conditions of culture (different stresses) change the physiolgic state of cells at different
levels: membrane lipids, transcribed and packed RNA, etc. In consequence, there are also
changes in their secretome that can influence differently other cells in a paracrine manner.

 Conditioned media from hDPSCs can modulate the state of activation of BV2 microglia.

i) Through a decrease of their phagocytic capacity that is maximal at 6 hours and
remains during the first 24 hours. However, CMs-DMEM cannot prevent BV2 from
activation when they are added before LPS.

ii) Through a significant decrease of TNFα secretion at 6 & 24 hours for all CMs-DMEM.

CONCLUSIONS
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Two types of
approaches:
functional and
symbolic.
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Field: Social Communication
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of websites
focus on a
functional
benefit.

of websites propose a motivational transformation.

of websites do not propose any type of transformation.

85%

57%

37%

15%
of websites focus
on a symbolic/
metaphorical
benefit.

Conceptual model to
evaluate the practices
and uses of the
fundamentals of
Storytelling in the
narratives of
corporate websites.

Abstract

Results

Methodology
Content analysis

Other elements that were included in the conceptual model:

Emotions Arquetypes Mental MetaphorGoalsPlot

References

Main objective

The narratives of corporate websites represent windows to
the world of brands and organizations that surround the
everyday environment. However, depending on how their
content is presented, they can go unnoticed, or on the
contrary, they can impact, captivate and show a vital
commitment to their audiences and society. 

Corporate websites are spaces where the energy of the
content can transport the public towards paths of emotions
and transformations, just as happens with the stories. But,
this does not have to do with using literally a story and
presenting it chronologically in some section of the website,
but rather with studying and analyzing the theoretical
foundations of storytelling and then applying them
systematically. 

This research proposes the development of a conceptual model
based on the foundations of storytelling to evaluate and analyze
its use on the websites of corporations from the ranking of Great
Place to Work companies, that is, organizations with a positive
global rating regarding their culture and internal communication,
but what about their external communication through their
websites? Do they generate content that impacts and
transcends?

The analysis revealed two approaches: the narrative/symbolic
perspective and the functional/rational perspective. The first
arises from verifying its connection with key elements from the
theory of storytelling. And the second one is associated with
more conventional and predictable content.

Thus, storytelling, the ancient art of telling, joins the world of
communication to propose improvements and changes in
corporate narratives, always starting with the question: how to
generate transcendence and meaning?, not only for today, but
also for the future.

Escalas, J. (2004). Narrative Processing:Building Consumer Connections to
Brands. Journal of Consumer Psychology, 14 (1&2), 168-180.
Moin, S. M.A. (2020). Brand Storytelling in the Digital Age. London: Palgrave
Macmillan.
Spear, S. (2015). The Role and Significance of Corporate Stories in Corporate
Reputation Management. (Phd Thesis). University of Portsmouth.
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Definitions

Training & evaluating the representation

 

Conclusions & Future Work

 

Fig. 3: Latent space representation of 
instances used for CL training 

Results
Visualization of the latent space
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• For the samples used during CL training,  the latent space effectively solves the domain shift problem (Fig. 3). 
• This generalizes well to unseen samples (Fig. 4).
• Classification results in the target domain improve notably due to the CL representation.
• Moving forward, we will apply this method to real-world scenarios, particularly in the field of Neuroscience.

Impact on cross-domain classification

Fig. 4: Latent space representation of 
instances not used for CL training 

Fig. 3 shows that the latent space has aquired 
the desired structure: Source instances from 
different classes are apart from each other, 
ensuring a good source classification, and 
target instances from each class have a 
similar representation to source instances 
from their corresponding class, ensuring 
applicability of the source classifier. 

Fig. 4 shows that the representation funtion 
(MLP) generalizes well to unseen samples: 
The domain shift is reduced, and the unseen 
instances form separable clusters in terms of 
class but not domain  in the latent space.  

Fig. 5 shows that the new representation 
significantly increases the accuracy of the source 
classifier when applied to the target domain. 

Blue represents the accuracy  accross 50 folds of  a 
source classifier applied to the target test set using 
the original space (the baseline).

Orange represents the accuracy of the source 
classifier, built and tested on the same data, but 
using the contrastive latent space.

Domain Shift occurs when  the probability distribution of the data used to train a model (source domain - SD) differs from the 
probability distribution of the testing data (target domain - TD).  The goal of modelling is to be accurate in the testing scenario, but a 
model trained on the source domain is not guaranteed to retain performance in the target domain. 

Given a dataset and a notion of similarity between its samples, Contrastive Learning (CL) techniques learn a new representation (the 
latent space) by bringing related samples closer to each other and maximizing separation to unrelated samples.

Generating synthetic data

Source domain:
Classes 0 and 1 come from 
two overlapping 400-
dimensional gaussian 
distributions (N=3000).

Target domain: 
The relationship between 
classes 0 and 1 is 
maintained, but the mean 
and scale of the gaussians 
has changed (N=3000).

The 2-dimensional 
representation using TSNE 
shows the domain shift (Fig. 
2) 

alexander.olza@ehu.eus
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Definining similarity

• The different classes in the source domain must be apart in the latent space
• Class i from the TD must be close to class i from the SD
• Class i from the TD must be far from class j from the SD

Training
• Define a representation function: we have used a MLP.
• Assign a label matrix (Fig. 1) for the data using our 
similarity notion.
• Translate raw data to the latent space.
• Compute a pairwise similarity of all samples in the latent 
space, and use a sigmoid to express that as a probability.
• Compute the binary cross-entropy between the pairwise similarity and the 
label matrix.

Fig. 2: Visualization of the dataset

Fig. 1: Label matrix

Evaluating
• Baseline: Fit a Logistic Regression  (LR) in data from the source domain, in the 
original feature space. Evaluate it in data from the target domain.
• Evaluation of CL: Use the same instances involved in the baseline, but represent 
them in the latent space. Fit a LR in the source domain instances and evaluate it 
in the target domain instances.

Fig. 5: Classification performance

S0 S1 T0 T1

S0 1 0 1 0

S1 0 0 1

T0 1 0 1 0

T1 0 1 0 1

How Contrastive Learning overcomes 
Domain Shift in classification tasks
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Define a similarity notion for a binary classification task with two domains, and use CL to reduce the domain shift in the representation..
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Human dental pulp stem cells (hDPSCs) constitute a
promising alternative for central nervous system (CNS) cell
therapy. Unlike other human stem cells, hDPSCs can be
differentiated without a need of genetical engineering to
neural cells secreting neuroprotective factors and
expressing mature neuronal or glial markers. Besides,
neurodifferentiated hDPSCs express neurotransmitter
receptors and voltage dependent channels that would
enable them to respond to CNS signals. However, a better
understanding of their real capacity to give rise to
functional neurons and to integrate into the synaptic
network is still required. For that, ex vivo differentiation
protocols must be refined, specially avoiding the use of fetal
animal serum, as this compromises the neural
differentiation capacity. Thus, in this study we assessed the
most suitable protocol for getting functional hDPSCs.

Introduction Methodology

Pulp extraction 
from 3rd molar of 
healthy donors

Proliferation 
with serum  

(DMEM-10% FBS)

Serum-free 
proliferation (Neurocult

proliferation mix)

21 days differentiation 
(Neural

differentiation mix)

21 days differentiation 
(Neural 

differentiation mix)

21-60 days 
differentiation (Neural 

differentiation 
mix + 10 μM RA + 

40mM KCl)

1. Experimental design:

Immunocytochemistry

Quantitative Real-
Time PCR

Electrophysiological 
recordings

3-D Sholl
image analysis

2. hDPSCs characterization by:

Results
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Fig. 1: Human Nestin stem cell marker expression decrease after 21 days of
neurodifferentiation. (A) hDPSCs proliferated with serum containing fibroblast like
morphologies and detectable decrease of (h)Nestin labelling. (A’) Quantification of (h)Nestin
positive cells just after switching them from a DMEM-10% FBS media to a neural induction mix
and 21 days afterwards. (B) Cells grown in neurocult proliferation mix presenting a ramified
morphology and a decrease in (h)Nestin positive labelled cells. (B’) Percentage of (h)Nestin
positive cells after switching them from a serum-free proliferation mix into a neural induction
mix and 21 days afterwards. ***p<0.001. U-Mann Whitney (Two-tailed) test. Scale bar 50 μm.

Fig. 2: Neurodifferentiated hDPSCs are able to commit toward Schwann Cell phenotypes (A)
Higher rates of immunopositive cells for p75 and S100β could be observed in hDPSCs grown
with Neurocult comparing to those that were grown with FBS after 21 days of differentiation.
Scale bar 50 μm. (B) Graphs showing the percentage difference for S100β and p75NTR markers
between hDPSCs that have grown with FBS and those in serum-free Neurocult media after
switching them to the same neural induction mix during 21 days. **p<0.01, ***p<0.001.
Statistical analyses were conducted by U-Mann Whitney (Two-tailed) test.

This work has been financed by the Basque Government (IT1751-22 & 2023333035) and FEDER and ISCIII (PI21/00629 to SM). IMR obtained a Ph.D. fellowship from University of the Basque
Country (UPV/EHU) (PIFBUR21/05). BPR, JS obtained a Ph.D. fellowship from Basque Government (Ref. PRE_2023_2_0112 & PRE_2023_2_0038). YP has a Bikaintek PostDoc grant (010-B1/2023).
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Fig. 3: Neuronal marker expression and cell morphological analysis after 21 days of
neurodifferentiation. (A) Immunofluorescence images showing doublecortin (DCX) and
neuronal nuclear protein (NeuN) positive labelling in hDPSCs and different morphologies
observed between cells grown in a serum containing medium and those that were grown in a
serum-free medium. Scale bar 50 μm. 3D Sholl-analysis of 30 cells per condition revealed longer
branch lengths measured in μm (B) and a larger overall surface (μm2) (C) occupied by hDPSCs
processes in those cells previously grown as a floating dentospheres. ***p<0.001. Statistical
analysis conducted by U-Mann Whitney (Two-tailed) test.

Fig. 4: Pre-synaptic proteins, excitatory glutamatergic and inhibitory GABAergic synapse components expression in hDPSCs after 21
days with or without RA and KCl. (A) Pre-synaptic protein Synapsin-I, (B) axon initial segment protein Ankyrin-G, (C) postsynaptic
PSD95, (D) glutamate ionotropic receptor kainate type subunit 2 (GRIK2), (E) vesicular glutamate transporter (vGLUT2),(F) gephyrin
(GPHN) and (G) gamma-aminobutyric acid type A receptor (GABRB1) mRNA relative expression in hDPSCs differentiated with the same
neural differentiation mix and those in which RA and KCl was added on top of it. (H-I) GABA neurotransmitter and glutamate
descarboxylase (GAD-65) (green dots) inmuno positive labelling in cells neurodifferentiated without RA and KCl and more intense
labelling of those GABAergic markers in those cells that were treated. Scale bar 20 μm. **p<0.01, ***p<0.001. Statistical analyses were
conducted by U-Mann Whitney (Two-tailed) test.
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Fig. 5: Voltage dependent Na+ (SCN8A) and K+ (KCNA2) channel expression and electrophysiological recordings. Graphs showing an
increased expression of voltage-gated sodium (SCN8A) (A) and potassium (KCNA2) (B) channels in those cells treated with KCl and RA.
* p<0.05; ** p<0.01. U-Mann Whitney test or Student’s t-test (Two-tailed). Current-voltage relationship of Na+ currents from −60 to 60
mV (C) and K+ currents from -10 to 180 mV (D) on two months hDPSCs neurodifferentiated with KCl and RA. (E) Spontaneous
electrophysiological activity and (F) repetitive action potentials firing patterns in hDPSCs differentiated with KCl and RA.
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On going experiments at the Interdisciplinary Institute for Neuroscience with 
Frederic Lanore

Bilateral injection of 2 µl 
containing 50.000 GFP + 

hDPSCs 0,5 µl/min

10 µl Hamilton syringe and 
33-G needle

CA1 hippocampal region: 
AP: -2 mm, ML: +/- 1.5 mm, 

DV: 1.5 mm

Parasagittal brain slices 
(320-325 µm thick) and whole-
cell voltage-clamp recordings 

Improvement of human 
dental pulp stem cells 
neurodifferentiation methods to 
obtain functional neuron-like cells
Pardo-Rodríguez B.1
Baraibar Andrés M.1,3,5

Manero-Roig I.1,4

Luzuriaga J.1
Salvador-Moya J.1
Basanta-Torres R.1

¹ University of the Basque Country (UPV/EHU), Leioa, Spain.
² Polimerbio SL, Donostia-San Sebastian, Spain.
³ Achucarro Basque Center for Neuroscience, Leioa, Spain.
⁴ Université de Bordeaux IINS - UMR 5297, Bordeaux, France.
⁵ IIS Biobizkaia ,Barakaldo, Spain.
*Corresponding authors. These authors contributed equally to this work.

Polo Y.2
Unda F.1
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Max Kämmerlinga,c, Vincenzo Navaa,b, Javier Del Sera,c

MACHINE LEARNING ALGORITHMS FOR
ESTIMATING MOORING LINE TENSIONS

OF FLOATING WIND TURBINES

Virtual sensor based on machine learning shows
the potential to replace physical sensor for
measuring mooring line tensions but needs to be
further improved for sea states underrepresented
in the training data.

• The model demonstrated strong performance, achieving an
R² greater than 92% and an average RMSE below 0.9N for
all sea states.

• The model's performance diminished for sea conditions
not well represented in the training data, showing limited
generalization capability.

4. Results
• Mooring systems are critical subsystems of Floating

Offshore Wind Turbines (FOWTs) that require reliable
monitoring.

• Direct measurement of mooring tensions is challenging
and expensive due to submerged and harsh offshore
conditions.

• Indirect estimation of mooring tensions using machine
learning is explored in this study as an alternative
approach.

• The floater's motions are used as input, as they are easier
to measure and offer greater robustness.

1. Motivation

• Measurements were used from a 1/13.6 scaled wave tank
model of HarshLab2, a floating laboratory owned by
Tecnalia Research & Innovation.

• 15-min runs of 12 different sea states were conducted in a
wave tank.

• The floater's motions in six Degrees of Freedom using an
optical tracking system and mooring tensions in the three
catenary mooring lines using load cells were measured.

2. Use Case

5. Future Outlook
• For the remainder of our PhD research the identified

generalization problem under unknown sea conditions will
be addressed.

• Several other use cases are planned to be investigated,
such as wave tank models of FOWTs and, if available, real
scale devices installed in offshore conditions.

• A Support Vector Regressor (SVR) with a nonlinear kernel
was used.

• The SVR model was trained on data from nine sea states
and tested on three held-out sea states.

3. Machine Learning Model

Time series segment of estimations (orange lines) and observed 
values (blue lines) of mooring line tension of test sea states 62 (a), 

test sea state 69 (b)

Characteristics of sea states in training and test data and 
corresponding performance metrics of the SVR model

a TECNALIA, Basque Research & Technology Alliance (BRTA), 48160 Derio, Spain
b Basque Center for Applied Mathematics (BCAM), 48009 Bilbao, Spain

c University of the Basque Country (UPV/EHU), 48013 Bilbao, Spain

(maximilian.kammerling@tecnalia.com)

Platform 
Movements

Mooring 
Tension

Run N° 𝑯𝑯𝒔𝒔 [m, real scale] 𝑻𝑻𝒑𝒑 [s, real scale] Dataset 𝑹𝑹𝟐𝟐 [%] RMSE [N]
58 1 5.79 train 98.98 0.1405
59 1 7.72 test 92.18 0.2188
60 1.36 9.65 train 98.45 0.0927
61 1.88 6.87 train 99.44 0.1432
62 1.88 9.15 test 98.48 0.1667
63 1.88 11.44 train 98.44 0.1000
71 2.04 14 train 97.97 0.1016
64 3 7.79 train 99.56 0.1923
65 3 10.39 train 99.22 0.1653
66 3 12.98 train 99.21 0.1672

69-70 4.3 12.29 test 94.01 0.7102
67-68 5.6 9.22 train 97.99 0.8792

Real scale 
floating 

laboratory 
HarshLab2

Small scale wave tank model 
of HarshLab2 that provided 
training data for this study

Chain and load 
cell of wave tank 
model’s mooring 

system

[1] Source: Tecnalia Research & Investigation
[2] Oksana Latysheva (2017): Artificial Intelligence. Available online, checked on 22/08/2024

[2] 

[1] 

Machine Learning Algorithms for 
Estimating Mooring Line Tensions 
of Floating Wind Turbines
Max Kämmerling1,2 
Vincenzo Nava 1,3

Javier Del Ser1,2

1 TECNALIA, Basque Research & Technology Alliance (BRTA).
² University of the Basque Country (UPV/EHU).
³ Basque Center for Applied Mathematics (BCAM).
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Microscopic insight on cementitious materials using
radiation-scattering techniques

Why concrete?
- Cement is the most used synthetic material, with its global production
still increasing.

- Great efforts are needed to develop new and more sustainable
mortars.

- Despite centuries of studies, basic questions still remain poorly
understood.

Figure 1: Evolution of global cement 
production.

Figure 5: Energy-resolved neutron imaging of CF.

Figure 3: (right) in-Via Reflex Raman by Renishaw (Left) Raman surface mapping of 
a cement with portlandite (yellow) and calcite (red).

Laboratory techniques

Next steps

References

- Understand the effects of having different concentrations of
portlandite and calcite.

- Obtain information of the structural changes upon deuteration.

- Perform the first measurements with the Suprasys prototype.

[1] Fateh Belaïd, Resources, Conservation & Recycling Advances, Volume 15, (2022).
[2] Karen Scrivener et al.,, Cement and Concrete Research, Volume 124, (2019). 
[3] Guido Goracci et al.,, ACS Sustainable Chem. Eng., Volume 12, (2024)

Tomas Stephen Northam de la Fuente1, Cristina Macia-Castello1, Guido Goracci1, Iñigo Galindo2, Sonia Garcia2, 
Santiago Sanz2, Gustavo Sarmiento2, Jorge Dolado1,3 and Felix Fernandez-Alonso1,3,4

1Materials Physics Center, CSIC-UPV/EHU, Paseo Manuel de Lardizabal 5, 20018 Donostia - San Sebastian, Spain.
2SUPRASYS, Avda. Lehendakari Aguirre, 11, 7º, Dpto. 7, 48014 Bilbao, Spain.

3Donostia International Physics Center (DIPC), Paseo de Manuel Lardizabal 4, 20018 Donostia - San Sebastian, Spain.
4IKERBASQUE, Basque Foundation for Science, Plaza Euskadi 5, 48009 Bilbao, Spain.

Figure 2: Heat flow evolution of C3S 
hydration with different deuteration levels.

Figure 4: INS spectra of C3S hydration 
with different deuteration levels

Neutrons (at international facilities)

- Differential scanning calorimetry
(DSC) can be used to study the
isotope effect of hydration.

- Figure 2 shows the hydration
medium affects on the reaction
time of the C3S.

- Raman spectroscopy allows the mapping of surfaces of new types of
cements.

- This gives information on the main phases composing the material, as
shown in figure 3 for a cement that contains portlandite, calcite and a
gel phase.

- Inelastic neutron scattering
(INS) can see what Raman
can’t.

- Figure 4 shows the different
lattice and molecular modes of
C3S due to 1 or 2 protons from
the hydration.

- Neutron imaging is used to analyze the structure of a material.

- Figure 5 shows the structure of cement foam (CF).

Suprasys (collaboration with industry)

Figure 6. (left) Concept design, (center) technical design and (right) testing and 
commissioning.

- Development of new equipment for in-situ calorimetry and neutron 
scattering experiments.

Microscopic insight on 
cementitious materials using 
radiation-scattering techniques
Tomas Stephen Northam de la Fuente1

Cristina Macia-Castello1

Guido Goracci1
Iñigo Galindo2

Sonia Garcia2

Santiago Sanz2

Gustavo Sarmiento2

Jorge Dolado1,3

Felix Fernandez-Alonso1,3,4

¹ Materials Physics Center, CSIC-UPV/EHU, Paseo Manuel de Lardizabal 5, 20018 
Donostia - San Sebastian, Spain.
² SUPRASYS, Avda. Lehendakari Aguirre, 11, 7º, Dpto. 7, 48014 Bilbao, Spain.
³ Donostia International Physics Center (DIPC), Paseo de Manuel Lardizabal 4, 20018 
Donostia - San Sebastian, Spain.
⁴ IKERBASQUE, Basque Foundation for Science, Plaza Euskadi 5, 48009 Bilbao, Spain.
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 DESs or low melting mixtures are formed only when the intermolecular interactions
between two or more components, specifically hydrogen bond acceptor (HBA) and
hydrogen bond donor (HBD), are stronger than those in individual components. They
benefit of low cost of components, high biobased content and its easy fabrication.

WWhhyy DDeeeepp  EEuutteeccttiicc SSoollvveennttss ((DDEESS))  aanndd  PPoollyyDDEESS

BinderSeparator 

In the framework of the ADAGIO Fellowship program, Ion Gel PolyDES Electrolytes (IGPEs) deriving
from DEM mixtures are investigated as quasi all-solid-state electrolytes for energy storage/conversion
technologies. The main advantage of IGPEs is the feasibility of combining advantages of both liquid
and solid electrolytes simultaneously acting as flexible, safe, no leaking, green ad low-cost separator
in electrochemical devices.

 Polymerizable deep eutectics known as deep eutectic monomers (DEMs) are defined as a
new class of deep eutectics that contain polymerizable units. DEMs could undergo fast
thermal- and/or photo-polymerization to develop polymers (PolyDES) having specific
features for different applications.

Novel generation of Polymeric Deep Eutectic Solvents 
Electrolytes for Energy Storage

Gabriele Lingua

University of the Basque Country UPV/EHU Centro Joxe Mari Korta CenterTolosa Avenue, 72, 20018, Donostia-San Sebastián · Spain

E-mail: gabriele.lingua@ehu.eus; gabriele.lingua@polymat.eu

PPoollyyDDEESS iinn  eenneerrggyy--ssttoorraaggee  aapppplliiccaattiioonn

Green, Safer, PolyDES Electrolytes 
for Next Generation Energy 

Storage devices

Stirring at 50°C

HBA HBD Deep Eutectic Solvent (DES)

Addition of polymerizable
monomer

Deep Eutectic Monomer (DEM)

DES composition established

 The addition of the 
polymerizable monomer at 
different concentration 
affects the homogeneity of 
the mixtures

 High monomer amount 
leads to only partial 
solubilization 

 Dry procedure (no solvent 
involved)

PPoollyyDDEEMM pprreeppaarraattiioonn aanndd  cchhaarraacctteerriizzaattiioonn

DSC analysis showed a single Tg possible metastable 
polymorphs 

ATR-FTIR spectroscopy to investigate shift due to HHBA-HBD 
coordination 

AApppplliiccaattiioonn  ooff  PPoollyyDDEESS iinn  eenneerrggyy  ssttoorraaggee  ddeevviicceess  

This project has received funding from the European Union’s Horizon 
2020 research and innovation programme under the Marie Skłodowska-
Curie grant agreement No 101034379

Stirring at 50°C

Eutectic Mixture PolyDES

Novel generation of Polymeric 
Deep Eutectic Solvents 
Electrolytes for Energy Storage
Gabriele Lingua1

Jon Lopez de Lacalle1

Matias Picchio1,2

David Mecerreyes1,2

1 POLYMATUniversity of the Basque Country UPV/EHUAvenida Tolosa 72, 
Donostia-San Sebastian, Gipuzkoa 20018, Spain. 
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Bachelor and Master 
Research projects

Interdisciplinary

Scientific

Pedagogical Innovation

Sustainable

Main Skills :  Work in teams and Social 
Engagement

Students PITCH Summer Course

SDG’s

Marinería

Biologie

Political Sc.

Physics

The SALTILLO training ship: cross-border exploration for the health of 
the marine environment

CROSS-BORDER

MULTILINGUALISM INTERCULTURAL

UPV/EHU  &  U Bordeaux

Transdisciplinary+ Stakeholders

The 3rd edition of the summer course on board the Saltillo training ship once again brought together students from different disciplines from the UPV/EHU and the UB in a trip that combines
learning about seamanship, direct contact with emblematic sites of the Basque coastline and a commitment to transdisciplinary scientific and technical knowledge related to the health of the
marine environment. An essential feature of this course is the interculturality and multilingualism that permeate both the coexistence of the crew and the lectures and activities open to the public.

The 2024 edition is a more consolidated version as it has managed to articulate teams and projects that have given it scientific, technical, pedagogical and cross-border and international projection.
The design, coordination and execution of this course has been supported by the teams, results, capacities and resources of the Cross-border Cooperation Laboratory - LTC incubator EAR’ of the LTC
Sarea Programme, the PIE IKDi3 Saltillo Educational Innovation Project as a means of facilitating transversal competences and the Euskampus Bordeaux Cross-border Campus of International
Excellence.

The course featured lectures by academics and local stakeholders and for the first time, the students crew presented a pitch about their research. With the Saltillo as a meeting point and with the
help of institutions, people and projects, the institutional commitment and the transdisciplinary approach needed to address the urgent situation of the marine and coastal environment were
strengthened.

*Imanol Basterrechea-Iribar UPV/EHU; Manuel Soto PiE-UPV/EHU; Mikel Lejarza UPV/EHU Julieta Barrenechea Euskampus Fundazioa The SALTILLO training ship: cross-
border exploration for the health 
of the marine environment
Imanol Basterretxea-Iribar1

Manuel Soto² 
Mikel Lejarza1

Julieta Barrenechea³

¹ UPV/EHU.
² PiE-UPV/EHU.
³ Euskampus Fundazioa.
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Virulome analysis of A. baumannii isolates from Paraguay

LLaauurraa  AAllffoonnssoo11,,  SSaannddrraa  SSáánncchheezz--UUrrttaazzaa11,,  AAllaaiinn  OOccaammppoo--SSoossaa22,,  RRuutthh  GGoonnzzáálleezz33,,  EEvveellyynn  LLóóppeezz33,,  IIttzziiaarr  AAllkkoorrttaa44,,  PPaauull  GG..  HHiiggggiinnss55,,66,,  LLuucciiaa  GGaalllleeggoo11

Whole genome sequencing of multidrug resistant Acinetobacter baumannii isolates from a 
hospital from Paraguay

BACKGROUND

Acinetobacter baumannii is a pathogen of great clinical importance, capable 
of causing severe nosocomial infections and acquiring resistance to 
antimicrobials, specifically carbapenems. Due to the threat to global public 
health, the World Health Organization classified carbapenem-resistant A. 
baumannii as a priority 1 (critical) pathogen for research and development 
of new antibiotics. In Latin America, a high rate of carbapenem resistance in 
A. baumannii has been detected, as well as the circulation of some 
international clones, however, Paraguay is one of the countries with a 
limited database in this regard. Therefore, the aim of this work was to study 
multidrug-resistant Acinetobacter baumannii clinical isolates from the 
National Hospital of Itaugua, Paraguay, using molecular biology techniques 
such as Whole Genome Sequencing (WGS).

RESULTS

Resistome and plasmidome analysis of A. baumannii isolates from Paraguay
Table 1. Characteristics of the carbapenem resistant isolates from the National Hospital of Itaugua (Paraguay) regarding the 
clonal lineage, resistance genes and plasmid profile.

Data analysis from the National Hospital of Itaugua   
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Figure 1. Percentages of antibiotic susceptibility of A. baumannii isolates recovered from December 2023 to 
February 2024. IMP: imipenem, MEM: meropenem, CAZ: ceftazidime, AMK: amikacin, SAM: 
ampicillin/sulbactam, CIP: ciprofloxacin, GEN: gentamicin.

Adherence, 
biofilm formation 

and immune 
system 

modulation

Acinetobacter Trimeric 
Autotransporter ata

Biofilm Controlling 
Response Regulator bfmR, bfmS

Efflux pumps AdeFGH adeF, adeG, adeH

Quorum Sensing abaI, abaR

Pili csu* csuA/B, csuA, csuB, csuC, csuD, csuE

Biofilm Associated Protein bap

Outer Membrane Protein ompA

Poly-β-1,6-N-acetyl-D-
glucosamine pgaA, pgaB, pgaC, pgaD

Capsule (Capsular type) PR1, PR2, PR3, PR8: OCL1/KL3 – PR4, PR5, PR6: OCL1/KL81 – PR7: 
OCL10/KL9

Lipopolysaccharide lpsB, lpxA, lpxB, lpxC, lpxD, lpxL, lpxM

Penicillin-Binding Protein G pbpG

Secretion systems
Type II secretion system gspC, gspD, gspE1, gspE2, gspF, gspG, gspL, gspM, gspK, gspI, gspH, gspN

Type VI secretion system tssA, tssB, tssC, tssE, tssF, tssG, tssK, tssH, tssL, tssM, tagX

Exotoxins Phospholipases C and D plc1, plc2, plcD

Iron uptake Acinetobactins barA, barB, basA, basB, basC, basD, basF, basG, basH, basI, basJ, bauA, 
bauB, bauC, bauD, bauE, bauF, entE

Table 2. Virulence  associated genes identified in Acinetobacter baumannii isolates.

Analysis of the homology between strains of the international clone IC2 from 
Paraguay and Alexandria (Egypt)

Figure 2. Minimum spanning tree generated with Ridom SeqSphere+ based on a core genome of 2390 alleles using isolates 
from the National Hospital of Itaugua (Paraguay) and isolates from hospitals in Alexandria (Egypt). The isolates are coloured 
according to the Pasteur ST and grouped into the international clones to which they belong.

The presence of multiple resistance genes was demonstrated, including the carbapenemase genes blaOXA-65, blaOXA-66 and blaOXA-23 in all isolates. Plasmid analysis showed that all strains carried 
plasmids belonging to replicase groups GR2, GR4 and GR19. Additionally, a large number of virulence genes were detected and most of which stimulate biofilm formation. The isolates were grouped 
into international clones, finding that most isolates belonged to IC2, an emerging clone in South America, and a single isolate pertaining to IC5, known as the Pan-American clone. This work describes 
for the first time the circulation of the emerging IC2 clone in Paraguay including a detailed analysis of the resistome, virulome and plasmidome in carbapenem-resistant A. baumannii strains.
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ST 
Oxford

β-lactamase 
genes Other resistance genes Plasmids 

(Kb) Replicon typing-PCR Replicases (Acinetobacter 
Plasmid Typing Database)

PR1

IC2 ST2

ST1816, 
ST195

blaOXA-66 arm(A), aph(6)-Id, aph(3´´)-Ib, 
msr(E), mph(E), tet(B) 10.4 GR2 (Aci1/Aci2), GR19 

(rep135040)

Rep_3 family protein R3-
T60

blaOXA-23
blaADC-73

PR2

blaOXA-66
arm(A), aph(6)-Id, aph(3´´)-Ib, 

msr(E), mph(E), sul1, cat(A)1, tet(B) 10.3 GR2 (Aci1/Aci2), GR19 
(rep135040)

blaOXA-23

blaADC-73

PR3

blaOXA-66
arm(A), aph(6)-Id, aph(3´´)-Ib, 

msr(E), mph(E), sul1, cat(A)1, tet(B) 10.4 GR2 (Aci1/Aci2), GR19 
(rep135040)

blaOXA-23

blaADC-73

PR4

ST872

blaOXA-66
arm(A), aph(6)-Id, aph(3´´)-Ib, 

msr(E), mph(E), sul1, cat(A)1, tet(B) 10.4 / 2.1 GR2 (Aci1/Aci2), GR19 
(rep135040)

blaOXA-23

blaADC-73

PR5

blaOXA-66
arm(A), aph(6)-Id, aph(3´´)-Ib, 

msr(E), mph(E), sul1, cat(A)1, tet(B) 10.3 / 2 GR2 (Aci1/Aci2), GR19 
(rep135040)

blaOXA-23

blaADC-73

PR6
blaOXA-66 aph(6)-Id, aph(3´´)-Ib,  sul1, cat(A)1, 

tet(B) 10.4 / 2.1 GR2 (Aci1/Aci2), GR19 
(rep135040) blaOXA-23־

blaADC-73

PR7 IC5 ST79 ST1283

blaOXA-65
aph(6)-Id, aph(3´´)-Ib, aadA1, 

aph(3´)-VIa, sul2, dfrA1
13.6 GR4 (Aci4), GR19 

(rep135040) blaOXA-23־
blaTEM-1A
blaADC-5

PR8 IC2 ST2 ST1816, 
ST195

blaOXA-66
arm(A), aph(6)-Id, aph(3´´)-Ib, 

msr(E), mph(E), sul1, cat(A)1, tet(B) 10.9 GR2 (Aci1/Aci2) Rep_3 family protein R3-
T60

blaOXA-23

blaADC-73

*In the isolated PR6 genes associated with csu pili have not been detected.
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