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Welcome foreword 
 
Dear delegates, 
 
It is with great pleasure that we welcome you to Murcia for the 15th International Conference 
of the European Chitin Society (EUCHIS 2026) hosted at the Centro Social Universitario of 
University of Murcia, Spain.  The previous edition, held in Siglufjörður in northern Iceland, 
marked the return of the EUCHS conferences after the pandemic´s hiatus, and it set a very 
high standard, not only in terms of scientific quality, excellent organization and social 
networking, but also thanks to the opportunity to visit the extraordinary location and the 
unforgettable experience to witness the beauty of the aurora borealis. We have taken the 
baton from Már Másson´s hand while fully aware of the challenge to keep the standards at 
highest.  
 
EUCHIS 2026 conference is the third after two preceding sister conferences over the last eight 
months. The Taiwan Society for Chitin and and Chitosan organised the 14th Asia Pacific Chitin 
and Chitosan Symposium in Taipei, closely followed by the 9th Iberoamerican Chitin 
Symposium/16th International Conference on Chitin and Chitosan, under the organisation of 
the Iberoamerican Chitin Society (SIAQ) in Hermosillo, northwest Mexico.  Both events were 
also of the highest standard in every respect. Chitin and chitosan conferences and their 
keystone role in being the sentinels of the science, discussion, networking, innovation and 
translation around the globe are back at full steam! 
 
We are extremely happy to welcome in Murcia around 139 delegates from almost 24 
countries, circumscribed not only to Europe but also from Asia, Latin America and Africa. 
During the conference, we will listen to a total of three plenary, eight invited, one 
distinguished and the lecture by the recipient of the Braconnot Prize 2026 awarded by the 
European Chitin Society to the best PhD thesis defended during the last three years, and 19 
oral and 78 poster contributions. All the oral presentations will all be held in single sessions 
in the Auditorium, and the posters will be presented in the adjacent Posters and Exhibition 
Hall and will remain displayed throughout the entire conference. Two >1 hour sessions will 
allow to visit and discuss with the poster presenting authors. We trust that this set-up will 
foster interaction and propitiate that all delegates learn about the progress of the field in 
ŀǊŜŀǎ ǿƘƛŎƘ Ƴŀȅ ƴƻǘ ŀƭǿŀȅǎ ōŜ ƛƴ ƻǳǊ άŎƻƳŦƻǊǘ ȊƻƴŜέΦ  ²Ŝ ŀǊŜ ŀǿŀǊŜ ǘƘŀǘ ŘŜŎƛŘƛƴƎ ƻƴ ǘƘƛǎ 
modality for oral presentations has entailed to sacrifice on the total number talks that we 
could accommodate in the programme. Despite the tough task of having to triage on the 
papers selected for oral talks, we trust that we have managed to accommodate the 
preferences of most delegates. 
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Our conference logo was designed by Make It Studio a team of highly talented young women 
designers. The logo seeks to represent the spirit of the conference: network connectivity and 
percolation of ideas and collaborations, as in a most perfect chitosan hydrogel! The design 
and management of the website and materials is the result of the pristine work of Glows. And 
the team of our Secretariat, Viajar Murcia, have been the lead and instrumental in the 
organisation of the conference throughout the past year. It has been a pleasure to work with 
each of you.  
 
We are extremely grateful to our sponsors who have generously contributed to the EUCHIS 
2026 Conference. To the University of Murcia for their support to host the conference at 
Centro Social Universitario. To Fundación Séneca of Región de Murcia and to Mizutani 
Foundation for Glycosciences (Japan) for their generous conference grants. To the CodeChi 
network (DFG, Germany) for organising and sponsoring the CodeChi Exhibition and Young 
Researchers Symposium satellite events.  We are ever so grateful to Heppe Medical Chitosan 
GmbH for their generosity and once again, in sponsoring the lanyards, badges and pens, and 
for accepting to exhibit their chitosan products and new developments of their portfolio. Our 
thanks also to Proquilab and Levauto and Fundacion Humana.  We cannot be grateful enough 
to all of them for their support to the event. 
 
We would like to warmly thank the members of the organising committee, the international 
advisory board for their dedication in peer reviewing the submitted abstracts, the European 
Chitin Society and its board for its continued support, the Chairpersons of the oral 
presentations sessions, the poster judges for their valuable and hard work. Our administration 
and support staff at the University (Mr. Ángel Fernández) and the colleagues of Centro Social 
Universitario for their always helpful and accommodating help. Last but not least, our massive 
thanks go to our team of volunteers and students for their support in the smooth running and 
success of the conference. 
 
The satellite CodeChi Exhibition event will start soon after the closure of the conference. It 
will comprise four invited talks given by leading chitosan experts working in Germany. This 
will also include a Women in Science round table that will address the perspective of women 
scientists at varying stages of their careers. Also, on Thursday 14th May, we will have the 
Young Researchers Symposium that will comprise 19 oral presentations and two poster 
sessions. Both satellite events are expected to enrich manyfold the science and networking 
opportunities of the conference.  
 
 
 
 
 
 
 
 
 

https://makeitstudio.myportfolio.com/work
mailto:contacto@glows.mx).
https://businesstravelmurcia.com/
http://www.um.es/
https://fseneca.es/
https://www.mizutanifdn.or.jp/
https://www.mizutanifdn.or.jp/
http://www.codechi.de/
http://www.medicalchitosan/
http://www.medicalchitosan/
http://www.proquilab.net/
http://www.euchis.org/
http://www.euchis.org/
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On behalf of EUCHIS and the Organising Committee, we are looking forward to welcome you 
all in Murcia and to altogether making of the conference a total success and a memorable get 
together!! 
 
¡¡Bienvenidos sean todos a Murcia!! 
  
 
 
 
  
Francisco M. Goycoolea   Mar Collado González María Ángeles Esteban Abad 
 
 
 
 
Laruent David   Ángeles Heras Caballero 

 
General Information 
 
Registration. We will start registration at the venue, Centro Social Universitario, on Monday 
11th from 8:00 h and the Registration Desk will remain open throughout the day.    
 
Transport. From airports. If you arrive by plane in Alicante Airport. There is a regular non-stop 
bus service run by ALSA (https://www.alsa.com/en) from the Departures car park bus stop at 
Alicante airport to Murcia Bus station, with departure times (on Sunday 10th May): 11:15, 
12:15, 13:15, 16:15, 17:15, 19:15 and 20:45 h. For other days, please check times at ALSA 
website above. The journey takes 55 min. Upon arrival at Murcia bus station, there are taxis 
that can take you to your hotel.  
To find ALSA bus stop, upon arrival in Alicante airport, as you come out from the arrivals gate 
(Level -1), go up two stories to the Departures level, then exit the terminal and walk right to 
the last bus stop of ALSA. The ticket must be bought in advance (from 6,45 Euro single), either 
from the website above of from a member of ALSA staff who usually stay in the nearby of the 
bus stop (NB: it is not possible to purchase the tickets from the bus driver).  
If arriving at Aeropuerto Internacional Región de Murcia (Corverá), note that there is no public 
bus service to Murcia city available on Sunday. For other days, please check timetable in 
Google Maps. 
 
 
 
 
 

https://www.alsa.com/en
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By train. If arriving by train at Murcia Del Carmen station, there are taxis that can take you to 
your hotel.  
Shuttle bus service from hotels to conference venue. A daily shuttle bus will run from the 
conference hotels to the Centro Social Universitario (conference venue). The route will be:  
IƻǘŜƭ {ŀƴǘƻǎ bŜƭǾŀ Ҧ !/ aǳǊŎƛŀ Ҧ ¢ǊŀǾŜƭƻŘƎŜ Ҧ ŎƻƴŦŜǊŜƴŎŜ ǾŜƴǳŜΦ tƭŜŀǎŜ ǎŜŜ ǘƘŜ 
departures timetable below. 
 

Departing from Monday 11th May Tuesday 12th May Wednesday 14th May 

Hotel Santos Nelva 7:15 8:00 8:15 
Hotel AC Murcia 7:30 8:15 8:30 

Hotel Travelodge 7:40 8:25 8:40 

 
Importantly, there will be no bus service to return to the hotels at the end of the day´s 
activities.   
Public tram service. There is a public city tram service (https://tranviademurcia.es/) (Line 1), 
ǘƘŀǘ Ǌǳƴǎ ƻƴ ŀ Řŀƛƭȅ ōŀǎƛǎ ŦǊƻƳ сΥлл Ƙ ŦǊƻƳ ǘƘŜ ǘƻǿƴ ŎŜƴǘǊŜ όάtƭŀȊŀ /ƛǊŎǳƭŀǊέ ǎǘƻǇύ ǘƻ ά/ŜƴǘǊƻ 
{ƻŎƛŀƭ ¦ƴƛǾŜǊǎƛǘŀǊƛƻέ ǎǘƻǇΣ ǿƘƛŎƘ ƛǎ ŎŀΦ орл Ƴ ŀǿŀȅ ŦǊƻƳ ǘƘŜ ŎƻƴŦŜǊŜƴŎŜ ǾŜƴǳŜ ŀǘ ¦ƴƛǾŜǊǎƛŘŀŘ 
de Murcia (campus de Espinardo). The journey from Plaza Circular stop to the venue takes ca. 
40 min. Both Hotel AC Murcia and Travelodge hotels are located in Av. Juan Carlos I along the 
ǘƘŜ ǘǊŀƳ ƭƛƴŜΦ /ƭƻǎŜǎǘ ǘǊŀƳ ǎǘƻǇ ǘƻ IƻǘŜƭ !/ aǳǊŎƛŀ ƛǎ ά{ŜƴŘŀ ŘŜ DǊŀƴŀŘŀέ ŀƴŘ ǘƻ IƻǘŜƭ 
¢ǊŀǾŜƭƻŘƎŜ ƘƻǘŜƭ ƛǎ ά9ƭ tǳƴǘŀƭέΦ CǊƻƳ IƻǘŜƭ bŜƭǾŀ ǘƻ άtƭŀȊŀ /ƛǊŎǳƭŀǊέ ƛǎ ŀ мл Ƴƛƴ ǿŀƭƪΦ tƭŜŀǎŜ 
check Google Maps.  
²Ŝ ǎǘǊƻƴƎƭȅ ŀŘǾƛŎŜ ǘƻ ǇǳǊŎƘŀǎŜ ǘƘŜ ά.ƻƴƻ aǳǊŎƛŀέ ŎŀǊŘ ŀǘ ǘƘŜ ǘǊŀƳ ǎǘƻǇ ƳŀŎƘƛƴŜΣ  ŀ Ŏƻǎǘ ƻŦ 
1 Euro plus charging 5 Euro (minimum allowed). This entails a 40% discount on the cost per 
jorney, working out at 0.42 Euro (!). The card can be shared by more than one user, though 
each journey per user must be validated upon entering the tram.   
If traveling by car to the conference venue, please note that the carpark at Centro Social 
Universitario is restricted to University of Murcia members of staff and students. Hence, 
visitors cars must be parked in the vicinity in free parking zones which are easily available.  
 
Conference Office. There will be a dedicated room (Room 4) for the conference office. A 
computer will be made available on-site to hand in and check presentations .  
 
Oral presentations. The scientific program will include three 40-minutes plenary lectures, 
eight 25-minutes invited, one 20-minutes distinguished, the 20-minutes lecture by the 
recipient of the Braconnot Prize 2026, and 18 oral contributions each lasting 15 minutes. On 
each, speakers should allow 3-5 min for discussion within the allocated time. Speakers must 
hand in the copy of their electronic presentations ahead of their session to the organisers or 
at the Conference Office.  
 
 
 
 
 
 

https://tranviademurcia.es/


 

 Φ 

 
 
 
 
Posters. The maximum poster size is 90 cm × 70 cm. Please note that this is a custom size 
rather than a standard DIN A format. Posters in smaller standard formats are also welcome. 
Please also note that posters should be prepared in vertical orientation. Apart from these 
specifications, there are no further requirements regarding the poster format. However, 
including a photograph of the presenter would be a good idea, as it may help interested 
attendees identify the poster author more easily. Presenters are expected to stand by their 
posters during the Poster sessions. The best three posters will be awarded, and the evaluation 
will include a brief discussion of the poster judges with the presenter. Poster set-up is on 
Monday, 11th May from 8:00 h. A number code has been assigned to each abstract, 
corresponding to a labelled poster panel (see the corresponding abstract page or ask our team 
for your number). All posters will be displayed throughout the whole congress. 
 
1:1 Networking. We have set up a digital board (Padlet) to enable delegates to upload a brief 
profile and a photo (optionally) that propitiate visibility of all delegates. If you are interested 
in meeting with any other delegate during the Conference´s coffee and lunch breaks or any 
ƻǘƘŜǊ ǘƛƳŜǎΣ ǇƭŜŀǎŜ ŀŘŘ ŀ ŎƻƳƳŜƴǘ ƻƴ ǘƘŜ ŘŜƭŜƎŀǘŜΩǎ ǇǊƻŦƛƭŜ ȅƻǳ ǿŀƴǘ ǘƻ ƳŜŜǘ ǿƛǘƘΣ ŀƴŘ 
convene a convenient time to discuss. Besides, on Wednesday 13th, there will also be a "1 to 
1 Networking" session to enable Industry-Academy discussions. If you are interested in a 
meeting of this sort, there will be an Excel sheet where you can express your interest and pre-
book a 5 min time slot. The final appointments calendar will be made available ahead of the 
1:1 Networking session. 
Link to the networking board: 
https://padlet.com/prcfmg/euchis2026 
 
Drinking water. We have tried to be as sustainable as possible and reduce on the 
environmental impact of the conference materials. We hope that you all enjoy your reusable 
drinking water bottles and keep you hydrated while in Murcia and as a good companion and 
souvenir for the warm days ahead. There will be three water refilling stations at the 
Auditorium entrance and around the Posters and Exhibition area.  
 
Coffee breaks and lunches. Coffee and lunch will be served to registered EUCHIS 2026 
participants during the designated time slots for each. Both will be served at Ágora, an 
outdoor space adjacent to the Auditorium. Please make sure to wear your badge. 
 
Conference photo. The photo will be taken on Level 0 of the venue´s building before the main 
staircase on Monday 11th at 16:05 h. After the last talk, proceed immediately to the photo´s 
site, and bring your happiest smile with you! J   
 
 
 
 
 
 

https://padlet.com/prcfmg/euchis2026
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CodeChi Exhibition. The satellite CodeChi exhibition event will take place on Wednesday 13th  
May straight after the closing ceremony of EUCHIS 2026 conference, in Room 1 located at the  
back of the main Auditorium. The coffee break will take place at Level 1 of Centro Social 
Universitario in a designated area next to the main canteen.  
 
Young Researchers Symposium (YRS). It  will be held in Meeting  Room 1 located at the back 
of the main Auditorium and will include one single session for oral presentations. All doctoral 
and young post-doctoral researchers are invited to listen to 19 selected oral presentations 15 
minutes (10 + 5 min discussion) and discuss with the young researchers about their work. The 
coffee breaks and lunch will take place at the Level 1 of Centro Social in the main canteen. 
 
WiFi. The access credentials (see below) free to all participants at venue will be displayed at 
the registration desk. The University of Murcia uses also EDUROAM WiFi network shared by 
many other EU universities.  
SSID: um-EUCHIS 
Clave: 26@d4.fJr$20 
 
Gala Dinner. The dinner will be held at Real Casino de Murcia, an emblematic building located 
at the heart of the historic town centre. The dinner will be preceded by a guided tour of the 
building. The gala dinner is included in the registration to the Conference. An informal after-
dinner party is getting organised by our students and volunteers. Watch out for further news.  
 
Special diet requirements. Please make sure to have indicated during registration any special 
food requirements and intolerance/allergies. In all the meal menus, we have made a provision 
for vegetarians and special diet requirements, as indicated upon registration.  
 
Excursion and dinner to winery in Jumilla. The bus will depart from the conference venue on 
Monday 11th at 17:30 h. The visit to the winery will include a wine tasting and dinner. The bus 
will return to Murcia (at ca. 11 PM). If not joining the excursion, you may enjoy the local 
gastronomy of Murcia with plenty of options for dinning in town. Two smartphone Apps 
:unBlock and Tu Murcia, manage useful and updated information about Murcia cultural, 
gastronomy and shopping information.  
 
Weather forecast. The forecast during the conference cannot be better 
(https://www.eltiempo.es/espinardo.html) with lowest and highest temperatures of 15 and 
27 °C, respectively. The warm jackets can remain happily at home! J 
 
Running. Murcia is a flat city, fantastic for an early-morning or evening roll in the city avenues 
ƻǊ ƎƻƛƴƎ ǳǇ ǘƻ /ŀƳǇǳǎ ŘŜ 9ǎǇƛƴŀǊŘƻ ŀƴŘ ƛǘǎ ƎǊŜŜƴ ōŜƭǘΦ {ƻ ŘƻƴΩǘ ƘŜǎƛǘŀǘŜ ǘƻ ǇŀŎƪ your running 
shoes and gear if you wish to release stress from the all-day sitting listening to amazing 
chitin/chitosan talks! 
 
 

https://realcasinomurcia.com/
https://www.eltiempo.es/espinardo.html
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Poster Contributions 

PC1 
Abstract ID: 1 

Decoding interactions of mucin with chitosan oligomers and chitosans with varying 
patttern of acetylation 
Francisco Goycoolea 
fmartin.goycoolea@um.es 

PC2 
Abstract ID: 2 

Physically- and covalently-crosslinked chitosan scaffolds for potential application in fish 
skin wound healing 
Teresa Martínez Rubio 
mt.martinezrubio@um.es 

PC3 
Abstract ID: 3 

Chitosan as stabilizing agent for nanocarriers 
Mar Collado-González 
mdmcg1@um.es 

PC4 
Abstract ID: 5 

Functional Chitosan-based Colloidal Gels 
Andrij Pich 
pich@dwi.rwth-aachen.de 

PC5 
Abstract ID: 7 

Chitin/soy protein sponges for water remediation 
Pedro Guerrero 
perdro.guerrero@gmail.com 

PC6 
Abstract ID: 8 

From pests to polymers: chitosan from forest insects collected during forest protection 
activities 
Eugeniusz Swistun 
eswistun@agh.edu.pl 

PC7 
Abstract ID: 9 

Characterization of Polyampholyte Chitosan Hydrogels for Peptide Loading and Sustained 
Release 
Jordyn Ann Howard 
jordynann11@gmail.com 

 
 
 
 
 
 
 

mailto:fmartin.goycoolea@um.es
mailto:mt.martinezrubio@um.es
mailto:mdmcg1@um.es
mailto:pich@dwi.rwth-aachen.de
mailto:perdro.guerrero@gmail.com
mailto:eswistun@agh.edu.pl
mailto:jordynann11@gmail.com
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PC8 
Abstract ID: 13 

Chitin nanomaterials applied as a Pickering emulsion stabilizer 
Min-Lang Tsai 
tsai5122@gmail.com 

PC9 
Abstract ID: 14 

Structural Determinants of Chitosan Oligomers Govern Specificity Receptor-Mediated 
Plant Immune Activation 
Soofia Khanahmadi 
khanahmadi@em.uni-frankfurt.de 

PC10 
Abstract ID: 15 

Synthesis of Chitosan-Based Microgels as Tunable Carriers for RNA Delivery in Plants 
Maria Bender 
bender@dwi.rwth-aachen.de 

PC11 
Abstract ID: 16 

Amphiphilic ChitosanςCorticosteroid Conjugates: Self-Assembled Nanocarriers with 
Tunable Drug Release for Local Anti-Inflammatory Therapy 
Natallia Dubashynskaya 
dubashinskaya@gmail.com 

PC12 
Abstract ID: 17 

CHITIN AND CHITOSAN: TRENDS IN ECOFRIENDLY PACKAGING SOLUTIONS FROM A PILOT-
SCALE POINT OF VIEW 
VALENTINA ORLANDI 
vorlandi@aimplas.es 

PC13 
Abstract ID: 21 

Insights into chitosan metabolism: deciphering the functional roles of fungal chitosanases 
Carolina Escobar 
carolina.escobar_rodriguez@hcw.ac.at 

PC14 
Abstract ID: 23 

Chitinase 3 like 1 coordinates chitin sensing by the innate immune system 
Alexandra Großdorf 
alex.grossdorf@icloud.com 

PC15 
Abstract ID: 24 

DEAE-Modified ChitosanςLiposome Hybrids for Plasmid DNA Delivery in Aquaculture 
Vaccination 
Anastasia Zubareva 
zubarevaaa@gmail.com 

 
 
 
 
 
 

mailto:tsai5122@gmail.com
mailto:khanahmadi@em.uni-frankfurt.de
mailto:bender@dwi.rwth-aachen.de
mailto:dubashinskaya@gmail.com
mailto:vorlandi@aimplas.es
mailto:carolina.escobar_rodriguez@hcw.ac.at
mailto:alex.grossdorf@icloud.com
mailto:zubarevaaa@gmail.com
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PC16 
Abstract ID: 25 

The role of chitosan in the intracellular survival and escape of Cryptococcus neoformans in 
monocytes 
Sina Nabil 
s.nabil@uke.de 

PC17 
Abstract ID: 26 

High-efficiency chitin production from shrimp shells via Bacillus-assisted deproteinization 
and citric acid demineralization 
Anthony Wang 
d00623003@gmail.com 

PC18 
Abstract ID: 27 

Reactive extrusion as an intensified route for chitin extraction and chitosan production 
from Tenebrio molitor 
Giacomo Marra 
gmarra@aimplas.es 
PC19 
Abstract ID: 30 

Chitosan based nanoemulsions as sustainable and safe strategy for the control of citrus 
canker 
Jaiber H. R. Llanos 
jaiber@unicamp.br 
PC20 
Abstract ID: 31 

The Bonding Behaviour of Chitosan Interpolyelectrolyte Complexes on Dissimilar 
Substrates 
Paul Marten 
marten@ibac.rwth-aachen.de 
PC21 
Abstract ID: 32 

The Versatility of Chitosan Itaconate in Combination with lignocellulosic Materials 
Nils Münstermann 
muenstermann@ibac.rwth-aachen.de 
PC22 
Abstract ID: 33 

Comparative Assessment of Conventional and DESȤBased Chitin Extraction from Marine 
Crustacean Waste 
Leyre Sillero 
leyre.sillero@ehu.eus 

 
 
 
 
 
 
 

mailto:s.nabil@uke.de
mailto:d00623003@gmail.com
mailto:gmarra@aimplas.es
mailto:jaiber@unicamp.br
mailto:marten@ibac.rwth-aachen.de
mailto:muenstermann@ibac.rwth-aachen.de
mailto:leyre.sillero@ehu.eus


 

 ΞΝ 

 
 
 
PC23 
Abstract ID: 34 

Hexyl gallateςloaded O-carboxymethyl chitosan microgels for sustainable citriculture 
Sonia García Embid 
garcia-embid@dwi.rwth-aachen.de 

PC24 
Abstract ID: 35 

Microfluidic preparation of chitosan nanoparticles with either negative or positive surface 
charge 
Jana Mounzer 
jana.mounzer@univ-lyon1.fr 

PC25 
Abstract ID: 36 

Development of chitosan-based matrices for pharmaceutical semi-solid extrusion 3D 
printing 
Mathis Joly 
mathis.joly@enscm.fr 
PC26 
Abstract ID: 37 

Comparison of conventional and DES (deep eutectic solvents) methods for chitin 
extraction from various sources of seafood waste 
Luen Zidar 
luen.zidar@nib.si 

PC27 
Abstract ID: 38 

Development and assessment of a chitosan/polymer of -̡cyclodextrin hydrogel for 
viscosupplementation and drug delivery in osteoarthritis 
Henry Chijcheapaza-Flores 
henry.chijcheapaza@univ-lille.fr 

PC28 
Abstract ID: 39 

Chitosan-k-carrageenan-lysozyme nanoparticles (CS-CRG- /ˁLZ) induces morphological 
changes on the in vitro growth of Colletotrichum siamense 
Alma Carolina Gálvez Iriqui 
almac.galvezir@gmail.com 
PC29 
Abstract ID: 43 

A Green ClickςUnclick Strategy to Stabilize Antifungal Volatiles on Chitosan Particles via 
Reversible Imine Chemistry 
Ernest Simó 
e.simo.ramirez@csic.es 
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PC30 
Abstract ID: 44 

One-step coupling of aldehydes with primary amines in chitosan for the design of acid-
stable antifungal pH-responsive sponges 
Patricia Esteve Redondo 
pesteve@iata.csic.es 

PC31 
Abstract ID: 45 

In vivo modulation of high-aspect ratio chitin rods in Thalassiosira rotula 
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The Coming of Age of Chitosans 

Bruno Moerschbacher ORCID iD 
 

University of Münster, Institute for Plant Biology and Biotechnology, Münster, Germany 

Bruno Moerschbacher 
 

Are chitosans finally coming of age? It would seem so. But they have not always been easy 
during their adolescence. Youngsters often tend to brag. There is no problem in the world to 
which chitosan is not the answer. With age and long years of diligent work comes modesty. 
The more we know, the less we understand. The more answers we find, the more questions 
we raise. Over the past forty years, in national and international projects, with students and 
colleagues from around the world, I have been privileged to keep wondering about this 
fascinating family of functional biopolymers. We have been interested in molecular structure-
function relationships and started investigating cellular modes of action. We have improved 
analytical tools to reveal chitosan structures, and bioassays to quantify their bioactivities. We 
have developed biotechnological strategies to enzymatically fine-tune both structures and 
functions of chitosans. We have gone from first generation 1G-chitosan to second and then 
third generation 2G- and 3G-chitosans, and we are dreaming of 4G, the next generation, 
always the next. In my talk, I will try to follow these lines, draw the picture of what we have 
achieved in the past, but aiming to focus on some of the many open questions which may 
point to the future of chitosans. They certainly cannot save the world single-handedly. But 
can they add their modest contribution? It would seem so. 
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Lytic polysaccharide monooxygenases (LPMOs) - from fundamental insights 
to application in chitin valorization 

Vincent Eijsink ORCID iD 
 

NMBU - Norwegian University of Life Sciences, Ås, Norway 

Vincent Eijsink 
 

Enzymatic valorization of chitin may be achieved by using one or more members of the wide 
arsenal of enzymes that Nature has evolved to modify and degrade chitin. These enzymes 
include well known hydrolytic enzymes such as chitinases, with varying modes of action on 
insoluble chitin, chitosanases acting on partially deacetylated soluble chitin (chitosan), chitin 
deacetylases, and N-acetylhexosaminidases that remove single sugars from soluble chito-
oligosaccharides (CHOS). In addition, efficient enzymatic conversion of chitin requires the 
action of lytic polysaccharide monooxygenases (LPMOs), which are widespread monocopper 
enzymes that catalyze oxidative cleavage of chitin yielding oxidized oligomeric products [1,2]. 
In this presentation, I will first discuss the status of the LPMO field, focusing on the 
fundamentals of LPMO catalysis [1], recent discoveries regarding known and novel roles of 
chitin-active LPMOs [3,4], challenges related to LPMO stability and process optimization [1,5-
7], and the interplay between LPMOs and chitinases [8]. I will then turn to how enzyme 
technology may be used to extract chitin from biomass [9] and to convert chitin into valuable 
products, in particular longer CHOS with interesting bioactivities [2,10]. 
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The performance of membranes prepared with chitin or chitosan for water 
remediation 

Koro de la Caba ORCID iD 
 

University of the Basque Country, Donostia, Spain 

 

This work is focused on the design of bio-based membranes to capture pollutants (heavy 
metals) from water. This requires the manufacture of porous membranes able to trap 
cationic, neutral, and anionic species through a combination of adsorption mechanisms. The 
development of these membranes requires a strategy that considers the design of 
composites, featuring interconnected micro- to macro-porous structures and, at the same 
time, exhibiting mechanical robustness. In this context, porous membranes have been 
prepared with chitin or chitosan, together with proteins, to promote protein-polysaccharide 
interactions that provide the membranes with suitable physicochemical, morphological and 
mechanical properties for water remediation. 
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The quantitative molecular weight-antimicrobial activity relationship for 
chitosan 

Már Másson ORCID iD 
 

Universtiy of Iceland, Faculty of Pharmaceutical Sciences, Reykjavik, Iceland 
 

 
Már Másson 
 
While the molecular weight (Mw) of chitosan significantly influences antimicrobial activity, 
the precise relationship between molecular weight and this activity remains unclear. 

This study aimed to investigate whether the literature data can be fitted to a QSAR equation 
describing the relationship between antimicrobial activity and molecular weight. 

Drawing inspiration from Kubiniy's bilinear quantitative structure-activity relationship 
equations [1], we formulated a bilinear equation to elucidate the molecular weight-
antimicrobial activity association for chitosan and its derivatives. 

To encapsulate the bilinear relationship between molecular weight and activity based on the 
measured minimum inhibitory concentration (MIC) of the polymer, we introduced Equation 
1: 

 
The shape of the graph described by the equation is governed by three constants. The CMW 
is the critical molecular weight for maximum activity. Amax (MICmin) represents antimicrobial 
activity when Mw>CMW, and Amin (MICmax) is the projected activity as Mw approaches zero. 
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Twenty-nine datasets from studies published between 1984 to 2019, providing MIC values for 
chitosan and its derivatives relative to MW, were used for the analysis. We used KaleidaGraph 
for least-squares fitting, yielding excellent agreement with the equations across datasets 
(Example shown in Figure 1 [2]). For datasets with suitable fits and at least three values on 
either side of CMW, CMW values ranged from 4 to 10 KD. 

The study reported  datasets on chitosan and its derivatives and found that they could be 
fitted to a bilinear relationship between molecular weight and antimicrobial activity. This type 
of relationship may exist for other biological properties of chitosan and may also apply to 
other polysaccharides. 

Acknowledgment: Icelandic Technical Development Fund (Rannis Grant: 2112860-0611 ) 
 

[1] Kubiny. J. Med. Chem. 1977, 20, 625  
[2] M. Masson, Carbohyd. Polym. 2024. 337, 122159 
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The role of Codec in structural and functional organization of the peritrophic 
matrix 

Hans Merzendorfer ORCID iD 
 

University of Siegen, Siegen, Germany 
 

 
Hans Merzendorfer 
 
Chitins and chitosans are among the most abundant and versatile biopolymers in nature 
found in numerous taxonomic groups. In insects, they form the structural basis of diverse 
biomaterials with an exceptional range of physicochemical and mechanical properties, 
ranging from soft, lightweight or hard cuticles to elastic arthrodial membranes and hydrogel-
like peritrophic matrices. Importantly, these material properties are determined less by 
chitins and chitosans themselves than by their interactions with other extracellular matrix 
components, such as cuticular or peritrophic matrix proteins. But how is this process 
controlled? A growing body of evidence indicates that chitin and chitosans encode biologically 
ǊŜƭŜǾŀƴǘ ƛƴŦƻǊƳŀǘƛƻƴΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ ǇƻƭȅƳŜǊǎΩ Ƴƻlecular fine structure, which is 
determined by the degree of polymerization as well as the degree and pattern of acetylation, 
carries this information and plays a decisive role in shaping the physicochemical and biological 
properties of the resulting extracellular matrices. To decipher how this fine-structural 
information-bearing code (termed Codec) is translated into materials with distinct properties, 
we focus on the peritrophic matrix (PM) of the insect midgut, which is essential to maintain 
the epithelial barrier function. Disruption of this barrier results in intestinal inflammation due 
to the activation of innate immune-signaling pathways. The PM is made of chitin fibrils that 
are organized by interacting with various peritrophic matrix proteins (PMP) with different 
numbers and types of chitin-binding domains (CBD). Notably, the PM differs in PMP 
composition and permeability between the anterior, median or posterior regions. RNAi-
mediated knock-down of genes encoding gut-specific chitin deacetylases further increases 
the degree of acetylation of chitin in the PM. Moreover, homology modeling of CBD 3D-
structures indicates that they differ in their amino acid residues at positions that are crucial 
for polymer binding. Using genetic and biochemical approaches, we explore the structure-
function relationships to understand how Codec translates into materials with distinct 
properties. 
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Chitosan-based injectable hydrogels: Thermoresponsive and self-healing 
properties 

Waldo M. Argüelles-Monal ORCID (his group, students and colleagues) 

Center for Research in Food and Development (CIAD), Hermosillo, Mexico 

Thermosensitive materials are those in which a change in temperature triggers a phase 
transition, which can result in a change in the properties of the system. In turn, injectable 
polymer hydrogels are those that can self-heal after undergoing a mechanical rupture. These 
types of materials exhibit viscoelastic and swelling properties that are highly useful for 
developing materials with biomedical and biotechnological applications. Here, we summarize 
the experience of our group in the derivatization of chitosan through the introduction of 
specific functional groups, as well as the grafting of polymers under conditions that allow for 
the control of the macromolecular architecture and, consequently, the properties of the 
system. To achieve this, key chemical tools have been employed, such as click chemistry 
reactions, including the Huisgen cycloaddition and the Diels-Alder reaction, among others.  
Important examples of these materials include the grafting of N-isopropylacrylamide, N-
ǾƛƴȅƭŎŀǇǊƻƭŀŎǘŀƳΣ ŀƴŘ ʲ-cyclodextrin chains onto chitosan, as well as the formation of 
hydrogels with furan derivatives and polyethylene glycol bis-maleimide chains. The kinetics 
of gelation and main thermoresponsive and self-healing properties of these materials were 
studied. The important structureςproperty relationship required for an adequate control of 
the behavior of these materials is highlighted. 
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Property Control and Functional Expression of Partially Deacetylated 
Nanochitin with Various Organic Acid Counter Ions: Antibacterial Activity and 
Hydrogel Formation 

Shinsuke Ifuku ORCID iD1, Hayate Nakamine2, Masaaki Akamatsu ORCID iD1 
1Kyoto University, Kyoto, Japan. 2Tottori University, Tottori, Japan 
 

 
Shinsuke Ifuku 

Cationic partially deacetylated nanochitin exhibits physicochemical properties and 
nanofibrillation efficiency that depend on the nature of its counter ions. In this study, we 
systematically investigated the correlations between the type of organic acid used and 
various physicochemical parameters, with the aim of establishing rational guidelines for 
organic acid selection. Partially deacetylated nanochitin was prepared using thirteen 
carboxylic acid derivatives, including aromatic acids. The zeta potential of the resulting 
aqueous nanochitin dispersions strongly depended on the organic acid species, and a clear 
positive correlation was observed between the zeta potential and optical transmittance. In 
particular, aliphatic carboxylic acids provided relatively high dispersion stability. The 
nanofibrillation yield also correlated with the zeta potential, while aromatic carboxylic acids 
tended to suppress the mechanical disintegration of chitin due to intermolecular interactions. 
Accordingly, the morphology of the obtained nanofibers varied markedly depending on the 
organic acid employed. For example, nanochitin prepared using acetic acid exhibited a high 
nanofibrillation yield, with an average fiber diameter and length of approximately 3 nm and 
430 nm, respectively. In addition, acetate and benzoate forms of partially deacetylated 
nanochitin showed synergistically enhanced antibacterial activity against Escherichia coli and 
Staphylococcus aureus, attributable to the distinct antibacterial mechanisms of nanochitin 
and the corresponding organic acids. In contrast, nanochitin with acrylic acid as the counter 
ion underwent gelation via polymerization, forming a hydrogel through ionic crosslinking with 
the generated poly(acrylic acid). The compressive strength of the hydrogel could be tuned by 
adjusting the acrylic acid content, and both the crosslinked structure and mechanical 
properties responded to changes in pH. 
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Chitosan is a key Hub for controlling fungal development and crop immunity: 
stress can be good to you 

Luis V. Lopez-Llorca ORCID iD 
 

University of Alicante, Alicante, Spain 

 
Luis V. Lopez-Llorca 
 

Chitosan inhibits and kills fungal pathogens increasing intracellular reactive oxygen species 
(ROS) and permeabilising their high-fluidity plasma membrane (Lopez -Moya et al., 2019). 
Conversely, chitosan enhances some biocontrol fungi [FL1] with low fluidity membrane and ß-
1,3 glucan enriched cell wall. They adapt to chitosan stress by modifying membrane fluidity. 
Biocontrol fungi with chitosan inhibit colonization of banana roots by the wilt pathogen 
Fusarium oxysporum f sp. cubense TR4, which threatens fruit production worldwide. 
CROPSAFE, a Horizon CBE-JU project, tests fungal chitosan (Crognale et al., 2022) for 
sustainable plant pest management. Exogenously applied chitosan enhances conidiation and 
virulence (appressorium differentiation) of fungal parasites of invertebrates, such as 
Purpureocillium lilacinus. This fungus showed the highest chitosan promotion of conidiation 
(6,000% vs. control) of all fungal cultures tested (Palma et al., 2010). Chitosan coacervates 
reduce naturally occurring plant pathogenic fungi and increase Purpureocillium in field 
soil (Lopez-Nuñez et al., 2025). The nematophagous fungus Pochonia chlamydosporia (Pc) is 
also chitosan resistant. Pc synthesizes and degrades chitosan when infecting nematode (RKN) 
eggs Chitosan and RKN modifies the expression of Pc genes encoding glycoproteins, involved 
in ROS, carbohydrate, lipid metabolisms and transcription factors. Chitosan induces 
carbohydrate and protein hydrolases involved in egg-penetration. In the model fungus 
pathogen Magnaporthe oryzae, chitosan affects development by disrupting 
cytoskeleton/cell wall homeostasis (Lopez-Moya et al., 2021). Plants recognize Microbe 
Associated Molecular Patterns (MAMPs). Chitin is main a fungal MAMP. Pc avoids plant 
recognition by chitin deacetylation (CDAs) and shielding (LysM effectors), both expressed 
during root colonization. Pc produces mostly hydrocarbon VOCs, some repel insect and 
nematode pests. Chitosan modulates Pc VOCs production (Mestre-Tomas et al. 2023). VOCs 
are part of externally Induced Plant Resistance (plant recruitment of pest parasitoids and 
predators). Chitosan has, therefore, a key role in fungal development/pathogenicity and 
crop immunity 
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Chitosan Hydrogelation with Monoaldehydes: A Simple Route to 
Biomaterials with Tailored Properties 

Luminita Marin ORCID iD 
 

"Petru Poni" Institute of Macromolecular Chemistry, Iasi, Romania 
 

 
Luminita Marin 
 

ChitosanȤbased hydrogels represent an important class of biomaterials with applications in 
several fields of major relevance to society, including biomedicine, environmental protection, 
and agriculture. Traditional methods for chitosan hydrogelation, covalent crosslinking and 
physical crosslinking, often lead to biomaterials with inherent limitations, such as reduced 
biocompatibility or insufficient mechanical strength. 

Our group has demonstrated a new approach for chitosan hydrogelation using 
ƳƻƴƻŀƭŘŜƘȅŘŜǎΦ ¢Ƙƛǎ ǎǘǊŀǘŜƎȅ ǊŜƭƛŜǎ ƻƴ ǘƘŜ ƛƳƛƴŀǘƛƻƴ ƻŦ ŎƘƛǘƻǎŀƴΩǎ ŀƳƛƴŜ ƎǊƻǳǇǎΣ ŦƻƭƭƻǿŜŘ ōȅ 
the selfȤassembly of the newly formed imine units into ordered clusters that act as 
crosslinking nodes. A key requirement for successful hydrogel formation is maintaining 
system homogeneity, an especially challenging task when using hydrophobic aldehydes, given 
that chitosan is soluble only in aqueous media. By addressing this challenge, hydrogels could 
be obtained, whose properties correlate closely with the structure of the monoaldehyde 
used. 
Using this simple and versatile method, distinct chitosan hydrogels were prepared from 
aldehydes with diverse structural features. The hydrogelation mechanism was elucidated 
through a combined analysis of NMR, FTIR, XȤray diffraction and polarized optical microscopy 
data obtained from both the hydrogels and corresponding model compounds. The resulting 
biomaterials were characterized morphologically and rheologically, and their specific 
properties, such as antimicrobial and antioxidant activity, biocompatibility, and optical 
behavior were thoroughly evaluated. 

Overall, chitosan hydrogelation with monoaldehydes emerges as a powerful and accessible 
tool for designing hydrogels tailored to targeted applications, simply by selecting the 
appropriate aldehyde. 
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FROM CHITOSAN TO FOOD PACKAGING: THE ROLE AND PERSPECTIVES OF 
VARIOUS DEEP EUTECTIC SOLVENTS 

Magdalena Gierszewska ORCID iD1,2, Ewa Olewnik-Kruszkowska ORCID iD1,2, Ewelina 
Jakubowska ORCID iD1,3 

 
1bƛŎƻƭŀǳǎ /ƻǇŜǊƴƛŎǳǎ ¦ƴƛǾŜǊǎƛǘȅ ƛƴ ¢ƻǊǳƵΣ CŀŎǳƭǘȅ ƻŦ /ƘŜƳƛǎǘǊȅΣ ¢ƻǊǳƵΣ tƻƭŀƴŘΦ 2Nicolaus 
/ƻǇŜǊƴƛŎǳǎ ¦ƴƛǾŜǊǎƛǘȅ ƛƴ ¢ƻǊǳƵΣ LƴǎǘƛǘǳǘŜ ƻŦ !ŘǾŀƴŎŜŘ {ǘǳŘƛŜǎΣ ¢ƻǊǳƵΣ tƻƭŀƴŘΦ 3_ǳƪŀǎƛŜǿƛŎȊ 
Research Network ς Industrial Chemistry Institute, Warszawa, Poland 
 

 
Magdalena Gierszewska 

 
Chitosan is an attractive biopolymer for sustainable food-contact films because it is bio-based, 
film-forming, and inherently antimicrobial; however, its dense hydrogen-bond network 
typically yields brittle materials with limited extensibility. Deep eutectic solvents (DESs) offer 
ŀ ǇǊŀŎǘƛŎŀƭ ŀƴŘ ƳŜŎƘŀƴƛǎǘƛŎŀƭƭȅ ƎǊƻǳƴŘŜŘ ǊƻǳǘŜ ŦǊƻƳ άŎƘƛǘƻǎŀƴ ŦƛƭƳǎέ ǘƻ άŀŎǘƛǾŜ ǇŀŎƪŀƎƛƴƎέ ōȅ 
combining two functions in one formulation ingredient: (i) non-volatile plasticization of the 
polysaccharide matrix and (ii) green solubilization/extraction of plant-derived bioactive 
compounds. Beyond performance, DESs can simplify formulation and enable mild processing 
conditions compatible with thermosensitive phytochemicals. As plasticizers, DESs partially 
disrupt and reconfigure chitosanςchitosan interactions, increase chain mobility, and can 
substantially improve elongation at break and toughness while tuning stiffness and strength. 
Moreover, DES can extract phenolic-rich fractions and maintain them in a formulation-ready 
state. 
This dual role directly aligns with active-packaging needs (antioxidant/antimicrobial 
functionality plus adequate mechanical integrity), but it also introduces trade-offs: increased 
hydrophilicity may raise swelling, water-vapor transport, and the likelihood of overall/specific 
migration, especially under high-humidity. 
The concept of the presented work was to develop and comprehensively characterize 
chitosan films plasticized with hydrophilic DESs by varying the specific combinations of 
hydrogen-bond acceptors (HBAs) and hydrogen-bond donors (HBDs), as well as DES content. 
Particular attention was given to how DESs affected selected physicochemical properties (i.e. 
molecular structure, surface and thermal characteristics, mechanical performance, 
antioxidant activity, water vapor permeability). Overall, the results indicatŜ ǘƘŀǘ 59{Ωǎ 
plasticization efficiency is not universal but depends on the specific HBAςHBD combination. 
The elongation at break data (Figure 1) indicate a clear hierarchy in plasticization 
effectiveness driven primarily by the HBA identity: ChC>BET>Pro. This supports the concept 
that the accessibility and strength of the acceptor sites in the HBA govern how efficiently the 
DES acts. 
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Figure 1. Effect of various DESs on the elasticity of chitosan-based films. 
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The potential of chitosan coated liposomes for improving oral health 
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Dry mouth (xerostomia) is a prevalent yet frequently underdiagnosed condition. It commonly 
ŀǊƛǎŜǎ ǎŜŎƻƴŘŀǊȅ ǘƻ ǎȅǎǘŜƳƛŎ ŀƴŘ ŎƘǊƻƴƛŎ ŘƛǎƻǊŘŜǊǎ ǎǳŎƘ ŀǎ {ƧǀƎǊŜƴΩǎ ǎȅƴŘǊƻƳŜ ŀƴŘ ŘǳŜ ǘƻ 
radiotherapy targeting the head and neck region. In addition, xerostomia is a well-recognized 
adverse effect of a wide range of medications. Given the demographic shift towards an aging 
population, the incidence and impact of dry mouth are expected to increase substantially. 
Although xerostomia is not inherently life-threatening, it predisposes to painful and 
potentially serious complications, including mucosal lesions, fungal infections, dental caries, 
and dental erosion. 
Saliva is fundamental for maintaining oral health. Within saliva, micelle-like protein globules 
with diameters of approximately 50 nm to 1 µm contribute to the formation of the acquired 
enamel pellicle and provide lubrication within the oral cavity. Liposomes, which are spherical 
vesicles of comparable size, may serve as biomimetic salivary substitutes. Furthermore, 
coating liposomes with a suitable biopolymer can enhance their mucoadhesive properties, 
thereby prolonging their retention and therapeutic effect in the oral environment. 
In this study, negatively charged liposomes were prepared by the thin-film method and 
extruded 200 nm. The hydration medium consisted of 5 mM phosphate buffer pH 6.8, with 
or without glycerol. The liposomes were coated with 0.1 wt% chitosan. The resulting 
formulations were characterized with respect to particle size, polydispersity index (PDI), and 
zeta potential. Mucoadhesive properties were evaluated using mucus-producing HT29-MTX 
cells, cytotoxicity was assessed in oral keratinocytes, and lubricating properties were 
investigated by tribology. Water adsorption and desorption behavior was analyzed by 
dynamic vapour sorption (DVS). Finally, the chitosan-coated liposomes were formulated as a 
mouth spray. 
The findings indicate that chitosan-coated liposomes hold considerable potential for 
improving oral health. 
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Hide and seek: The fungal pathogen Cryptococcus neoformans uses chitosans 
to evade human immunity 
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Margareta J. Hellmann 
 
Fungal cell walls are complex structures composed of many biomolecules, including chitin. 
Because the latter cannot be synthesized by mammals, the human immune system exploits chitin 
as a pathogen-associated molecular pattern to recognize fungal pathogens. But the fungus 
Cryptococcus neoformans seems to have found a way to circumvent our chitin-triggered 
immunity: With the help of its four chitin deacetylases (CnCDAs 1-4), it converts its cell wall chitin 
into chitosans, possibly contributing to its high pathogenicity. 

To shed light on the molecular basis of this game of hide and seek, we performed a detailed 
in vitro characterization of CnCDA3 [1]. We found a preference for deacetylated units at 
subsite -1 and a tendency to produce random acetylation patterns. In addition, we present 
the first comprehensive analysis of the chitosan content, fraction of acetylation, and 
accessibility in various Cryptococcus strains, including chitin deacetylase mutants [2]. Certain 
chitin deacetylase knockouts and challenging growth conditions lead to higher cell wall 
acetylation and exposure, associated with stronger host immune responses. 

Together, our findings extent the current model describing the interplay of the CnCDAs and could 
facilitate the development of effective cell-based vaccines against cryptococcal infections. 
Moreover, the approach to use chitosans to circumvent host immunity is also applied by some 
fungal plant pathogens [3]. Hence, understanding this hide and seek strategy may also contribute 
to novel perspectives in plant protection. 

[1] Tchoub, E. et al. Chitin deacetylase 3 of Cryptococcus neoformans produces chitosans 
with low degree and random pattern of acetylation. under revision 
[2] Hellmann, M. J. et al. Acetylation and accessibility of Cryptococcus neoformans cell wall 
chitosans influence the strength of host immune responses. under revision 

[3] Student, M. et al. Chitins and chitosansςA tale of discovery and disguise, of attachment 
and attainment. Curr. Opin. Plant Biol. (2024).  
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pH as a Key Regulator of Chitosan/DNA Complexes Stability and Gene 
Delivery Efficiency 

Jesrael Luz Elena Nando Rodriguez1, Lizeth Montserrat Bravo Lozano1, Julien Rosselgong1, Pascal 
Loyer2, Marguerite Rinaudo3, Lourdes Monica Bravo Anaya1 

1Univ. Rennes, ISCR,CNRS, Campus de Beaulieu, Rennes, France. 2Univ. Rennes, INSERM, INRAE, 
Rennes, France. 3Univ. Grenoble Alpes, Grenoble, France 

Natural and synthetic polycations are commonly employed for DNA and RNA delivery because 
they can condense and protect nucleic acids, and facilitate their cellular uptake through the 
formation of polyelectrolyte complexes. While complex formation is well established, their 
stability under extracellular and intracellular conditions remains poorly explored in relation 
with the cell viability and gene expression. Chitosan, a biodegradable polysaccharide, is a 
promising gene delivery vector due to its tunable physicochemical characteristics (degree of 
acetylation, DA, and molecular weight, MW); however, its pKa (~6.5) makes its ionization 
highly pH-sensitive, strongly affecting the net charge of the complex, its stability and 
transfection efficiency under physiological conditions. In our recent work, we investigate the 
effect of pH on the colloidal stability of chitosan/peGFP-C3 complexes and their biological 
performance in HEK293T cells using three buffers (MES pH 6.5, HEPES pH 7.1 and PBS pH 7.4). 
We show that pH variations directly modulate both complex stability and biological activity. 
Mildly acidic conditions improve chitosan solubility and complexes stability but are not 
compatible with optimal cellular function. To address this limitation, we propose a two-step 
transfection strategy combining complex cell internalization under mildly acidic conditions 
(pH 6.5) with a subsequent pH increase (pH 7.1) to restore favorable cell growth conditions. 
This approach enhances transfection efficiency while preserving cell viability. Overall, our 
results highlight pH as a key parameter in balancing complex stability, cellular internalization, 
gene delivery efficiency and cell viability, and provide practical guidelines for optimizing 
chitosan-based gene delivery systems. 
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Low-Molecular-Weight ChitosanςPrednisolone Conjugates for Sustained Drug 
Delivery to the Inner Ear 
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Hearing loss remains a major global health challenge, with effective pharmacotherapy limited 
by poor drug transport across the bloodςlabyrinth barrier. Glucocorticoids, including 
prednisolone, are first-line treatments for acute inflammatory and traumatic inner ear 
disorders; however, systemic administration yields <0.001% cochlear bioavailability and is 
associated with systemic side effects. 

In this study, low-molecular-weight chitosan (15 kDa, degree of deacetylation 97%) was 
employed as a biodegradable carrier to develop a controlled cochlear delivery system. 
Prednisolone was covalently conjugated via a succinyl linker using carbodiimide-mediated 
coupling, yielding conjugates with 1.3ς3.5% drug substitution. The initial conjugates self-
assembled into nanoparticles in aqueous medium, exhibiting hydrodynamic diameters of 
560ς600 nm and z-potentials of +32 to +37 mV. Subsequent succinylation increased particle 
size to 700ς720 nm and reversed z-ǇƻǘŜƴǘƛŀƭ ǘƻ ҍно Ƴ±Φ 

In vitro release studies demonstrated sustained prednisolone release over 40 days at pH 7.4, 
with accelerated release at pH 5.2. The conjugates exhibited low cytotoxicity in human 
monocytic cells (>96% viability at 24 h) and suppressed TNF- ςhinduced activation, as 
evidenced by reduced CD54 expression. In vivo, cochlear-targeted delivery was evaluated in 
rats subjected to acute acoustic trauma (5 kHz, 120 dB sound pressure level, 2 h). The 
conjugates accelerated auditory recovery, with significant improvement by day 3 and greater 
restoration of otoacoustic emission amplitudes by day 7 compared with free prednisolone. 

Low-molecular-weight chitosanςprednisolone conjugates thus represent a promising 
platform for inner ear therapy, combining sustained release kinetics, biocompatibility, and 
enhanced therapeutic efficacy. 

Acknowledgments 
This research was supported by the Russian Science Foundation (grant no. 25-75-20013, 
https://rscf.ru/project/25-75-20013/). 
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Crustacean and Squid Chitosan Cause Changes in Rat Aorta Vascular Tone 
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Hemorrhage after trauma is a primary, often preventable, reason for death and surgical risks. 
Chitosan is used for haemostatic products because of its biocompatibility, low toxicity, and 
ability to form clots. The positive charge of chitosan explains its hemostatic properties. 
Despite a significant focus on blood interactions, researchers have not thoroughly studied 
how chitosan affects vascular tone, which critically determines blood loss. 

In this study, we investigated the vascular effects of low-molecular-weight chitosan products 
obtained from crustacean shells and squid pens. The samples were characterized using FTIR 
to verify chemical features, GPC to quantify molecular-weight distributions, and MALDI-TOF 
to assess oligomer profiles. To determine functional vascular effects, isolated rat aortic rings 
were mounted in an organ bath and exposed to chitosan under controlled conditions. The 
study assessed contractile and relaxant responses to determine if chitosan influences smooth 
muscle reactivity and endothelial signaling. 

Chitosan alone did not trigger vasoconstriction. However, pre-incubated chitosan amplified 
ŎƻƴǘǊŀŎǘƛƻƴǎ ŜǾƻƪŜŘ ōȅ ʰ-adrenergic agonists, including phenylephrine, and reduced 
acetylcholine-induced endothelium-dependent relaxation. These effects involve impairment 
of endothelial vasodilatory pathways together with an increase in smooth muscle calcium 
sensitivity, suggesting that chitosan amplified responsiveness to constrictor stimuli rather 
than acting as a direct vasoconstrictor. 

Both chitosan samples strengthened phenylephrine vasoconstriction, but the crustacean-
derived material produced the largest enhancement. The enhanced activity of crustacean 
chitosan, despite similar acetylation levels, derives from variations in molecular-weight 
distribution, the arrangement of acetyl groups on the polymer, and its overall shape. These 
results identify an under-recognized vasoactive contribution of chitosan that may synergize 
with its established haemostatic mechanisms. This finding aids the development of advanced 
haemostatic products and the design of smart vascular products with improved applications. 
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Chitosan based (bio)hybrid nanostructures 
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The results presented herein focus on the synthesis of novel polymeric nanomaterials of 
chitosan covalently functionalized by synthetic, water soluble, responsive and biocompatible 
or biorelevant polymers. Reversible Addition Fragmentation Chain Transfer (RAFT) 
polymerization process was chosen as the controlled radical polymerization technique to 
facilitate the attachment of functional synthetic polymer chains on chitosan chains, by 
grafting to synthetic schemes, creating hybrid synthetic-biological polymers of advanced 
functionality and properties [1]. Self- and co-assembly processes, adapting principles from 
synthetic polymers physical chemistry, provide self-organized nanoassemblies of the 
produced hybrid polymers. Detailed physicochemical studies in aqueous media allowing for 
gathering information on structure and formation routes of the designed nanostructures. 
Such nanoassemblies were evaluated as enzymes nanocarriers and modulators of their 
catalytic activity [2,3], as well as reducing agents/mediators for the in-situ synthesis of gold 
nanoparticles in aqueous copolymer solutions [4]. 
 
This work was supported by the Romanian National Authority for Research, by project HYBSAC, project number 
PNRR-III-C9-2022-I8-201, within the National Recovery and Resilience Plan. 
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The application of genipin as a superior natural and biocompatible crosslinker for chitosan 
hydrogels is hindered by its low aqueous solubility and hydrophobic aggregation, limiting 
crosslinking efficiency and increasing fabrication costs. This study proposes a micellar 
solubilization strategy using Tween 80 to construct a "micro-reservoir" system that regulates 
the physical dispersion of genipin in the aqueous phase. Dynamic light scattering (DLS) 
confirmed that Tween 80 effectively inhibited hydrophobic aggregation, dramatically 
reducing genipin particle size from micron-ǎŎŀƭŜ ŀƎƎǊŜƎŀǘŜǎ όϤоΦт ˃Ƴύ ǘƻ ǎǘŀōƭŜ ƴŀƴƻǎŎŀƭŜ 
micelles (~9 nm). This nanoscopic dispersion significantly enhanced the "reaction availability" 
of genipin towards chitosan amino groups by minimizing passive consumption in aggregates. 
Rheological and fluorescence kinetic analyses demonstrated that the micellar system 
accelerated the crosslinking kinetics, reducing the gelation time by ~45% (from 31.8 to 17.3 
min) and increasing the initial reaction rate by over 20-fold. Consequently, the resulting 
hydrogels exhibited superior properties, featuring a ~3-fold increase in compressive strength 
(from 8.7 to 25.4 kPa) and significantly enhanced dimensional stability (~1.6-fold higher mass 
retention) in phosphate-buffered saline. The study presents a biocompatible, all-aqueous 
strategy to overcome the solubility bottlenecks of hydrophobic natural crosslinkers, providing 
a proof-of-concept for fabrication of cost-effective and high-performance polysaccharide 
biomaterials.  
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Many conventional chitin-based materials require acid and base treatments to remove 
calcium carbonate and proteins from crustacean shells, which has a significant environmental 
impact. Another issue is that the removed calcium carbonate and proteins are discarded as 
waste products. Therefore, there is a need to establish material processing methods that 
simplify procedures while reducing both environmental impact and cost, even when using 
crustacean shells as raw materials. In this study, dried films were prepared using crustacean 
shells by combining dry ball milling, wet pulverization, and hot-pressing. The mechanical 
properties of the dried film, such as tensile strength, changed depending on the number of 
wet pulverization treatments. Electron microscopy observations of the dried film revealed 
that the microscopic structure changed depending on the number of wet pulverization 
treatments. The physical properties of the dried film using only chitin were compared using 
the same method. A dried film can be produced from crustacean shells through physical 
treatment, eliminating the need for acids or bases and avoiding waste. 
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The increasing global production of edible mushrooms generates substantial volumes of agro-
industrial residues rich in structural chitin. Fungal biomass has emerged as a promising 
alternative to crustacean-derived chitin due to its cultivability, reduced allergenic risk, and 
potential for sustainable valorization. 

In this study, two extraction routes were evaluated from Agaricus bisporus stipe waste: a 
conventional alkaline process and a greener aqueous-based alternative designed to reduce 
chemical intensity. Both routes were followed by deacetylation, yielding chitosan with 
degrees of deacetylation up to 86%. To assess techno-functional performance, films were 
prepared exclusively from the final deacetylated fractions of both extraction routes. 
Comparable mechanical properties, water vapor permeability, and hydrophobic behavior 
όŎƻƴǘŀŎǘ ŀƴƎƭŜ Ғ флϲύ ǿŜǊŜ ƻōǎŜǊǾŜŘΣ ŘŜƳƻƴǎǘǊŀǘƛƴƎ ǘƘŀǘ ǘƘŜ Ǝreener process did not 
compromise film functionality. 
Building on this validation, the greener aqueous route was selected as a structural platform 
for architectural investigation. Aerogels were fabricated from the different fractions derived 
from this route, including deacetylated samples, with apparent densities ranging from 0.05 to 
лΦру ƎϊŎƳѐшΦ ¢ƘŜƛǊ ǘƘǊŜŜ-dimensional architecture was examined using X-ray microscopy 
(XRM) combined with quantitative image analysis. Deacetylated fractions displayed reduced 
equivalent pore diameters (~224 µm) and higher wall fractions than non-deacetylated 
fractions (~275 µm), revealing a clear extraction-dependent hierarchical organization. 

These findings indicate that deacetylation induces polymer chain reorganization and 
enhanced intermolecular interactions, actively reshaping macroscopic architecture. While 
film performance remained comparable across routes, the greener aqueous strategy 
provided the most favorable balance among structural control, functional performance, and 
process sustainability, making it a suitable platform for the development of chitin/chitosan-
based materials. 
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Chitosan holds the promise of becoming an incredibly powerful biocontrol agent, a major 
actor in the transition from toxic to healthy agriculture. But this promise has not been fulfilled, 
ŦƻǊ ǊŜŀǎƻƴǎ ƪƴƻǿƴ ŀƴŘ ǳƴƪƴƻǿƴΦ !ƳƻƴƎ ǘƘŜ ŦƻǊƳŜǊ ƛǎ ǘƘŜ ŎƘƛǘƻǎŀƴΩǎ  physicochemical 
fragility, rapid degradation, variations in size and acetylation. But a mystery remains: the 
heterogeneity and lack of reproducibility of biological responses of plants, from one batch of 
chitosan to another. 
Novochizol is a unique chitosan cross-linking technology, wherein a single chitosan molecule 
becomes one nanoparticle in a robust, precise chemical reaction. The  technology is  simple, 
ŀƭƭƻǿƛƴƎ Ŧǳƭƭ ŎƻƴǘǊƻƭ ƻŦ ǘƘŜ ǇŀǊŀƳŜǘŜǊǎ ƭƛƪŜƭȅ ǘƻ ƛƳǇŀŎǘ ŎƘƛǘƻǎŀƴΩǎ ōƛological activities . More 
importantly, unlike all other methods of synthesis of chitosan nanoparticles,  the Novochizol 
reaction is eminently scalable, with reaction volumes smaller by two orders of 
magnitude.  Novochizol is an enabling technology, enabling the industrialization of many 
academic discoveries made with chitosan nanoparticles . 

We have been studying  Novochizol use in agriculture as a co-formulant of pesticides and as 
an active substance itself, alone and in combination with other chitosans and biocontrol 
agents. As a co-formulant, Novochizol enables significant dose reductions of copper (50%), 
sulfur (90%) and certain chemical pesticides (90%). In biocontrol, strong synergies have been 
observed with stilbenes, usnic acid and Trichoderma. 

! ǎǳǊǇǊƛǎƛƴƎ ǊŜǎǳƭǘ ǿŀǎ ƻōǘŀƛƴŜŘ ǿƛǘƘ άŎƘƛǘƻƳƛȄŜǎέΥ  combinations of Novochizol and various 
chitosans  in specific ratios. Depending on the ratios, synergetic biostimulant  effects were 
observed impacting either the foliar biomass or the  non-foliar biomass. Similarly, antifungal 
effects of chitomixes proved far superior to  that of  individual components. 
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Beyond practical applications, the capacity to easily transform any type of linear chitosan into 
a much more stable material and the finding that different chitomixes elicit different 
biological responses  may constitute an original approach to cracking the chitosan code for 
agriculture. 
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                 Anca Hermenean 
 
Chitosan is a bioactive polysaccharide extensively investigated for bone tissue engineering 
due to its biocompatibility, biodegradability, and ability to interact with the extracellular 
matrix (ECM). Elucidating the molecular mechanisms by which chitosan-based scaffolds 
regulate osteogenesis is essential for optimizing their regenerative performance. In this study, 
we analyzed three-dimensional chitosan scaffolds functionalized with graphene oxide (GO) to 
clarify the Runx2ςBMPςECM regulatory axis underlying chitosan-mediated osteogenesis. 
Porous chitosan/GO composites containing 0.5 and 3.0 wt.% GO were evaluated alongside 
non-functionalized chitosan scaffolds using in vitro and in vivo models. 

In vitro results demonstrated that chitosan scaffolds create a permissive microenvironment 
that supports early osteogenic commitment. GO functionalization further enhanced these 
effects in a concentration-dependent manner. Chitosan/GO scaffolds promoted BMP 
pathway activation and Runx2 transcriptional activity, resulting in increased alkaline 
phosphatase activity, improved cytoskeletal organization, and reinforced cellςmatrix 
interactions. These changes facilitated the transition from proliferative cells to osteogenically 
committed phenotypes. Sustained Runx2 activation subsequently drove ECM maturation, 
evidenced by enhanced calcium deposition, Alizarin Redςpositive mineralization, and 
upregulation of late osteogenic markers such as osteopontin and osteocalcin, highlighting the 
role of chitosan in coupling transcriptional regulation with matrix mineralization. 

The osteogenic potential of chitosan scaffolds was further validated in a critical-size mouse 
calvarial defect model. Chitosan-based scaffolds, particularly those containing 3.0 wt.% GO, 
induced early BMP and Runx2 expression at the implantation site, followed by organized ECM 
deposition and progressive bone maturation. Histological and ultrastructural analyses 
revealed increased vascularization, osteoblast infiltration, and integration of newly formed 
mineralized tissue with host bone. Collectively, these findings identify chitosan as an active, 
biologically instructive scaffold capable of directing osteogenic differentiation through the 
Runx2ςBMPς9/a ŀȄƛǎΦ Dh ŀŎǘǎ ŀǎ ŀ ǊŜƛƴŦƻǊŎƛƴƎ ƳƻŘǳƭŀǘƻǊ ǘƘŀǘ ŜƴƘŀƴŎŜǎ ŎƘƛǘƻǎŀƴΩǎ ƛƴǘǊƛƴǎƛŎ 
osteoinductive properties, supporting the development of growth factorςfree composite 
scaffolds for bone regeneration.  

https://orcid.org/0000-0001-8510-6653
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interaction with the extracellular matrix 

Alexandra Großdorf1, Gustavo Ramos-Espinosa1, Carlotta Imelmann1, Sina Nabil1, Tobias 
Obser1, Anayancy Osorio-Madrazo2, Christian Gorzelanny1 
 

1University Medical Center Hamburg-Eppendorf, Hamburg, Germany. 2University of 
Bayreuth, Bayreuth, Germany 

 
Chitinase-3-like protein 1 (CHI3L1, also known as YKL-40) belongs to the family of mammalian 
chitinases. Although CHI3L1 has lost its enzymatic ability to cleave chitin, it retains the 
capacity to bind chitin. In addition to chitin, previous studies suggest several other 
carbohydrates and proteins as potential binding partners of CHI3L1, including collagen, 
hyaluronic acid, and heparan sulfate (HS), all of which represent essential components of the 
extracellular matrix. In line with this binding profile, CHI3L1 has been shown to contribute to 
tissue regenerative processes such as angiogenesis. In this context, we demonstrated that the 
interaction of CHI3L1 with HS leads to the release of HS-bound pro-inflammatory cytokines 
and growth factors, thereby promoting endothelial cell activation and potentially supporting 
tissue regeneration. In the presence of chitosan, CHI3L1 acts as a carrier that delivers soluble 
chitosan to the cell surface, thereby bridging cells, chitosan, and extracellular matrix 
components such as HS. This molecular bridging, which depends on distinct binding sites of 
CHI3L1 for HS and chitosan, enhances the pro-inflammatory response of mammalian cells to 
highly acetylated chitosans via Toll-like receptor 2 signaling. However, it may also facilitate 
the adhesion and migration of mammalian cells on scaffolds composed of low-acetylated 
chitosans, thereby enhancing the integration of chitosan-based matrices with the 
extracellular matrix in tissue engineering and regeneration. 
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Fungal infections affect millions of people each year ranging from superficial skin conditions 
to life-threatening systemic diseases, especially dangerous in immunocompromised patients. 
Due to limited numbers of effective therapies and increasing treatment resistance, mycosis 
represent a growing global health concern. Recently, the World Health Organization 
addressed the critical lack of antifungal medicine, highlighting the urgent need for research 
into new treatment options. 
Chitinase-3-like protein 1 (CHI3L1), a chitinase-like protein structurally similar to chitinases 
but lacking enzymatic activity, can bind to chitin prevalent in fungal cell wall. It was shown to 
be upregulated in human tissue during different inflammatory processes, indicating a relevant 
role in immune response. However, its exact role is insufficiently understood. 

Here, we analyzed the effect of CHI3L1 on proliferation, hyphal formation and virulence of 
Candida albicans. We showed that during C. albicans infection of human keratinocytes, 
CHI3L1 is secreted and binds the fungal cell wall. Using optical density measurement and 
proliferation assays, we demonstrated that this binding decreased C. albicans growth. 
Differences in hyphae formation were visually observed and expression of genes relevant in 
hyphae formation were measured using quantitative real-time PCR. Furthermore, we infected 
three-dimensional reconstructed human epidermis (RHE) with C. albicans. CHI3L1 
overexpressing RHE showed significantly greater stability against fungal infections than skin 
models with lower CHI3L1 level. Genes of inflammatory cytokines such as interleukin-1 beta, 
tumor necrosis factor-alpha and interleukin-8 were less increased in CHI3L1 overexpressing 
keratinocytes. In addition, fewer C. albicans cells were observed in these models suggesting 
an antifungal and host protecting effect of CHI3L1. 
Our data suggest an important role of CHI3L1 in human defense against fungal pathogens 
highlighting its potential as an antifungal therapeutic agent. Further investigations are 
required to elucidate the molecular mechanism and pathophysiological relevance of CHI3L1 
in the context of fungal infections and inflammatory skin diseases. 
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Hamza Malik 
 
Chitooligosaccharides (COS) and their partially acetylated derivatives (paCOS) are valuable 
bioactive polymers whose biological function depends on precise control over polymer length 
(degree of polymerization, DP), degree of acetylation (DA), and pattern of acetylation (PA). 
However, conventional production methods yield heterogeneous mixtures, requiring costly 
downstream processing. Microbial systems exploiting the co-expression of chitin 
(oligosaccharide) synthases ((O)Cs) and chitin (oligosaccharide) deacetylases (CDA) offers a 
promising alternative for in vivo production of defined paCOS. However, this method remains 
inefficient due to limited insight into enzyme compatibility and functionality within the 
bacterial cellular environment. 

This work aims to develop a bacterial platform for the controlled in vivo production of paCOS 
with defined DP, DA, and PA. By combining different CDAs with OCs, we seek to establish a 
modular system that enables fine-tuning of paCOS characteristics directly during biosynthesis. 
Particular emphasis is placed on enzyme compatibility, cellular stress responses associated 
with heterologous enzyme expression, and the spatial organization of enzymatic activities 
within the cell. 
Ongoing efforts focus on the construction and characterization of OCs-CDA-centered 
expression systems, supported by computational and data-driven analyses to guide enzyme 
selection and system design. This approach is expected to contribute to the development of 
more predictable and tunable microbial platforms for defined paCOS production. Preliminary 
findings will be presented and discussed. 
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Deep eutectic solvents (DES) have recently gained notoriety as a green media for chitin 
isolation and purification, with different solvents demonstrating varying degrees of success in 
protein removal. Depending on the nature of its components, DES can exhibit both chao- and 
kosmotropic effects, with the former being leveraged to remove protein from chitin biomass. 
Herein we explore the effect seven different combinations of hydrogen bond acceptor (HBA) 
and donor (HBD) moieties with varying degrees of both chao- and kosmotropic properties on 
the separation of chitin and protein from black soldier fly (Hermetia illuciens) molt shells from 
their pupae stage. Samples were characterized via FTIR, TGA, confocal laser microscopy 
(CLSM), SEM, while protein content was determined through enzymatic hydrolysis. FTIR 
analysis showed that chaotropic DESs e.g., guanidine/urea and guanidine/lactic acid resulted 
in lower amide/hemiacetal ratios when compared to starting insect biomass, suggesting 
effective removal of protein fraction, while kosmotropic DESs, e.g., choline citrate/glycerol, 
had very little effect on this ratio. However, both groups of DES still showed a larger protein 
fraction than chemically treated chitin. Interestingly, protein estimation via N2 analysis of the 
protein hydrolysate, resulted in very low protein content for all DES. i.e., almost no protein 
was present in treated samples. This discrepancy between FTIR suggests that not all protein 
could be enzymatically removed. TGA analysis revealed that samples treated with 
kosmotropic DES presented three different degradation curves, related to chitin, protein-
chitin, and protein. Confocal microscopy corroborated these results, showing protein 
intertwined with chitin fibers in samples treated with kosmotropic DESs. These results suggest 
that the kosmotropic-heavy DES led to protein-chitin reassembly or crosslinking, rather than 
separation, which led to underestimation of protein content from common analytical 
techniques. 
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Chitin-based particles (CHPs) exhibit interfacial activity that enables their adsorption at oilς
water interfaces to stabilize Pickering emulsions. Their functional performance (surface 
charge and wettability) depends on properties tunable by the production method. 
Conventional acid hydrolysis involves concentrated acidic media and long reaction time 
(hours). In contrast, hydrothermal treatments (HT) can operate over a wide temperature 
range (150ς400 ºC) and avoid the use of strong acids. Specifically, sudden-expansion reactors 
technology allows operation at short residence time (seconds), avoiding side reactions. This 
work evaluates the feasibility of HT-derived CHPs (380 ºC and 400 ºC, 25 MPa, and residence 
time 0.4-0.9 s) as Pickering stabilizers. Control CHPs (AcCHPs) were prepared by HCl acid 
ƘȅŘǊƻƭȅǎƛǎ ŀǘ фр ȏ/ ŦƻǊ мΦрƘ ŦƻǊ ŎƻƳǇŀǊƛǎƻƴΦ tŀǊǘƛŎƭŜǎΩ ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ŦƻŎǳǎŜŘ ƻƴ ǇŀǊǘƛŎƭŜ ǎƛȊŜ 
ŘƛǎǘǊƛōǳǘƛƻƴΣ ʸ ǇƻǘŜƴǘƛŀƭΣ ǘƘǊŜŜ-phase contact angle, and morphology. Pickering emulsions 
performance was evaluated by preparing systems with Miglyol as the oil phase and varying 
ǘƘŜ ƻƛƭ ŦǊŀŎǘƛƻƴ ό˒Υ лΦр-0.1) and particle concentration (3, 2, and 1 w/v%). Emulsion stability 
was assessed by monitoring the emulsified fraction over time, and the morphology of 
Pickering emulsions was evaluated by optical and confocal microscopy. AcCHPs exhibited 
ƭŀǊƎŜǊ ǇŀǊǘƛŎƭŜ ǎƛȊŜǎ ŀƴŘ ƘƛƎƘŜǊ ǇƻǎƛǘƛǾŜ ʸ ǇƻǘŜƴǘƛŀƭ ǘƘŀƴ I¢-derived particles. Contact angle 
measurements confirmed the suitability of all particles to form oil-in-water Pickering 
emǳƭǎƛƻƴǎ όғ флȏύΣ ǿƛǘƘ !Ŏ/Itǎ ǎƘƻǿƛƴƎ ƘƛƎƘŜǊ ŎƻƴǘŀŎǘ ŀƴƎƭŜǎ όϤтлϲύ ǘƘŀƴ I¢ ǇŀǊǘƛŎƭŜǎ όҖ ррȏύΦ 
Among the HT evaluated conditions, particles produced under more severe conditions 
achieved emulsified fractions above 80%. In contrast, AcCHPs promoted the formation of gel-
like phases and did not form stable emulsions. The most promising Pickering emulsion, 
characterized by an emulsified fraction above 95%, stable over time, and with particles 
located at the oilςǿŀǘŜǊ ƛƴǘŜǊŦŀŎŜΣ ǿŀǎ ŀŎƘƛŜǾŜŘ ŀǘ ˒Υ лΦн ŀƴŘ н ǿκǾ҈ IT particles (particles 
produced at 400 ºC and 0.4s). 
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The load-bearing capability and architectural organization of the pen chitinous structure are 
a scientific inspiration as they afford the squid robust mechanical maneuverability and fast 
movement. The current work focuses on understanding flexural strength and toughness along 
the pen axis and elucidating the complex chitin-protein microstructure. The structural 
architecture is discussed with respect to complex chitinςprotein interactions, pen 
morphology, the layered structure, and a twisted pattern. The pen's main parts include the 
vane and the rachis, which are in the middle. The pen is thin at the tail and thick near the 
head. There is a gradual change of flexural strength and toughness along the pen axis. The 
structural morphology, as observed by scanning electron microscopy (SEM) and Cryo-SEM, 
and the chitinςprotein architecture, as determined by small-angle neutron scattering, 
revealed a hierarchically organized structure with a preferred orientation. Predominantly, a 
chitin fibril of 3 nm surrounded by a protein sheath to form a fibril bundle of around 18 nm 
diameter was organized in layers 200 nm thick. The layers are in-plane along the longitudinal 
axis, with a plywood pattern, and are preferably twisted every 3 µm to form 30 µm-wide 
layers. The position relative to the central axis determines the thickness of the twisted 
patterns and layers, which could explain the increased bending strength and toughness along 
the pen axis from the head to the tail. Besides the complex chitinςprotein interactions, the 
morphology of the layered planes and a twisted pattern, together with the intrinsic properties 
of the chitin fibrils, contributed to the robust mechanical support of the squid. 

  



 

 ΣΟ 

 
OC16 

Abstract ID 56 

Light matters: The photoresponsive properties of chitosan(s) 

Nils von Seggern1, Yannik Thiebes2, Rainer Niewa2, Stefan Cord-Landwehr3, Bruno 
Moerschbacher3, Linus Stegbauer ORCID iD4,1 
 

1Institute of Interfacial Process Engineering and Plasma Technology, University of Stuttgart, 
Stuttgart, Germany. 2Institute of Inorganic Chemistry, University of Stuttgart, Stuttgart, 
Germany. 3Institut für Biologie und Biotechnologie der Pflanzen ς IBBP, University of 
Münster, Münster, Germany. 4Institute of Nanoscale and Biobased Materials, Technical 
University Bergakademie Freiberg, Freiberg, Germany 

 
Linus Stegbauer 

 

Recently, we have shown, that low molecular weight chitosan with the azobenzene derivative 
TEGABS shows photomodulation of the mechanical properties and photoactuation.[1] Herein, 
we present a procedure to manufacture several UV-light-responsive chitosan films with 
different degree of deacetylation (DD, 70-95%) and polymerization (DP, 200-3500) by 
incorporating the azobenzene derivative Methoxy diethylene glycol azobenzene sulfonate 
(TEGABS). The films are investigated by Powder X-ray diffraction (PXRD), UV-VIS spectroscopy, 
Raman spectroscopy, FTIR spectroscopy and nanoindentation. With increasing DD at near 
constant DP and increasing amount of TEGABS the films show a decrease in efficiency of 
photoisomerization (EàZ) of TEGABS and in the half-life of thermal relaxation after UV 
irradiation. This behavior is related to an increasing phase separation: Starting with solid-
solutions of TEGABS in the chitosan matrix (low DP and low DD) TEGABS precipitates into 
nanocrystals with increasing DD and DP, which compromises the responsive properties. 

The films not only show an increase of stiffness and hardness while irradiated with UV light, 
they also show a light-induced removal of residual moisture. The TEGABS/Chitosan films were 
fabricated into membranes to test water vapor permeabilities with and without UV 
irradiation. The water vapor permeability decreases during irradiation with UV light. we show 
the potential of biogenic polysaccharides in the design of humidifying membranes with a light-
adjustable permeability by DP and DD.[2] 
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Figure 1. Concept of the chitosan-based smart material, along with the categorization of the 
biopolymers. A indicates the schematic fabrication and function of the material which was 
established by von Seggern et. al. 

[1]  N. von Seggern, N. Oehlsen, I. Moudrakovski, L. Stegbauer, Small 2023,  2308939. 
[2] N. von Seggern, Y. Thiebes, R. Niewa, S. Cord-Landwehr, B. Moerschbacher, G. Tovar, L. 
Stegbauer, J. Mater. Chem. A, 2025,13, 36382-36393 
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Porous materials of functionalized chitosan materials receive great attention in limitless 
applications such as biomedicine, filters, purifiers, binders, etc., as the new functional groups 
can enhance the chitosan properties. Preparation and characterization of functionalized 
chitosan aerogel beads have been investigated in the present study. Polyethylene glycol 
diglycidyl ether (PEGDGE) was used as a functionalizing agent. The ring opening SN1 addition 
reaction took place between the epoxy rings of PEGDGE and the amine functional groups of 
chitosan at acidic aqueous condition below pH 6. This proposed reaction mechanism was 
confirmed by the FTIR spectral data where the amine vibrational bands disappear when the 
PEGDGE concentration was increased. The aerogel beads were prepared by employing the 
conventional syringe dropping technique, letting the droplets of chitosan solution to fall into 
the sodium hydroxide bath. After washing and solvent exchange processes, the spherical 
beads were dried in an autoclave under supercritical CO2 condition (aerogel) and freeze-
drying method (cryogel). The aerogel beads showed a linear trend with different physical 
properties while increasing the concentration of PEGDGE. The aerogel beads were 
characterized by density analyzer methods (skeletal and envelope density), BET specific 
surface area, microstructure analyses using SEM, FTIR, powder XRD, DSC and TGA. The 
functionalized aerogel beads of chitosan were pure, no impurities were found and the 
materials showed the poorly crystalline peaks of chitosan. This study showed the preparation 
of chitosan aerogel beads having various degree of functionalization, open porous structure, 
interconnected nanofibrillar network and high specific surface area (130 ς 230 m2·g-1). These 
aerogel beads may provide an alternative way of utilizing the nanostructured matrix of 
functionalized chitosan instead of monoliths for various applications. 
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A large number of investigations have shown that chitooligosaccharides possess diverse 
biological functions including antioxidant, antimicrobial, anti-inflammatory, and other 
biomedical bioactivities1. Chitooligosaccharides could also elicit plant immune responses and 
activate defense system, which has huge application in agriculture2. 
Molecular structure determines biological function. Based on the original structure of 
ƘŜǘŜǊƻƎŜƴŜƻǳǎ ŎƘƛǘƻǎŀƴΣ ŎƘƛǘƻƻƭƛƎƻǎŀŎŎƘŀǊƛŘŜǎ ƛǎ ŎƻǊǊŜǎǇƻƴŘƛƴƎƭȅ ŎƻƳǇƻǎŜŘ ƻŦ ʲ-1,4-linked 
N-acetyl-D-glucosamine (GlcNAc) and D-glucosamine (GlcN) residues. Chitooligosaccharides is 
described and classified according to DP or average molecular weight (MW), degree of 
acetylation, pattern of acetylation (PA) or sequence3. Currently, most of the production 
techniques of chitooligosaccharides generally lead to a complicated oligosaccharides mixture 
with various homogenous or heterogenous GlcNAc/GlcN oligomers. Consequently, many of 
these biological activities of chitooligosaccharides have been unreliable and controversial. 
Sometimes, the above-mentioned bioactivities can be observed, and sometimes not. Even 
when the MW and degree of acetylation are provided, the oligomers sequences are often 
ambiguous. The reproducibility is an important issue. In this scenario, access to 
chitooligosaccharides with accurate structure is unavoidable. It is definite that highly purified 
single chitooligosaccharides with defined size and degree of pattern would greatly facilitate 
to make clear the structure-function relationships. 
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Chitin and chitosan (C/CS)-derived oligomers (COS) have been recognized as bioactive 
molecules that interact with a wide range of biological systems including the immune system 
to elicit defensive reactions. Subtle structural variations in C/CS and COS, here referred to as 
Code , particularly the degree of polymerization (DP), the degree of acetylation (DA) and the 
pattern of acetylation (PA), are thought to play a crucial role in defining their biological and 
functional properties. Chito-protein interactions are key mediators of the diverse activities 
and effects of C/CS/COS; however, the impact of DP, DA and PA on these interactions remains 
poorly characterized. 
In this service project, we employ Grating-Coupled Interferometry (GCI), a highly sensitive, 
label-free biosensing technology that enables real-time analysis of chito-protein interactions. 
To assess the impact of Code on the lectin-binding capacity of COS, we prepared surface-
based biosensors functionalized with synthetic COS of well-defined structures. These 
biosensor chips were used to study interactions between COS and wheat germ agglutinin 
(WGA), a plant lectin that specifically binds N-acetyl-D-glucosamine (GlcNAc), the building 
unit of chitin. Using this approach, we observed distinct WGA-binding profiles for COS variants 
with different DA and/or PA, demonstrating a strong influence of the acetylation code on 
lectin binding. Overall, this work establishes a sensitive platform that can be further expanded 
to systematically investigate the role of Code in regulating chito-protein interactions. 
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Semi-solid extrusion (SSE) 3D printing is increasingly investigated in pharmaceutical 
manufacturing for the production of personalized medicines, particularly for pediatric and 
neonatal patients (Funk et al., 2023). However, the development of formulations combining 
printability, disintegration and functional drug delivery remains challenging.  In this context, 
chitosan is of particular interest due to its biocompatibility, sustainability and rheological 
properties suitable for extrusion-based printing (Taghizadeh et al., 2022).  The aim of this 
work was to develop a chitosan-based matrix printable by SSE, disintegrable in aqueous 
media, and compatible with the integration of a sustained-release platform. Chitosan was 
chemically modified via amine functionalization using glycidol or thiolactone at different 
degrees of substitution in order to improve hydrophilicity and solubility at neutral pH, while 
maintaining suitable rheological properties for SSE printing. The modified chitosan was 
formulated with lactose, to be incorporated as a filler to enhance printlet mass and structural 
integrity. The influence of formulation composition on printability and disintegration was 
systematically investigated using rheological analyses and pharmacopeial disintegration tests. 
Caffeine was used as a model drug. The optimized formulation enabled stable and 
reproducible SSE printing with fluid extrudability and good shape fidelity, while allowing 
disintegration of the printlet according to pharmacopoeia criteria (6 min 30 s). To extend this 
work, alginate/chitosan microparticles were developed using trifluid spray-drying, providing 
a sustained-release platform compatible with the printed matrix and personalized medicine 
approaches. Overall, this work demonstrates the development of a chitosan-based 
disintegrable matrix for SSE printing, designed as a modular platform for personalized 
pharmaceutical dosage forms, particularly suited for pediatric applications. 
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Chito-oligosaccharides (COS) comprise ̡ -όмҦпύ-linked D-glucosamine and N-acetyl-D-
glucosamine residues and exhibit immunomodulatory and antimicrobial activities. However, 
most chitosan and COS derived from natural sources are poorly defined with respect to 
degree of polymerization (DP), degree of acetylation (DA), and pattern of acetylation 
(PA). This presents a significant challenge to investigate the impacts of DP, DA and PA on 
biological and functional properties. Therefore, the synthesis of COS with defined structure is 
a critical area requiring continued development. 

Since glycan production via genetic engineering is generally not feasible, access to well-
defined COS still relies on chemical, enzymatic, or chemoenzymatic approaches. Automated 
glycan assembly (AGA) provides a robust chemical platform for the rapid and efficient 
production of diverse glycans. Here, we employ AGA to synthesize COS with user-defined 
sequences, including structurally modified analogues. In parallel, incorporation of chitin 
synthase into the workflow enables access to longer COS (DP > 15). These well-defined COS 
are subsequently applied to investigate chitoςprotein interactions, immune receptor 
responses, and crystalline morphologies. 
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The polycationic nature of chitosan makes it a promising polysaccharide for nucleic acid 
delivery systems in biomedicine and aquaculture. However, the correlation between its 
transfection efficiency in vitro and in vivo remains poorly understood. This study aimed to 
develop and evaluate a delivery system for the model plasmid pscAAV-CAG-GFP under both 
in vitro and industrial aquaculture conditions. Initially, polyplexes were formed using 37 kDa 
chitosan (74% deacetylation) and its cationic derivative, diethylaminoethyl chitosan (DEAE-
chitosan, with 22% and 54% substitution degrees). Transfection activity was assessed on the 
epithelioma papulosum cyprini (EPC) fish cell line. Both confocal microscopy and flow 
cytometry revealed overall low transfection efficiency for these polyplexes. To enhance 
delivery performance, a hybrid lipidςpolymer system was developed: the plasmid was first 
encapsulated within a DOTAP:DOPE (1:1 mol/mol) liposomal core, which was subsequently 
coated with chitosan or DEAE-chitosan. This hybrid system retained efficient transfection 
capability in vitro. 
For the in vivo study, European pike-perch (Sander lucioperca) were vaccinated at an 
industrial aquaculture facility (Forvat, Leningrad Region, Russia) via three routes: 
intramuscular (i.m.), immersion (imm.), and oral (p/os). Fish received prime and booster 
vaccinations. Target organs (spleen, head kidney, gills, intestine) were analyzed for GFP 
expression by RT-qPCR. Results demonstrated the superior efficiency of the hybrid lipidς
chitosan (DEAE-chitosanςDNA) system compared to simple chitosan polyplexes. 
Intramuscular administration induced the highest GFP expression across all examined organs. 
Mucosal immunization routes (immersion or oral) generated more localized immune 
responses. This work confirms the potential of chitosan-based hybrid systems for DNA 
vaccination in aquaculture and highlights the critical dependence of vaccine efficacy on the 
administration route. 
This research was supported by the Russian Science Foundation (Grant No. 24-76-10054). 
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The gut of most insects is lined by the peritrophic matrix (PM), a semi-permeable membrane 
essential for digestion and protection against mechanical stress, chemicals, and pathogens. 
While recent research has elucidated many functional aspects of the PM, the molecular 
mechanisms underlying its structure and physicochemical properties remain poorly 
understood. In particular, the roles of peritrophic matrix proteins (PMPs) and chitin 
modifications by chitin deacetylases (CDAs) and chitinases (CHTs) in shaping the 3D 
organization of the PM are largely unexplored. 
To assess the impact of the degrees of deacetylation and polymerization on PM structure, we 
systematically silenced TcCDA genes via RNAi in the model beetle Tribolium castaneum. We 
analyzed phenotypic consequences on growth and viability and examined physicochemical 
properties of the PM. Mass spectrometric determination of the degree of acetylation (DA) 
ǊŜǾŜŀƭŜŘ ŀ ǎǘǊƛƪƛƴƎƭȅ ƘƛƎƘ 5! ƻŦ лΦфтф ҕ лΦллу όҕ {5Σ ƴҐоύΦ YƴƻŎƪŘƻǿƴ ƻŦ TcCDA8 and TcCDA9 
ƛƴŎǊŜŀǎŜŘ 5! ōȅ ϤмΦп҈ ǘƻ лΦффо ҕ лΦлм όҕ {5Σ ƴҐоύΦ !ŘŘƛǘƛƻƴŀƭ /5!ǎ ŀƴŘ ƎǊƻǳǇ L± /I¢ǎ όŜΦƎΦΣ 
TcCDA6, and TcCDA7) were investigated for their roles in organizing the chitin 
network. Notably, the larval cuticle has a layered organization with deacetylated chitin 
present in exo- and highly acetylated chitin in endocuticles. Depletion of chitin deacetylases 
TcCDA1 and TcCDA2 impairs chitin deacetylation in the exocuticle, which explains why they 
are expressed in the integument. 
To directly probe chitin structure, we performed X-ray diffraction (XRD) analyses on PM 
ǎŀƳǇƭŜǎ ŀǘ .9{{¸ LLΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ Řŀǘŀ ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ ǘƘŜ ta ǇǊƛƳŀǊƛƭȅ Ŏƻƴǎƛǎǘǎ ƻŦ ʲ-chitin, 
with no significant differences in chitin allomorphs across anterior, median, or posterior 
midgut regions. These structural insights complement our biochemical data and support a 
model in which PM integrity depends on both chitin modifications and the supramolecular 
organization throughout the gut. 
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Chitin nanocrystals (ChNCs) are excellent building blocks for advanced functional materials, 
including porous structures and sustainable pigments. However, the large-scale production 
of these colloidal nanorods remains hindered by the high energy and water demands of 
conventional suspension-based acid hydrolysis. 

In this work, we demonstrate an efficient, scalable, and solvent-free approach that leverages 
the inherent affinity of chitin fibers for water. By subjecting nearly dry chitin fibers to 
pressurized hydrogen chloride (HCl(g)) gas, the gas dissolves into the ambiently present thin 
water layer surrounding the fibers. This creates a supersaturated hydrochloric acid 
environment in situ, facilitating the rapid hydrolysis of fibers into nanocrystals. 

Life Cycle Analysis (LCA) confirms that this HCl(g) treatment significantly reduces energy 
consumption and chemical waste compared to traditional methods. Furthermore, we 
established a post-hydrolysis, surface-specific deacetylation treatment to tune the degree of 
deacetylation. This modification broadens the colloidal stability window of the isolated 
nanoparticles, enhancing their versatility for industrial applications. 
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Fungal cell walls are complex structures composed of many biomolecules, including chitin. 
Because the latter cannot be synthesized by mammals, the human immune system exploits chitin 
as a pathogen-associated molecular pattern to recognize fungal pathogens. But the fungus 
Cryptococcus neoformans seems to have found a way to circumvent our chitin-triggered 
immunity: With the help of its four chitin deacetylases (CnCDAs 1-4), it converts its cell wall chitin 
into chitosans, possibly contributing to its high pathogenicity. 

To shed light on the molecular basis of this game of hide and seek, we performed a detailed 
in vitro characterization of CnCDA3 [1]. We found a preference for deacetylated units at 
subsite -1 and a tendency to produce random acetylation patterns. In addition, we present 
the first comprehensive analysis of the chitosan content, fraction of acetylation, and 
accessibility in various Cryptococcus strains, including chitin deacetylase mutants [2]. Certain 
chitin deacetylase knockouts and challenging growth conditions lead to higher cell wall 
acetylation and exposure, associated with stronger host immune responses. 

Together, our findings extent the current model describing the interplay of the CnCDAs and could 
facilitate the development of effective cell-based vaccines against cryptococcal infections. 
Moreover, the approach to use chitosans to circumvent host immunity is also applied by some 
fungal plant pathogens [3]. Hence, understanding this hide and seek strategy may also contribute 
to novel perspectives in plant protection. 

[1] Tchoub, E. et al. Chitin deacetylase 3 of Cryptococcus neoformans produces chitosans 
with low degree and random pattern of acetylation. under revision 
[2] Hellmann, M. J. et al. Acetylation and accessibility of Cryptococcus neoformans cell wall 
chitosans influence the strength of host immune responses. under revision 

[3] Student, M. et al. Chitins and chitosansςA tale of discovery and disguise, of attachment 
and attainment. Curr. Opin. Plant Biol. (2024). 
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Chitin is a ubiquitous fungal and parasitic polysaccharide of N-acetyl-glucosamine (GlcNAc) 
that is sensed by and activates the mammalian innate immune system. However, the 
structural requirements governing its immunostimulatory activity remain poorly understood. 
Prior studies have relied predominantly on crude chitin preparations, leaving the 
contributions of e.g. the degree of polymerization (DP) and acetylation (DA) to immune 
responses relatively undefined. Previously, we showed that TLR2-dependent immune 
activation by chitin is strictly DA- and DP-dependent and that the host chitinase, CHIT1, can 
generate active chitin oligomers from inactive polymeric chitin. More recently, we found that 
chitin oligomers also activate the cytosolic NLRP3 inflammasome to drive IL-мʲ ǎŜŎǊŜǘƛƻƴ 
through phagocytosis. Contrary to many other NLRP3 activators, chitin oligomers did not 
induce pyroptotic cell death but rather a prolonged hyperactivated state characterized by 
robust cytokine output and preserved cellular integrity. This fits well with the observation 
that chitin oligomers were found to induce a known phenomenon of longer-term 
reprogramming of immune cells, termed innate immune training/memory. Surprisingly, these 
properties of DP10-15 chitin oligomers were reproduced using certain synthetic DP6 
ƻƭƛƎƻƳŜǊǎ ǿƛǘƘ ƎƭǳŎƻǎŜ ǎǳōǎǘƛǘǳǘƛƻƴǎ ŀǘ ʲ-мΣо ŀƴŘ ʲ-1,4 linkages, indicating that 
immunogenicity is not exclusively regulated by DP, but precise GlcNAc positioning. 
Collectively, these findings reveal that structurally defined chitin oligomers can drive a 
selective, non-lethal inflammatory response in human monocytes and macrophages, 
prerequisite for innate immune memory induction. That both chain length and backbone 
chemistry can be independently tuned suggests that chitin oligomers may serve as precise 
and controllable tools for mechanistically dissecting and ultimately harnessing chitin-induced 
innate immune responses. 
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Although the first investigations on microalgae-derived chitin date back to the 1960s, chitin 
research in diatoms progressed slowly for decades. Only recently, transcriptomic studies 
rekindled interest by revealing a complex chitin metabolism in Thalassiosira weissflogii, with 
234 predicted chitin-related genes, including 30 chitin synthases. These algae are of particular 
ƛƴǘŜǊŜǎǘ ŘǳŜ ǘƻ ǘƘŜ ǇǳǊŜ ʲ-chitin rods they produce which exhibit high aspect ratios and are 
attractive for sustainable material applications, including electrorheological suspensions, 
biomedical scaffolds, and food packaging. 

Using the marine diatom Thalassiosira rotula, we demonstrated in vivo modulation of chitin 
synthesis by tailored iminosugars and the chitin synthesis inhibitor Nikkomycin Z resulting in 
significantly altered chitin rod lengths. Motivated by these findings, we established a novel 
water-based extraction procedure and managed to isolate T.rotula chitin rods. The isolated 
microrods segregate into two populations depending on their site of extrusion from central 
or outer silica pores (fultoportulae), exhibiting characteristic dimensions of 12.6 ± 4.0 µm × 
75 ± 21 nm and 17.5 ± 4.7 µm × 170 ± 39 nm, corresponding to high aspect ratios of ~168 and 
~103, respectively. HAADF-STEM reveals that these microrods possess a hierarchical 
ultrastructure. 
Taken together, our findings highlight T.rotula as a powerful model system linking 
quantitative in vivo modulation of chitin synthesis with structure-preserving chitin extraction. 
This paves a sustainable route toward in vivo-modifiable biogenic, high-ŀǎǇŜŎǘ Ǌŀǘƛƻ ʲ-chitin 
building blocks. 
 

 

https://orcid.org/0000-0003-0015-6622
https://orcid.org/0009-0002-0666-867X
https://orcid.org/0000-0002-1488-3903
https://orcid.org/0000-0002-7345-341X


 

 ΤΤ 

 

YR10 

Abstract ID 70 

Lipid nanoparticles coated with chitosan for curcumin encapsulation and 
their effect on wound healing 

Rubén Gil-Gonzalo ORCID iD1, Inmaculada Aranaz ORCID iD2, Niuris Acosta ORCID iD2 
 

1Pluridisciplinar Institute, Complutense University of Madrid, Madrid, Spain. 2Department of 
Chemistry in Pharmaceutical Science, Pharmacy Faculty, Complutense University of Madrid, 
Madrid, Spain 
 

Chronic wounds healing is of great scientific and social interest due to the high cost of 
treatment and the comorbidity associated with these wounds. Currently, approximately 1-2% 
of the population in developed countries suffers from chronic wounds. 

Curcumin (Cur), a natural polyphenol, has proven to be a promising compound for chronic 
wounds healing due to its anti-inflammatory, antineoplastic and antioxidant activities among 
others. Nevertheless, curcumin is highly hydrophobic, having a limited bioavailability. To 
overcome this problem, curcumin can be encapsulated in lipid particles such as 
Nanostructured Lipid Carriers (NLCs). 

Cur-loaded NLCs (Cur-NLCs) were obtained by dissolving Cur in the lipid phase and mixing with 
the aqueous phase under high shear homogenization and ultrasound, followed by a freezing 
step at -20ºC. For Cur-NLCs production optimization, the relevance of various variables was 
studied, such as the lipid phase composition, type of surfactant, surfactant concentration, 
homogenization time, sonication time and cooling method. 

To improve the properties of these particles, they were coated with chitosan, which has anti-
hemorrhagic and antimicrobial activity. This coating was obtained by mixing dropwise Cur-
NLCs onto a chitosan solution [Chitopharm S (Cognis), Lot number: UPBH7334twΦ aǇ Ғ трл-
800 kDa. Degree of acetylation = 25%]. 

Particle size was analyzed using Dynamic Light Scattering (DLS). The surface charge of the 
particles was also analyzed by their Zeta potential. Finally, the antioxidant activity was 
measured by DPPH assay. 
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Chitin, the second most abundant biopolymer, accumulates as waste from marine and insect 
industries posing environmental challenges. This study isolated and characterized chitinolytic 
bacteria from insect waste to evaluate their potential in waste bioconversion and biomedical 
application. Bacillus paralicheniformis was isolated using chitin enriched selective media, 
followed by morphological, biochemical and molecular characterization. Chitin activity was 
quantified and antimicrobial assays was performed against pathogenic fungi. The isolate 
demonstrated significant extracellular chitinase production with optimal activity at pH 7 and 
37°C.Clear zone formation on agar containing chitin showed robust chitinolytic activity. The 
strain exhibited strong antifungal activity against Fusarium oxysporum and Aspergillus niger 
through enzymatic degradation of fungal cell walls. Probiotic screening revealed acid and bile 
tolerance indicating gut survival potential. Bacillus paralicheniformis presents a 
multifunctional platform for sustainable waste management through marine and industrial 
chitin bioconversion, while offering biocontrol and probiotic applications. 
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Shrimp byproducts are a largely untapped biomass resource, with around million tons of 
shrimp heads and shells discarded annually, which hold strong potential for green chitin and 
chitosan production. This work focuses on the development of a green chitosan production 
model from shrimp byproducts that overcome the environmental limitations of conventional 
processes while enabling a broad range of practical applications. 

Shrimp byproducts are rich in valuable bio-resources, including chitin, proteins, minerals, 
lipids, and antioxidants. When properly processed, these materials can serve as input for 
diverse industries. Particularly, chitosan and its derivatives stand out for their versality and 
ability as sustainable alternatives to synthetic chemicals across food, agriculture, 
environmental, and life science sectors. 

This work explores a zero-waste production model for chitosan derived from shrimp 
byproducts. The approach integrates chitosan extraction alongside other high-value 
compounds, including astaxanthin, protein hydrolysates, and probiotics. Compared with 
conventional chitin and chitosan production systems, this model significantly reduces water 
and chemical consumption while minimizing wastewater generation. These innovations lower 
environmental impact and operational risk, while enabling stable, large-scale chitosan 
production with controlled quality, secure supply, and competitive cost. 

Beyond production, this work highlights the development and commercialization of chitosan-
based applications across water treatment, agriculture, livestock, human care, food additives, 
and supplements. The platform has also enabled several breakthrough and unique 
applications, including nutrient recovery, biological crop protection, post-harvest 
preservation, bioplastics, controlled-release fertilizers, and super-absorbent polymers, etc., 
all of which have recently been commercialized. 

By connecting green production technologies with diversified, real-world applications, this 
work demonstrates how shrimp-derived chitosan can function as a platform material within 
circular bioeconomy. Practical applications and successful case studies of shrimp-derived 
chitosan from Vietnam and global markets are also presented. 
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The aim of this study was to stabilize oil-in-water Pickering emulsions using chitin 
nanomaterials, thereby establishing a model for clean-labeled food emulsion sauces. First, 
chitin nanomaterials including chitin nanocrystals (CNC), deacetylated chitin nanocrystals 
(DACNC), chitin nanofibers (CNF), and deacetylated chitin nanofibers (DACNF) were prepared. 
Then, the effects of nanomaterial concentration, pHvalue, NaCl concentration, and storage 
temperature on the stabilities of the Pickering emulsions were determined. The average 
length and diameter of CNC, DACNC, CNF, DACNF was 104.29, 105.28, 1767.36, 1668.69 nm 
and 15.72, 16.79, 14.80, 16.49 nm, respectively. The degree of deacetylation of CNC, DACNC, 
CNF and DACNF was 29.94%, 45.14%, 25.51% and 41.62%. The stabilities of chitin materials-
stabilized O/W Pickering emulsions were increasing with the chitin material concentration 
(0.6-1.0 mg/mL) increased. The increase of pH values (3-6.5) and NaCl concentration (0-0.1 
M), CNC, DACNC, DACNF-stabilized O/W Pickering emulsions would improve stabilization. 
However, CNF-stabilized O/W Pickering emulsion would reduce stabilization. After 6 weeks 
of storage at different temperatures, chitin nanomaterials have good stability at low 
temperature (4 °C) and normal temperature (25 °C), and most of the appearance has no 
obvious change, but at high temperature (40 °C) detach the stacked solid particles from the 
emulsion, resulting in the surface of the emulsion droplet being no longer covered by solid 
particles, which promotes the collision and coalescence of droplets, and causes oiling off, 
which shows that the emulsion is not stable in this environment. 
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The insect cuticle is a hierarchical bio-composite where the arrangement of chitin fibrils 
determines essential mechanical properties for survival. While chitin biochemistry is well 
understood, the cellular mechanisms that organize these polymers into complex extracellular 
architectures remain unknown. We utilize Drosophila melanogaster third instar larvae to 
correlate apical membrane morphology with molecular-level chitin organization at the 
assembly zone, the extracellular space between the apical plasma membrane and the cuticle. 

To track the key enzyme Chitin Synthase (ChS1) (Kkv) at the apical plasma membrane, we 
established a double transgenic reporter line using multicolor labels for the ChS1 and 
adherent junctions (Kkv-mNG/Ecad-Tomato). Live-cell spinning disk microscopy reveals that 
Kkv protein is dynamic and undergoes spatial redistribution over a one hour timescale. To 
resolve the ultrastructural context of these dynamics, we employed a cryo-correlative light 
and electron microscopy workflow. 

Using cryo-Focused Ion Beam/Scanning Electron Microscopy and cryo-electron tomography 
(cryo-ET), we identified two distinct morphological states of the epidermal apical surface. Our 
data show a correlation between high/localized ChS1 signal and the presence of elongated 
microvilli and broad assembly zone displaying a loose fibrous matter. Conversely, low/diffuse 
ChS1 signal is associated to flattened and convoluted membrane profiles and a dense 
assembly zone, suggesting that cuticle deposition occurs in two distinct stages. 
Furthermore, we present high-resolution cryo-ET data of the mature cuticle. In collaboration 
with Mattei Lab, EMBL (Heidelberg), we resolved the recurring structural motifs of mature 
chitin fibrils in their near-native, hydrated state through sub-tomographic averaging. Our 
findings suggest that apical membrane geometry actively guides the initial orientation of 
chitin fibers. This work provides a structural model for insect exoskeleton formation and 
offers insights for biomimetic design of chitin-based materials. 
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In response to the growing demand for sustainable and environmentally responsible plant 
protection approaches, this work presents a biodegradable microgel-based delivery platform 
for bioactive compounds that target environmental and biotic stressors. The system is based 
on chitosan, a naturally derived, biocompatible and cost-efficient polysaccharide obtained 
from chitin, sourced from crustacean waste. This biopolymer is processed into nanoscale 
microgels (nanogels) using inverse miniemulsion polymerization, enabling control over 
particle dimensions. To enhance interactions with plant tissues the nanogels are 
functionalized with cell-penetrating peptides (CPPs), which facilitate cellular uptake. In 
combination with their small size in nanometer range this functionalization promotes efficient 
uptake through stomata and enables cellular infiltration within plant tissues. These nanogels 
are designed to function as a cargo system for the delivery of ribonucleic acid (RNA) into plant 
cells, where the RNA triggers RNA interference mechanisms to selectively regulate gene 
expression without introducing genetic modifications. Using double-stranded RNA as a 
model, this study explores strategies for inducing transcriptional or post-transcriptional gene 
silencing in plants, enabling the silencing of target genes that can enhance crop protection 
against pests and pathogens. The physiochemical properties of the chitosan microgels, 
including surface charge, RNA loading affinity and capacity, degradation behavior and RNA 
release kinetics can be adjusted while ensuring effective RNA protection. Formulated as a 
spay-based application, this delivery system enables a versatile framework for RNA-based 
plant protection technologies that combine high specificity with environmental safety, 
contributing to more sustainable and biodiversity-conscious agricultural practices. 
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Covalent conjugation of corticosteroids to chitosanτa safe, biodegradable natural polymer 
with excellent mucoadhesive propertiesτrepresents an effective strategy for developing 
local drug delivery systems with enhanced biopharmaceutical performance. We designed 
chitosan-based carriers for dexamethasone and prednisolone featuring tunable 
physicochemical parameters, including particle size, surface charge, and drug release kinetics. 

Chitosan isolated from crab shells with varying molecular weights (15 and 60 kDa) and 
degrees of deacetylation (97% and 86%) was employed. Corticosteroids, pre-functionalized 
at the C21 position with succinyl or phosphate linkers, were conjugated to chitosan amino 
groups via carbodiimide-mediated coupling or phosphoramidate chemistry, respectively. 1H 
NMR analysis revealed degrees of substitution ranging from 2 to 10 mol%. The linkage 
chemistry (ester, amide, or phosphoramidate) governed the drug release profiles. The 
resulting amphiphilic derivatives spontaneously self-assembled in aqueous media into 
submicron nanoparticles (400ς900 nm) possessing a hydrophobic core and a hydrophilic 
chitosan corona, with y -potentials of +25 to +35 mV. 

The conjugates demonstrated potent anti-inflammatory activity in a TNF- -hstimulated THP-1 
(human acute monocytic leukemia) cell model and enhanced therapeutic efficacy in a Wistar 
rat model of acute acoustic trauma. These findings underscore the therapeutic potential of 
chitosanςcorticosteroid conjugates for targeted local delivery to anatomically isolated 
compartments such as the inner ear and eye. 
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Chitosan-based hydrogels and biomaterials have become increasingly popular in the domains 
of drug delivery, medications, supports, bandages, wound healing, etc. This is in part thanks 
to chitosan's innate properties including its biocompatibility, bioresorbability, and 
antibacterial effects, as well as the ease of functionalization via its primary amine. 
Modification and functionalization of the chitosan polymer can be used to fine tune and 
control its physico-chemical properties. A polyampholyte character can therefore be 
introduced to chitosan by grafting polycarboxylic acids, which expands its range and potential 
for drug delivery. By formulating a polyampholyte chitosan polymer with a polycationic 
peptide, a loaded hydrogel can be formed to provide a prolonged release of the peptide in 
situ. 
/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƘȅŘǊƻƎŜƭΩǎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ {9aΣ {!·{Σ ŀƴŘ 
microscopy and rheology techniques, in order to evaluate the impact of the composition on 
the microstructure of the hydrogel and its evolution in situ during gelation and during peptide 
release. The underlying phenomena that directly impacts the formation of the microstructure 
may be explained by the electrostatic attractions existing between the components: the 
peptide being charged positively, it is able to interact with the negative charges found on the 
polyampholyte chitosan derivative. Thus, this study provides information and understanding 
about designing a polyampholyte chitosan hydrogel that is well adapted for an application as 
an in vivo drug delivery system, playing both on the microstructure and internal interactions, 
that are crucial in the release of the loaded active principle. The release kinetics show a 
sustained release over 10 ς 15 days with a full biodegradation within a few weeks post-
injection. 
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Chitosan, a biopolymer obtained by deacetylation of chitin, is widely studied due to its 
biodegradability, biocompatibility, and antimicrobial properties, enabling applications in 
biomedicine, agriculture, and environmental protection. Industrial chitosan production relies 
predominantly on marine crustaceans, which require intensive demineralization and 
generate environmental and economic constraints. In contrast, insect exoskeletons exhibit 
lower mineral content, allowing milder processing conditions and offering a more sustainable 
terrestrial alternative. 
This study analyses the possibility of producing chitosan from forest pest insects, such as bark 
beetles, collected during forest sanitation activities. These insects occur in large numbers but 
are not usually utilised. Chitosan was synthesized from several forest insect species via 
sequential demineralization, deproteinization, deacetylation, and decolorization. The 
obtained materials were characterized using Fourier-transform infrared spectroscopy (FTIR) 
to confirm chemical structure and degree of deacetylation, X-ray diffraction (XRD) to evaluate 
crystallinity, and scanning electron microscopy (SEM) to analyze surface morphology. Thermal 
stability was assessed using simultaneous thermal analysis (STA), and antibacterial activity 
against selected bacterial strains was examined. 

The results indicate that chitosan derived from forest insects exhibits physicochemical 
properties comparable to conventional chitosan. The materials also demonstrated promising 
antibacterial performance. 
This work connects forest pest management with value-added biomaterial production, 
highlighting forest insects as a sustainable source of chitosan and supporting their integration 
into circular bioeconomy strategies. 
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/ƘƛǘƻƻƭƛƎƻƳŜǊǎ Ŏŀƴ ŀŎǘ ŀǎ Ǉƭŀƴǘ ōƛƻǎǘƛƳǳƭŀƴǘǎ ƻǊ ōƛƻǇŜǎǘƛŎƛŘŜǎΣ ōǳǘ ǘƻŘŀȅΩǎ ŎƘƛǘƻǎŀƴ-based 
agro-biologics often lack sufficient efficacy. This is due to a lack of scalable production 
processes for structurally well-controlled chitosans combined with a limited understanding of 
structure-function relationships. Chitosans differ in their degree of polymerization (DP), 
fraction and pattern of acetylation (FA and PA). While the influence of DP and FA on 
antimicrobial and phytostimulatory properties is at least partially known, this is not yet the 
case for PA. PA can be partially controlled by using enzymatic rather than acid hydrolysis for 
oligomer production. We have used recombinant chitinases and chitosanases to hydrolyse a 
well-characterised chitosan polymer, and purified oligomers with different DP. We have 
structurally characterised the products and tested their abilities to protect tobacco from viral 
disease. Chitinase products were dominated by GlcNAc units at their reducing and non-
reducing ends, with GlcN units dominating their centers, and v.v. for chitosanase products. 
While the chitinase-derived hydrolysates were inactive, the chitosanase-derived oligomers 
possessed elicitor and priming activities and protected plants from disease, and their activity 
increased with increasing DP. To further understand the molecular pathway underlying these 
responses, receptor interactions were investigated using a NanoLuc luciferase 
complementation assay in Arabidopsis protoplasts. The results revealed that chitosanase-
derived chitosan induces rapid and transient heterodimerization, primarily between CERK1 
and LYK4. Taken together, our results demonstrate that the Bacillus chitosanase employed 
here is particularly well suited for establishing a scalable production process for structurally 
defined chitosan oligomers with strong potential as agro-biologics. 
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Understanding interactions of chitosans and mucins is the basis to develop transmucosal drug 
delivery systems. To this end, in this collaborative work, we have screened interactions of 
chitooligosaccharides (COS) of varying degree of polymerization (DP: 2-15) with varying 
degree and pattern of acetylation (DA and PA, respectively) and purified pig gastric mucin, as 
probed by microviscometry, size exclusion chromatography-differential refractive index (SEC-
DRI) measurement, and grating-coupled interferometry (GCI). Three different types of COS 
produced either chemically or enzymatically and two chitosans of equivalent DA (0.30-0.33) 
but varying PA, were mixed with mucin in dilute aqueous solution at varying mucin/COS or 
mucin/chitosan mass ratios. The COS were found to invariably reduce the viscosity from the 
additive line drawn between the stocks of mucin and COS (Figure 1). No clear structure-
function relationships of interaction associated with DP and DA have so far been identified in  
these samples. 
 
 
 
 
 
 

 

 
 
Figure 1. Left: Area under the curve on the overall deviation from additive viscosity between 
chitosans of varying DA (HDP and Heppe series), chemically and enzymatically produced 
chitosans (CS34 NAc and CS33 EAc, DA = 0.30-0.33) and COS (661- and 671-series). Right: 
Matrix of mucin interactions for the different chitosans and COS of varying DP and DA. 

 
Ongoing studies by GCI are probing mucin-synthetic COS of well-defined structure to 
reveal the mechanisms at play. Mucin concentration-dependent binding and specificity 
towards DADADA hexamer, as well as partial inhibition of binding by pre-incubation of mucin  
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with chitohexaose (DDDDDD), have been observed, subject of further experimental 
refinement. This should pave the way to uncover chitosans with optimal mucoactive 
properties. 
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Skin wounding is common during the farming of Mediterranean fish species such as sea 
gilthead bream, in detriment of the fish welfare and fish productivity. To this end, we have 
developed scaffolds based on two strategies of chitosan gelation and subsequent freeze-
drying, namely, by covalent crosslinking with genipin (CSGNP) and by hydrophobic 
derivatisation via N-acylation with isobutyric anhydride to yield N-isobutyryl chitosan 
(CSNIBC).  Two chitosans (Mw 367 kg/mol and DA 7.6%, and Mw 350 kg/mol and DA 20%) 
were used.  CSGNP gels were produced at three molar stoichiometric crosslinking ratios 
([genipin]/[-NH3]) of 0.025, 0.025, and 0.1, while the CSNIBC were functionalised at 
equivalent molar stoichiometries ([isobutyric anhydride]/[-NH3]) of 4, 8 and 16. The obtained 
scaffolds were examined in their microstructural (SEM imaging), thermal (TGA) and swelling 
properties in both MilliQ and marine water. Scaffolds with interconnected porous and open 
structure and controlled swelling kinetics were further selected for ongoing studies of their 
stability in cell culture medium and cytotoxicity against fish skin keratinocytes cell line (SAF-
1) and loading them with a bioactive wound healing peptide. Future studies will address their 
wound healing properties of the developed scaffolds via in vitro and in vivo assays.  
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The encapsulation of bioactive compounds has emerged as a promising strategy for 
protecting them from degradation. In this context, different carriers can be prepared 
depending on the nature of the payload, such as capsules, liposomes, crosslinked polymeric 
matrices, among others. Nanotechnology enables the preparation of carriers with nanometric 
sizes, in which the surface-to-volume ratio is enhanced. Nanocarriers have applications in 
fields such as aquaculture, biomedicine, and food and beverages, among others. However, 
one of their main drawbacks is their tendency to aggregate into larger particles. Chitosan, an 
aminopolysaccharide family, has been shown to act as a stabilizing agent for nanocarriers due 
to its properties, mainly molecular weight (MW) and degree (DA) and pattern of acetylation. 
In this work, we prepared nanocapsules and nanoliposomes using chitosan with a MW ranging 
from 20 to 367 kg/mol and a DA ranging from 20 to 60%. Both nanoliposomes and 
nanocapsules showed sizes in the range of 100 to 1000 nm, with a zeta potential above +20 
mV. It is noteworthy that the lipid-to-chitosan mass ratio in each case is 40.6 and 15905 for 
nanoliposomes and nanocapsules, respectively. Of utmost importance is the fact that the 
smallest nanocarriers in each case were obtained with different types of chitosan, which 
highlights the importance of chitosan properties. 
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Colloidal gels (nanogels and microgels) have attracted tremendous attention in drug delivery, 
disease diagnostics and tissue engineering, due to their unique properties like variable size, 
adjustable mechanical properties and adaptability to biological systems. In particular, 3D 
crosslinked network of colloidal gels enables capacious loading and controlled release of small 
molecules, such as drugs, proteins, nucleic acids as well as large objects like cells. This paper 
will focus on the use of chitosan as building block for the synthesis of tailored colloidal gels. 
Different methods for chemical and enzymatic modification of chitosan to introduce the 
reactive groups (epoxy, acrylate, azide, alkyne, etc.) will be described. Various synthesis 
approaches to obtain chitosan-based colloidal gels can be realized in miniemulsion or 
microfluidic droplets to fabricate colloids with controlled size (100 nm ς 100 mm), adjustable 
pore size, unable mechanical properties and functional surface.1,2 The applications of colloidal 
gels based on chitosan in drug administration (carriers for antibiotics )3, plant protection (RNA 
delivery), and tissue engineering (microporous scaffolds for cell proliferation)4 will be 
discussed. 
 
1. H. Li, P. Jain, H. Peng, X. Li, K. Rahimi, S. Singh, A. Pich, Dual-Degradable Microgels by 
Direct Crosslinking of Chitosan and Dextran using Azide-Alkyne Cycloaddition, 
Biomacromolecules 2020, 21, 4933-4944. 
2. X. Li, H. Li, C. Zhang, A. Pich, L. Xing, X. Shi, Intelligent Nanogels with Self-Adaptive 
Responsiveness for Improved Tumor Drug Delivery and Augmented Chemotherapy, Bioactive 
Materials, 2021, 6, 3473-3484. 
3. X. Li, N. Wolter, H. Li, X. Shi, A. Pich, Charge-reversible and Biodegradable Chitosan-based 
Microgels for Lysozyme-Triggered Release of Vancomycin, J Adv Res, 2023, 43, 87-96. 
4. S. Bulut, S-H. Jung, T. Bissing, F. Schmitt, M. Bund, S. Braun, A. Pich, Tuning the Porosity of 
Dextran Microgels with Supramacromolecular Nanogels as Soft Sacrificial Templates, Small 
2023, 2303783. 
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Access to drinking water in regions lacking treatment facilities remains a systemic problem 
worldwide. In these cases, heavy metal contamination continues to pose a real threat to the 
environment and local populations. In this context, the development of portable absorption 
systems is emerging as one of the most promising technologies for ensuring access to drinking 
water. This situation is particularly worrying in geographical areas where water is 
ǎƛƳǳƭǘŀƴŜƻǳǎƭȅ ŎƻƴǘŀƳƛƴŀǘŜŘ ōȅ ǎƻƳŜ ƻŦ ǘƘŜ άōƛƎ ŦƛǾŜέ ƘŜŀǾȅ metals: Hg(II), Pb(II), Cd(II), 
As(III/V), and Cr(VI). Furthermore, conventional sorbents often fail to simultaneously capture 
the five major heavy metals, as they stabilize as cationic, neutral, or anionic species in water 
under conventional pH/eH conditions. Therefore, to address this challenge, in this work we 
present a porous and highly permeable filter manufactured as a sponge of chitin and soy 
protein in which a zirconium-based metal-organic framework (MOF) has been integrated. This 
work offers a scalable and sustainable approach to real-world water decontamination, with 
potential for further customization and optimization to improve selectivity and 
environmental safety. This sponge demonstrates removal efficiency greater than 90% for 
most metal ions, with notable synergistic absorption effects and adjustable performance 
through MOF loading. Blocking effects observed during the adsorption of certain heavy 
metals can be effectively mitigated by adjusting the surface charge of the 3D sponge through 
immersion in solutions ranging from acidic to neutral pH. 

 

 

 
 
 

https://orcid.org/0000-0002-8924-230X
https://orcid.org/0000-0002-8866-7314
https://orcid.org/0000-0002-9785-7048


 

 ΦΡ 

 
 
PC6 

Abstract ID 8 

From pests to polymers: chitosan from forest insects collected during forest 
protection activities 

9ǳƎŜƴƛǳǎȊ |ǿƛǎǘǳƵ ORCID iD, Tomasz Bajda ORCID iD, Julia Czerska 

AGH University of Krakow, Krakow, Poland 
 

 
9ǳƎŜƴƛǳǎȊ |ǿƛǎǘǳƵ 

 

Chitosan, a biopolymer obtained by deacetylation of chitin, is widely studied due to its 
biodegradability, biocompatibility, and antimicrobial properties, enabling applications in 
biomedicine, agriculture, and environmental protection. Industrial chitosan production relies 
predominantly on marine crustaceans, which require intensive demineralization and 
generate environmental and economic constraints. In contrast, insect exoskeletons exhibit 
lower mineral content, allowing milder processing conditions and offering a more sustainable 
terrestrial alternative. 
This study analyses the possibility of producing chitosan from forest pest insects, such as bark 
beetles, collected during forest sanitation activities. These insects occur in large numbers but 
are not usually utilised. Chitosan was synthesized from several forest insect species via 
sequential demineralization, deproteinization, deacetylation, and decolorization. The 
obtained materials were characterized using Fourier-transform infrared spectroscopy (FTIR) 
to confirm chemical structure and degree of deacetylation, X-ray diffraction (XRD) to evaluate 
crystallinity, and scanning electron microscopy (SEM) to analyze surface morphology. Thermal 
stability was assessed using simultaneous thermal analysis (STA), and antibacterial activity 
against selected bacterial strains was examined. 

The results indicate that chitosan derived from forest insects exhibits physicochemical 
properties comparable to conventional chitosan. The materials also demonstrated promising 
antibacterial performance. 
This work connects forest pest management with value-added biomaterial production, 
highlighting forest insects as a sustainable source of chitosan and supporting their integration 
into circular bioeconomy strategies. 
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Chitosan-based hydrogels and biomaterials have become increasingly popular in the domains 
of drug delivery, medications, supports, bandages, wound healing, etc. This is in part thanks 
to chitosan's innate properties including its biocompatibility, bioresorbability, and 
antibacterial effects, as well as the ease of functionalization via its primary amine. 
Modification and functionalization of the chitosan polymer can be used to fine tune and 
control its physico-chemical properties. A polyampholyte character can therefore be 
introduced to chitosan by grafting polycarboxylic acids, which expands its range and potential 
for drug delivery. By formulating a polyampholyte chitosan polymer with a polycationic 
peptide, a loaded hydrogel can be formed to provide a prolonged release of the peptide in 
situ. 
/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ ǘƘŜ ƘȅŘǊƻƎŜƭΩǎ ƳƛŎǊƻǎǘǊǳŎǘǳǊŜ ƛǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ {9aΣ {!·{Σ ŀƴŘ 
microscopy and rheology techniques, in order to evaluate the impact of the composition on 
the microstructure of the hydrogel and its evolution in situ during gelation and during peptide 
release. The underlying phenomena that directly impacts the formation of the microstructure 
may be explained by the electrostatic attractions existing between the components: the 
peptide being charged positively, it is able to interact with the negative charges found on the 
polyampholyte chitosan derivative. Thus, this study provides information and understanding 
about designing a polyampholyte chitosan hydrogel that is well adapted for an application as 
an in vivo drug delivery system, playing both on the microstructure and internal interactions, 
that are crucial in the release of the loaded active principle. The release kinetics show a 
sustained release over 10 ς 15 days with a full biodegradation within a few weeks post-
injection. 
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The aim of this study was to stabilize oil-in-water Pickering emulsions using chitin 
nanomaterials, thereby establishing a model for clean-labeled food emulsion sauces. First, 
chitin nanomaterials including chitin nanocrystals (CNC), deacetylated chitin nanocrystals 
(DACNC), chitin nanofibers (CNF), and deacetylated chitin nanofibers (DACNF) were prepared. 
Then, the effects of nanomaterial concentration, pHvalue, NaCl concentration, and storage 
temperature on the stabilities of the Pickering emulsions were determined. The average 
length and diameter of CNC, DACNC, CNF, DACNF was 104.29, 105.28, 1767.36, 1668.69 nm 
and 15.72, 16.79, 14.80, 16.49 nm, respectively. The degree of deacetylation of CNC, DACNC, 
CNF and DACNF was 29.94%, 45.14%, 25.51% and 41.62%. The stabilities of chitin materials-
stabilized O/W Pickering emulsions were increasing with the chitin material concentration 
(0.6-1.0 mg/mL) increased. The increase of pH values (3-6.5) and NaCl concentration (0-0.1 
M), CNC, DACNC, DACNF-stabilized O/W Pickering emulsions would improve stabilization. 
However, CNF-stabilized O/W Pickering emulsion would reduce stabilization. After 6 weeks 
of storage at different temperatures, chitin nanomaterials have good stability at low 
temperature (4 °C) and normal temperature (25 °C), and most of the appearance has no 
obvious change, but at high temperature (40 °C) detach the stacked solid particles from the 
emulsion, resulting in the surface of the emulsion droplet being no longer covered by solid 
particles, which promotes the collision and coalescence of droplets, and causes oiling off, 
which shows that the emulsion is not stable in this environment. 
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/ƘƛǘƻƻƭƛƎƻƳŜǊǎ Ŏŀƴ ŀŎǘ ŀǎ Ǉƭŀƴǘ ōƛƻǎǘƛƳǳƭŀƴǘǎ ƻǊ ōƛƻǇŜǎǘƛŎƛŘŜǎΣ ōǳǘ ǘƻŘŀȅΩǎ ŎƘƛǘƻǎŀƴ-based 
agro-biologics often lack sufficient efficacy. This is due to a lack of scalable production 
processes for structurally well-controlled chitosans combined with a limited understanding of 
structure-function relationships. Chitosans differ in their degree of polymerization (DP), 
fraction and pattern of acetylation (FA and PA). While the influence of DP and FA on 
antimicrobial and phytostimulatory properties is at least partially known, this is not yet the 
case for PA. PA can be partially controlled by using enzymatic rather than acid hydrolysis for 
oligomer production. We have used recombinant chitinases and chitosanases to hydrolyse a 
well-characterised chitosan polymer, and purified oligomers with different DP. We have 
structurally characterised the products and tested their abilities to protect tobacco from viral 
disease. Chitinase products were dominated by GlcNAc units at their reducing and non-
reducing ends, with GlcN units dominating their centers, and v.v. for chitosanase products. 
While the chitinase-derived hydrolysates were inactive, the chitosanase-derived oligomers 
possessed elicitor and priming activities and protected plants from disease, and their activity 
increased with increasing DP. To further understand the molecular pathway underlying these 
responses, receptor interactions were investigated using a NanoLuc luciferase 
complementation assay in Arabidopsis protoplasts. The results revealed that chitosanase-
derived chitosan induces rapid and transient heterodimerization, primarily between CERK1 
and LYK4. Taken together, our results demonstrate that the Bacillus chitosanase employed 
here is particularly well suited for establishing a scalable production process for structurally 
defined chitosan oligomers with strong potential as agro-biologics. 
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In response to the growing demand for sustainable and environmentally responsible plant 
protection approaches, this work presents a biodegradable microgel-based delivery platform 
for bioactive compounds that target environmental and biotic stressors. The system is based 
on chitosan, a naturally derived, biocompatible and cost-efficient polysaccharide obtained 
from chitin, sourced from crustacean waste. This biopolymer is processed into nanoscale 
microgels (nanogels) using inverse miniemulsion polymerization, enabling control over 
particle dimensions. To enhance interactions with plant tissues the nanogels are 
functionalized with cell-penetrating peptides (CPPs), which facilitate cellular uptake. In 
combination with their small size in nanometer range this functionalization promotes efficient 
uptake through stomata and enables cellular infiltration within plant tissues. These nanogels 
are designed to function as a cargo system for the delivery of ribonucleic acid (RNA) into plant 
cells, where the RNA triggers RNA interference mechanisms to selectively regulate gene 
expression without introducing genetic modifications. Using double-stranded RNA as a 
model, this study explores strategies for inducing transcriptional or post-transcriptional gene 
silencing in plants, enabling the silencing of target genes that can enhance crop protection 
against pests and pathogens. The physiochemical properties of the chitosan microgels, 
including surface charge, RNA loading affinity and capacity, degradation behavior and RNA 
release kinetics can be adjusted while ensuring effective RNA protection. Formulated as a 
spay-based application, this delivery system enables a versatile framework for RNA-based 
plant protection technologies that combine high specificity with environmental safety, 
contributing to more sustainable and biodiversity-conscious agricultural practices. 
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Covalent conjugation of corticosteroids to chitosanτa safe, biodegradable natural polymer 
with excellent mucoadhesive propertiesτrepresents an effective strategy for developing 
local drug delivery systems with enhanced biopharmaceutical performance. We designed 
chitosan-based carriers for dexamethasone and prednisolone featuring tunable 
physicochemical parameters, including particle size, surface charge, and drug release kinetics. 

Chitosan isolated from crab shells with varying molecular weights (15 and 60 kDa) and 
degrees of deacetylation (97% and 86%) was employed. Corticosteroids, pre-functionalized 
at the C21 position with succinyl or phosphate linkers, were conjugated to chitosan amino 
groups via carbodiimide-mediated coupling or phosphoramidate chemistry, respectively. 1H 
NMR analysis revealed degrees of substitution ranging from 2 to 10 mol%. The linkage 
chemistry (ester, amide, or phosphoramidate) governed the drug release profiles. The 
resulting amphiphilic derivatives spontaneously self-assembled in aqueous media into 
submicron nanoparticles (400ς900 nm) possessing a hydrophobic core and a hydrophilic 
chitosan corona, with y -potentials of +25 to +35 mV. 

The conjugates demonstrated potent anti-inflammatory activity in a TNF- -hstimulated THP-1 
(human acute monocytic leukemia) cell model and enhanced therapeutic efficacy in a Wistar 
rat model of acute acoustic trauma. These findings underscore the therapeutic potential of 
chitosanςcorticosteroid conjugates for targeted local delivery to anatomically isolated 
compartments such as the inner ear and eye. 
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The growing and indiscriminate utilization of plastics packaging still represents an ecological 
issue. Current trends emphasize the development of safe and eco-friendly packaging 
technologies, aiming to reduce environmental impact through the incorporation of 
sustainable and biodegradable materials. The emerging innovation focuses on bio-based 
polymers, due to their consistent role diminishing both the carbon dioxide emissions and the 
subordination on fossil fuels. Among the other biopolymers, chitin stands out as 
multifunctional ingredient not only for its biodegradability and sustainability, but also for 
biocompatibility and renewability [1]. In addition, the possibility of chitin extraction from 
innovative biomass (insects and fungal based) allows the insǘŀǳǊŀǘƛƻƴ ƻŦ άȊŜǊƻ-ǿŀǎǘŜέ ŎƛǊŎǳƭŀǊ 
economy systems. 

Chitin- and chitosan-based materials have excellent functional properties and are considered 
suitable for packaging application as films, coatings or edible coatings. On the other hand, 
even packaging solutions based on natural polymers can be found in different forms, most of 
the chitin/chitosan-based formulations are generally conceptual tests from basic research 
and only few products have managed to reach the market, due to their limitation in the 
continuous production process, which limits their industrialization and scaling. 

In AIMPLAS, chitin is selected as a raw material because of its optimal conditions to be 
processed by thermoplastic processing technologies, and together with other biomaterials, is 
formulated in several projects for pilot-scale processing of packaging products. As case study, 
in the Horizon Project INNOPROTEIN (ORIZON-JU-CBE-2022-R-04 GA:101112072) insects-
derived chitin is applied as raw material for bioplastic. INNOPROTEIN will develop novel 
bioplastic based on chitin and chitosan, which will be then plasticized and processed through 
dry processing technology to obtain some cutlery products. 
 

[1] Bose, I., Singh, R., Negi, P. & Singh, Y. Mater. Today Proc. 46, 11254ς11257 (2021) 
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The unique structure of the fungal cell wall (FCW) offers myriad opportunities as an antifungal 
drug target and biotechnological applications. The dynamic remodeling of the FCW 
ŎƻƳǇƻƴŜƴǘǎΣ ƛƴŎƭǳŘƛƴƎ ƛǘǎ ǇƻƭȅǎŀŎŎƘŀǊƛŘŜ ŎƻǊŜΣ ŘŜǘŜǊƳƛƴŜǎ ǘƘŜ ŦǳƴƎǳǎΩ Ǿƛŀōƛƭƛǘȅ, shape, stress 
resistance, and interactions with the environment and other organisms. Moreover, the 
permeability of the FCW dictates the secretion of (recombinant) proteins, with implications 
for biotechnological efforts and, a.o., mycoparasitic interactions. 
We showed that the cell walls of mycoparasitic fungi in the genus Trichoderma differ from 
those of saprotrophic species in their chitin and chitosan content. Notably, the increase in 
relative chitosan content in the FCW appeared essential for Trichoderma atroviride during 
mycoparasitism, and comparative analyses of conidial cell walls revealed the prevalence of 
fully acetylated chitin in contrast to walls of vegetative mycelia.  
Moreover, the number of genes encoding enzymes involved in chitin and chitosan 
metabolism was particularly enriched in the genomes of mycoparasitic Trichoderma species. 
Chitosanases (CHOs, GH76 enzyme family) play an essential role in nature by aiding the 
decomposition of chitinous biomass. Accordingly, the potential of CHOs in industrial 
applications could enable the exploitation of chitin and chitosans to produce size-specific, 
highly bioactive chitooligosaccharides. However, the roles of CHOs in cell wall remodeling and 
mycoparasitism, as well as their in vitro activities, remain underexplored.  
A total of six CHOs were active during the mycoparasitic attack by T. atroviride on several 
phytopathogenic hosts. Deletion of CHO-encoding genes affected mycelial growth, conidial 
pigmentation, expression of mycoparasitism-indicator genes (e.g., endochitinases, proteases, 
and polyketide synthases), and the overgrowth capacities of fungal hosts. We further 
demonstrate distinct expression patterns of CHO-coding genes during conidial maturation 
and in response to various exogenous chitinous substrates and environmental stressors. 
Therefore, such enzymes could be a useful tool for refining chitin and chitosan products  for 
specific applications. 
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Chitin, a major structural component of the fungal cell wall, is increasingly recognized as an 
immunologically active molecule capable of triggering host immune responses. Some 
pathogenic fungi may evade immune recognition by deacetylating chitin to chitosan.  
Despite the absence of endogenous chitin and chitosan in the body, humans express 
chitinase-3-like protein (CHI3L1). In inflammatory diseases, especially in dermatological 
conditions such as atopic dermatitis, fungal colonization frequently occurs in parallel with 
disease activity and increased levels of CHI3L1. CHI3L1 is suggested as a biomarker to assess 
inflammatory status, yet its functional role in inflammation and chitin/chitosan-associated 
immune responses remains poorly understood. 

We postulate that immune responses to chitosan are highly context dependent and shaped 
by polymer length, degree of acetylation (DA) and structural regularity. How host-derived 
factors translate these structural properties into defined cellular responses is still unclear. We 
hypothesized that CHI3L1 acts as a glycan-binding modulator that senses specific acetylation 
patterns and thereby shapes innate immune signaling. 

Using biophysical binding assays, fluorescence spectroscopy, single-molecule force 
spectroscopy, structural analysis and cellular reporter systems, we show that CHI3L1 binds 
chitosan in a DP- and DA dependent manner. We identify the chitin-binding groove of CHI3L1 
and reveal pronounced subsite preferences, demonstrating that CHI3L1 is more sensitive to 
chitin structure than the enzymatically active chitotriosidase. Although CHI3L1 prefers highly 
acetylated chitosans, its subsite preference allows also binding of chitosan with an 
intermediate DA and regular acetylation pattern.  
In HEK293 hTLR2 reporter cells, CHI3L1 enhances chitosan-induced NF-ˁ. ŀŎǘƛǾŀǘƛƻƴ ƻŦ ǊŜƎǳƭŀǊ 
chitosan while no effect was observed in random acetylated chitosan. In primary 
macrophages, regular acetylated chitosan-induced IL-мʲ ǊŜǎǇƻƴǎŜǎ ŀǊŜ ǊŜŘǳŎŜŘ ƛƴ ǘƘŜ 
absence of CHI3L1, indicating that CHI3L1 amplifies innate immune activation. 

We identify CHI3L1 as a pattern-sensitive chitin-binding protein that regulates chitin and 
chitosan driven innate immune responses. 
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The polycationic nature of chitosan makes it a promising polysaccharide for nucleic acid 
delivery systems in biomedicine and aquaculture. However, the correlation between its 
transfection efficiency in vitro and in vivo remains poorly understood. This study aimed to 
develop and evaluate a delivery system for the model plasmid pscAAV-CAG-GFP under both 
in vitro and industrial aquaculture conditions. Initially, polyplexes were formed using 37 kDa 
chitosan (74% deacetylation) and its cationic derivative, diethylaminoethyl chitosan (DEAE-
chitosan, with 22% and 54% substitution degrees). Transfection activity was assessed on the 
epithelioma papulosum cyprini (EPC) fish cell line. Both confocal microscopy and flow 
cytometry revealed overall low transfection efficiency for these polyplexes. To enhance 
delivery performance, a hybrid lipidςpolymer system was developed: the plasmid was first 
encapsulated within a DOTAP:DOPE (1:1 mol/mol) liposomal core, which was subsequently 
coated with chitosan or DEAE-chitosan. This hybrid system retained efficient transfection 
capability in vitro. 
For the in vivo study, European pike-perch (Sander lucioperca) were vaccinated at an 
industrial aquaculture facility (Forvat, Leningrad Region, Russia) via three routes: 
intramuscular (i.m.), immersion (imm.), and oral (p/os). Fish received prime and booster 
vaccinations. Target organs (spleen, head kidney, gills, intestine) were analyzed for GFP 
expression by RT-qPCR. Results demonstrated the superior efficiency of the hybrid lipidς
chitosan (DEAE-chitosanςDNA) system compared to simple chitosan polyplexes. 
Intramuscular administration induced the highest GFP expression across all examined organs. 
Mucosal immunization routes (immersion or oral) generated more localized immune 
responses. This work confirms the potential of chitosan-based hybrid systems for DNA 
vaccination in aquaculture and highlights the critical dependence of vaccine efficacy on the 
administration route. 
This research was supported by the Russian Science Foundation (Grant No. 24-76-10054). 
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Despite medical advances, invasive fungal diseases are still widespread in society. Notably the 
infection with the opportunistic human pathogen Cryptococcus neoformans can lead to 
pulmonary infection following the inhalation of contaminated soils. While healthy individuals 
mostly remain asymptomatic, the infection in immunocompromised patients may 
disseminate via the bloodstream to other organs. One of the affected organs is the central 
nervous system, where the fungi can cause life-threatening cryptococcal meningitis. Systemic 
dissemination is enabled by monocytes carrying C. neoformans in their phagosomes to distant 
organs across blood-tissue barriers. After their delivery to distant organs, C. neoformans 
escape from the phagosome to further invade into the tissue. Previous research suggests that 
the de-acetylation of chitin to chitosan in the cell wall of the invading Cryptococcus is a 
relevant virulence factor in animal models. We hypothesize, that the conversion from chitin 
to chitosan plays a major role in the intracellular survival and escape of C. neoformans and 
that chitosan affects the pH regulation in phagosomes of monocytes counteracting 
phagosome maturation and pathogen elimination. 

To prove our hypothesis, we will use a well-established organ-on-a-chip system mimicking 
physiological blood flow conditions and different blood-tissue barriers. This model system will 
enable us to investigate the infection of monocytes, the survival of C. neoformans in 
phagosomes and the escape of pathogen-loaded monocytes from circulation. To explore the 
relevance of chitosan, we will infect circulating monocytes with mutant C. neoformans strains 
lacking chitin-deacetylases. Using pH sensitive dyes, we will analyze the effect of cell wall 
associated chitosan on the maturation of the phagosome. In addition, live cell microscopy will 
enable us to visualize intracellular C. neoformans proliferation and tissue invasion of infected 
monocytes. 
Overall, this project will represent a step closer to understanding C. neoformans infections in 
the human host and lays the groundwork for future therapeutic development. 
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This study establishes an integrated and environmentally sustainable bioprocess for the 
production of chitin from shrimp shell waste through the synergistic combination of microbial 
ŦŜǊƳŜƴǘŀǘƛƻƴ ŀƴŘ ƳƛƭŘ ƻǊƎŀƴƛŎ ŀŎƛŘ ǘǊŜŀǘƳŜƴǘΦ IƛƎƘπŘŜƴǎƛǘȅ ŎǳƭǘƛǾŀǘƛƻƴ ƻŦ Bacillus subtilis in 
ŀ ŎƘŜƳƛŎŀƭƭȅ ŘŜŦƛƴŜŘ ǇƘƻǎǇƘŀǘŜπōǳŦŦŜǊŜŘ ƳŜŘƛǳƳ ǿŀǎ ŜƳǇƭƻȅŜŘ ǘƻ ƳŀȄƛƳƛȊŜ 
deproteinization efficiency while maintaining process controllability. Under optimized 
conditionsτǎǇŜŎƛŦƛŎŀƭƭȅ он Ƴa bŀIіthјϊнIіh ŀƴŘ нф Ƴa YіIthј ǿƛǘƘ ŀǳǘƻƳŀǘŜŘ ǇH 
control at 8.0 following the initial 6 h of cultivationτthe system achieved a protein removal 
efficiency of 92.23% within only 12 h, demonstrating rapid and highly effective bioconversion. 
To facilitate demineralization, a two-stage biological strategy was implemented. Following 
deproteinization, a short post-incubation coupled with 5% glucose supplementation enabled 
Lactobacillus plantarum fermentation, resulting in a mineral removal rate of 69.85% after 72 
h. Although this level of biogenic acidification was insufficient to meet commercial chitin 
purity requirements, it significantly reduced the inorganic load prior to chemical finishing. 
Therefore, a mild citric acid treatment was introduced as a polishing step, using an optimized 
/ŀ/hї-to-citric acid molar ratio of 3:8, which elevated mineral removal to 99.10% while 
avoiding the environmental burden associated with strong mineral acids. Comprehensive 
physicochemical characterization confirmed that the chitin produced via this hybrid 
biologicalςorganic acid process exhibited crystallinity, degree of acetylation, and structural 
integrity comparable to those obtained by conventional acidςalkali extraction. This work 
demonstrates that the integration of B. subtilisςmediated deproteinization with citric acidς
assisted demineralization provides a highly efficient, scalable, and environmentally benign 
platform for valorizing shrimp shell waste into high-quality chitin. 
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Current industrial chitin extraction processes rely on sequential demineralization and 
deproteinization steps typically performed in stirred reactors using large liquid volumes, long 
residence times, and strong chemical treatments. Despite the diversity of chitin sources 
(marine shells, fungi, insects), the extraction workflow remains largely unchanged, leading to 
persistent bottlenecks such as high water and reagent consumption, large waste streams, 
limited process intensification, and poor integration with downstream chitosan production. 

In this work, we present reactive extrusion as an enabling and scalable platform for process 
intensification in chitin extraction and its subsequent conversion into chitosan. The approach 
leverages high shear mixing, enhanced mass transfer, and controlled residence time in a 
continuous, compact processing unit, allowing reaction efficiency improvements while 
reducing process volumes and facilitating step integration. 

Chitin was extracted from insect biomass (Tenebrio molitor) and further converted to 
chitosan using an extruder-based reactive route. The obtained materials were assessed in 
terms of chemical and structural features, with emphasis on spectroscopic confirmation of 
extraction/deacetylation through FTIR analysis. The final chitosan was additionally 
characterized by Gel Permeation Chromatography (GPC) to determine molecular weight 
distribution, supporting the evaluation of process impact on polymer integrity and suitability 
for further applications. 
Overall, the results demonstrate the potential of reactive extrusion to deliver an intensified, 
scalable alternative to conventional batch processing for insect-derived chitin extraction and 
chitosan production, contributing to more sustainable and industrially viable biopolymer 
value chains. 
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Sustainable plant disease management requires effective and environmentally safe 
alternatives to conventional agrochemicals. In this context, nanoemulsions based on phenolic 
compounds of natural origin and biopolymers offer promising potential for pathogen control 
in various agro-industrial applications. In this study, two nanoemulsions were developed and 
characterized using a hexyl gallate/eugenol dispersion as a bactericidal agent (GaOi). One 
nanoemulsion was prepared with water (GaOi-Water), and the other was prepared using 1% 
(w/v) chitosan polycation (GaOi-Qs) as a continuous matrix. Atomic force microscopy (AFM) 
revealed that GaOi-water formed uniformly distributed spherical nanodroplets between 40 
and 150 nm, while GaOi-Qs exhibited a chitosan matrix with larger aggregates (>400 nm), 
which may be due to the polymeric matrix condition that leads to larger particles. Thus, TEM 
corroborated this information, showing core-shell architectures consistent with the 
controlled release profile of encapsulated phenolic compounds, as antimicrobial assays 
(REMA) against Xanthomonas citri demonstrated that GaOi-Qs was more effective than GaOi-
Water, with MBC values of 0.03125% (v/v) and 0.125% (v/v), respectively. In contrast, acute 
toxicity bioassays using Melipona scutellaris and Scaptotrigona postica did not indicate 
significant mortality or behavioral impairment at these concentrations. Likewise, experiments 
with sweet orange trees revealed substantial protection against X. citri infection, with a 74.0% 
decrease in lesion density for GaOi-Qs, comparable to the performance of commercial 
copper-based sprays (79.4 %). Therefore, based on these results, it is possible to highlight that 
GaOi nanoemulsions, particularly those using chitosan as a matrix, remain a safe and 
sustainable alternative for controlling citrus canker, combining high antimicrobial efficacy, 
safety for pollinators, and compatibility with the principles of circular bioeconomy. 
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Dissimilar Substrates 

Paul Marten ORCID iD, Oliver Weichold 
 
RWTH Aachen University, Aachen, Germany 
 

Commercial adhesives often face sustainability challenges, as many rely on petrochemical 
components and organic solvents. Our group has previously developed a fully bioȤbased, 
waterȤbased wood coating that exploits the natural molecular affinities between chitosan 
itaconate and cellulose. While this system shows excellent bonding performance towards 
wood, their ability to bond nonȤpolar substrates is limited. 

In this work we use aqueous chitosan polyelectrolytes and study how the structure of 
dicarboxylic acids, such as maleic, succinic and itaconic acid, the chitosan chain length and 
radical induced polymerisation influence macroscopic properties. Polyelectrolyte complexes 
were prepared with different chitosan chain lengths and acid equivalents, with and without 
potassium persulfate (KPS) as radical initiator. 

In case of the chitosan-maleate systems, FTIR analysis confirms the ionically linked and 
hydrogen bonded network structure of the chitosan polyelectrolyte complexes. With the 
addition of the radical initiator, decreased carbon-carbon double bond signals and a more 
heterogeneous carbonyl region indicate partial consumption of maleic double bonds and the 
formation of oligomeric, multivalent maleate crosslinkers, correlating with increased viscosity 
and more gelȤlike behaviour in rheology measurements. With decreasing chitosan chain 
length, the viscosity of the solutions is significantly lowered, resulting in varying processability 
and different adhesive properties. 

Finally, we relate these network characteristics to adhesion in wood-PMMA bondings. It was 
found that aqueous maleic acid alone yields strong PMMA-PMMA bonds but poor wood-
PMMA adhesion. In contrast, chitosan-maleate networks, especially with KPS, outperform 
maleic acid solutions and shift the failure from the adhesive layer into the wood. The 
combined rheological, spectroscopic and mechanical data demonstrate how molecular design 
of ionic chitosan-maleate networks tunes the transition from lowȤviscosity polyelectrolyte 
complexes to connected networks capable of bridging hydrophilic wood and hydrophobic 
PMMA. 
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This presentation illustrates the versatility of aqueous chitosan itaconate solutions as a bio-
based, multifunctional system in a variety of applications with lignocellulosic materials. 
Chitosan itaconate exploits the orthogonal reactivity of itaconic acid. While the carboxylic 
groups enable the protonation of chitosan amino groups to form a water-soluble salt, 
thermally initiated radical polymerisation transforms the salt into a water-insoluble 
interpolyelectrolyte complex. On surfaces, this yields a robust and durable transparent film. 
The aqueous chitosan itaconate solutions exhibit shear-thinning and thixotropic behaviour, 
allowing for uniform application. 
The aqueous solution penetrates lignocellulosic substrates. Within the substrate, the 
functional groups of chitosan and the second, free carboxyl group of itaconic acid interact 
with the hydroxyl groups of cellulose through extensive hydrogen bonding. These interactions 
act synergistically, leading to strong adhesion of the interpolyelectrolyte complex to the 
substrate. On the surface, the system forms a thin, hydrophobic film with a water contact 
angle of approximately 93° and provides effective protection against UV-induced 
degradation. In addition, presence of chitosan itaconate significantly reduces flammability of 
lignocellulosic materials: a single application lowers the burning rate, while multiple 
applications can completely suppress combustion. 
When employed as an adhesive for solid wood, chitosan itaconate achieves high bond 
strengths. Tensile-shear tests reveal cohesive failure in the wood rather than cohesive failure 
in the joint or adhesive failure at the interface. Furthermore, fibreboards manufactured using 
ŎƘƛǘƻǎŀƴ ƛǘŀŎƻƴŀǘŜ ŀǎ ŀ ōƛƴŘŜǊ ŜȄƘƛōƛǘ ōŜƴŘƛƴƎ ǎǘǊŜƴƎǘƘǎ ƻŦ ǳǇ ǘƻ тт bϊƳƳѐчΣ ŜȄŎŜŜŘƛƴƎ ǘƘƻǎŜ 
ƻŦ ǎƻƭƛŘ ǿƻƻŘ όŀǇǇǊƻȄƛƳŀǘŜƭȅ тл bϊƳƳѐчύ ŀƴŘ ŎƻƴǾŜƴǘƛƻƴŀƭ ƻǊƛŜƴǘŜŘ ǎǘǊŀƴŘ ōƻŀǊŘǎ 
όŀǇǇǊƻȄƛƳŀǘŜƭȅ нр bϊƳƳѐчύΦ 
Overall, chitosan itaconate combines easy application from aqueous solution with excellent 
mechanical performance, surface protection, and intrinsic flame-retardant properties. It 
therefore represents a powerful, sustainable alternative to conventional coating and binder 
systems and offers a tangible contribution to more environmentally friendly construction 
materials. 
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Spain ranks among the largest global consumers of fish and seafood, with a perȤcapita 
ŀǇǇŀǊŜƴǘ ŎƻƴǎǳƳǇǘƛƻƴ ƻŦ пнΦфу ƪƎκȅŜŀǊ ŀƴŘ ŀ ƳŀƧƻǊ ŦƛǎƘȤprocessing sector concentrated in 
regions such as Galicia and the Basque Country [1]. This activity generates substantial 
crustacean shell waste, whose inadequate disposal can lead to soil and water contamination, 
odors, and landfill accumulation. Crustacean shell waste is a strategic feedstock for chitin, a 
highȤvalue, structural polysaccharide composed of NȤacetylglucosamine units. As the second 
most abundant biopolymer after cellulose, chitin supports applications in pharmaceuticals, 
agriculture, food packaging, and cosmetics due to its biocompatibility, biodegradability, and 
nonȤtoxicity. Industrial chitin production commonly relies on sequential chemical extraction 
involving demineralization (e.g., hydrochloric acid) and deproteination (e.g., sodium 
hydroxide), with optional discoloration. Although operationally effective, this route demands 
high chemical inputs and ƎŜƴŜǊŀǘŜǎ ƘŀȊŀǊŘƻǳǎ ŜŦŦƭǳŜƴǘǎΣ ǇƻǘŜƴǘƛŀƭƭȅ ŀƭǘŜǊƛƴƎ ŎƘƛǘƛƴΩǎ 
molecular weight and degree of acetylation and increasing treatment costs. In response, 
green extraction strategies are being explored, including deep eutectic solvents (DES), which 
offer tunable physicochemical properties and potentially milder process conditions. 

The present work focuses on the valorisation of shrimp shells and examines choline 
chloride:lactic acid-based extraction under conventional thermal and microwaveȤassisted 
conditions, benchmarked against the standard acidςalkali workflow. Verification of product 
identity and structural features is conducted by FTIR, TGA and XRD. The recovered chitin is 
intended for downstream applications in food packaging, biomedicine, cosmetics and 
agriculture, where biocompatibility, biodegradability, and nonȤtoxicity are required. The 
approach provides a practical framework for green chitin extraction from marine 
bioresidues, highlighting DES and microwaveȤassisted processing as tools to balance 
environmental performance, process efficiency, and material quality without inferring 
experimental outcomes. 
Reference: 
[1] Spain Seafood Report 2024. Report Number: SP2024-0004. Global Agricultural Information Network. 
United States Dep- of Agriculture. Foreign Agricultural Service. 

  

https://orcid.org/0000-0002-8395-703X
https://orcid.org/0000-0003-0883-4694
https://orcid.org/0000-0001-7667-4683
https://orcid.org/0000-0001-7780-876X
https://orcid.org/0000-0002-8382-9492


 

 ΝΝΞ 

 
 
PC23 

Abstract ID 34 

Hexyl gallateςloaded O-carboxymethyl chitosan microgels for sustainable 
citriculture 

Sonia García-Embid1, Terezija Jovanovski2, Dirk-Jan Scheffers2, Andrij Pich1,3 
 

1DWI Leibniz-Institute for Interactive Materials, Aachen, Germany. 2University of Groningen, 
Groningen, Netherlands. 3Institute of Technical and Macromolecular Chemistry, RWTH 
Aachen, Aachen, Germany 
 

Citriculture plays a key role in global agriculture, providing essential nutritional resources and 
sustaining millions of livelihoods worldwide. However, citrus production is increasingly 
challenged by pests and diseases that negatively impact yield and fruit quality. In this study, 
we address citrus canker, a highly contagious bacterial disease caused by Xanthomonas citri 
subsp. citri, which remains a major concern in citrus-growing regions due to its economic 
impact and limited sustainable control options. Current management strategies rely mainly 
on copper-based bactericides, whose long-term use has raised serious environmental 
concerns related to copper accumulation in soils and associated ecological toxicity. 

Here, we propose hexyl gallate (G6), a naturally derived phenolic compound with 
demonstrated antibacterial activity against X. citri, as a promising biopesticide candidate. 
However, its practical application in agriculture is constrained by poor water solubility and 
limited stability under field conditions. To overcome these limitations, G6 is encapsulated 
within microgels based on O-carboxymethyl chitosan (OCMC), a water-soluble, 
biodegradable, and biocompatible chitosan derivative. The presence of both carboxyl and 
amine functional groups in OCMC enables tunable interactions and responsive behavior, 
making it a suitable carrier for controlled delivery. 
The focus of this work is the synthesis and optimization of G6-loaded OCMC microgels using 
both ionic and covalent crosslinking strategies. The resulting delivery systems are 
characterized in terms of morphology, surface charge, release behavior, and antimicrobial 
efficacy against X. citri. By tailoring the crosslinking approach, the microgel properties can be 
modulated to achieve high loading, controlled release, and environmentally relevant 
degradability. 
Overall, this work presents a sustainable microgel-based delivery platform for citrus canker 
control, offering an environmentally friendly alternative to conventional copper-based 
treatments and contributing to the development of more resilient and sustainable 
citriculture. 
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Chitosan, a naturally derived polysaccharide, has attracted considerable attention in 
biomedical and pharmaceutical research due to its exceptional properties, including 
biocompatibility, biodegradability, pH sensitivity, and intrinsic antibacterial and antioxidant 
activities. These characteristics, coupled with its versatility, make chitosan an ideal candidate 
for developing nanoparticles aimed at drug delivery and other advanced pharmaceutical 
applications. Chitosan nanoparticles are conventionally synthesized through ionotropic 
gelation using polyphosphates as crosslinkers. While these methods are well-established, 
they often face significant challenges such as limited control over particle size and 
morphology, batch-to-batch variability, and poor scalability. To address these limitations, this 
study explores the use of a microfluidics-based synthesis approach, leveraging its inherent 
advantages of precise control over reaction parameters, enhanced reproducibility, and 
potential for scalable production. In a previous work, we demonstrated the interest of 
hexametaphosphate (HMP) to produce chitosan nanoparticles with either negative or 
positive charge. Here, we have studied the interest of microfluidics to further optimize the 
process. The key operating parametersτincluding flow rates and HMP concentrationsτwere 
varied according to a Design of Experiments (DoE) to systematically investigate their effects 
on particle size, zeta potential, and stability. The microfluidic platform ensures uniform mixing 
and reduces reagent wastage, resulting in nanoparticles with tunable diameters. This 
microfluidics-based strategy provides an innovative alternative to conventional batch 
methods, offering enhanced scalability and reproducibility crucial for industrial and 
biomedical applications. 
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Semi-solid extrusion (SSE) 3D printing is increasingly investigated in pharmaceutical 
manufacturing for the production of personalized medicines, particularly for pediatric and 
neonatal patients (Funk et al., 2023). However, the development of formulations combining 
printability, disintegration and functional drug delivery remains challenging.  In this context, 
chitosan is of particular interest due to its biocompatibility, sustainability and rheological 
properties suitable for extrusion-based printing (Taghizadeh et al., 2022).  The aim of this 
work was to develop a chitosan-based matrix printable by SSE, disintegrable in aqueous 
media, and compatible with the integration of a sustained-release platform. Chitosan was 
chemically modified via amine functionalization using glycidol or thiolactone at different 
degrees of substitution in order to improve hydrophilicity and solubility at neutral pH, while 
maintaining suitable rheological properties for SSE printing. The modified chitosan was 
formulated with lactose, to be incorporated as a filler to enhance printlet mass and structural 
integrity. The influence of formulation composition on printability and disintegration was 
systematically investigated using rheological analyses and pharmacopeial disintegration tests. 
Caffeine was used as a model drug. The optimized formulation enabled stable and 
reproducible SSE printing with fluid extrudability and good shape fidelity, while allowing 
disintegration of the printlet according to pharmacopoeia criteria (6 min 30 s). To extend this 
work, alginate/chitosan microparticles were developed using trifluid spray-drying, providing 
a sustained-release platform compatible with the printed matrix and personalized medicine 
approaches. Overall, this work demonstrates the development of a chitosan-based 
disintegrable matrix for SSE printing, designed as a modular platform for personalized 
pharmaceutical dosage forms, particularly suited for pediatric applications. 
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Luen Zidar 
 

Seafood production is increasing worldwide, and with it the amount of waste, which 
represents around 35% of raw materials[1]. Most of this waste is landfilled, leading to 
environmental pollution and resource loss[2,3]. Chitin is the second most abundant 
biopolymer on earth, with excellent biomedical and physicochemical properties[4], offering 
high potential for utilisation. It can be used in various applications, including cosmetics, food 
packaging, textiles, biomedicine, environmental engineering, and others[1,2,3]. 
The main challenge is to close the gap between laboratory-scale chitin extraction and 
sustainable, large-scale production. This requires the development of more environmentally 
friendly and efficient extraction methods without affecting the bioactivity and quality of the 
extracted chitin. 
The aim of our research was to extract chitin from different seafood waste sources, such as 
crustacean shells, squid pens, and other frequently discarded sources of chitin in the northern 
Adriatic region. We tested and compared conventional and more environmentally friendly 
extraction methods using DES (deep eutectic solvent). We characterised the chitin extracts 
with various analyses (FTIR, TGA, XRD, NMR, SEM, elemental analysis, protein and ash 
content, and degree of acetylation) to better understand which applications our extract 
would be most suitable for. We also evaluated the extraction methods in terms of energy, 
chemicals, costs, time, and water consumption. The poster presentation will address which 
methods are superior for chitin extraction from each seafood source. 

 

References: 
[1] https://doi.org/10.3389/fmars.2021.723333 
[2] https://doi.org/10.1186/1475-2859-12-90 

[3] https://doi.org/10.1186/s40643-019-0243-y 

[4] https://doi.org/10.1038/524155a 
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Osteoarthritis (OA) is one of the most common musculoskeletal disorders, and it affects to 
7% of the population worldwide. OA is characterized by cartilage degradation and decreased 
viscoelasticity of the synovial fluid. The main treatment alternatives include 
viscosupplementation (intra-articular sodium hyaluronate injection) and oral prescription of 
non-steroidal anti-inflammatory drugs (NSAIDs). However, therapeutic effectiveness is not 
completely achieved because of the short-lasting activity of intra-articular injections and the 
side effects of NSAIDs during long-term treatment. Thus, this study aimed to develop and 
assess in vivo ŀƴ ƛƴƴƻǾŀǘƛǾŜ ƘȅŘǊƻƎŜƭ ŎƻƳǇƻǎŜŘ ƻŦ ŎƘƛǘƻǎŀƴ ό/I¢ύκ ǇƻƭȅƳŜǊ ƻŦ ʲ-cyclodextrin 
(PCD) for intrarticular delivery of an NSAID. First, the hydrogel was designed to provide joint 
support and lubrication while enabling local delivery of NSAIDs. Rheological characterization 
confirmed the formation of a physical hydrogel with viscoelastic solid behavior, shear-
thinning, and self-healing properties. In addition, the lubricating action was confirmed using 
a pin-on-disk tribo-rheometer. Second, an NSAID was incorporated into the formulation by 
wet granulation between PCD and NaNX. The prolonged release of the NSAID was confirmed 
using a USP dissolution apparatus 1. Finally, the therapeutic efficacy was assessed using an 
osteoarthritis model of the temporomandibular joint (TMJ) in rats. In this part, pain sensitivity 
was assessed over 30 days using a Von Frey aesthesiometer. The results demonstrated 
significantly lower pain sensitivity in rats treated with both hydrogel formulations (with and 
without NSAID) than with a commercial hyaluronic acid-based product (Ostenil ®).  

In conclusion, this study represents a proof of concept for our approach of using a CHT/PCD 
physical hydrogel for viscosupplementation and drug delivery. This approach, which is 
principally based on viscoelastic behavior, needs to be further explored to determine the  
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biological mechanism involved. Furthermore, the extension of its use to treat knee OA will be 
a main priority in future studies. 
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Colletotrichum species remain among the most destructive phytopathogens globally, with 
appressorium-mediated penetration representing a critical bottleneck in plant infection 
management. In this work, chitosanςˁ-carrageenan nanoparticles (CSςˁ-CRG), with and 
without lysozyme (CSςˁ-CRG/Lz), were synthesized, characterized, and evaluated for in vitro 
antifungal activity against Colletotrichum siamense. The chitosan-based nanoparticles 
exhibited monodisperse distributions (503 and 333 nm for CSςˁ-CRG and CSςˁ-CRG/Lz, 
respectively), a positive surface charge (~+26 mV), spherical morphology, and a lysozyme 
encapsulation efficiency of 63%. Both formulations significantly reduced conidial viability and 
delayed germination, with pronounced structural alterations including conidial swelling, 
hyphal deformation, and vacuolization. Fluorescence microscopy showed that the cell 
membranes were damaged and the cell walls had less fluorescence, which indicated a 
disruption in the biosynthesis of cell wall components.  For the first time, it was shown that 
the chitosan-based nanomaterial could inhibit appressorium formation in C. siamense, even 
though it was not chitosan-sensitive. Both nanomaterials significantly inhibited appressorium 
development, and a dose-dependent negative response was observed. Unexpectedly, at a 
ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ нлл ƳƎ Ƴ[ѐцΣ /{ςˁ-CRG nanoparticles stimulated appressorium formation, 
suggesting that sublethal nanoparticle stress may trigger compensatory or hyper-pathogenic 
responses. These findings point out the hazards and complexity of utilizing chitosan-based 
nanomaterials for phytopathogen management, emphasizing the necessity for mechanistic 
and dose-response evaluations before field application. 
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Click chemistry offers an effective platform to design active materials with novel 
functionalities using green synthesis. In this regard, naturally occurring aldehydes, specifically 
benzaldehyde and trans-2-hexenal, with proven antifungal activity against postharvest 
pathogens, were stabilized on chitosan particles via reversible imine (Schiff-base) formation 
between chitosan primary amines and aldehyde carbonyl groups. In order to achieve the 
functionalization of chitosan particles, a sustainable, solvent-free mechanochemical synthesis 
was carried out, requiring no external heating, reducing rection times, and avoiding catalysts. 
Imine formation was successfully identified by attenuated total reflectance-Fourier transform 
infrared (ATR-FTIR) spectroscopy, while aldehyde grafting into chitosan particles was 
quantified as the degree of substitution (DS) by elemental (CHNS) analysis. Modified particle 
morphology, size and porosity, relative to chitosan particles were studied by scanning 
electron microscopy (SEM). Different chitosan:aldehyde weight ratios were evaluated, 
achieving high conversion of primary amino groups ; at the highest aldehyde loading (1:0.5, 
w:w), over 54% substitution degree was achieved for both aldehydes. Reversibility and 
release patterns of the aldehydes were assessed by gas chromatography with flame ionization 
detector (GC-FID), showing enhanced aldehyde-controlled release under acidic conditions, 
consistent with pH-triggered imine hydrolysis. Particularly, benzaldehyde modified chitosan 
particles showed complete imine reversibility. Modified particles exhibited strong in vitro 
antifungal activity against Botrytis cinerea, Colletotrichum gloesporioides and Penicillium 
expansum when submitted to acidic pH conditions, showing fungicidal activity with low-doses 
of active material. In addition, the environmental performance of the functionalized particles 
was evaluated by compostability and biodegradation testing, exhibiting favourable 
biodegradation outcome. Modified particles showed an improve on the biodegradability of 
over 55% for both aldehydes, relative to the chitosan controls. Overall, pH-responsive 
chitosan particles showed considerable potential to be used as sustained release systems of 
volatile antimicrobials and hence, on the design of active food packages. 
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Chitosan-based sponges have attracted considerable attention due to their biodegradability, 
biocompatibility, and broad applicability in food packaging, biomedical materials, and 
controlled release systems. Trans-2-hexenal is a naturally occurring aldehyde capable of 
reacting with the primary amino groups of chitosan through both Schiff base formation and 
aza-Michael addition, enabling the creation of a dual covalent network. Benzaldehyde is 
another naturally occurring compound with notable antifungal properties, making it a 
promising antimicrobial agent for chitosan-based pH-responsive systems. 

The aim of this study was to develop a pH-responsive chitosan sponge resistant to acidic 
environments and capable of releasing benzaldehyde previously linked to chitosan through 
reversible imine bonds. Trans-2-hexenal was employed as a heterobifunctional chemical 
cross-linker to stabilize the chitosan network. Functionalization of chitosan with both 
aldehydes was achieved in a single-step reaction. 
Successful modification of chitosan with aldehydes was confirmed by solid-state 13C-NMR. 
The sponges exhibited a highly porous three-dimensional microstructure as observed by SEM. 
Swelling behaviour was strongly pH-dependent: under acidic conditions, sponges showed 
high water uptake and maintained excellent structural integrity over time, demonstrating 
notable stability in acidic environments due to the chemical crosslinking of the network by 
trans-2-hexenal. In addition, benzaldehyde acted as the dynamic component in the sponge 
and its release was pH-responsive, with significantly higher release under acidic conditions. 
The released volatile exhibited strong antifungal activity against Penicillium expansum and 
Alternaria alternata. 
The developed sponges emerge as pH-responsive antifungal materials stable in acid media 
and with strong potential for active food packaging, biomedical scaffolds, and controlled 
release applications. 
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Although the first investigations on microalgae-derived chitin date back to the 1960s, chitin 
research in diatoms progressed slowly for decades. Only recently, transcriptomic studies 
rekindled interest by revealing a complex chitin metabolism in Thalassiosira weissflogii, with 
234 predicted chitin-related genes, including 30 chitin synthases. These algae are of particular 
ƛƴǘŜǊŜǎǘ ŘǳŜ ǘƻ ǘƘŜ ǇǳǊŜ ʲ-chitin rods they produce which exhibit high aspect ratios and are 
attractive for sustainable material applications, including electrorheological suspensions, 
biomedical scaffolds, and food packaging. 

Using the marine diatom Thalassiosira rotula, we demonstrated in vivo modulation of chitin 
synthesis by tailored iminosugars and the chitin synthesis inhibitor Nikkomycin Z resulting in 
significantly altered chitin rod lengths. Motivated by these findings, we established a novel 
water-based extraction procedure and managed to isolate T.rotula chitin rods. The isolated 
microrods segregate into two populations depending on their site of extrusion from central 
or outer silica pores (fultoportulae), exhibiting characteristic dimensions of 12.6 ± 4.0 µm × 
75 ± 21 nm and 17.5 ± 4.7 µm × 170 ± 39 nm, corresponding to high aspect ratios of ~168 and 
~103, respectively. HAADF-STEM reveals that these microrods possess a hierarchical 
ultrastructure. 
Taken together, our findings highlight T.rotula as a powerful model system linking 
quantitative in vivo modulation of chitin synthesis with structure-preserving chitin extraction. 
This paves a sustainable route toward in vivo-modifiable biogenic, high-ŀǎǇŜŎǘ Ǌŀǘƛƻ ʲ-chitin 
building blocks. 
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Electrospun nanofibrous structures based on chitosan for tissue engineering: 
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Cartilage repair remains a major challenge due to the limited self-regeneration capacity of 
this tissue. In this context, biomimetic scaffolds, reproducing the native extracellular matrix 
(ECM) structure are prepared: chitosan (CS)-based nanostructured scaffolds were developed 
using electrospinning, with a focus on material characterization and biological performance. 
Homogeneous solutions of CS, hyaluronic acid (HA), and CS/HA polyelectrolyte complex were 
prepared at different charge ratios using formic acid/water mixtures as solvent. To enable 
electrospinning, polyethylene oxide (PEO) was incorporated at 30 wt%, leading to uniform 
CS/PEO and CS/HA/PEO nanofibers with diameter ranging between 100ς200 nm. Different 
collector geometries for electrospinning allowed randomly oriented and patterned 
nanofibrous mats production. These substrates were evaluated as bio-supports for 
chondrocyte culture, compared to proliferation on cast films. Aligned fiber regions promoted 
local cell alignment, confirming the influence of scaffold topography on cell organization. 

Atomic force microscopy (AFM) measurements revealed that although single-cell adhesion 
forces were slightly higher on films, nanofibrous mats provided more effective adhesion 
based on multi-fiber contact and scaffold porosity (~40%). Then, proliferation assays 
demonstrated higher chondrocyte proliferation on nanofiber mats compared to films.  The 
beneficial role of HA as an ECM-mimetic component in CS/HA scaffolds was also highlighted, 
promoting faster cell confluency. Primary chondrocytes cultured on nanofibrous substrates 
preserved their native morphology and exhibited high viability (>90%) in contrast to the 
flattened phenotype observed in monolayer cultures. 

Finally, this study demonstrates that electrospun CS and CS/HA nanofibrous scaffolds provide 
a versatile and biologically relevant platform for cartilage tissue engineering, with promising 
potential for implantable and minimally invasive regenerative strategies, able to be applied 
to enhance the repairing process in other types of tissues. 

 

  



 

 ΝΞΟ 

 
 
PC33 

Abstract ID 48 

Chitosan Disrupts Fungal Cell Wall Homeostasis Through Coordinated 
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The fungal cell wall is a highly specialized chitinςglucan composite whose architecture, 
remodeling and stress sensing are central to fungal development and pathogenicity. Chitosan, 
a naturally derived cationic polymer obtained from chitin deacetylation, is increasingly 
recognized not only as a biomaterial but also as a biologically active molecule capable of 
directly targeting fungal cell surfaces. Here, we provide new mechanistic insight into how 
chitosan perturbs cell wall integrity and infection-related development in the rice blast fungus 
Magnaporthe oryzae, a model for appressorium-driven plant infection. 
Previous work established that chitosan disrupts appressorium function by interfering with 
septin-dependent F-actin reorganization at the appressorium pore, increasing plasma 
membrane permeability and altering reactive oxygen species (ROS) homeostasis. These 
effects engage central elements of the cell wall integrity (CWI) network, including the protein 
kinase C pathway (Pkc1), the MAP kinase Mps1 and NADPH oxidaseςrelated components, 
positioning chitosan as a modulator of core wall-stress signaling. 

Building on this framework, our transcriptomic analyses reveal that chitosan triggers a rapid, 
large-scale transcriptional reprogramming characteristic of acute cell wall stress. Genes 
ƛƴǾƻƭǾŜŘ ƛƴ ŎƘƛǘƛƴ ŀƴŘ ʲ-glucan biosynthesis, septin organization, actin cytoskeleton 
regulation and wall construction are broadly repressed, while stress-response pathways, cell 
wall repair mechanisms and CWI salvage responses are strongly induced. This signature 
reflects an attempted compensatory remodeling of the chitin-rich wall that ultimately fails 
under sustained chitosan pressure, resulting in defective appressorium maturation and an 
inability to initiate host penetration. 
Our integrated  data support a model in which chitosan acts as a multi-target cell surfaceς
active polymer that couples electrostatic interactions at the wallςmembrane interface with 
downstream perturbation of cytoskeletal organization, ROS signaling and transcriptional 
control. Understanding how fungi sense and respond to chitosan provides a foundation for 
the rational development of next-generation chitin-derived antifungal approaches. 
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Mechanisms of chitin organisation in Drosophila melanogaster larvae 

Vinolia Dmello, Luca Bertinetti ORCID iD, Yael Politi ORCID iD 
Center for Molecular Bioengineering (B CUBE), TU Dresden, Dresden, Germany 

 
The insect cuticle is a hierarchical bio-composite where the arrangement of chitin fibrils 
determines essential mechanical properties for survival. While chitin biochemistry is well 
understood, the cellular mechanisms that organize these polymers into complex extracellular 
architectures remain unknown. We utilize Drosophila melanogaster third instar larvae to 
correlate apical membrane morphology with molecular-level chitin organization at the assembly 
zone, the extracellular space between the apical plasma membrane and the cuticle. 

To track the key enzyme Chitin Synthase (ChS1) (Kkv) at the apical plasma membrane, we 
established a double transgenic reporter line using multicolor labels for the ChS1 and adherent 
junctions (Kkv-mNG/Ecad-Tomato). Live-cell spinning disk microscopy reveals that Kkv protein is 
dynamic and undergoes spatial redistribution over a one hour timescale. To resolve the 
ultrastructural context of these dynamics, we employed a cryo-correlative light and electron 
microscopy workflow. 
Using cryo-Focused Ion Beam/Scanning Electron Microscopy and cryo-electron tomography (cryo-
ET), we identified two distinct morphological states of the epidermal apical surface. Our data 
show a correlation between high/localized ChS1 signal and the presence of elongated microvilli 
and broad assembly zone displaying a loose fibrous matter. Conversely, low/diffuse ChS1 signal is 
associated to flattened and convoluted membrane profiles and a dense assembly zone, suggesting 
that cuticle deposition occurs in two distinct stages. 

Furthermore, we present high-resolution cryo-ET data of the mature cuticle. In collaboration 
with Mattei Lab, EMBL (Heidelberg), we resolved the recurring structural motifs of mature 
chitin fibrils in their near-native, hydrated state through sub-tomographic averaging. Our 
findings suggest that apical membrane geometry actively guides the initial orientation of 
chitin fibers. This work provides a structural model for insect exoskeleton formation and 
offers insights for biomimetic design of chitin-based materials. 
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Chitosan is a biocompatible and biodegradable cationic polymer widely utilized in medical 
and pharmaceutical fields. However, its lack of intrinsic fluorescence often necessitates the 
use of synthetic markers for detection in biological systems. In this work, we describe the 
biotechnological synthesis of chitosan-betaxanthin, a novel polymeric material that combines 
the properties of chitosan with the intense fluorescence of betalains, nitrogenous pigments 
found in plants. By using an enzymatic process, betalamic acid was produced in situ to 
undergo a Schiff condensation with the available amine groups on the chitosan backbone. 
The resulting insoluble yellow polymer was characterized by solid-state spectrophotometry, 
showing a maximum absorbance at 471 nm. Fluorescence microscopy under blue light 
stimulation revealed a strong green emission. Interestingly, the polymer exhibited higher 
fluorescence intensity than standard pigments like dopaxanthin, likely due to the increased 
structural rigidity of the polymeric matrix. Dynamic light scattering and transmission electron 
microscopy confirmed the formation of nanoparticles with an average hydrodynamic 
diameter of 84.7 nm. To validate the reactivity, individual sugar-derived betaxanthins 
(glucosamine- and galactosamine-betaxanthin) were synthesized and tested. These 
molecules demonstrated potent in vivo antioxidant activity, reducing oxidative stress. Our 
findings demonstrate that betalamic acid can covalently modify carbohydrate polymers, 
yielding a non-toxic, fluorescent biomaterial with significant potential as a traceable carrier in 
drug delivery and bioimaging applications. 

 
 

FUNDING: This work was supported by the Spanish Ministry of Science and Innovation, 
project PID2021-122896NB-I00 (MCIN/AEI/10.13039/501100011033/FEDER, UE). P. M.-R. 
holds a contract financed by Fundación Séneca (Spain) (21587/FPI/21). 
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Introduction: Chitosan is a natural, biodegradable, biocompatible, and non-toxic 
polysaccharide with significant antimicrobial activity, making it a promising candidate for drug 
delivery systems in treating bacterial infections. 

However, its practical applications are frequently limited by specific physicochemical 
constraints. These challenges can be addressed through chemical modifications that enhance 
its properties. A notable chitosan derivative is N-(2-(N,N,N-Trimethylammoniumyl)acetyl)-
chitosan (TAC), which shows improved solubility, increased membrane permeability, and 
strong antimicrobial effectiveness. 
 

Purpose: The previously reported synthesis of TAC involves the use of phthaloyl and 
triphenylmethyl, or tert-butyldimethylsilyl (TBDMS) protective groups and N-acylation with 
N-chlorobetainyl chloride or bromacyl bromide (followed by reaction with trimethylamine), 
and deprotection. This method is resource-intensive and time-consuming. This study explores 
an alternative approach using a Design of Experiments (DoE) strategy to optimize the coupling 
of betaine to chitosan via Hexafluorophosphate Azabenzotriazole Tetramethyl Uronium 
(HATU) coupling, aiming for a high degree of substitution (DS) and efficiency. 
 

Methods: Following preliminary investigations, two full factorial DoE optimizations of the 
reaction were performed, each involving 12 experiments, at 60°C using a Mya-4 reaction 
station with varying equivalent ratios of betaine, HATU, 1-hydroxybenzotriazole (HOBt), and 
triethylamine (TEA). The products were purified through ion exchange and dialysis, freeze-
dried, and analyzed by 1H-NMR (Figure 1).  
 

Results and conclusions: The reaction optimization used MODDE software for data analysis 
to identify key parameters and optimal reagent conditions, achieving complete substitution 
efficiently and significantly reducing reaction time. The process enabled quantitative 
conjugation of betaine into the TAC derivative in three hours. Response surface modeling 
showed that HATU was the main factor influencing conversion. 

The DoE approach identified crucial parameters and improved predictability of the final DS 
while reducing reagent use. This study created a novel, efficient method for TAC synthesis, 
enhancing sustainability and scalability and laying a foundation for future nanomedicine 
applications.  
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A Review of Processing, Characterization, and Biological Performance 
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Chitosan-based hydrogels have emerged as a prominent class of biomaterials derived from 
chitin, combining biocompatibility, biodegradability, and tuneable physicochemical 
properties with broad biomedical potential. Due to their structural similarity to extracellular 
matrix components, they are widely investigated for applications in wound healing, tissue 
engineering, and controlled drug delivery systems [1,3,7]. 

This review summarises recent advances in the processing, physicochemical 
characterisation, and biological performance of chitosan-based hydrogels, with particular 
emphasis on their biomedical relevance. 

Recent developments in hydrogel fabrication, including physical, chemical, and hybrid 
crosslinking strategies, enable precise control over network structure, porosity, and 
mechanical behaviour [2,3]. These approaches significantly influence hydrogel stability and 
functionality under physiological conditions, including advanced properties such as self-
healing and electroconductivity [4]. 

Furthermore, the incorporation of bioactive compounds and functional modifications 
enhances the therapeutic potential of chitosan-based hydrogels, including antimicrobial, 
antioxidant, and regenerative effects [5,6]. These effects are linked to specific cellular 
mechanisms, which are crucial for understanding biological activity and clinical translation 
[6]. 
Recent studies span multiple levels of validation, from in vitro and mechanistic analyses to 
in vivo models and clinical applications [3,7], highlighting the strong translational potential 
of these systems. Overall, chitosan-based hydrogels represent a rapidly evolving field, 
supporting the development of advanced and clinically relevant biomaterials. 
 
1. Rybicki, M. et al. Gels 2025, https://doi.org/10.3390/gels11100798 

2. Kruczkowska, W. et al. Gels 2024, https://doi.org/10.3390/gels10050295 

3. Park, J.E. et al. Gels 2026, https://doi.org/10.3390/gels12030234 

4. Almeida, D. et al. Gels 2025, https://doi.org/10.3390/gels11080619 

5. Romano, S. et al. Gels 2025, https://doi.org/10.3390/gels11070559 

6. Kruczkowska, W. et al. Molecules 2024, https://doi.org/10.3390/molecules29184360 
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The presentation highlights technological challenges, material-specific adaptations, and 
opportunities for the spinning of high-performance fibers from chitin and chitosan derived 
from various natural sources, including crustaceans, fungi, and insects. It demonstrates how 
source-specific material properties can be translated into tailored spinning strategies, paving 
the way for sustainable, high-performance bio-based fibers in future textile systems. Adapted 
solvent wet-spinning processes using acid-based systems, as well as alternative solvent 
concepts, such as ionic liquids are discussed. A central focus of the talk is the utilization of 
insect-derived chitosan from black soldier fly (BSF) exuviae within regional circular 
ōƛƻŜŎƻƴƻƳȅ ŎƻƴŎŜǇǘǎΦ ²ƛǘƘƛƴ ǘƘŜ άinsectmatterέ ǇǊƻƧŜŎǘΣ ǎǳǎǘŀƛƴŀōƭŜ ǾŀƭǳŜ ŎƘŀƛƴǎ ǿŜǊŜ 
established from insect biomass to textile-based products. Compared to conventional marine 
sources, insect-based chitosan offers advantages in terms of regional availability, reduced 
supply chain dependency, and improved sustainability performance. Competitive yields of 
chitin and chitosan were achieved through extraction processes, and wet-spinning 
technologies were developed to transform BSF chitosan into continuous filament yarns 
suitable for medical, cosmetic, and technical applications. Compared to conventional marine 
sources, insect-based chitosan offers advantages in terms of regional availability, reduced 
supply chain dependency, and improved sustainability performance. 

Expanding the material portfolio further, fungal chitosan has emerged as a particularly 
attractive alternative for advanced fiber concepts. Compared to marine-derived chitosan, it 
generally exhibits lower batch-to-batch variability and offers pronounced antimicrobial 
effects, which are advantageous for wound care, resorbable structures, and other health-
related textile systems. Although fungal chitosan often has a low molecular weight, which 
negatively affects its spinability, adapted solvent wet-spinning strategies enable the 
formation of stable, homogeneous multifilament yarns with high biocompatibility as a highly 
promising material platform for next-generation biofunctional fibers. 
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N,N,N-Trimethyl chitosan (TMC) is a chitosan derivative with significant antibacterial activity 
and enhanced aqueous solubility compared to unmodified chitosan. This study investigated 
the relationship between cytotoxicity, degree of trimethylation (DTM), and molecular weight 
(Mw) across five distinct TMC samples. Additionally, polyelectrolyte complex nanoparticles 
(NPs) were prepared using TMC and chondroitin sulfate (ChS). 

The size and PDI of the NPs were measured by dynamic light scattering (DLS) method. The 
cytotoxicity of TMC and TMC-ChS NPs was investigated against human umbilical vein 
endothelial cells (HUVECs) and two human ovarian carcinoma cell lines (OVISE, SKOV-3). 
The TMC sample with the highest DTM  (99%) was found most toxic in HUVECs, followed by 
the second and the third highest DTMs, 48% and 46%, respectively. Regarding the Mw, the 
following trend was observed: decreasing Mw results in increasing toxicity against HUVECs, 
except for the TMC with 99% DTM (290 kDa), suggesting that both the DTM and the Mw of 
the sample influence the toxicity. The TMC samples displayed greater cytotoxicity towards 
SKOV-3 and OVISE cancer cells compared to HUVECs. Remarkably, TMC-ChS NPs exhibited 
significantly reduced cytotoxicity across all tested cells. 

The cytotoxicity of TMC and the TMC-ChS NPs was investigated, and the results suggested 
that both DTM and Mw affect the toxicity, with the relationship also dependent on cell type. 
In general, the TMC samples exhibited heightened toxicity towards cancer cells compared to 
HUVECs. Additionally, NP formation decreased the toxicity towards all the studied cells, 
underscoring the toxicity-mitigating potential of NP formation. 
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The controlled hydrolysis of chitosan results in the formation of products known as 
chitooligosacharides (COSs), which showcase desirable biomedical properties (Aranaz et al. 
Polymers, 2021, 19, 3256, DOI: 10.3390/polym13193256). Although the enzymatic hydrolysis 
of chitosan is mediated in nature by chitosanases, these enzymes are very expensive, limiting 
ǘƘŜƛǊ ǿƛŘŜǎǇǊŜŀŘ ŀǇǇƭƛŎŀǘƛƻƴΦ ¢ƘǳǎΣ ǘƘŜ ǳǎŜ ƻŦ ŎƘŜŀǇŜǊ άǇǊƻƳƛǎŎǳƻǳǎέ ƘȅŘǊƻƭŀǎŜǎΣ ǎǳŎƘ ŀǎ 
lipases and proteases, would be beneficial from an economic point of view to produce COSs. 

In recent years, Deep Eutectic Solvents (DESs) have emerged as cost-effective media for 
biocatalysis, with studies showing their potential to enhance lipase activity and stability. 
Moreover, recent studies have explored the use of DESs as media for chitosan treatment 
(Durante-Salmerón et al, Catalysts, 2024, 6,371, DOI:10.3390/catal14060371). Hence, this 
project seeks to explore whether the use of DESs-based media and promiscuous enzymes 
could lead to an upscaled production of COSs. 

Initial stages of the project focused on determining whether DES-based media influenced 
enzyme activity. For this reason, a comparative study of the hydrolysis of para-nitrophenol 
(pNP) derived substrates by different commercial lipases in either aqueous media or DES-
based media was carried out (see Scheme, reactions 1 and 2). While results showed that most  
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of the screened enzymes exhibited reduced activity in DES-based media, the screening would 
enable to identify positive hits in the reaction. 
 

 
 
This prompted the authors to explore if any of the different screened enzymes could 
hydrolyze chitosan samples dissolved in DES-based media (see Scheme, reaction 3). 
Preliminary findings suggest that certain DESs may provide an environment where a chitosan 
sample (Brand name: Chitopharm S, Degree of Acetylation (DA) = 25%, Molecular Weight 
όaǿύ Ғ оулролоу 5ŀύ Ŏŀƴ ŜŦŦŜŎǘƛǾŜƭȅ ōŜ ŘƛǎǎƻƭǾŜŘ ŀƴŘ ƘȅŘǊƻƭȅȊŜŘΦ 

 
This work was funded by DECADES (DEsign of CAtalytic processes with Deep-Eutectic-
Solvents), European Union, HORIZON-MSCA-DN-2021 IGrant no.: 101072731. 

  



 

 ΝΟΠ 

 
 
PC42 

Abstract ID 66 

Chitosan/Quaternized Chitosan Schiff Base Composites Developed for 
Hemostatic Wound Dressings 

Bianca-Iustina Andreica, Alexandru Anisiei, Irina Rosca, Luminita Marin 

Petru Poni Institute of Macromolecular Chemistry, Iasi, Romania 
 

The urgent need to limit blood loss in trauma situations has stimulated the development of 
advanced hemostatic materials suitable for both emergency medicine and military 
applications, especially taking into consideration the existing wars. Chitosan has attracted 
considerable attention in this field because it promotes clot formation while also exhibiting 
antimicrobial, anti-inflammatory, biodegradable, biocompatible, and low-toxicity 
characteristics. 
Nanofibrous dressings provide structural and functional advantages for bleeding control. 
Their high porosity and large surface area enable rapid fluid absorption, while their flexibility 
ensures close contact with irregular wound surfaces. By combining multiple functional 
components within a nanofiber matrix, it is possible to design systems that not only stop 
bleeding efficiently but also support subsequent tissue regeneration. 

In this study, composite nanofibers were designed to achieve rapid hemostasis together with 
enhanced healing potential. Chitosan formed the primary matrix, while quaternized chitosan 
(HTCC) was introduced to improve solubility, antimicrobial performance, and clotting 
efficiency. Vanillin was chemically linked to the amine groups of chitosan/HTCC through 
reversible imine bonds, allowing its controlled release during the healing process and 
contributing to epithelial regeneration and infection control. Polyethylene oxide was 
incorporated as a co-spinning polymer to facilitate fibers' formation and strengthen 
mechanical properties. 

Structural analyses confirmed covalent imine formation and phase-separated semicrystalline 
morphology. The nanofibers displayed high moisture uptake (~30 g/g), strong blood 
absorption, and gradual enzymatic degradation over 21 days. They also demonstrated 
antioxidant activity up to 68% and broad antimicrobial effects. Compared with a commercial 
hemostatic sponge, the materials showed faster and more efficient blood coagulation, 
supporting their promise as multifunctional hemostatic dressings. 

This work was supported by a grant from the Executive Unit for the Financing of Higher 
Education, Research, Development and Innovation (UEFISCDI), PN-IV-P7-7.1-PED2024-2447 
(PED 72). 
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Dynamic covalent chemistry offers powerful strategies for tailoring chitosan-based functional 
materials. Schiff-base hydrogels formed through imine bond formation between chitosan 
amino groups and aldehydes derived from natural essential oils, have been extensively 
investigated for biomedical and tissue engineering applications[1]. Although chitosan 
hydrogels have been largely studied for biological applications[2], their use as structurally 
stable antimicrobial materials designed for deployment on delicate, non-biological surfaces 
remains less explored. 

In parallel, gel systems have demonstrated strong potential in the conservation of cultural 
heritage, particularly for controlled cleaning and localized treatments[3]. However, their 
application for mitigating biodeterioration has received comparatively limited attention[4]. 
Recent extreme weather events, such as the DANA that affected Spain in October 2024, have 
intensified microbial proliferation on easel paintings, highlighting the need for sustainable 
and surface-adapted antimicrobial materials. 

In this work, we present the development of a chitosanςcinnamaldehyde bioinspired 
hydrogel obtained via imine formation and evaluated as an antimicrobial material for surface 
application. The chemical structure was assessed by FTIR analysis, morphological features 
were examined by SEM-EDX, and mechanical properties with rheology. Antimicrobial 
performance was evaluated against microorganisms isolated from affected artworks, 
demonstrating antimicrobial activity under application-relevant conditions. 
By translating dynamic imine-based chitosan hydrogels from predominantly biomedical 
research into the field of cultural heritage conservation, this study expands their functional 
scope and highlights their potential as adaptable antimicrobial platforms for non-biological 
surfaces. 
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The increased demand for sustainable electronics needs the development of biodegradable, 
low-cost, and ecologically friendly materials1. The current work explores the preparation of 
electrolytes, functional binders, and dendrite-suppressing agents, to develop bio-based 
batteries and printed electronic ink displays utilizing optimized quaternary chitosan 
materials. By leveraging the inherent bioactivity of chitosan, the developed devices are 
designed to be compostable, providing organic fertilizer at the end of their functional life 
cycle. 
Chitosan was chemically modified to N-alkyl and N-acyl derivative and refined using ion-
exchange chromatography, diafiltration, and spray drying. The electronic ink (gel based) was 
prepared via UV curing of mixtures containing, UV-curable polymer precursor polyethylene 
glycol diacrylate (PEGDA) and N¹,N²-diethyl-1,2-ethanediamine (DA) (4:3) with modified 
chitosan. The electrical characteristics of the materials were investigated with 
electrochemical impedance spectroscopy (EIS). The ink demonstrated both resistive and 
capacitive behaviour, with EIS indicating effective interfacial polarization and ionic relaxation. 
Efficient bulk ionic conduction at higher frequencies confirmed its viability for 3D-printed 
electrochromic display applications. Water hydration significantly improved ionic mobility in 
chitosan quaternary derivatives, resulting in lower impedance and better bulk ionic 
conduction. Quaternary chitosan derivatives have been shown to be effective for printed 
electrochromic displays and biobatteries, with optimized formulations enabling compostable 
devices that support plant growth and sustainable printed electronics. 
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Chronic wounds healing is of great scientific and social interest due to the high cost of 
treatment and the comorbidity associated with these wounds. Currently, approximately 1-2% 
of the population in developed countries suffers from chronic wounds. 

Curcumin (Cur), a natural polyphenol, has proven to be a promising compound for chronic 
wounds healing due to its anti-inflammatory, antineoplastic and antioxidant activities among 
others. Nevertheless, curcumin is highly hydrophobic, having a limited bioavailability. To 
overcome this problem, curcumin can be encapsulated in lipid particles such as 
Nanostructured Lipid Carriers (NLCs). 

Cur-loaded NLCs (Cur-NLCs) were obtained by dissolving Cur in the lipid phase and mixing with 
the aqueous phase under high shear homogenization and ultrasound, followed by a freezing 
step at -20ºC. For Cur-NLCs production optimization, the relevance of various variables was 
studied, such as the lipid phase composition, type of surfactant, surfactant concentration, 
homogenization time, sonication time and cooling method. 

To improve the properties of these particles, they were coated with chitosan, which has anti-
hemorrhagic and antimicrobial activity. This coating was obtained by mixing dropwise Cur-
NLCs onto a chitosan solution [Chitopharm S (Cognis), Lot number: UPBH7334twΦ aǇ Ғ трл-
800 kDa. Degree of acetylation = 25%]. 
Particle size was analyzed using Dynamic Light Scattering (DLS). The surface charge of the 
particles was also analyzed by their Zeta potential. Finally, the antioxidant activity was 
measured by DPPH assay. 
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Hydrogels are polymeric networks capable of absorbing substantial amounts of without 
dissolving.Their high-water content, structural similarity to natural extracellular matrices, and 
tunable physicochemical properties make them particularly attractive for biomedical 
applications.By carefully adjusting parameters such as crosslinking density, composition, and 
network architecture, hydrogels can be engineered to exhibit specific properties tailored to 
their targeted medical uses [1]. The aim of the study was to develop biocompatible hydrogel-
based formulations with enhanced and multifunctional properties, suitable for biomedical 
applications.The hydrogels were synthesized by crosslinking chitosan with two aldehydic 
crosslinking agents, resulting in flexible polymeric networks. The obtained materials exhibited 
favorable mechanical properties and structural integrity, along with good biocompatibility. 
Moreover, they demonstrated significant antimicrobial activity against fungi, Gram-positive 
bacteria, and Gram-negative bacteria, highlighting their potential for infection control 
applications. To further extend their functionality, the hydrogels were employed as drug 
delivery systems by encapsulating two bioactive agents. One to enhance antimicrobial 
efficacy, while the second to confer anticancer activity to the developed systems.This dual-
functionalization strategy enabled the creation of advanced therapeutic platforms with 
complementary biological effects. A comprehensive characterization was performed to 
evaluate the structural, morphological, and biological properties of the developed 
formulations. Morphological analysis confirmed the homogeneous distribution of the 
bioactive agents within the hydrogel.FTIR spectroscopy and WXRD analysis revealed strong 
intermolecular interactions between the active compounds and the polymeric network, 
indicating successful incorporation.Biological assessments demonstrated notable antioxidant 
and antimicrobial activity, as well as confirmed biocompatibility and biodegradability.In vitro 
release studies indicated sustained drug release over several days, governed by combined 
diffusion, swelling, and matrix erosion mechanisms, supporting their suitability for controlled 
drug delivery applications. 

This work was supported by a grant of the Ministry of Research, Innovation and Digitization, 
CCCDI-UEFISCDI, project number PN-IV-P7-7.1-PED2024-2447, within PNCDI IV. 
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High concentrations of heavy metal ions in water and wastewater pose a threat to the natural 
environment. At the same time, certain metals - such as copper, nickel, and cobalt - are 
classified as critical raw materials due to their extensive use in the electrical industry, 
particularly in battery production. Therefore, the removal of heavy metals is not only essential 
from an environmental perspective but also highly important for the global economy. Among 
the available treatment methods, adsorption is considered one of the most promising 
approaches for this purpose. This study presents the preparation and characterization of a 
chitosan-based sorbent modified with 2,3-pyrazinedicarboxylic acid - a compound known for 
its strong metal-ion complexation properties and high affinity toward copper, nickel, and 
cobalt ions in aqueous solutions. To enhance the sorption performance, chitosan was 
functionalized with the acid using EDC/NHS coupling agents. The optimal content of the 
modifying acid, the EDC/NHS ratio, and the appropriate crosslinking agent were 
systematically determined. The physicochemical properties of the obtained material were 
characterized by IR, SEM, ICP-OES, and XRD analyses. The removal efficiencies for copper, 
nickel, and cobalt exceeded 98%. Furthermore, the sorption capacity increased eightfold for 
nickel and cobalt ions and threefold for copper ions compared to unmodified chitosan. These 
results confirm the high potential of the developed modified chitosan sorbent for the efficient 
removal of metal ions from real water matrices and highlight its promising applicability for 
the recovery of valuable metals from aqueous systems. 
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Effective wound healing requires materials that provide structural support, biocompatibility, 
and bioactivity while minimizing patient trauma. Collagen is widely used for tissue 
regeneration due to its extracellular matrixςmimicking properties, but its poor mechanical 
strength and rapid degradation limit standalone applications. Chitosan complements collagen 
with biodegradability, antimicrobial activity, and glycosaminoglycan-like functions that 
support cellular repair. By crosslinking these biopolymers with a bioactive aldehyde through 
dynamic imine bonds, a hydrogel can be designed that is self-healing, injectable, 
multifunctional, and potentially bioabsorbable. This approach combines the strengths of both 
ǇƻƭȅƳŜǊǎ ǿƘƛƭŜ ƻǾŜǊŎƻƳƛƴƎ ŎƻƭƭŀƎŜƴΩǎ ƳŜŎƘŀƴƛŎŀƭ ƭƛmitations, offering a promising platform 
for advanced wound care. 

A novel chitosanςcollagen hydrogel has been developed as a multifunctional platform for 
advanced wound dressing applications. Imine linkage formation allows the polymer matrix, 
particularly the chitosan component, to undergo supramolecular reorganization, imparting 
both injectability and self-healing characteristics. Hydrogels were prepared with varying 
chitosan-to-collagen ratios (3:1, 1:1, and 1:3), optimizing polymer concentration, aldehyde 
content (2-hydroxy-5-methoxybenzaldehyde), and solvent composition to enhance 
performance and practicality. Additionally, the selected aldehyde exhibits bioactivities such 
as antimicrobial, antioxidant, and antifungal properties, which may contribute to its potential 
efficacy in wound healing applications. 
1H-NMR and FTIR spectroscopy verified imine bond formation between the chitosan and the 
bioactive aldehyde. Circular dichroism confirmed collagen triple-helix conformation was 
preserved, while polarized light microscopy revealed molecular ordering of the hydrogel 
matrix. SEM demonstrated a porous architecture favorable for fluids transport, and 
thermogravimetric analysis (TGA) characterized thermal behavior and degradation profiles. 
Degradation studies confirmed hydrogels are biodegradable, suggesting potential 
bioabsorbability and the possibility of avoiding traumatic debridement. 

These physicochemical findings identify most promising hydrogel formulations for future 
biological evaluation, including antimicrobial activity and cytocompatibility. 
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Abstract 

Porous materials of functionalized chitosan materials receive great attention in limitless 
applications such as biomedicine, filters, purifiers, binders, etc., as the new functional groups 
can enhance the chitosan properties. Preparation and characterization of functionalized 
chitosan aerogel beads have been investigated in the present study. Polyethylene glycol 
diglycidyl ether (PEGDGE) was used as a functionalizing agent. The ring opening SN1 addition 
reaction took place between the epoxy rings of PEGDGE and the amine functional groups of 
chitosan at acidic aqueous condition below pH 6. This proposed reaction mechanism was 
confirmed by the FTIR spectral data where the amine vibrational bands disappear when the 
PEGDGE concentration was increased. The aerogel beads were prepared by employing the 
conventional syringe dropping technique, letting the droplets of chitosan solution to fall into 
the sodium hydroxide bath. After washing and solvent exchange processes, the spherical 
beads were dried in an autoclave under supercritical CO2 condition (aerogel) and freeze-
drying method (cryogel). The aerogel beads showed a linear trend with different physical 
properties while increasing the concentration of PEGDGE. The aerogel beads were 
characterized by density analyzer methods (skeletal and envelope density), BET specific 
surface area, microstructure analyses using SEM, FTIR, powder XRD, DSC and TGA. The 
functionalized aerogel beads of chitosan were pure, no impurities were found and the 
materials showed the poorly crystalline peaks of chitosan. This study showed the preparation 
of chitosan aerogel beads having various degree of functionalization, open porous structure, 
interconnected nanofibrillar network and high specific surface area (130 ς 230 m2·g-1). These 
aerogel beads may provide an alternative way of utilizing the nanostructured matrix of 
functionalized chitosan instead of monoliths for various applications. 
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Large-scale production processes yield large quantities of biomass-rich side streams, many of 
which are underutilized or considered low-value waste. These streams from food production, 
fermentation industries, and marine harvesting contain complex biopolymers with significant 
valorization potential. Among these biopolymers, chitin is noteworthy due to its abundance, 
functional properties, and relevance for biorefinery-based upcycling within a circular 
bioeconomy. Fungal biomass from industrial production, spanning from spent mushroom 
substrate and non-edible mushroom fractions to biomass generated during the production of 
enzymes or citric acid, amounts to hundreds of millions of tons per year. This huge stream of 
industrial fungal biomass  offers opportunities for upcycling and biorefinery applications. 
Simultaneously, the global seafood processing industry generates approximately 6-8 million 
tons of crustacean shell waste per year, primarily from shrimp, crab, and lobster processing. 
Emerging insect-based production systems further contribute to the pool of chitin-containing 
ŦŜŜŘǎǘƻŎƪǎΦ .ƭŀŎƪ ǎƻƭŘƛŜǊ Ŧƭȅ ŦŀŎƛƭƛǘƛŜǎ ŎǳǊǊŜƴǘƭȅ ƻǇŜǊŀǘŜ ŀǘ ŎŀǇŀŎƛǘƛŜǎ ƻŦ млщ ǘƻƴǎ ƻŦ ƭŀǊǾŀŜ 
biomass yearly, with industry expansion expected to increase total biomass availability in 
coming years. The circular bioeconomy necessitates effective strategies to transform these 
industrial side streams into sustainable products that avoid the chemically intensive 
extraction methods that are currently used. In this context, we introduce enzyme-based 
strategies for fractionation of three representative chitin-containing feedstocks: fungal 
biomass from citric acid production, various insect fractions and krill meal. These substrates 
vary in composition, mineral content, and chitin organization, offering a framework to assess 
process robustness and adaptability. Different enzyme cocktails were employed: glucan-
targeting enzymes for removal of non-chitin polysaccharides, proteases for deproteinization, 
and lipases for fat removal. The resulting chitin-rich fractions are sufficiently pure to enable 
subsequent conversion into chitosan and chitooligosaccharides.  
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Our findings underscore the potential of enzyme-driven upcycling of diverse chitin-containing 
feedstocks into value-added products, thereby supporting sustainable and circular 
bioprocesses.  
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Chitosans trigger disease resistance responses in many plant species. However, this activity is 
influenced by three characteristic structural parameters: the degree of polymerization DP, 
the fraction of acetylation FA, and the pattern of acetylation PA. Today, our understanding of 
these structure-function relationships remains limited, compromising reproducibility and 
hindering effective applications. To gain deeper insights, we have produced a set of 16 
different chitosans from a single parent chitosan. This yielded defined DP- and FA-series of 
chitosans, ensuring that within each series, chitosans varied by only one structural parameter. 
We then thoroughly analyzed the disease resistance-inducing activities of these structurally 
diverse, well-characterized chitosans to determine potential structural influences. 
We observed a strong FA- and DP-dependency in the ability of chitosans to elicit an oxidative 
burst. This elicitor activity strongly increased with decreasing DP and, even more pronounced, 
with increasing FA (Fig. 1). In all cases, elicitation of the oxidative burst was CERK1-mediated, 
as the knockout of this chitin receptor in Arabidopsis thaliana resulted in a complete loss of 
the chitosan-triggered oxidative burst. Strongly correlating with the eliciting of the oxidative 
burst, the dimerization of CERK1 and its potential interaction partners LYK4/LYK5 in 
A. thaliana was equally dependent on the FA. However, surprisingly, no FA-dependency was 
observed for the induction of defense-related genes in Phaseolus vulgaris. Here, all chitosans 
tested exhibited similar activity. The molecular mechanism behind this and the potential role 
of CERK1 remain unclear and require additional experiments, including the analysis of gene 
expression in cerk1 knockout plants. Finally, the question arises whether the elicitation of an 
oxidative burst or the induction of defense-related genes (or a combination thereof) leads to 
actual disease resistance in plants. Answering this question will require further research using 
different in vivo infection assays. 
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Fig. 1. ROS-eliciting activity matrix for the 16 structurally well-characterized chitosans. 
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Chitin is one the abundant polysaccharides on earth. The versatile function of chitin and its 
derivatives is promising. The bottleneck for application of chitin and its derivatives is their 
heterogeneous. The levels of polymerization and deacetylation vary on their sources or 
treatments. For overcome the defect, the monomer N-acetylglucosamine (NAG) is 
homogeneous when the depolymerization is mild. In the market, the NAG is obtained by 
chemical cleavage of chitin with strong acid and base at high temperature. The deacetylation 
of chitin happens randomly on its monomer during the chemical reaction. Then, the final 
product is heterogenous and diverse among the batches. With the enzyme reaction, the end 
product can be homogeneous, but it wastes a lot of time and efforts. Though, enzyme is 
environmentally friendly and safe. 

A score of years ago, Chitinibacter tainanensis was isolated from the soil in Tainan, Taiwan. It 
Ŏŀƴ ŎƻƴǾŜǊǘ ŎƘƛǘƛƴ ŎƻƴǾŜǊǎƛƻƴ ǘƻ ŜŦŦƛŎƛŜƴǘƭȅΦ Lƴ ƳŜŘƛŀ ŎƻƴǘŀƛƴƛƴƎ ʰ-ŎƘƛǘƛƴ ƻǊ ʲ-chitin, under 
optimized conditions (pH 7.0, 30°C), the yield of NAC reached more than 70%. A protein 
complex was identified on the cell surface of C. tainanensis with SEM and adsorption assays. 
With Brix refractometer values and analysis of TLC as well as HPLC, the results showed NAG 
is the unique product. Then, the protein complex was extracted with detergents and 
nominated as chitinolysome. Its activities of ednochitinases and exochitinases were also 
determined by zymography with the substrate glycol chitin and measuring the product of 
pNP-NAG derivatives. 

With native-PAGE, and nanoparticle tracking analyzer. Its molecular weight was around 480 
kD. In the work,  chitinolysome was extracted and analyzed on different percentages of 
SDS/PAGEs. And the blots were obtained after transferring from gels. Then, each signal band 
from the blots was sequencing and it is identified with the genome sequences. 
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A wide variety of organisms, including yeasts, fungi, protozoa, and arthropods, as well as 
other invertebrates, contain chitin, a simple polymer of repeating sugars linked by ̡  bonds 
[1]. However, chitin is not synthesised by mammals. When these organisms invade human 
tissues [2], fragments of chitin can be released and recognised by the immune system as 
pathogen-associated molecular patterns (PAMPs). As mammals do not produce or 
incorporate it into their tissues, neither follicular nor seminal fluids contain chitin under 
normal conditions. However, if there is a fungal or parasitic infection affecting the human 
reproductive tract, chitin fragments from the pathogen or fungal cell wall components may 
appear in the affected fluids. Fungal chitin, being a PAMP, activates the immune system and 
can create an inflammatory environment in the reproductive organs. All of this increases the 
risk of human infertility. 
There are no specific routine clinical tests to measure chitin in follicular fluid or semen, but 
indirect markers associated with the presence of fungal chitin can be detected. Therefore, 
this study addresses a technological challenge that consists of directly measuring the chitin 
particles present in the fluids of the reproductive organs using laser direct infrared 
spectroscopy, being a novel technique for characterising polymers with high sensitivity and 
specificity. For sample treatment, an alkaline digestion was performed under mild conditions. 
The proposed methodology allowed the detection of a small number of chitin particles in 
some of the samples analysed. Although semen samples showed a slightly higher content of 
chitin particles than those detected in follicular fluid, statistical analyses did not reveal 
significant differences between these fluids. 

 
[1] Pathophysiology, 2018, 25, 253-262. 
[2] Glycobiology, 2015, 25, 469-482. 
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Chitin nanocrystals (ChNCs) are excellent building blocks for advanced functional materials, 
including porous structures and sustainable pigments. However, the large-scale production 
of these colloidal nanorods remains hindered by the high energy and water demands of 
conventional suspension-based acid hydrolysis. 

In this work, we demonstrate an efficient, scalable, and solvent-free approach that leverages 
the inherent affinity of chitin fibers for water. By subjecting nearly dry chitin fibers to 
pressurized hydrogen chloride (HCl(g)) gas, the gas dissolves into the ambiently present thin 
water layer surrounding the fibers. This creates a supersaturated hydrochloric acid 
environment in situ, facilitating the rapid hydrolysis of fibers into nanocrystals. 

Life Cycle Analysis (LCA) confirms that this HCl(g) treatment significantly reduces energy 
consumption and chemical waste compared to traditional methods. Furthermore, we 
established a post-hydrolysis, surface-specific deacetylation treatment to tune the degree of 
deacetylation. This modification broadens the colloidal stability window of the isolated 
nanoparticles, enhancing their versatility for industrial applications. 
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Chitin is a polysaccharide of great ecological importance in marine ecosystems, as it 
represents a significant source of carbon and nitrogen in the oceans, with production 
occurring mainly on the surface of the aquatic environment [1]. Several studies have shown 
that not only invertebrates and fungi can synthesise this biopolymer, but also some 
vertebrates, as numerous fishes and amphibians, can produce it [2,3]. This study investigates 
the presence of chitin in different compartments (muscle, liver and gut content) of five 
species (Dicentrarchus labrax, Lithognathus mormyrus, Mullus barbatus, Sarpa salpa and 
Sparus aurata) along the food chain that inhabit the Mar Menor lagoon. For this purpose, 
direct laser infrared spectroscopy (LDIR) technique has been applied, which is based on the 
irradiation of samples using a quantum cascade laser in the mid-infrared range. This 
methodology identifies the microparticles by comparing the obtained spectra with that 
provided by a library and quantifies the number of particles for sample with high sensitivity. 
For LDIR analysis the muscle and liver samples underwent acid digestion, whereas the gut 
contents were processed through oxidative digestion followed by density flotation. The 
presence of chitin in a high number of the samples analysed was confirmed using the 
proposed methodology, detecting a high number of chitin microparticles in gut content 
samples, with no significant differences among marine species. Statistical studies confirmed 
significant differences between gut content and muscle or liver, confirming that the presence 
of chitin in the species studied is mainly due to ingestion, with higher chitin content in 
Dicentrarchus labrax, a species in the top of the Mar Menor trophic web. 

 

[1] Current Pharmaceutical Biotechnology, 2020, 21, 1433-1143. 
[2] Current Biology, 2015, 25, 897-900. 
[3] Current Biology, 2020, 30, R1254-R1255. 
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Biomineralized hydrogels in bone and musculoskeletal tissue engineering are promising 
platforms to recapitulate the physiological microenvironment to promote the regeneration 
of those tissues. In these hydrogels, the in situ deposition of mineral crystals highly depends 
on organic/inorganic phase interaction and the role of polyelectrolyte compounds. The 
chemical structure and biology of the biopolymer chitosan and the high viscosity and shear-
thinning behavior of its aqueous solutions make it highly suitable for 3D printing applications 
in designing of functional 3D tissue models. Despite the chitosan biocompatibility, bioactivity,  
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and the contribution of calcium orthophosphates minerals to osteogenesis, developing a 
homogeneous mineralized-chitosan 3D printed hydrogel composite with high shape fidelity, 
which promotes 3D cell growth, remains challenging. We aim to develop a 3D composite 
hydrogel scaffold based on chitosan as organic phase and calcium orthophosphate (e.g. 
hydroxyapatite) as mineral phase, through 3D printing technology, including in situ biomineral 
formation during biopolymer gelation. To achieve this goal, an extrusion-based 3D printing 
method was optimized by screening parameters like: the concentration of chitosan and the 
chitosan/biomineral ratio in the ink, the conditions for polymer crosslinking into hydrogel, 
and printing process parameters. This strategy enabled achieving the formation of a 
homogeneously-distributed mineral phase within the biopolymer matrix, in a given flexible 
3D design. SEM and FTIR were used to characterize the composite microstructure and 
chemical structure, respectively. The crystallinity and mineral phase allomorph were 
characterized by XRD. The biological assessment of printed scaffolds was performed in cell 
culture studies. A good distribution of cells in the porous network indicated the combined 
effects of microstructural signals, bioactive chitosan and biomineral. The results highlight the 
positive influence of in situ biomineralization on achieving homogeneous microstructure and 
improved biological properties of mineral/chitosan scaffolds, offering an avenue to engineer 
bone-related and other mineralized tissues biomaterials for biomedical applications. 
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In most biological sources, chitin and chitosan are embedded within complex matrices (e.g. 
fungal cell walls), making them difficult to isolate and analyse. To address this limitation, we 
have developed enzymatic mass spectrometric coupled workflows. The presence of 
chitin/chitosan in a sample is verified by enzymatic digestion with chitinase/chitosanase, after 
which the characteristic oligomeric products are detected via MS. The total amount of 
chitinous polymer is quantified by completely degrading these polymers into their monomeric 
units and measuring the concentrations of the two constituent monomers: glucosamine 
(GlcN, D) and N-acetylglucosamine (GlcNAc, A), which are quantified again via MS. While this 
approach provides reliable bulk measurements of chitin/chitosan content and degree of 
acetylation (DA), it does not offer insights into spatial distribution, local pattern of acetylation 
(PA) or precise DA of individual polymer domains. However, it is assumed that a chitin 
polymer with a high average DA may contain small partially deacetylated areas. These 
regions, where these micro-domains of deacetylated material may serve specialised 
physiological roles, cannot be detected by measuring the average value. 

Highly specific chitin- and chitosan-binding proteins fused to fluorescent reporters (e.g. GFP, 
RFP, and YFP) might help to visualise such domains in situ. These probes might enable the 
direct microscopic observation of acetylation patterns within intact tissues. In addition to the 
two proteins described earlier (CBP and CAP), we repurposed the chitinosanase from the 
plant-pathogenic fungus Alternaria alternata (AaChio). By introducing single amino acid 
mutations in the enzyme's active site, we have converted AaChio into a chitosan-binding 
module with an unparalleled affinity for partially acetylated chitosan. Unlike any other 
existing tools, this engineered protein has the highest reported binding affinity for chitosan 
with intermediate DA, providing a powerful means of mapping partially acetylated patches in 
complex biological matrices. 
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RNA offers broad potential for therapeutic applications, particularly in vaccines and advanced 
medical treatments. However, efficient intracellular delivery remains a major challenge, as 
RNA must cross cellular barriers to exert its biological function and needs to be released in a 
controlled manner to allow an expression over a longer timeframe. Chitosan is a promising 
carrier material due to its biocompatibility, biodegradability, and its ability to transiently open 
tight junctions, making it highly attractive for drug delivery applications. 

In this study, we present the synthesis of model chitosan/RNA nanoparticles using a novel 
mixing technology that enables the reproducible production of homogenous particles suitable 
for targeted drug delivery. A systematic investigation was conducted to elucidate the 
relationship between chitosan physicochemical properties and particle formation, stability 
and release of the RNA. 

It could be demonstrated, that stable nanoparticles with low PDI values can be reliably 
produced using the developed process. Furthermore, the particles exhibit measurable 
transfection capability, highlighting their potential as efficient RNA delivery systems. 
These findings contribute to the rational design of chitosan-based nanocarriers and enable 
the establishment a scalable platform technology for stable, efficient, and controllable 
chitosan-based RNA delivery systems of a support their further development for biomedical 
RNA applications. 
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The global expansion of fish production and consumption has increased significantly in recent 
years. Approximately 70% of fish is processed before sale, resulting in the generation of large 
amounts of waste, which still contains nutrient-rich by-products. To valorize this biomass, 
protein hydrolysates were extracted from fish by-products using subcritical water extraction. 
These hydrolysates were then incorporated into chitosan-based films to create bioactive 
packaging materials. Active films were produced using the solvent casting technique to assess 
their suitability for food packaging applications. The film-forming solutions consisted of 
chitosan (1.5% w/v) dissolved in 1% (v/v) acetic acid, with glycerol added as a plasticizer at a 
concentration of 30% (w/wchitosan). The protein hydrolysates were incorporated at 
concentrations of 25% and 50% (w/wchitosan). The inclusion of hydrolysates resulted in a 
noticeable color change in the films, shifting from light yellow to brownish tones. This change 
led to a reduction in optical transmittance at 600 nm, decreasing from 88% for the control 
chitosan film to 79% and 76% for the films containing 25% and 50% hydrolysate, respectively. 
Importantly, water vapor permeability was not significantly affected by the addition of 
hydrolysates. Additionally, surface wettability, assessed through contact angle 
measurements, and mechanical properties were maintained. A slight increase in water 
solubility was observed with higher hydrolysate content. These results demonstrate that 
protein hydrolysates derived from fish by-products can be successfully integrated into 
chitosan-based films without compromising their essential functional properties. This 
approach supports circular economy principles by transforming discarded fish biomass into 
value-added, bioactive packaging materials. Ongoing research is focused on the co-
incorporation of the solid extraction residue along with the hydrolysates to achieve full 
valorization of fish by-product biomass. 
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Electroconductive biomaterials are particularly relevant for tissue engineering applications in 
which electrical signaling can play a major role in cellular function, synchronization, and 
maturation. In this work, 3D hydrogel composites, based on graphene nanoparticles and the 
polysaccharide chitosan or alginate, were obtained by 3D (bio)printing. Extrusion-based 
bioprinting was appropriate for the development of 3D electroactive biomaterials for tissue 
engineering applications. The rheological, electrochemical and biological properties of the 
biomaterials were investigated. These properties could be tuned by especially varying the 
content of electroconductive material. The microstructure of the printed hydrogel scaffolds 
was characterized by scanning electron microscopy (SEM). Rheological analysis demonstrated 
that all formulations exhibited appropriate viscosity and flow behavior for microextrusion. 
Electrochemical impedance spectroscopy (EIS) allowed optimizing the composition for 
improved electrical properties. Cell culture studies demonstrated the feasibility of these 3D 
printed biomaterials for applications in the engineering of electro-responsive and bioactive 
3D tissue models. 
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The gold standard for chitin isolation is chemical methods, even though they are 
environmentally harsh. Therefore, there is a growing interest in developing more sustainable 
procedures [1]. Deep Eutectic Solvents (DES) are of great interest in chitin science due to their 
unique properties [2]. Various combinations of DES have been explored for chitin isolation, 
but few studies have examined lactic-ōŀǎŜŘ 59{ ŦƻǊ ʲ-ŎƘƛǘƛƴ ƛǎƻƭŀǘƛƻƴΦ /ȅǊŜƴŜϯ ŀƴŘ ʴ-
Valerolactone are also green solvents that have not yet been employed for chitin isolation. In 
this work, lactic acid-based deep eutectic solvents (glycerol-lactic acid, betaine-lactic acid, and 
choline chloride-ƭŀŎǘƛŎ ŀŎƛŘύ ŀƴŘ /ȅǊŜƴŜϯ ŀƴŘ ʴ-±ŀƭŜǊƻƭŀŎǘƻƴŜ ŀǊŜ ŜȄǇƭƻǊŜŘ ŦƻǊ ʲ-chitin 
isolation from two species of squid pens. In the chemical isolation, the yields for Illex 
Argentinus and Dorytheutis were 21% and 32%, respectively. In Table 1, it can be observed 
that, under the same reaction conditions as in the chemical procedure, the proteins were 
partially removed, but ǇǳǊŜ ʲ-chitin was not isolated. Therefore, longer times (24 and 72 h) 
or higher temperatures (120 °C) were evaluated. Results showed that larger times only 
achieve moderate protein elimination, while the best results were achieved at 120ºC and 2h 
with DES, ǎƛƴŎŜ ǘƘƛǎ ǘŜƳǇŜǊŀǘǳǊŜ Ŏŀƴƴƻǘ ōŜ ǳǎŜŘ ǿƛǘƘ /ȅǊŜƴŜϯ ƻǊ ʴ-Valerolactone. In samples 
with better performance chitin was characterized by elementary analysis,  FTIR and XRD 

 
Table 1Φ Lǎƻƭŀǘƛƻƴ ƻŦ ʲ-chitin at 80ºC for 2h 
 

Sample Solvent Yield, % 

Illex 
argentinus 

Bet-lac 98 

Chlo-lac 90 

Gly-Lac 83 

Cyrene 72 

-ɹValerolactone 81 

Dorytheutis  

  
Bet-lac 91 

Chlo-lac 79 
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Gly-Lac 87 

Cyrene 85 

-ɹValerolactone 89 
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Chitosan has been studied as an immunomodulator, but there were not many studies using 
chitosan derivatives as adjuvants alone. After a preliminary study, we found that 
nanoparticles prepared from chitosan derivatives had better cellular immune activity as an 
adjuvant. Therefore, animal experiments were conducted to further investigate the 
performance and mechanism of nanoparticles as immune adjuvants. In the experiments, we 
injected the mice with the vaccine twice every 7 days. Subsequently, we measured the 
expression of immunoglobulins, immune factors, immune genes in tissues and tissue sections 
were performed in the mice. The results showed that C236-HACC-OVA (C2,3,6 chitosan 
sulfate-chitosan quaternary ammonium salt-ovalbumin) and  NO-HACC-OVA (NO-
carboxymethyl chitosan-chitosan quaternary ammonium salt-ovalbumin) nanoparticles with 
good cellular immune activity can significantly improve the secretion of immune factors IL-6, 
TNF, IL-мʲΦ /Ƙƛǘƻǎŀƴ ŘŜǊƛǾŀǘƛǾŜ ƴŀƴƻǇŀǊǘƛŎƭŜǎ ƘŀǾŜ ŘƛŦŦŜǊŜƴǘ ŜŦŦŜŎǘǎ ŀǎ ŀŘƧǳǾŀƴǘǎ for the 
secretion of immunoglobulins and various immune factors in mouse serum. It has a high level 
of safety for the liver, kidney, and spleen immune organs of mice. This further indicates that 
chitosan derivative nanoparticles have potential as vaccine adjuvants. 
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Silicone is widely utilized in medical devices such as catheters and implants due to its flexibility 
and biocompatibility. However, the risk of microbial colonization and infection remains a 
major concern, particularly for long-term implants and indwelling devices. In this study, 
chitosan was employed as a natural and biocompatible antibacterial coating material, 
deposited onto silicone surfaces through a green and biocompatible activation technique 
using ethanolamine. Our results indicate that ethanolamine in isopropanol efficiently 
activates silicone surfaces without reducing their tensile strength, making them suitable for 
subsequent functionalization. The activated samples maintained stable surface amino group 
densities for at least 10 days, as verified by fluorescence imaging and ninhydrin assays. 
Furthermore, chitosan-coated silicone markedly decreased both Gram-positive and Gram-
negative bacterial colony-forming units (CFUs), with Enterococcus faecalis counts dropping 
ŦǊƻƳ тΦм ǘƻ оΦт [ƻƎѕє /C¦κƳ[Φ ¢Ƙƛǎ ǎǘǳŘȅ ǇǊŜǎŜƴǘǎ ŀƴ ŜŎƻƴƻƳƛŎŀƭΣ ǎƛƳǇƭŜΣ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭƭȅ 
friendly approach with high potential for developing antibacterial coatings on medical devices 
that minimize infection risks and improve long-term functionality. 
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Chitosan-based fibers are promising candidates for surgical applications due to their 
biocompatibility, biodegradability, and minimal foreign body response. In particular, wet-
spun chitosan fibers offer potential as functional suture materials for cancer resection 
delimitation, where mechanical integrity and biological compatibility are essential for 
intraoperative guidance and diagnostic support. However, the inherent brittleness of chitosan 
fibers limits their practical implementation in such settings. To ƻǾŜǊŎƻƳŜ ǘƘƛǎ ƭƛƳƛǘŀǘƛƻƴΣ ʰ-
ȊƛǊŎƻƴƛǳƳ ǇƘƻǎǇƘŀǘŜ ό½ǊόIthјύіϊIіhΣ ½ǊtύΣ ŀ ŎǊȅǎǘŀƭƭƛƴŜ ƛƴƻǊƎŀƴƛŎ ƴŀƴƻŦƛƭƭŜǊΣ ǿŀǎ ǎȅƴǘƘŜǎƛȊŜŘ 
and incorporated into chitosan fibers to enhance their mechanical performance. ZrP 
nanoparticles with different aspect ratios and sizes were prepared under controlled reaction 
conditions, yielding isotropic nanoparticles via the solςgel method and nanoplatelets via the 
hydrothermal route. The nanofillers were dispersed in the chitosan spinning solution, and 
composite fibers were fabricated by wet spinning using varying drawing ratios and filler 
concentrations. Structural, mechanical, and biological evaluations demonstrated that ZrP 
incorporation significantly improved fiber plasticity up to a critical concentration threshold, 
while maintaining structural integrity. Preliminary in vitro CCK-8 assays confirmed high cell 
viability, indicating good cytocompatibility. These results highlight the potential of ZrP-
reinforced chitosan fibers as mechanically robust, biologically compatible and bioresorbable 
materials for surgical sutures aimed at cancer resection delimitation. 
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The chitin oligosaccharide deacetylase from Vibrio harveyi (VhCOD) plays a crucial role in 
chitin bioconversion by catalyzing the site-specific deacetylation of a chitooligosaccharide 
chain. The enzyme consists of a CE4 catalytic domain and two CBM12 carbohydrate-binding 
ƳƻŘǳƭŜǎΦ Lǘǎ ŎŀǘŀƭȅǘƛŎ ½ƴчя ƛƻƴΣ ŎƻƻǊŘƛƴŀǘŜŘ ōy a conserved HisςHisςAsp triad, is surrounded 
by six loops (L1ςL6), among which loops 3 and 4 are proposed to regulate substrate access 
and product release through conformational gating. Kinetic analysis based on continuous 
measurement by spectrophotometer shows that VhCOD exhibits high activity toward 
όDƭŎb!Ŏύі ōǳǘ ŘǊŀƳŀǘƛŎŀƭƭȅ ǊŜŘǳŎŜŘ ŀŎǘƛǾƛǘȅ ǘƻǿŀǊŘ ƭƻƴƎŜǊ ǎǳōǎǘǊŀǘŜǎ όDƭŎb!Ŏύї ŀƴŘ όDƭŎb!ŎύјΦ 

To improve accessibility for longer substrates, Trp168 (loop 3) and Trp212 (loop 4), residues 
implicated in loop movement, were mutated to VhCODW168A and VhCODW212A, 
respectively. Unexpectedly, VhCODW168A displayed a dramatic decrease in catalytic 
turnover across all substrates, whereas VhCODW212A retained activity comparable to 
VhCOD.   Interestingly, Vh/h5²мсу! ǎƘƻǿŜŘ ǊŜƭŀǘƛǾŜƭȅ ŜƴƘŀƴŎŜŘ ǘǳǊƴƻǾŜǊ ǘƻǿŀǊŘ όDƭŎb!Ŏύї 
and exhibited a significantly lower Km (48.45 µM) compared to wild type (193.10 µM) and 
VhCODW212A (224.90 µM), indicating enhanced substrate affinity despite reduced Vmax. 
Structural analysis reveals no major conformational differences among the enzyme variants, 
except localized changes in the mutated loops. Furthermore, an acetate molecule was 
ŎƻƻǊŘƛƴŀǘŜŘ ǿƛǘƘ ǘƘŜ ŎŀǘŀƭȅǘƛŎ ½ƴчя ƛƻƴ ƛƴ ǘƘŜ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜǎ ƻŦ ōƻǘƘ Ƴǳǘŀƴts but not in the 
wild type. Supporting this, MD simulations using the crystal structure of the VhCODW168A 
complexed with (GlcNAc)3 showed greater flexibility of loop 3 in VhCODW168A than in 
VhCODW212A and Vh/h5Φ /ƻƴǎƛǎǘŜƴǘƭȅΣ ŀŎŜǘŀǘŜ ƛƴƘƛōƛǘƛƻƴ ŀǎǎŀȅǎ ǳǎƛƴƎ όDƭŎb!Ŏύї ŀǎ  
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substrate demonstrated that VhCODW168A was more sensitive to increasing acetate 
concentrations than VhCODW212A and VhCOD, supporting the hypothesis that the changed 
loop dynamic of VhCODW168A may stabilize a product-bound state with a zinc-coordinated 
acetate promoting product inhibition. 

 

Key words: Vibrio harveyi, Chitinoligosaccharide deacetylase, Structure-Based Engineering 
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Chitin Deacetylation enables extracellular matrix maturation and function 
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Insect chitin deacetylases (CDAs) are secreted carbohydrate esterase 4 (CE4) enzymes that 
partially deacetylate chitin in cuticles, affecting fiber packing and mechanical properties. 
Insects possess small CDA gene families (5ς10 members) organized into five orthologous 
groups (IςV), which share a conserved catalytic domain but differ in their auxiliary domains 
and tissue expression patterns. Drosophila melanogaster contains five CDAs. We analyzed 
their domains and will present the structures, catalytic domains, and potential catalytic 
domains, comparing them to known CDAs. We further knocked down two Drosophila CDAs, 
leading to disruption of the tracheal and epidermal chitin/chitosan matrix architecture and 
exoskeletal function. Confocal and transmission electron microscopic studies revealed 
detachment of the chitinous matrix from underlying epithelial cells, demonstrating that chitin 
deacetylation is essential for chitin-matrix adhesion. 
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1, CNRS, Institut Lumière-Matière (ILM), UMR 5306, Lyon, France 
 

Hydrogel swelling is central to drug delivery and tissue engineering applications due to high 
water-uptake capacity (Becerra et al., 2017; Feng & Wang, 2023; Omidian & Park, 2010). This 
study explored how controlled functionalization of chitosan hydrogels with chelating 
molecules can modulate swelling behaviour and drug release performance. 

Chitosan materials with varying degrees of acetylation (DA) from 6% to 29% were grafted with 
DOTAGA (hydrophilic chelator) and Bz-DFO (hydrophobic chelator). Crosslinker-free physical 
hydrogels were prepared by combining functionalized chitosans with low-DA chitosan (DA6). 

Dynamic vapour sorption revealed that increasing DA enhanced hydrophilicity, further 
amplified by DOTAGA grafting, while Bz-DFO reduced it. The functionalized xerogels 
demonstrated enhanced swelling capabilities following pseudo-second-order kinetics 
and  achieving High Swelling Hydrogel (HSH) status according to (Feng & Wang, 2023) (Figure 
1A). Swelling capacity could be controlled through three structural parameters: DA, DOTAGA 
substitution degree, and Bz-DFO substitution degree. DOTAGA grafting increased swelling due 
to steric hindrance reducing crystallite formation and increasing hydrophilicity, whereas Bz-
DFO had the opposite effect due to its hydrophobic character, despite also reducing 
crystallinity. 
Drug delivery potential was evaluated using rhodamine 6G as a model compound (Figure 1B). 
DOTAGA-functionalized hydrogels showed higher dye release but retained significant 
amounts due to electrostatic interactions between anionic DOTAGA and cationic rhodamine 
6G. Bz-DFO grafting partially mitigated these interactions through steric effects. All 
formulations followed pseudo-second-order release kinetics, indicating swelling-driven 
mechanisms. 
These tuneable chitosan-based HSHs offer strong potential for drug delivery, particularly for 
anionic active compounds, where enhanced swelling capacity can optimize both loading and 
release performance. 

https://orcid.org/0009-0000-1684-2710
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Figure 1 A Swelling in ultrapure water of xerogel formulations at 25°C and pH 7 ± 0.5; solid 
lines represent pseudo-second-order modelling, and the dotted red line indicates the 
minimum swelling ratio for HSH classification (Feng & Wang, 2023). B Rhodamine 6G release 
profiles from different gel formulations. 
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Innovative biocatalysts based on chitosan derivatives and enzymes 
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Larisa-Maria Petrila 
 

The present study explored innovative approaches for the preparation of biocatalysts based 
on the self-assembly of laccase and chitosan or chitosan grafted with poly(N-
isopropylacrylamide) chains [1]. The effective formation of the nanoassemblies resided in the 
formation of electrostatic, hydrogen and hydrophobic interactions between the enzyme and 
the polysaccharides, as confirmed by molecular dynamics simulations and fluorescence 
spectroscopy. The obtained nanostructures served as an effective encapsulation system for 
laccase, leading to an increased stability of the enzyme against pH variations or thermally-
induced denaturation [2, 3]. Moreover, the prepared nanostructures exhibited enhanced 
catalytic activity as compared to the native enzyme due to the protective and activator role 
of the chitosan/ chitosan derivative. The catalytic performance of the obtained 
nanostructures was tested in the degradation of Indigo Carmine and Congo Red, showing 
enhanced degradation of the target molecules in the tested conditions. The obtained results 
demonstrated that the formation of chitosan-based nanostructures significantly enhances 
the catalytic potential of laccase. 

This work was supported by the Romanian National Authority for Research, by project 
HYBSAC, project number PNRR-III-C9-2022-I8-201, within the National Recovery and 
Resilience Plan. 
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Marcela Mihai; Stergios Pispas. Synthesis of Thermoresponsive Chitosan-graft-Poly(N-
isopropylacrylamide) Hybrid Copolymer and Its Complexation with DNA, Polymers, 16, 
1315, 2024. https://doi.org/10.3390/polym16101315 
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Stergios Pispas. Stimuli-responsive laccase/chitosan-g-PNIPAM complexes: A 
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Biopolymers have gained attention in the recent years due to their excellent properties and 
promising benefits for humanity. From this perspective, chitosan was found to be an effective 
biopolymer for chemical modification to obtained new derivatives with improved properties, 
including responsiveness to external stimuli. Given the biocompatibility of chitosan, the 
interaction of chitosan derivatives with various biomolecules, including proteins, constitutes 
a subject of interest. In this respect, the interaction between chitosan derivatives and human 
serum albumin (HSA) can provide valuable informations regarding their potential use in the 
biomedical field. The present study aims to evaluate the interaction between chitosan 
modified with poly(N-isopropylacrilamide) and HSA. The synthesis route for 
thermoresponsive chitosan derivatives was adapted from literature [1]. The binding of the 
protein and the copolymer was investigated through spectroscopic and analytical methods, 
focusing on providing insights into the temperature-dependent binding mechanism, following 
ǘƘŜ ŎƘŀƴƎŜǎ ƛƴ ǘƘŜ ǇǊƻǘŜƛƴΩǎ ŦƭǳƻǊŜǎŎŜƴŎŜ ŀǎ ŀ ŦǳƴŎǘƛƻƴ ƻŦ ǘƘŜ ŎƘƛǘƻǎŀƴ ŘŜǊƛǾŀǘƛǾŜ 
concentration. 
This work was supported by the Romanian National Authority for Research, by project 
HYBSAC, project number PNRR-III-C9-2022-I8-201, within the National Recovery and 
Resilience Plan. 

 

References: 
[1] Twana Mohammed M. Ways, Sergey K. Filippov, Samarendra Maji, Mathias Glassner, 
Michal Ceglowski, Richard Hoogenboom, Stephen King, Wing Man Lau and Vitaliy V. 
Khutoryanskiy. Mucus-penetrating nanoparticles based on chitosan grafted with various 
non-ionic polymers : synthesis, structural characterisation and diffusion studies, Journal of 
colloid and interface science, 626, 251-264, 2022. 
https://doi.org/10.1016/j.jcis.2022.06.126. 

 

  

https://doi.org/10.1016/j.jcis.2022.06.126


 

 ΝΤΝ 

 
 
PC70 

Abstract ID 103 

A Novel Chitosan-Based Polyampholyte Hydrogel for the Subcutaneous 
Delivery of Antibody-Drug Conjugates: From Physicochemical 
Characterization to Non-Human Primate Studies 

Elies Belarouci1, Capucine Hervy1, Guillaume Jacquot2, Laurent David3, Alexandre Detappe2, 
Olivier Tillement1 

 
1Institut Lumière Matière, Université Claude Bernard Lyon 1, CNRS, Villeurbanne, 
Villeurbanne, France. 2Institut Strauss Strasbourg, Strasbourg, France. 3Ingénierie des 
matériaux polymères, Université Claude Bernard Lyon 1, Villeurbanne, France 
 

 
Elies Belarouci 

AntibodyςDrug Conjugates (ADCs) combine monoclonal antibody specificity with cytotoxic 
potency, advancing targeted cancer therapy. However, conventional intravenous (IV) 
administration causes rapid systemic distribution, high peak plasma concentrations, off-
target toxicity, and requires strict hospital monitoring. Subcutaneous (SC) delivery offers a 
patient-friendly alternative. Yet, direct SC injection of ADCs is challenging due to poor tissue 
diffusion, low bioavailability, and local inflammation from high drug concentrations (Chang et 
al., 2023). To address these issues, we developed an injectable hydrogel based on 
functionalized chitosan. Chemically modified with anionic groups, the chitosan acts as an 
ampholyte: it remains fluid at a slightly acidic injection pH and rapidly gels at physiological pH 
(Gréa et al., 2024). This in situ depot traps the ADC for gradual release, protecting surrounding 
tissues and preserving drug stability (Fig. 1A). The platform was validated using trastuzumab 
emtansine (T-DM1) and trastuzumab deruxtecan (T-DXd). Physicochemical and rheological 
analyses confirmed its injectability and pH-responsiveness, while its in vivo biodegradation 
was tracked via fluorescence (Fig. 1B). Initial studies in mice demonstrated sustained drug 
release and preserved therapeutic efficacy. Building on these models, studies in non-human 
primates confirmed reduced local toxicity and achieved a pharmacokinetic profile highly 
comparable to IV delivery (Fig. 1C). Overall, this hydrogel platform shows strong potential for 
safer, ambulatory ADC administration. 
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This research develops a sustainable method to produce low-molecular-weight chitosan 
(LMWC) from the fungus Aspergillus niger as an alternative to crustacean sources. 
Fermentation conditions were optimized to maximize biomass. Chitin was extracted through 
chemical and enzymatic methods, with the enzymatic process (using lysozyme/snailase and 
trypsin) yielding more chitin (22.3% vs. 20%). Enzymatic deacetylation using chitin 
deacetylase also produced chitosan with a higher degree of deacetylation (74.3% DD) than 
chemical methods. Subsequent enzymatic depolymerization with kytozyme was superior, 
yielding more LMWC (13%) with better solubility and purity than the chemical route. 
Comprehensive analysis confirmed the structural and functional properties of the fungal 
chitosan. 
 

Keywords: Aspergillus Niger, Chitosan, Chitin, low molecular weight. 
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Nanoprecipitation, also known as the "Ouzo effect," is an efficient, energy-saving method for 
producing polymeric nanomaterials by solvent-shifting [1]. It involves dissolving a polymer in 
a solvent and adding an anti-solvent to make the polymer precipitate as nanoparticles. This 
process is controlled and reproducible, requiring that the solvent and anti-solvent be miscible. 
Chitosan, a biocompatible natural polysaccharide, has potential in various applications like 
drug delivery, vaccines and tissue engineering. However, conventional methods for preparing 
chitosan nanoparticles, such as crosslinking and emulsification, are often complex 
and difficult to scale-up industrially [2,5]. Therefore, this study focuses on the preparation 
of chitosan nanoparticles using simple nanoprecipitation. 
In this work, acetone was selected as the anti-solvent for chitosan solutions, due to its 
favorable physicochemical properties. Our objectives were to identify suitable conditions for 
chitosan nanoprecipitation, investigate the effects of chitosan macromolecular structure 
(mean degree of acetylation and mean molar mass) and environmental factors (pH and ionic 
strength), and elucidate nanoprecipitation mechanisms, nanoparticle size control, and phase 
separation. 
To achieve these goals, we first customized a chito-library with different DAs and molecular 
weights. Based on preliminary cloud point and visual observations, we have established the 
phase diagrams of the water/acetone Ouzo domain for different chitosans under varying pH 
and salt concentrations. In addition, the size, morphology, surface charge and 
growth kinetics of nanoparticles formed within the ouzo region were comprehensively 
characterized using DLS, TEM and UV/vis spectroscopy. Finally, we developed a bicarbonate-
mediated strategy that successfully yields stable pure chitosan nanoparticles in aqueous 
systems at elevated pH, thereby broadening their potential for practical applications. 
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Ti3C2Tx MXene is a two-dimensional transition metal carbide with high electrical conductivity 
ŀƴŘ ŀ ŎƘŜƳƛŎŀƭƭȅ ǘǳƴŀōƭŜ ǎǳǊŦŀŎŜ ŘŜŎƻǊŀǘŜŘ ǿƛǘƘ ҍCΣ ҍhΣ ҍ/ƭΣ ŀƴŘ ҍhI ǘŜǊƳƛƴŀǘƛƻƴǎΦ 
Functionalization with biocompatible polymers prevents MXene restacking and enables 
interfacial tailoring for agricultural, food, and biomedical applications. Chitosan, a cationic 
polysaccharide obtained by chitin deacetylation, is an attractive functionalizing agent due to 
its amine-rich backbone, film-forming capacity, and antimicrobial activity. However, the role 
of chitosan molecular weight (MW) on MXene functionalization remains poorly explored. 

Ti3C2Tx MXene was synthesized by mixed-acid etching (HF/HCl) of Ti3AlC2 MAX phase. Two 
commercial chitosans of different molecular weights (CS-1 and CS-2) were characterized by 
potentiometric titration and capillary viscometry. CS-1 exhibited a degree of deacetylation 
(DD) of 73.0 % and an average viscosity molecular weight of 91 kDa, while CS-2 showed a DD 
of 65.8 % and an average viscosity molecular weight of 153 kDa. CS/MXene composites were 
prepared with MXene loadings of 25, 50, and 75 % by weight and characterized by SEM, XPS, 
and Raman spectroscopy. 

XPS confirmed successful Al removal and the presence of surface terminations on MXene. In 
composites, the N 1s signal verified chitosan incorporation across all formulations. Raman 
spectra showed that CS-1 provides more complete MXene decoration at low MXene content, 
while CS-2 favors greater MXene surface accessibility. SEM revealed that CS-1 facilitated more 
uniform MXene dispersion, whereas CS-2 induced surface roughness at high MXene loadings 
(75 wt%), consistent with viscosity-driven constraints. These results establish that chitosan 
MW governs the extent, uniformity, and mode of CS/MXene interfacial interaction, providing 
a rational basis for designing chitosan/MXene materials for biosensing, food safety, and 
antimicrobial applications. 
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The gut of most insects is lined by the peritrophic matrix (PM), a semi-permeable membrane 
essential for digestion and protection against mechanical stress, chemicals, and pathogens. 
While recent research has elucidated many functional aspects of the PM, the molecular 
mechanisms underlying its structure and physicochemical properties remain poorly 
understood. In particular, the roles of peritrophic matrix proteins (PMPs) and chitin 
modifications by chitin deacetylases (CDAs) and chitinases (CHTs) in shaping the 3D 
organization of the PM are largely unexplored. 
To assess the impact of the degrees of deacetylation and polymerization on PM structure, we 
systematically silenced TcCDA genes via RNAi in the model beetle Tribolium castaneum. We 
analyzed phenotypic consequences on growth and viability and examined physicochemical 
properties of the PM. Mass spectrometric determination of the degree of acetylation (DA) 
ǊŜǾŜŀƭŜŘ ŀ ǎǘǊƛƪƛƴƎƭȅ ƘƛƎƘ 5! ƻŦ лΦфтф ҕ лΦллу όҕ {5Σ ƴҐоύΦ YƴƻŎƪŘƻǿƴ ƻŦ TcCDA8 and TcCDA9 
ƛƴŎǊŜŀǎŜŘ 5! ōȅ ϤмΦп҈ ǘƻ лΦффо ҕ лΦлм όҕ {5Σ ƴҐоύΦ !ŘŘƛǘƛƻƴŀƭ /5!s and group IV CHTs (e.g., 
TcCDA6, and TcCDA7) were investigated for their roles in organizing the chitin 
network. Notably, the larval cuticle has a layered organization with deacetylated chitin 
present in exo- and highly acetylated chitin in endocuticles. Depletion of chitin deacetylases 
TcCDA1 and TcCDA2 impairs chitin deacetylation in the exocuticle, which explains why they 
are expressed in the integument. 
To directly probe chitin structure, we performed X-ray diffraction (XRD) analyses on PM 
ǎŀƳǇƭŜǎ ŀǘ .9{{¸ LLΦ ¢ƘŜ ǊŜǎǳƭǘƛƴƎ Řŀǘŀ ŎƻƴŦƛǊƳŜŘ ǘƘŀǘ ǘƘŜ ta ǇǊƛƳŀǊƛƭȅ Ŏƻƴǎƛǎǘǎ ƻŦ ʲ-chitin, 
with no significant differences in chitin allomorphs across anterior, median, or posterior 
midgut regions. These structural insights complement our biochemical data and support a 
model in which PM integrity depends on both chitin modifications and the supramolecular 
organization throughout the gut. 
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Chitin and chitosan (C/CS)-derived oligomers (COS) have been recognized as bioactive 
molecules that interact with a wide range of biological systems including the immune system 
to elicit defensive reactions. Subtle structural variations in C/CS and COS, here referred to as 
Code , particularly the degree of polymerization (DP), the degree of acetylation (DA) and the 
pattern of acetylation (PA), are thought to play a crucial role in defining their biological and 
functional properties. Chito-protein interactions are key mediators of the diverse activities 
and effects of C/CS/COS; however, the impact of DP, DA and PA on these interactions remains 
poorly characterized. 
In this service project, we employ Grating-Coupled Interferometry (GCI), a highly sensitive, 
label-free biosensing technology that enables real-time analysis of chito-protein interactions. 
To assess the impact of Code on the lectin-binding capacity of COS, we prepared surface-
based biosensors functionalized with synthetic COS of well-defined structures. These 
biosensor chips were used to study interactions between COS and wheat germ agglutinin 
(WGA), a plant lectin that specifically binds N-acetyl-D-glucosamine (GlcNAc), the building 
unit of chitin. Using this approach, we observed distinct WGA-binding profiles for COS variants 
with different DA and/or PA, demonstrating a strong influence of the acetylation code on 
lectin binding. Overall, this work establishes a sensitive platform that can be further expanded 
to systematically investigate the role of Code in regulating chito-protein interactions. 
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Chitin is one of the most abundant polysaccharides in nature and an essential polymer of 
fungal cell walls. It is also recognized as a pathogen-associated molecular pattern (PAMP) that 
triggers immune responses in plants, including the generation of reactive oxygen species 
(ROS) and the activation of mitogen-activated protein kinase (MAPK) signaling cascades. In 
this study, we observed that chitin is able to induce a ROS burst in olive (Olea europaea) callus. 
Notably, while chitosan generally does not trigger immune responses in model plants such as 
Arabidopsis thalianaΣ ƛǘ Ŏŀƴ ƛƴŘǳŎŜ ŀ wh{ ǇǊƻŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ǊŜǎƛǎǘŀƴǘ ƻƭƛǾŜ ŎǳƭǘƛǾŀǊ ά[ŜŎŎƛƴƻέΣ 
ōǳǘ ǊŜƭŀǘƛǾŜƭȅ ƭŜǎǎ ƛƴ ǘƘŜ ǎǳǎŎŜǇǘƛōƭŜ ŎǳƭǘƛǾŀǊ άhƎƭƛŀǊƻƭŀ ǎŀƭŜƴǘƛƴŀέΦ IƻǿŜǾŜǊΣ ǘƘŜ ƳƻƭŜŎǳƭŀǊ 
basis of chitin-triggered immunity in olive remains largely unexplored. In plants, Lysin motif 
receptor-like kinases (LysM-RLKs/LYK) and receptor-like proteins (LysM-RLPs) are known to 
mediate chitin perception and the recognition of fungal pathogens. To identify the pattern 
recognition receptors (PRRs) involved in chitin sensing in olive, we generated haplotype-
resolved genome assemblies for the two cultivars. Through genome-wide and phylogenetic 
analyses, we identified 30 olive homologs of known chitin receptors, including 11 homologs 
of CHITIN ELICITOR RECEPTOR KINASE 1 (CERK1, also known as LYK1), an indispensable co-
receptor for chitin signalling, as well as 11 LYK4 and 8 LYK5 homologs which exhibit high chitin-
binding affinity in Arabidopsis thaliana. These genes will be tested as potential contributors 
to chitin or chitosan binding and perception in different olive cultivars. Our findings provide a 
foundation for understanding chitin-triggered immune responses in olive, including cultivar-
specific differences, and may support the development of fungal pathogen resistant varieties 
by molecular breeding. 
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Synthesis of chito-oligosaccharides with defined structure 

Fuzhu Yang1, Martina Delbianco2 
 

1DepartmenBiomolecular Systems,Max Planck Institute of Colloids and Interfaces, Potsdam, 
Germany. 2Department of Biomolecular Systems, Max Planck Institute of Colloids and 
Interfaces, Potsdam, Germany 
 

Chito-oligosaccharides (COS) comprise ̡ -όмҦпύ-linked D-glucosamine and N-acetyl-D-
glucosamine residues and exhibit immunomodulatory and antimicrobial activities. However, 
most chitosan and COS derived from natural sources are poorly defined with respect to 
degree of polymerization (DP), degree of acetylation (DA), and pattern of acetylation 
(PA). This presents a significant challenge to investigate the impacts of DP, DA and PA on 
biological and functional properties. Therefore, the synthesis of COS with defined structure is 
a critical area requiring continued development. 

Since glycan production via genetic engineering is generally not feasible, access to well-
defined COS still relies on chemical, enzymatic, or chemoenzymatic approaches. Automated 
glycan assembly (AGA) provides a robust chemical platform for the rapid and efficient 
production of diverse glycans. Here, we employ AGA to synthesize COS with user-defined 
sequences, including structurally modified analogues. In parallel, incorporation of chitin 
synthase into the workflow enables access to longer COS (DP > 15). These well-defined COS 
are subsequently applied to investigate chitoςprotein interactions, immune receptor 
responses, and crystalline morphologies. 
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Defined chitin oligomers elicit NLRP3 inflammasome-mediated IL-мʲ 
secretion and innate immune training in human macrophages and monocytes 

Timmy Richardo ORCID iD1, Jumana Kushkush1, Margareta Hellmann ORCID iD2, Fuzhu 
Yang3, Martina Delbianco ORCID iD3, Bruno Moerschbacher2, Alexander Weber ORCID 
iD1,4,5,6 
 

1Institute of Immunology, Department of Innate Immunity, Tübingen, Germany. 2Institute 
for Biology and Biotechnology of Plants, University of Münster, Münster, Germany. 
3Department of Biomolecular Systems, Max-Planck-Institute of Colloids and Interfaces, 
Potsdam, Germany.  
4CMFI ς /ƭǳǎǘŜǊ ƻŦ ŜȄŎŜƭƭŜƴŎŜ ό9·/ нмнпύΦ ά/ƻƴǘǊƻƭƭƛƴƎ aƛŎǊƻōŜǎ ǘƻ CƛƎƘǘ LƴŦŜŎǘƛƻƴǎέΣ 
Tübingen, Germany.  
5iFIT ς Cluster of excellence (EXC 2180). "Image-Guided and Functionally Instructed Tumor 
Therapies", Tübingen, Germany.  
6German Cancer Consortium (DKTK), DKTK Partner Site, Tübingen, Germany 
 

Chitin is a ubiquitous fungal and parasitic polysaccharide of N-acetyl-glucosamine (GlcNAc) 
that is sensed by and activates the mammalian innate immune system. However, the 
structural requirements governing its immunostimulatory activity remain poorly understood. 
Prior studies have relied predominantly on crude chitin preparations, leaving the 
contributions of e.g. the degree of polymerization (DP) and acetylation (DA) to immune 
responses relatively undefined. Previously, we showed that TLR2-dependent immune 
activation by chitin is strictly DA- and DP-dependent and that the host chitinase, CHIT1, can 
generate active chitin oligomers from inactive polymeric chitin. More recently, we found that 
chitin oligomers also activate the cytosolic NLRP3 inflammasome to drive IL-мʲ ǎŜŎǊŜǘƛƻƴ 
through phagocytosis. Contrary to many other NLRP3 activators, chitin oligomers did not 
induce pyroptotic cell death but rather a prolonged hyperactivated state characterized by 
robust cytokine output and preserved cellular integrity. This fits well with the observation 
that chitin oligomers were found to induce a known phenomenon of longer-term 
reprogramming of immune cells, termed innate immune training/memory. Surprisingly, these 
properties of DP10-15 chitin oligomers were reproduced using certain synthetic DP6 
ƻƭƛƎƻƳŜǊǎ ǿƛǘƘ ƎƭǳŎƻǎŜ ǎǳōǎǘƛǘǳǘƛƻƴǎ ŀǘ ʲ-мΣо ŀƴŘ ʲ-1,4 linkages, indicating that 
immunogenicity is not exclusively regulated by DP, but precise GlcNAc positioning. 
Collectively, these findings reveal that structurally defined chitin oligomers can drive a 
selective, non-lethal inflammatory response in human monocytes and macrophages, 
prerequisite for innate immune memory induction. That both chain length and backbone 
chemistry can be independently tuned suggests that chitin oligomers may serve as precise 
and controllable tools for mechanistically dissecting and ultimately harnessing chitin-induced 
innate immune responses. 
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