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Message from the President

At the end of sixteenth century a Japanese boat with an embassy of daimio Hideyoshi arrived
to Seville with some gifts and proposals for an agreement with Philip the Second, king of
Spain and Portugal. At the time Spain and Japan were neighbor empires in Philippines and
therefore both countries share common, not always friendly interests. The members of the
Japanese boat eventually settled in Seville’s surrounding area and one can find there even
today some descendants of that crew bearing the family name “Japon” (Spanish for “Japan™).

We will meet soon in Seville in the joint EUCHIS-SIAQ Meeting and after that the next one
will be held in Japan. Let me think that this exchange of venues Seville-Osaka is a late
devolution of that old Hideyoshi embassy but with a different, more peaceful and positive
content: scientific and technological exchange.

Angeles Heras Caballero.
EUCHIS President



Editorial

It is our pleasure to distribute another Newsletter just a few days ahead of the 13™ EUCHIS
Conference, 2017. This year we celebrate the 25" anniversary of EUCHIS. In a brief
retrospective, the foundation of EUCHIS is commemorated and some its activities since then
are summarized (page 3).

A life cycle assessment of chitosan is of interest not only for producers and agencies. A first,
very interesting publication dealing with this issue appeared recently. The abstract is reprinted
in this Newsletter (page 5) and reading of the full article is highly recommended to everyone
and interested in economic and environmental aspects of chitosan production.

Following earlier calls for submission of abstracts of PhD, just one contribution has been sent
to the editorial office (page 6).

The survey of EUCHIS member's publications is continued (page 9), covering the period
November 2016 — April 2017. We found 79 citations, including reviews, conference abstracts,
articles, and patents, reflecting ~ 1.2 % of ~ 6200 citations in ScienceFinder®, dealing with
chitin and/or chitosan between January and April, 2017.

Enjoy reading ! See you all in Sevilla !

Svetlana Bratskaya, Secretary
Martin G. Peter, Assistant Secretary



25 Years EUCHIS

A brief hiStorYThe European Chitin Society was founded on March 27,

1992, in Villeurbanne, France, and registered on April 12 in the Prefecture du Rhone, Dossier
No. 1/31151. A photo, showing 12 of the 13 members of the foundation assembly, was taken
in a coffe break during the constitutional sessions.

Left to right:

Front: Riccardo Muzzarelli (Italy), Maria Terbojevich (Italy), Charles Jeuniaux (Belgium),
Alain Domard (France), Marie-Madeleine Giraud-Guille (France), Vassilis Bouriotis (Greece)
Back: Kjell Varum (Norway), Martin Peter (Germany), Jacek Dutkiewicz (Poland), Gerhard
Goffinet (Belgium), George Roberts (United Kingdom), Klaus-Dieter Spindler (Germany)
Not seen in this photo is Henryk Struszczyk (Poland)

The first Board meeting took place during the 1% Conference on Chitin Enzymology,
Senigallia, Italy, in May 1993 where Alain Domard was elected as the first president. The first
General Assembly was held at the 1* EUCHIS conference in Brest, France, 1995. Alain
Domard was reelected for a second period of two years. He was followed by Riccardo
Muzzarelli (Italy, 1997 - 1999), Martin Peter (Germany, 1999 - 2004), Kjell Varum (Norway,
2004 - 2009), and Sevda Senel (Turkey, 2009 - 2013). Since then, the President is Angeles
Heras (Spain).

EUCHIS' Honorary President was Charles Jeuniaux (deceased 1999). Olav Smidsrad was
awarded the honorary presidency in 2004.

So far, twelve EUCHIS conferences were organized, usually on a two-year schedule, as listed
below. Proceedings of nine conferences have been published so far as a series of "Advances
in Chitin Science". Thirty eight Newsletters were issued. From Newsletter No. 15 these are
available open access on the website of EUCHIS.



EUCHIS Conference Year Proceedings

1*: Brest, France 1995 Advances, Vol. 1
ond. Lyon, France (joint with 7th ICCC) 1997 Advances, Vol. 2
3': Potsdam, Germany 1999 Advances, Vol. 4
4™ Senigallia, Italy 2001

5™ Trondheim, Norway 2002 Advances, Vol. 6
6" Poznan, Poland 2004 Advances, Vol. 8
7™: Montpellier, France France (joint with 10th ICCC) 2006 Advances, Vol. 9
8™ Antalya, Turkey 2007 Advances, Vol. 10
9": San Servolo, Italy 2009 Advances, Vol. 11
10™: St. Petersburg, Russia 2011 Advances, Vol. 13
11™: Porto, Portugal 2013 In preparation
12™: Miinster, Germany (joint with 13™ ICCC) 2015 In preparation
13™: Sevilla, Spain (joint with 8" SIAQ) 2017

In a personal retrospective, 25 years of EUCHIS meant 25 years of professional as well as
personal rewards. It was always a great experience to meet colleagues coming from all fields
of research and application, to learn about the fascinating properties of chitosan polymers and
oligomers, in material sciences, biomedicine, pharmaceutical, agricultural and biochemical
aspects. The number of publications is growing at an unforeseen speed, making it nearly
impossible to follow new developments just by reading the literature. Thus, EUCHIS is the
ideal and a necessary platform to keep up-to-date in chitinology.

Martin Peter



Life Cycle Assessment of
Chitosan

Munoz, 1., Rodriguez, C., Gillet, D. & Moerschbacher, B. M.
Life cycle assessment of chitosan production in India and Europe.
Int. J. Life Cycle Assess. 2017, Ahead of Print; DOI 10.1007/s11367-017-1290-2

Purpose: The aim of this article is to present the first life cycle assessment of chitosan prodn.
based on data from two real producers located in India and Europe. The goal of the life cycle
assessment (LCA) was to understand the main hot spots in the two supply chains, which are
substantially different in terms of raw materials and prodn. locations. Methods: The LCA 1is
based on consequential modeling principles, whereby allocation is avoided by means of
substitution, and market mixes include only flexible, i.e. non-constrained suppliers. The
product system is cradle to gate and includes the prodn. of raw materials, namely waste shells
from snow crab and shrimp in Canada and India, resp., the processing of these in China and
India and the manuf. of chitosan in Europe and India. Primary data for chitin and chitosan
prodn. were obtained from the actual producers, whereas raw material acquisition as well as
waste management activities were based on literature sources. The effects of indirect land use
change (iLUC) were also included. Impact assessment was carried out at midpoint level by
means of the recommended methods in the International Life Cycle Data (ILCD) handbook.
Results and discussion: In the Indian supply chain, the prodn. of chems. (HCI and NaOH)
appears as an important hot spot. The use of shrimp shells as raw material affects the market
for animal feed, resulting in a credit in many impact indicators, esp. in water use. The use of
protein waste as fertilizer is also an important source of greenhouse-gas and ammonia
emissions. In the European supply chain, energy use is the key driver for environmental
impacts, namely heat prodn. based on coal in China and electricity prodn. in China and
Europe. The use of crab shells as raw material avoids the composting process they would be
otherwise subject to, leading to a saving in composting emissions, esp. ammonia. In the
Indian supply chain, the effect of iLUC is relevant, whereas in the European one, it is
negligible. Conclusions: Even though we assessed two products from the same family, the
results show that they have very different environmental profiles, reflecting their substantially
different supply chains in terms of raw material (shrimp shells vs. crab shells), prodn.
locations (locally produced vs. a global supply chain involving three continents) and the
different applications (general-purpose chitosan vs. chitosan for the medical sector).

Acknowledgement: The authors thank the EU’s Seventh Framework Programme for research,
technological development and demonstration for its financial assistance through the
Nano3bio project (grant agreement number 613931).



Abstract of PhD Thesis

Quantitative mass spectrometry as a powerful tool for analysing
chitosan-modifying enzymes and how they define the bioactivities
of chitosans

PhD Thesis
Fachbereich Biologie
Stefan Cord-Landwehr
Universitit Miinster, 2016

Supervisor: Prof. Dr. Bruno Moerschbacher
Co-Supervisor: Prof. Dr. Henk Schols

Abstract

Chitosans are a group of highly promising biomolecules, which consist of B(1-4) linked
glucosamine (GIcN; D) and N-acetylglucosamine (GIcNAc; A) units. They have a wide
variety of biological activities and therefore many potential applications in e.g. agriculture or
medicine. It is known that their biological activities depend on the degree of polymerization
(DP) and acetylation (DA). Additionally the pattern of acetylation (PA) likely influences these
properties. However, the lack of well-defined partially acetylated chitosan oligomers (paCOS)
and the time- and material-consuming and sometimes poorly used analytical methods are
some of the main obstacles to understanding their structure-function relationship and therefore
the application of chitosans (Scheme A).

The studies presented in this doctoral thesis have the goal of improving each part of the
process required for understanding and using chitosans, which will thereby reinforce the
connections between these parts, allowing us to gain more information about each aspect
(Scheme B). To achieve these goals, the first step (Scheme B) is to improve and develop
methods to analyse the chitosan products themselves; through this, we can learn more about
the chitin- and chitosan-modifying enzymes (CCME) used to produce them. The second step
is to produce novel and well-defined chitosans, and then perform in the third step bioactivity
tests on these compounds. In turn, this offers information about the natural functions of the
initial enzymes used to produce the paCOS products (return to step 1, Scheme B), as well as
potential applications for chitosan.
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To address the first step (Scheme B), a hydrophilic interaction liquid chromatography-mass
spectrometric (HILIC-MS) method developed to analyse plant cell wall carbohydrates was
optimised to analyse the fully acetylated chitin, the fully deacetylated and partially acetylated
chitosan oligosaccharides within one experiment. Quantitative analysis of paCOS including
their DP, DA, and PA was achieved by (I) [*Hs]N-acetylation of free amino groups in the
paCOS, (II) spiking the samples with [Cy; 2H3]acetylated chitin oligomers as internal
standards, (II1) analysing the mixture by HILIC-ESI-MS, and (IV) pattern determination using
HILIC-ESI-MS/MS with paCOS containing an 'O label at the reducing end. The main
outcome of this quantitative HILIC-ESI-MSn analysis is the fast, efficient and precise
determining of subsite and substrate specificity of chitin- and chitosan-modifying enzymes
(CCME) while only requiring a small amount of produced oligosaccharides compared to the
previous used SEC-NMR method. Using ChiB from Serratia marcescens, the best-described
chitinase, as benchmark, the newly developed quantitative HILIC-ESI-MS method was
verified as having only small variations compared to the results obtained with the common
SEC-NMR method. Furthermore, the increased sensitivity of the method enabled the
monitoring of the subsite specificity at different time points and for chitosans with different
DAs. Additionally the new quantitative analysis HILIC-ESI-MS method allows for
investigation of the interplay between the neighbouring subsites (-2 and -1, +1 and +2); in
contrast, the SEC-NMR method only allows one subsite isolated from the neighbouring units
to be studied.

Subsequently, studies which addressed step 2 in Scheme B, were performed with a novel
chitin deacetylase (CDA) derived from the endophytic fungus Pestalotiopsis sp. and its
products. This enzyme (PesCDA), recombinant produced in E. coli as MBP fusion protein, is
a regio-selective CDA and generates novel and well-defined paCOS with the pattern
AA[D],3A. To address step 3 (Scheme B) bioactivity analyses on the products of PesCDA
were performed, showing that this enzyme converts by deacetylation the elicitor-active chitin
oligomer into an elicitor-inactive molecule. This inactivation of chitin oligomers supports a
long-standing hypothesis for how chitin-containing fungi overcome detection by the plant
cells and therefore avoid evoking the plant’s immune system response. As such, this might be
the natural function of PesCDA for the endophytic fungus, revealed by performing bioactivity
tests with the products of this enzyme. Furthermore, a subsequently detailed analysis of
PesCDA subsite specificity allowed knowledge-based combination of PesCDA with other
regio-selective CDAs to produce additional well-defined paCOS with new pattern of
acetylation, which can be used for bioactivity tests in the future.



The studies shown in this thesis provide several new possibilities to analyse chitin and
chitosan oligosaccharides with a focus on quantification to enable a precise characterisation of
chitin and chitosan-modifying enzymes and their chitosan products. Based on this, various
chitin- and chitosan-modifying enzymes can be characterised, and several well-defined
chitosans can be produced which can be used now for bioactivity assays to decipher the
structure-function relationships of chitosans. The future studies should not only be oxidative
burst studies, as shown for the PesCDA products with rice cell suspension cultures, but should
be more significant for the biotechnological usage, such as by testing chitosan’s effects in
plant promotion or plant strengthening. By interconnecting each part of the chitosan studies,
we will be able to obtain more refined knowledge about chitosans and the enzymes used to
produce them, which will therefore enable more and more applications.

Publications

1. Cord-Landwehr, S.; Ihmor, P.; Nichues, A.; Luftmann, H.; Moerschbacher, B. M.; Mormann, M.,
Quantitative Mass-Spectrometric Sequencing of Chitosan Oligomers Revealing Cleavage Sites of
Chitosan Hydrolases. Analytical Chemistry, (2017) 89, 2893-2900;
http://dx.doi.org/10.1021/acs.analchem.6b04183.

2. Nagvi, S.; Cord-Landwehr, S.; Singh, R.; Bernard, F.; Kolkenbrock, S.; El Gueddari, N. E.; Moerschbacher,
B. M., A Recombinant Fungal Chitin Deacetylase Produces Fully Defined Chitosan Oligomers with
Novel Patterns of Acetylation. Applied and Environmental Microbiology, (2016) 82, 6645-6655;
http://dx.doi.org/10.1128/aem.01961-16

3. Cord-Landwehr, S.; Melcher, R. L. J.; Kolkenbrock, S.; Moerschbacher, B. M., A chitin deacetylase from
the endophytic fungus Pestalotiopsis sp. efficiently inactivates the elicitor activity of chitin oligomers in
rice cells. Scientific Reports, (2016) 6; http://dx.doi.org/10.1038/srep38018.

4. Langner, T.; Oeztuerk, M.; Hartmann, S.; Cord-Landwehr, S.; Moerschbacher, B.; Walton, J. D.; Goehre,
V., Chitinases Are Essential for Cell Separation in Ustilago maydis. Eukaryotic Cell, (2015) 14, 846-857;
http://dx.doi.org/10.1128/ec.00022-15.

5. Hamer, S. N.; Cord-Landwehr, S.; Biarnes, X.; Planas, A.; Waegeman, H.; Moerschbacher, B. M.;
Kolkenbrock, S., Enzymatic production of defined chitosan oligomers with a specific pattern of
acetylation using a combination of chitin oligosaccharide deacetylases Scientific Reports, (2015) 5;
http://dx.doi.org/10.1038/srep08716.

6. Remoroza, C.; Cord-Landwehr, S.; Leijdekkers, A. G. M.; Moerschbacher, B. M.; Schols, H. A.; Gruppen,
H., Combined HILIC-ELSD/ESI-MSn enables the separation, identification and quantification of
sugar beet pectin derived oligomers. Carbohydrate Polymers, (2012) 90, 41-48;
http://dx.doi.org/10.1016/j.carbpol.2012.04.058.
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EUCHIS Members Bibliography
November 2016 - April 2017

Reviews

1.

Mackie, A.R., Goycoolea, F M., Menchicchi, B., Caramella, C.M., Saporito, F., Lee, S., Stephansen, K.,
Chronakis, 1.S., Hiorth, M., Adamczak, M., Waldner, M., Nielsen, H.M., Marcelloni, L., Innovative
Methods and Applications in Mucoadhesion Research. Macromol. Biosci., (2017), Ahead of Print;
http://dx.doi.org/10.1002/mabi.201600534.

Naqvi, S., Moerschbacher, B.M., The cell factory approach toward biotechnological production of
high-value chitosan oligomers and their derivatives: an update. Crit. Rev. Biotechnol., (2017) 37, 11-25;
http://dx.doi.org/10.3109/07388551.2015.1104289.

Vaaje-Kolstad, G., Forsberg, Z., Loose, J.S.M., Bissaro, B., Eijsink, V.G.H., Structural diversity of lytic
polysaccharide monooxygenases. Curr. Opin. Struct. Biol., (2017) 44, 67-76;
http://dx.doi.org/10.1016/j.sbi.2016.12.012.

Abstracts

4.

Banquy, X., Faivre, J., Shrestha, B., Burdynska, J., Xie, G., Moldovan, F., David, L., Delair, T., Benayoun,
S., Matyjaszewski, K. Wear protection without surface modification: Is it possible? Abstracts of Papers,
253rd ACS National Meeting & Exposition, San Francisco, CA: 2017; pp COLL-670.

Fernandes, S.C., Bulone, V. UV-absorbing materials based on natural molecular sunscreens and
chitosan, Abstracts of Papers, 253rd ACS National Meeting & Exposition, San Francisco, CA: 2017; pp
CELL-404.

Moerschbacher, B.M. Enzymatic control of the acetylation pattern in chitosans, Abstracts of Papers,
253rd ACS National Meeting & Exposition, San Francisco, CA: 2017; pp CELL-221.

Articles

7.

10.

11.

12.

13.

Amasya, G., Badilli, U., Aksu, B., Tarimci, N., Quality by design case study 1: Design of 5-fluorouracil
loaded lipid nanoparticles by the W/O/W double emulsion - Solvent evaporation method. Eur. J.
Pharm. Sci., (2016) 84, 92-102; http://dx.doi.org/10.1016/j.ejps.2016.01.003.

Becerra, J., Sudre, G., Royaud, 1., Delair, T., David, L., Royaud, 1., Montserret, R., Verrier, B., Rochas, C.,
Tuning the Hydrophilic/Hydrophobic Balance to Control the Structure of Chitosan Films and Their
Protein Release Behavior. A4PS PharmSciTech, (2016) Ahead of Print. http://dx.doi.org/10.1208/s12249-
016-0678-9.

Benettayeb, A., Guibal, E., Morsli, A., Kessas, R., Chemical modification of alginate for enhanced
sorption of Cd(II), Cu(II) and Pb(Il). Chem. Eng. J. (Amsterdam, Neth.), (2017) 316, 704-714;
http://dx.doi.org/10.1016/j.cej.2017.01.131.

Bertagnolli, C., Grishin, A., Vincent, T., Guibal, E., Boron removal by a composite sorbent:
Polyethylenimine/tannic acid derivative immobilized in alginate hydrogel beads. J. Environ. Sci.
Health, Part A: Toxic/Hazard. Subst. Environ. Eng., (2017) 52, 359-367,
http://dx.doi.org/10.1080/10934529.2016.1260893.

Bisharat, L., Perinelli, D.R., Berardi, A., Bonacucina, G., Logrippo, S., Darwish Elhajji, F.W., Cespi, M.,
Palmieri, G.F., Influence of Testing Parameters on In Vitro Tramadol Release from Poloxamer
Thermogels using the Immersion Cell Method. AAPS PharmSciTech, (2017), Ahead of Print,
http://dx.doi.org/10.1208/s12249-017-0753-x.

Bissaro, B., Rohr, A.K., Skaugen, M., Forsberg, Z., Horn, S.J., Vaaje-Kolstad, G., Eijsink, V.G.H., Fenton-
type chemistry by a copper enzyme: molecular mechanism of polysaccharide oxidative cleavage.
bioRxiv, Biochem., (2017), 1-14; http://dx.doi.org/10.1101/097022.

Bonferoni, M.C., Sandri, G., Rossi, S., Usai, D., Liakos, 1., Garzoni, A., Fiamma, M., Zanetti, S.,
Athanassiou, A., Caramella, C., Ferrari, F., A novel ionic amphiphilic chitosan derivative as a stabilizer
of nanoemulsions: Improvement of antimicrobial activity of Cymbopogon citratus essential oil. Colloids
Surf., B, (2017) 152, 385-392; http://dx.doi.org/10.1016/j.colsurfb.2017.01.043.

10



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
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Revesz, P., Sandri, G., Bonferoni, M.C., Caramella, C., Csanyi, E., The effect of the antioxidant on the
properties of thiolated poly(aspartic acid) polymers in aqueous ocular formulations. Eur. J. Pharm.
Biopharm., (2017) 113, 178-187; http://dx.doi.org/10.1016/j.ejpb.2016.12.026.

Castejon, D., Herrera, A., Heras, A. Cambero, L., Mateos-Aparicio, 1., Oil Quality Control of Culinary
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2017 1-14; doi 10.1007/s12161-016-0778-x

Chylenski, P., Forsberg, Z., Staahlberg, J., Varnai, A., Lersch, M., Bengtsson, O., Saeboe, S., Horn, S.J.,
Eijsink, V.G.H., Development of minimal enzyme cocktails for hydrolysis of sulfite-pulped
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Cord-Landwehr, S., Thmor, P., Niehues, A., Luftmann, H., Moerschbacher, B.M., Mormann, M.,
Quantitative Mass-Spectrometric Sequencing of Chitosan Oligomers Revealing Cleavage Sites of
Chitosan Hydrolases. Anal. Chem. (Washington, DC, U. S.), (2017) 89, 2893-2900;
http://dx.doi.org/10.1021/acs.analchem.6b04183.
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entomopathogenic strain Bacillus pumilus 15.1 reveals that it produces inclusion bodies similar to the
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EUCHIS/ SIAQ 2017, Seville, Spain, May 31% — June 3", 2017

organized under the patronages of the European Chitin Society (EUCHIS) and the
Iberoamerican Chitin Society (SIAQ),

URL: http://chitin2017.com

19" EUROCARB, Barcelona, Spain, July 2"_6™, 2017, hosted by the Institut Quimic de
Sarria, University Ramon Llull, under the auspices of the European Carbohydrate
Organization,

URL: http://www.eurocarb2017.com/

S5th EPNOE International Polysaccharide Conference, Jena, Germany, 20-24 August
2017,
URL: http://www.epnoe2017.de/

4™ International Cellulose Conference (ICC2017), Fukuoka, Japan, October 180 — 20th,
and 3" Symposium on Bacterial Nano Cellulose (BNC2017), October 16" — 17" 2017,
URL: http://www.c-linkage.co.jp/icc2017/index.html

XXIII Conference on “New Aspects of the Chemistry and Applications of Chitin and
its Derivatives”, Walbrzych, Zamek Ksigz, Poland, 20 — 22 September, 2017
URL: http://www.ptchit.lodz.pl/en344.walbrzych _2017.html

14th International Chitin and Chitosan Conference (14th ICCC) & 12th Asia-Pacific
Chitin and Chitosan Symposium (12th APCCS), joint with 32nd Japanese Chitin and
Chitosan Symposium, Kansai University (Senriyama Campus), Suita, OSAKA, JAPAN,

August 27-30, 2018 (see page 15)
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