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Seaweeds synthesize a wide range of halogenated metabolites(1-3). The fate of these metabolites
remains largely unknown. To address this challenge, the genetic asset encoded by the associated
microbiomes of three seaweeds has been annotated. A remarkable gene content potentially active
in the degradation of a wide spectrum of halocarbons and haloaromatic molecules has been un-
covered. These functional data, which may help in deciphering the still largely unknown role of
microbial dark matter(4), support the hypothesis of considering macroalgae as holobionts, capa-
ble of managing the metabolism of halogenated compounds. Furthermore, this uncharted genetic
diversity encompasses biotechnologically pivotal enzymes(5-8).

1 Moore R.E. Volatile compounds from marine algae. Acc. Chem. Res. 1977. Vol. 10, 40-47.
https://doi.org/10.1021/ar50110a002

2 Gschwend P.M., MacFarlaneand. J.K., Newman K.A. Volatile Halogenated Organic Compounds
Released to Seawater from Temperate Marine Macroalgae. Science 1985. Vol 227, 1033-1035. DOI:
10.1126/science.227.4690.10

3 Carsten P. and Pohnert G. Production and role of volatile halogenated compounds from marine
algae. Nat. Prod. Rep. 2011, Vol. 28(2), 186-95. DOI: 10.1039/cOnp00043d

4 Whitman W.B., Coleman D.C., Wiebe W]. Prokaryotes: the unseen majority. PNAS 1998. Vol.
95, 6578-83. DOI: 10.1073/pnas.95.12.6578

5 Agarwal V., Miles Z.D., Winter J.M., Eustaquio A.S., El Gamal A.A., and Moore B.S. Enzymatic
halogenation and dehalogenation reactions: pervasive and mechanistically diverse. Chem Rev.
2017. Vol. 117, 5619-5674. DOI: 10.1021/acs.chemrev.6b00571

6 AtashgahiS., Sanchez-AndreaI., Heipieper H., Van der Meer J.R., Stams A.J.M., Smidt H. Prospects
for harnessing biocide resistance for bioremediation and detoxification. Science 2018. Vol. 360,
743-746. DOI: 10.1126/science.aar3778

7 Bao-Anh Thi Nguyen, Ju-Liang Hsieh, Shou-ChenLo, Sui-YuanWang, Chun Hsiung-Hung, Eu-
gene Huang, Shih-HsunHung, Wei-ChihChin, Chieh-ChenHuang. Biodegradation of dioxins by
Burkholderia cenocepacia strain 869T2: Role of 2-haloacid dehalogenase. Journal of Hazardous
Materials 2021. Vol 401, 123347. DOI: 10.1016/j.jhazmat.2020.123347

8 Cros A., Alfaro-Espinoza G., De Maria A., Wirth T., Nikel P. I. Synthetic metabolism for biohalo-
genation. Curr Opin Biotechnol 2022. Vol.74, 180-193. DOI: 10.1016/j.copbio.2021.11.009
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TRIMS plays a key role in controlling the p53 molecular switch that sustains the transcriptional ac-
tivation of cell cycle arrest genes and response to chemotherapeutic drugs. TRIMS protein is able
to interact with wild type p53 displacing its binding to MDM2 and consequently inducing specific
post-translational modifications that stabilize and activate p53 protein. TRIMS8 deficit dramatically
impairs p53-mediated cellular responses to chemotherapeutic drugs and its re-expression is able
to sensitize cells to treatments following p53 pathway re-activation, both in a cellular model of
clear cell Renal Cell Carcinoma (ccRCC) and colorectal carcinoma (CRC). Therefore TRIM8 may
represent a new promising therapeutic target in the treatment of ccRCC and CRC as well as other
tumors that express a wild type p53 protein (but that show the inactivation in the functional p53
network). The study of TRIMS structure also gives important informations on how it finely sup-
ports p53 activity, counteracting tumor progression.

1 Marzano F, Caratozzolo MF, Pesole G, Sbisa E, Tullo A. Biomedicines. 2021 Feb 27;9(3):241. Re-
view.

2 Caratozzolo MF, Marzano F, Mastropasqua F, Sbisa E, Tullo A. Genes (Basel). 2017 Nov 28;8(12).
pii: E354. Review.

3 Mastropasqua F, Marzano F, Valletti A, Aiello I, Di Tullio G, Morgano A, Liuni S, Ranieri E, Guer-
rini L, Gasparre G, Sbisa E, Pesole G, Moschetta A, Caratozzolo MF, Tullo A Mol Cancer. 2017 Mar
21;16(1):67.

4 Caratozzolo MF, Valletti A, Gigante M, Aiello I, Mastropasqua F, Marzano F, Ditonno P, Carrieri G,
Simonnet H, D’Erchia AM, Ranieri E, Pesole G, Sbisa E, Tullo A. Oncotarget 2014 Sep 15;5(17):7446-
57.

5 Caratozzolo MF, Micale L, Turturo MG, Cornacchia S, Fusco C, Marzano F, Augello B, D’Erchia
AM, Guerrini L, Pesole G, Sbisa E, Merla G, Tullo A. Cell Cycle. 2012 Feb 1;11(3).
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The progressive loss of neuronal cells, as well as the decline of cognitive and motor functions are
common features of several neurodegenerative disorders, such as Parkinson’s disease (PD) and
a-synucleinopathies. Other key factors in the development of these disorders should be oxidative
stress, dyshomeostasis of metal ions and a-synuclein (aSyn)(1,2). Moreover, the abnormal aggre-
gation process of aSyn is considered a crucial event in the pathogenesis of a-synucleinopathies.
Metal-protein interactions play an important role in aSyn aggregation and might represent a link
between the pathological processes of protein aggregation, oxidative damage, and neural death.
High Copper concentration is detected the cerebrospinal fluid of PD patients, as well as in the
Lewy bodies, the intracellular aggregates of aSyn. Moreover, Copper regulates aSyn intracellu-
lar localization and cytotoxicity(2). Lipoxidation and carbonylation have also been observed in
neurodegenerative diseases. aSyn seems to induce lipid peroxidation and, conversely, aSyn car-
bonylation has been found in PD. In particular, acrolein (ACR) and 4-hydroxy-nonenal (HNE) have
been reported to affect the aggregation process of aSyn(3). The interplay between ACR, copper,
and aSyn has been recently investigated(4). Moreover, we comprehensively assessed the inter-
action with aSyn ability and inhibitory properties in preventing a-Syn aggregation of a series of
glyco- and dipeptide-conjugates of 8-hydroxyquinoline, well-known molecules that provide neu-
roprotection in neurodegenerative disorders.

1 Jomova K, Vondrakova D, Lawson M, Valko M, Mol. Cell. Biochem. 2010, 345, 91-104.

2 Binolfi A, Quintanar L, Bertoncini CW, Griesinger C, Fernandez CO, Coord. Chem. Rev. 2012,
256, 2188-2201.

3 Wang YT, Lin HC, Zhao WZ, Huang HJ, Lo YL, Wang HT, Lin AMY, Sci. Rep. 2017, 7, 45741.

4 Falcone, E., Ahmed, LM.M,, Oliveri, V., Bellia, F., Vileno, B., El Khoury, Y., Hellwig, P., Faller, P.,
Vecchio, G. Chem. Eur. J. 2020, 26, 1871.

Presenter: Dr BELLIA, Francesco (CNR-IC)

Session Classification: Session

May 14, 2025 Page 5



Joint Workshop... /Report of Contributions Freshwater microalgae: a natural ...

Contribution ID: 16 Type: not specified

Freshwater microalgae: a natural source of
compounds for medical and nutraceutical
applications & the development of biosensors for the
environmental/agri-food protection

Tuesday, 18 April 2023 09:55 (25 minutes)

The microalga Chlamydomonas reinhardtii is a widely known model system around the world,
fully sequenced in its three genomes, easy and inexpensive to grow in the laboratory, and recently
recognized by the FDA organism GRAS (generally recognized as safe)(1,2). The strong potential of
this photosynthetic single-cell algae has been extensively studied related to the cell division, pho-
tosynthesis, cilia biogenesis, carbon-concentrating mechanism, responses to excess light and the
dissipation of light energy, metabolism, biosynthetic pathways, and chloroplast gene expression(3).
Moreover, thanks to the different gene transformation protocols available in the literature, is pos-
sible obtain genetic libraries with different kind of mutant strains (e.g. site-specific and random
mutated)(4). For all these reasons, the utilisation of C. reinhardtii cells found over the years many
applications. In particular, in the nutraceutics field as natural source of secondary metabolites(5),
as well as in medical applications with the extraction of polysaccharides(6,7). Moreover, intrigu-
ing results derive from the exploitation of whole C. reinhardtii cells as biorecognition element in
the design of biosensors for the detection of specific class of herbicides with harmful effects on
environment and human health(8,9). Finally, noteworthy future prospects include these unicellu-
lar heterologous systems as a platform for the heterologous expression of proteins for different
applications.

1 Scaife, M. A., Nguyen, G. T., Rico, ]J., Lambert, D., Helliwell, K. E., & Smith, A. G. (2015). Estab-
lishing Chlamydomonas reinhardtii as an industrial biotechnology host. The Plant Journal, 82(3),
532-546.

2 https://www.fda.gov/media/128921/download

3 Griesbeck, C., Kobl, L, & Heitzer, M. (2006). Chlamydomonas reinhardtii. Molecular biotechnol-
ogy, 34(2), 213-223.

4 Johanningmeier, U., & Heiss, S. (1993). Construction of a Chlamydomonas reinhardtii mutant
with an intronless psbA gene. Plant molecular biology, 22(1), 91-99.

5 Rea, G., Antonacci, A., Lambreva, M., Pastorelli, S., Tibuzzi, A., Ferrari, S., ... & Giardi, M. T.
(2011). Integrated plant biotechnologies applied to safer and healthier food production: The Nutra-
Snack manufacturing chain. Trends in food science & technology, 22(7), 353-366.

6 Kamble, P., Cheriyamundath, S., Lopus, M., & Sirisha, V. L. (2018). Chemical characteristics, an-
tioxidant and anticancer potential of sulfated polysaccharides from Chlamydomonas reinhardtii.
Journal of Applied Phycology, 30(3), 1641-1653.

7 Masi, A., Leonelli, F., Scognamiglio, V., Gasperuzzo, G., Antonacci, A., & Terzidis, M. A. (2023).
Chlamydomonas reinhardtii: A Factory of Nutraceutical and Food Supplements for Human Health.
Molecules, 28(3), 1185.

8 Lambreva, M. D., Giardi, M. T., Rambaldi, I., Antonacci, A., Pastorelli, S., Bertalan, I., ... & Rea,
G. (2013). A powerful molecular engineering tool provided efficient Chlamydomonas mutants as
bio-sensing elements for herbicides detection. PLoS One, 8(4), e61851.

9 Antonacci, A., Celso, F. L., Barone, G., Calandra, P., Grunenberg, J., Moccia, M., ... & Scog-
namiglio, V. (2020). Novel atrazine-binding biomimetics inspired to the D1 protein from the pho-
tosystem II of Chlamydomonas reinhardtii. International Journal of Biological Macromolecules,
163, 817-823.
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X-ray based techniques are considered among the most powerful tools for the structural inves-
tigation of matter. Depending on the physical phenomenon on which the technique relies on,
X-rays enable probing the matter down to atomic resolution, recovering information on the elec-
tronic structure, chemical coordination, and even about size and shape of large particles in solu-
tion. The combination of such information allows generating complete structural description for
the systems of interest, a very interesting opportunity for several research fields and integrative
structural biology, particularly. Here, some examples from our previous research about obtaining
multiscale structural information by using such techniques will be shown. Firstly, two structural
studies about the interaction between inhibitors and their protein targets (thrombin and acetyl-
cholinesterase)(1) will be shown, as an example of the fine details about ligand-protein interaction,
information that is precious for rational drug design, that can be provided by X-ray crystallogra-
phy. A study about ubiquitin oligomer formation(2) will be reported to show the ability of the
same technique in recovering insights about protein-protein interaction. Moreover, the structural
investigation of the anti-CD20 protein molecule performed by combining Small Angle X-ray Scat-
tering and molecular modelling techniques(3) will provide an example of investigation of large and
flexible biological systems by X-ray based techniques. Finally, a X-ray Absorption Spectroscopy
investigation about the interaction between metal ions and very large systems such as bacterial
cells will be reported(4). Although they are limited with respect to the opportunities given by X-
ray based techniques in the field of structural biology, the examples here shown allow appreciating
the ability of such techniques in providing multiscale information, whose integration has become
increasingly important for the understanding of biological systems.

1 a) BD Belviso, R Caliandro, M de Candia, G Zaetta, G Lopopolo, F Incampo, M Colucci, CD Al-
tomare. ] Med Chem, 2014, 57, 8563; b) M Catto, L Pisani, E de la Mora, BD Belviso, GF Mangiatordi,
A Pinto, A Palma, N Denora, R Caliandro, JP Colletier, I Silman, O Nicolotti, CD Altomare. ACS
Med Chem Lett, 2020, 11(5), 869

2 F Arnesano, BD Belviso, R Caliandro, G Falini, S Fermani, G Natile, D Siligi. Chemistry, 2011,
17(5), 1569

3 BD Belviso, GF Mangiatordi, D Alberga, V Mangini, B Carrozzini, R Caliandro. Front Mol Biosci,
2022, 9, 823174

4 BD Belviso, F Italiano, R Caliandro, B Carrozzini, A Costanza, M Trotta. Biometals, 2013, 26(5),
69
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The mammalian complex I is the largest mitochondrial respiratory chain enzyme composed of 45
constituent subunits. It is the point of entry in the mitochondrial electron transport chain for
NADH reducing equivalents, and it behaves as an adaptable pacemaker of respiratory ATP pro-
duction(1). Mitochondrial respiratory chain complex I is a site of superoxide production during
forward electron transfer from NADH to ubiquinone, but it produces more superoxide during re-
verse electron transfer (RET)(2). Recently, in the mouse liver and heart(3) and in HEK cell lines(4),
metabolic labeling studies showed that soluble matrix arm subunits of complex I had shorter half-
lives than membrane arm subunits. This is in agreement with the hypothesis that matrix arm
subunits might exist as free monomers(5) or in a less stable, smaller sub-complex I(6). We have
identified, in the mitochondrial matrix of bovine heart, a soluble part of complex I (sub-complex
I) that presents both forward and RET activities. Preliminary results on the activity of the sub-
complex I in primary human fibroblast cell cultures from subjects of different ages suggest a pos-
sible involvement in aging.

1 Papa S, De Rasmo D. Complex I deficiencies in neurological disorders. Trends Mol. Med. 2013,
19:61-9.

2 Pryde KR, Hirst J. Superoxide is produced by the reduced flavin in mitochondrial complex I: a
single, unified mechanism that applies during both forward and reverse electron transfer. J. Biol.
Chem. 2011, 286:18056-18065.

3 Kim TY, Wang D, Kim AK, Lau E, Lin AJ, Liem DA, et al. Metabolic labeling reveals proteome
dynamics of mouse mitochondria. Mol. Cell. Proteomics 2012, 11:1586-94.

4 Dieteren CE, Koopman W], Swarts HG, Peters JG, Maczuga P, Gemst J], et al. Subunit-specific
incorporation efficiency and kinetics in mitochondrial complex I homeostasis. ]J. Biol. Chem. 2012,
287:41851-41860.

5 De Rasmo D, Signorile A, Santeramo A, Larizza M, Lattanzio P, Capitanio G, Papa, S. Intrami-
tochondrial adenylyl cyclase controls the turnover of nuclear-encoded subunits and activity of
mammalian complex I of the respiratory chain. Biochim. Biophys. Acta 2015, 1853:183-191.

6 Miwa S, Jow H, Baty K, Johnson A, Czapiewski R, Saretzki G. et al. Low abundance of the matrix
arm of complex I inmitochondria predicts longevity in mice. Nat. Commun. 2014, 5:3837.
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