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The Argentine Network of Enzyme Technology (RedTEz) was created in 2019 by five 
researchers from different institutions of our academic system who detected the scarce 
interaction between those of us who currently work in different fields of enzymology. 
 
The presentations of biochemistry and enzymatic characterization of doctoral and postdoctoral 
fellows and young researchers are usually scattered in various meetings of different scientific 
societies. This means that the oral presentations and posters on the subject have a reduce 
audience, which limit the discussions and the enrichment of results. So, the matrix of plural and 
shared knowledge that would be essential to take advantage of, is often not generated. We 
consider that this fact affects the development of the students and the discipline and, in turn, 
makes interaction with the private sector difficult as there are not specific events. 
 
Technology-based companies are important actors in the economic development since they 
have a key role in transmitting innovation and knowledge to the productive fabric, generating 
highly qualified jobs and moving the economy. In this area, the development of enzymes is a 
promising alternative with great impact, and so promoting the exchange of experiences and 
knowledge is a priority. With this in mind, we organized a series of meetings with the aim of 
facilitating the meeting and collaboration between research professionals from Argentina and 
Latin America, who are working on enzymology and enzyme technology for various applications; 
to communicate and discuss ideas and results, as well as to cooperate in different current and 
future projects. We also invited the local productive sector to join this initiative. 
 
During 2020 and in the midst of the pandemic, two virtual meetings were held with speakers 
from Argentina, Chile and Brazil, which were very well received by the scientific community. We 
had the presentations of doctors Hebe Dionisi from the National Patagonian Center (CENPAT), 
Puerto Madryn; Alberto Iglesias, from the Litoral Agrobiotechnology Institute (IAL), Santa Fe; 
Igor Polikarpov, from the Physics Institute, USP-Sao Carlos; Laura María Isabel López, from 
CITEC-INTI -UNAJ; María Gabriela Guevara, from IIB-UNMdP and Lorena Wilson from the 
Enzymatic Biocatalysis Group of the Pontificia Universidad Católica de Valparaíso. We want to 
acknowledge them all and express our gratitude as they helped us launch the idea and sustain 
it. With a highly positive balance of both meetings, we decided to face the organization of the 
2021 meeting, initially intended as face-to-face and which had to be changed to virtual due to 
the current situation. We are proud to receive one hundred and sixty participants (with thirty 
undergraduate scholarship students) and offer six plenary lectures, three round tables, thirty-
seven posters and seventeen oral communications. 
 
We also thank REDBIO for its support and collaboration so that we can carry out this meeting 
and the previous ones and to CONICET and the R + D + i Agency for the financing granted, as 
well as our commercial sponsors for their support. 
 
We welcome you to the THIRD MEETING OF THE ARGENTINE ENZYMATIC TECHNOLOGY 
NETWORK and the FIRST WORKSHOP RedTEz. 
 
 
Matías Asención Diez, Molecular Enzymology Laboratory, IAL (UNL-CONICET). 
 

Martín Blasco, Department of Bioprocesses, Technical Directorate of Biotechnology, INTI National 
Institute of Industrial Technology. 
 

María Victoria Busi, CEFOBI, Center for Photosynthetic and Biochemical Studies (UNR-CONICET). 
 

Eleonora Campos, IABIMO Institute of Agrobiotechnology and Molecular Biology, UEDD INTA- 
CONICET. 
 

Hernán Costa, Department of Basic Sciences, National University of Luján (UNLu); Institute of 
Ecology and Sustainable Development (INEDES-CONICET-UNLu). 
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Comité Organizador 
 

Dr. Matías Asención Diez 
Investigador Adjunto CONICET, Laboratorio de Enzimología Molecular, IAL  
(UNL-CONICET) 
 
Dr. Martín Blasco 
Investigador Adjunto CONICET, Centro de Investigación y Desarrollo en 
Biotecnología Industrial, INTI Instituto Nacional de Tecnología Industrial 
 
Dra. María Victoria Busi 
Investigadora Principal CONICET, CEFOBI Centro de Estudios Fotosintéticos y 
Bioquímicos 
 
Dra. Eleonora Campos 
Investigadora Independiente CONICET, IABIMO Instituto de Agrobiotecnología y 
Biología Molecular, UEDD INTA- CONICET 
 
Dr. Hernán Costa 
Investigador Adjunto CONICET, INEDES Instituto de Ecología y Desarrollo 
Sustentable, Departamento de Ciencias Básicas, Universidad Nacional de Luján 
 
 

Comité Científico 
 

Dra. Hebe Dionisi 
Centro Nacional Patagónico (CENPAT), 
Puerto Madryn, Argentina 
 
Dr. Diego F. Gomez-Casati 
Centro de Estudios Fotosintéticos y Bioquímicos, CEFOBI - CONICET, UNR, 
Rosario, Argentina 
 
Dr. Alberto Iglesias 
Instituto de Agrobiotecnología del Litoral (IAL), 
Santa Fe, Argentina 
 
Prof. Dr. Igor Polikarpov 
Universidade de São Paulo, 
São Carlos, Brasil 
 
Dra. Graciela Salerno 
FIBA Fundación para Investigaciones 
Biológicas Aplicadas, 
Mar del Plata, Argentina 
 
Dra. Lorena Wilson 
Grupo de Biocatálisis Enzimática de la PUCV, 
Profesora de la Pontificia Universidad Católica de Valparaíso, Chile 
 
Dr. Pedro Darío Zapata 
Instituto de Biotecnología de Misiones, Facultad de Cs. Exactas, Químicas y 
Naturales – UNAM, Misiones, Argentina 
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Wednesday 
September 8 

Thursday 
September 9 

Friday  
September 10 

 
09:00 a 10:15 

Conference welcome 

Round table:  
Enzymes National 

Industry 

Plenary session:            
Co-immobilization of 

enzymes: advantages, 
problems and possible 

solutions 

Plenary session: 
Industrial and specialty 
enzymes: perspectives 

and challenges 

10:15 a 10:30 Coffee break at home 

10:30 a 12:00 
Oral communications 

Session I 
Oral communications 

Session II 
Oral communications 

Session III 

12:00 a 14:00 
Lunch at home 

14:00 a 15:15 

Plenary session: 
Structural insights into 

the de novo biosynthesis 
of glycogen 

Round table: 
Protein Engineering 

Plenary session: 
Recycle or degrade 
proteins, that is the 

question. The amazing 
Clp system in 
chloroplasts 

15:15 a 15:30 Coffee break at home 

15:30 a 16:45 

Plenary session: 
Alpha-amylase GH 
families and starch-

binding domain CBM 
families in CAZy - in 

silico studies 

Round table: 
Public, public-private 
financing instruments 

Plenary session: 
Oxidative processes for 
sustainable chemistry 

catalyzed by immobilized 
enzymes 

16:45 a 17:00 Beers / Wine at home 

17:00 a 19:00 

  

E-Posters                   
Session I and II                                
at Gather Town 

Awards and closing 
session. 
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Wednesday September 8 
 

 

09:00 - 09:05 Conference welcome 

 Conference welcome by Dra. María Victoria Busi and Coordinators of the 
 TEz Network. 
 

09:05 - 10:15 Plenary session  
 Chair: Dra. Eleonora Campos 
 

 Industrial and specialty enzymes: perspectives and challenges 
 Dra. Elba Pinto Da Silva Bon  
 Chemistry Institute of the Federal University of Rio de Janeiro, Brazil 
 

10:15 - 10:30 Coffee break at home 

 

10:30 - 12:00 Oral communications session I 
 Chairs: Dra. Eleonora Campos / Dr. Hernán Costa 
 

EP-2  
Biochemical characterization of CsAbf62A, a novel α-L-arabinofuranosidase 
enzyme from Cellulomonas sp. B6 
Garrido, M.; Landoni, M.; Topalian, J.; Couto, A.; Wirth, S.; Campos, E. 
 

EP-9  
Characterization of SdGA, a cold-adapted and salt-tolerant glucoamylase from 
Saccharophagus degradans 
Wayllace, N.M.; Hedin, N.; Busi, M.V.; Gomez-Casati, D.F. 
 

EP-14   
CBMs in trans: generating alternatives to improve the catalytic efficiency of 
enzymes 
Busi, M.V.; Grisolía, M.J.; Hedin, N.; Gomez-Casati, D.F. 
 

EP-15   
Mining an intertidal sediment metagenome for fucanases for the production of 
oligosaccharides from brown algae fucoidans 
González, J. A.; Ponce, A.; Stortz, C.; Lozada, M.; Dionisi, H. 
 

OLP-1   
Carboxylesterase as a nuclear lipase involved in lipid-droplet homeostasis 
Lagrutta, L.C.; Trejo S.A.; Ves Losada, A. 

 

12:00 - 14:00 Lunch at home 

 

14:00 - 15:15 Plenary session  
 Chair: Dra. María Victoria Busi 
 

 Structural insights into the de novo biosynthesis of glycogen 
 Dra. María Elena Carrizo García  
 Research Centre in Biological Chemistry of Córdoba (CIQUIBIC), National 

University of Córdoba, Argentina 

  

  



Detailed program 
 

Third Meeting & First Workshop of the Argentine Network of Enzymatic Technology (TEz Network) 8 

Book of Abstracts 

 
 

Wednesday September 8 
 

 
15:15 - 15:30 Coffee break at home 

 

15:30 - 16:45 Plenary session  
 Chair: Dr. Matias D. Asención Diez 
 

 Alpha-amylase GH families and starch-binding domain CBM families 
in CAZy - in silico studies 

 Dr. Štefan Janeček  
 Institute of Molecular Biology, Slovak Academy of Sciences, Bratislava, Slovakia 
 
 

16:45 - 17:00 Beers & Wine at home 

 

 
 

Thrusday September 9 
 

 

09:00 - 10:15 Round table: Enzymes National Industry 
 Chair: Dr. Martín Blasco 
 

 Dr. Hugo Menzella  
 IPROBYQ Institute of Biotechnological and Chemical Processes Rosario, 

CONICET-UNR, province of Santa Fe, Argentina 
 

 Dr. Enrique Detarsio  
 NOVA S.A., Research and Development Manager, Enzymes Department,  
 Cañada de Gómez, Province of Santa Fe, Argentina 
 

 Mic. Christopher Kilmurray  
 Ceres-Demeter S.R.L., Chief Scientific Officer, Río Cuarto,  
 Province of Córdoba, Argentina 
 
 

 

10:15 - 10:30 Coffee break at home 

 

10:30 - 12:00 Oral communications session II 
 Chairs: Dra. María Victoria Bussi / Dr. Matías Asención Diez 
 

EB-1 
A genetic selection method for discovering new methionine sulfoxide 
reductases 
Manta, B.; Sinah, A.; Ozisik, D.; Mariotti, M.; Gladyshev, V.N.; Berkmen, N. 
 

EB-2 
Cofactor specificity switch in celery mannitol dehydrogenase 
Minen, R.I.; Iglesias, A.A.; Figueroa, C.M. 

 
 

  



Detailed program 
 

Third Meeting & First Workshop of the Argentine Network of Enzymatic Technology (TEz Network) 9 

Book of Abstracts 

 
 

Thrusday September 9 
 

 

10:30 - 12:00 Oral communications session II (cont.) 
  

EB-4 
A122S, A205V, D376E, W574L and S653N substitutions: functional impact on 
acetolactate synthase (ALS) of Amaranthus palmeri for fully understanding the 
herbicide resistance 
Palmieri, V.E.; Alvarez, C.; Permingeat, H.R.; Perotti, V.E. 

 

EB-6 
Characterization of a phosphoenolpyruvate carboxykinase from 
Chlamydomonas reinhardtii 
Torresi, F.; Gomez-Casati, D.F.; Martín, M. 

 

EB-9 
Structural dynamics and the consolidation of protein function by quaternary 
addition of nanobodies 
Pignataro, M.F.; Pavan, F.; Sewell, K.E.; Arce, L.; Militello, D.; Gentili, H.G.; Ibañez 
L.I.; Santos, J. 

 

EB-10 
Deciphering allosteric properties of a malate metabolizing enzyme through in 
silico analysis and site-directed mutagénesis 
Gerrard Wheeler, M.C.; Arias, C.L.; Mello, JdaFR.; Cirauqui Diaz, N.; Rangel 
Rodrigues, C.; Drincovich, M.F.; Teles de Souza, A.M.; Alvarez, C.E. 
 

 

12:00 - 14:00 Lunch at home 
 

14:00 - 15:15 Round table: Protein Engineering 
 Chair: Dra. Eleonora Campos 
 

 Protein engineering for the development of immunogens 
 Dr. Fernando Goldbaum  
 Biochemical Research Institute of Buenos Aires (IIBBA), Senior Researcher at the 

National Scientific and Technical Research Council (CONICET), Buenos Aires, 
Argentina. 

 

 Development of multienzyme complexes and improvement of 
 lignocellulolytic enzymes 
 Dr. Patricio Craig  
 Enzyme Engineering and Nanobiotechnology Laboratory (LIENBio), Institute of 

Biological Chemistry - School of Exact and Natural Sciences (IQUIBICEN-
UBA/CONICET), Argentina. 

 

Evolutionary coupling range in enzymes depends on selection 
pressure 

 Dr. Julián Echave  
 School of Science and Technology, National University of San Martin, Buenos 

Aires, Argentina. 
 

  



Detailed program 
 

Third Meeting & First Workshop of the Argentine Network of Enzymatic Technology (TEz Network) 10 

Book of Abstracts 

 
 

Thrusday September 9 
 

 
15:15 - 15:30 Coffee break at home 
 

15:30 - 16:45 Round table: Public, public-private financing instruments 
 Chair: Dr. Martín Blasco 
 

 Lic. Javier Esteban Martinez  
 National Agency for the Promotion of Research, Technological Development and 

Innovation (I+D+i Agency), Argentina. 
 

 Dra. Roxana Páez  
 Technical Director of Incubator's INTA Rafaela, IncuVa Technology-Based 

Agroindustrial Enterprises, Province of Santa Fe, Argentina. 
 

 Dr. Alejandro Vila  
 Director of Metalloproteins Laboratory of the Institute of Molecular and Cellular 

Biology of Rosario (IBR), Province of Santa Fe, Argentina. 
 

 Dra. Romina Casadevall  
 Grid Exponential, Scientific Explorer, Argentina. 
 
  

 

16:45 - 17:00 Beers & Wine at home 

 

17:00 - 19:00 E-Posters sessions 
 Chair: Dr. Matias D. Asención Diez 
 

 17:00 - 17:30  Session I 
 

AI-1 
Flow biocatalysis in microreactors using deep eutectic solvents 
Guajardo, N.; Domínguez de María, P. 

 

AI-3 
Potential capacity of lacases produced by Phlebia brevispora BAFC 633 in the 
degradation of chlorpyrifos 
Ayala Schimpf, A.; Rodríguez, M.D.; Fonseca, M.I.; Villalba, L.L.; Zapata, P.D. 

 

DE-1 
Design of nanobiocatalisyts: hybrid materials based on enzymes and biomimetic 
silica 
Ortiz, C.; Ripoll, M.; Betancor, L. 

 
DE-3 
Biochemical characterization of an immobilized pectinase in agar-alginate 
hydrogels for its potential use in winemaking 
Martín, M.C.; Gorri DellÓlio, G.A.; Morata de Ambrosini, V.I.; López, O.V.; Ninago, 
M.D. 
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Thrusday September 9 
 

 

17:00 - 19:00 E-Posters sessions at Gather Town 
 

 17:00 - 17:30  Session I (cont.) 
 

DE-5 
Laccase immobilization methodology for enzymatic fuel cells design 
Coria-Oriundo, L.L.; Wirth, S.; Battaglini, F. 

 
EB-1  
A genetic selection method for discovering new methionine sulfoxide  
reductases 
Manta, B.; Sinah, A.; Ozisik, D.; Mariotti, M.; Gladyshev, V.N.; Berkmen, N. 

 
EB-3 
Multi-domain flavodiiron proteins from Trichomonas vaginalis 
Birocco, F.; Guerrero, S.A.; Iglesias, A.A.; Arias, D.G. 

 

EB-5 
A different catalytic mechanism in bacterial Ferredoxin-NADP+ reductases due to a 
particular NADP+ binding mode 
Monchietti, P.; Ceccarelli, E.A.; Catalano Dupuy, D.L. 
 

EB-7 
Optimization of the liquid fermentation conditions for the secretion of mycolytic 
enzymes in the Trichoderma koningiopsis POS7 strain 
Amerio, N.S.; Barengo, M.P.; Bich, G.A.; Zapata, P.D.; Castrillo, M.L.; Villalba, L.L. 

 
EB-9 
Structural dynamics and the consolidation of protein function by quaternary 
addition of nanobodies 
Pignataro, M.F.; Pavan, F.; Sewell, K.E.; Arce, L.; Militello, D.; Gentili, H.G.; Ibañez 
L.I.; Santos, J. 

 
EB-11 
Study of the properties of the frataxin from Nannochloropsis gaditana 
Marchetti-Acosta, N.S.; Barchiesi, J.; Gomez-Casati, D.F.; Busi, M.V. 
 

EB-13 
Influence of carbon and nitrogen sources on GABA production by Levilactobacillus 
brevis CRL 2013 in chemically defined media 
Cataldo, P.G.; Ríos Colombo, N.S.; Savoy de Giori, G.; Saavedra, L.; Hebert, E.M. 
 

EB-15 
Glucansucrase approaches in novel homopolysaccharide producer lactic acid 
bacteria isolated from Argentinean fruits 
Lobo, R.E.; Cataldo, P.G.; Hébert, E.M.; Torino, M.I. 
 

EB-17 
C4 decarboxylases: different evolutionary innovations to feed rubisco 
Tronconi, M.A.; Gerrard Wheeler, M.C.; Saigo, M.; Alvarez, C.E.; Maurino, V.G.; 
Drincovich, M.F. 
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17:00 - 19:00 E-Posters sessions at Gather Town 
 

 17:00 - 17:30  Session I (cont.) 
 
ED-1 
Metal binding affinity and stability of Bacillus cereus phospholipase C variants 
Di Nardo, L.; Val, D.; Castelli, M.E.; Rasia, R. 

 
EP-1 
Characterization of a new type I pullulanase isolated from Exiguobacterium 
alkaliphylum 
Castillo, J. de las M.; Bertoneri, A.F.; Caminata Landriel, S.; Costa, H. 
 

EP-3 
Enhanced cellulose degradation by the polymeric coupling of a cellulase to a 
thermostable decameric scaffold: a step towards sustainable energy 
Iglesias Rando, M.R.; Gorojovsky, N.; Goldbaum, F.A.; Craig, P.O. 
 

EP-5 
Identification of key residues for the functional differentiation of glycosyl hydrolase 
family 1 
Irazoqui, J.M.; Eberhardt, M.F.; Amadio, A.F. 

 
EP-7 
Enhancing the Ruminoccocus albus 8 cellodextrin phosphorylase to process 
oligosaccharides 
Storani, A.; Guerrero, S.A.; Iglesias, A.A. 

 
EP-9 
Characterization of SdGA, a cold-adapted and salt-tolerant glucoamylase from 
Saccharophagus degradans 
Wayllace, N.M.; Hedin, N.; Busi, M.V.; Gomez-Casati, D.F. 

 
EP-11 
Evaluation of bioinformatic methods for the prediction of stabilizing mutations and 
its use in the design of a thermostable xylanase 
Canale, S.; Galpern, E.; Ferreiro, D.U.; Campos, E.; Craig P.O. 

 
EP-13 
Molecular insight of cellulose degradation by the phototrophic green alga 
Scenedesmus quadricauda 
Velazquez, M.B.; Busi, M.V.; Gomez-Casati, D.F.; Chitralekha, N.D.; Barchiesi, J. 

 
EP-15 
Mining an intertidal sediment metagenome for fucanases for the production of 
oligosaccharides from brown algae fucoidans 
González, J. A.; Ponce, A.; Stortz, C.; Lozada, M.; Dionisi, H. 

 
EP-17 
Marine arabinofuranosidases: analysis of GH51 homolog sequences from a 
metagenomic dataset of an extreme environment 
Dionisi, H.M.; Campos, E. 
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17:00 - 19:00 E-Posters sessions at Gather Town 
 

 17:00 - 17:30  Session I (cont.) 
 
IE-1 
Development of a bioprocess based on fungal consortium for the production of 
enzymatic cocktails 
Morilla, E.A.; Mutti Stegman, P.; Tubio, G. 

 
OLP-1 
Carboxylesterase as a nuclear lipase involved in lipid-droplet homeostasis 
Lagrutta, L.C.; Trejo, S.A.; Ves Losada, A. 

 
OLP-3 
Biochemical characterization of a novel fibrinolytic enzyme secreted by 
Hornodermoporus martius LBM 224 
Acosta, G.A.; Fonseca, M.I.; Fariña, J.I.; Zapata, P.D. 

 
OLP-5 
Use of lipases as biocatalysts in the synthesis of esters with potential 
pharmacology applications 
Freije García, F.; Bravo, S.C.; Chanquia, S.N.; García Liñares, G. 

 

 17:30 - 18:00  Session II 
 

AI-2 
Purification and characterization of a recombinant lacase from Kluyveromyces 
lactis GG799 
Molina, M. A.; Sgroppo, S.; Milde, L.B.; Zapata, P.D.; Fonseca, M. I. 

 
AI-4 
Simulation of the one-pot operation for the enzymatic production of lacto-fructose 
syrup in repeated batch mode 
Silva, P.; Arancibia, V.; Cid, D.; Romero, O.; Illanes, A.; Wilson, L. 

 
DE-2 
Biodiesel production from alternative raw materials using a heterogeneous Low 
Ordered Biosilicified Enzyme as biocatalys 
Ferrero, G.O.; Sánchez Faba, E.M.; Eimer, G.A. 

 
DE-4 
Dye decolorization by recombinant fungal laccase immobilized on wrinkled‑silica 
mesostructures 
Coria-Oriundo, L.L.; Fuentes, K.; Wirth, S.; Bilmes, S. 

 
EB-2 
Cofactor specificity switch in celery mannitol dehydrogenase 
Minen, R.I.; Iglesias, A.A.; Figueroa, C.M. 
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17:00 - 19:00 E-Posters sessions at Gather Town 
 

 17:30 - 18:00  Session II (cont.) 
 
EB-4 
A122S, A205V, D376E, W574L and S653N substitutions: functional impact on 
acetolactate synthase (ALS) of Amaranthus palmeri for fully understanding the 
herbicide resistance 
Palmieri, V.E.; Alvarez, C.; Permingeat, H.R.; Perotti, V.E. 
 

EB-6 
Characterization of a phosphoenolpyruvate carboxykinase from Chlamydomonas 
reinhardtii 
Torresi, F.; Gomez-Casati, D.F.; Martín, M. 

 
EB-8 
Biochemical characterization of the optimal reaction temperature and pH of the 
main mycolytic enzymes with biocontrol capacity of the Escovopsis primorosea 
HMP9 strain 
Barengo, M.P.; Amerio, N.S.; Bich, G. A.; Zapata, P. D.; Castrillo, M.L. 

 
EB-10 
Deciphering allosteric properties of a malate metabolizing enzyme through in silico 
analysis and site-directed mutagenesis 
Gerrard Wheeler, M.C.; Arias, C.L.; Mello, JdaFR.; Cirauqui Diaz, N.; Rangel 
Rodrigues, C.; Drincovich, M.F.; Teles de Souza, A.M.; Alvarez, C.E. 

 
EB-12 
Kinetic and structural characterization of a glycosyl phosphorylase from Euglena 
gracilis 
Calloni, R.; Muchut, R.J.; Arias, D.G.; Iglesias, A.A.; Guerrero, S.A. 

 
EB-14 
Glycolysis in Agrobacterium tumefaciens revisited: characterization of a 
pyrophosphate dependent 6-phosphofructokinase 
Asención Diez, M.D.; Brezzo, E.; Iglesias, A.A.; Figueroa, C.M. 

 
EB-16 
Duplicated glgC genes in Kocuria rhizophila encode ADP-glucose 
pyrophosphorylases with different substrate specificity 
Iglesias, M.J.; Iglesias, A.A.; Asención Diez, M.D. 

 
EB-18 
Analysis of the expression of two transcripts corresponding to the 
polygalacturonase 1 gene in strawberry 
Salinas, C.; Villarreal, N.; Martínez, G.; Civello, M. 

 
EP-2 
Biochemical characterization of CsAbf62A, a novel α-L-arabinofuranosidase 
enzyme from Cellulomonas sp. B6 
Garrido, M.; Landoni, M.; Topalian, J.; Couto, A.; Wirth, S.; Campos, E. 
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17:00 - 19:00 E-Posters sessions at Gather Town 
 

 17:30 - 18:00  Session II (cont.) 
 

EP-4 
Biophysical characterization of the chitinase Chi18-5 for biotechnological 
chitooligosaccharide production 
Villanueva, M.E.; da Silva, M.A.; Barra, J.L.; Montich, G.G.; Bianco, I.D.; Salinas, 
S.R. 

 
EP-6 
Xylanases from Cellulomonas sp. B6 for biomass deconstruction 
Garrido M.; Piccinni F.; Topalian, J.; Valacco, P.; Wirth S.; Campos E. 

 
EP-8 
Characterization and use of a recombinant CGTase to produce 
maltooligosaccharides from alternative flours for gluten-free bakeries 
Caminata Landriel, S.; Castillo, JdlM.; Costa, H. 
 

EP-10 
Characterization of SdAmy, a novel alpha amylase from Saccharophagus 
degradans 
Wayllace, N.M.; Peralta, D.A.; Clavijo, M.F.; Busi, M.V.; Gomez-Casati, D.F. 

 
EP-12 
Comparative study of two glycogen synthases from Bradyrhizobium japonicum 
Ferretti, M.V.; Iglesias, A.A.; Figueroa, C.M.; Asención Diez, M.D. 

 
EP-14 
CBMs in trans: generating alternatives to improve the catalytic efficiency of 
enzymes 
Busi, M.V.; Grisolía, M.J.; Hedin, N.; Gomez-Casati, D.F. 

 
EP-16 
Analysis of carbohydrate-active enzymes of two species of Geastrum by 
transcriptomics 
Majul, L.M.; Levin, L.N.; Wirth, S. 

 
EP-18 
Secretome analysis of basidiomycetous yeast Tausonia pullulans growing on 
starch and genome survey of CAZymes 
Trochine, A.; Bellora, N.; Nizovoy, P.; Durán, R.; Greif, G.; de García, V.; 
Batthyány, C.; Robello, C.; Libkind, D. 

 
IE-2  
Engineering of artificial cellulosomes: modular colocalization of different functions 
using an oligomeric scaffold 
Gorojovsky, N.; Iglesias Rando, M.R.; Garrone, N.; Santos, J.; Dodes Traian, M.; 
Zylberman, V.; Goldbaum, F.A.; Craig, P.O. 
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Thrusday September 9 
 

 

17:00 - 19:00 E-Posters sessions at Gather Town 
 

 17:30 - 18:00  Session II (cont.) 
 
 OLP-2 

Screening of halotolerant glyphosate oxidases native of salt flats from northern 
Argentina 
Zerda Moreira, A.; López, M.B.; Oterino, M.B.; González, J.M. 

 
OLP-4 
Enzyme production by white-rot fungi immobilized in low-cost lignocellulosic 
materials, employed in citrus wastewater treatment 
Benitez, S.F.; Schroder, M.; Zapata, P.D.; Sadañoski, M.A.; Levin, L.N.; Fonseca, 
M.I. 

 
OLP-6 
Lipase production by fungi of the Umbelopsis and Ophiostoma genera associated 
with wood from species of the Andean Patagonian forests 
Aquino, M.D.; Saparrat, M.C.N.; Molina, M.; Pildain, M.B. 

 

 

 
 

Friday September 10 
 

 

09:00 - 10:15 Plenary session  
 Chair: Dr. Hernán Costa 
 

 Co-immobilization of enzymes: advantages, problems and  
 possible solutions 
 Dr. Roberto Fernández-Lafuente  
 Institute of Catalysis and Petroleochemistry (ICP), Madrid, Spain 
 
 

10:15 - 10:30 Coffee break at home 

 

10:30 - 12:00 Oral communications session III 
 Chairs: Dr. Matías Asención Diez / Dr. Martín Blasco 
 
 

DE-1 
Design of nanobiocatalisyts: hybrid materials based on enzymes and 
biomimetic silica 
Ortiz, C.; Ripoll, M.; Betancor, L. 

 
DE-5 
Laccase immobilization methodology for enzymatic fuel cells design 
Coria-Oriundo, L.L.; Wirth, S.; Battaglini, F. 
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Friday September 10 
 

 

10:30 - 12:00 Oral communications session III (cont.) 
 

AI-1 
Flow biocatalysis in microreactors using deep eutectic solvents 
Guajardo, N.; Domínguez de María, P. 

 
AI-4 
Simulation of the one-pot operation for the enzymatic production of lacto-
fructose syrup in repeated batch mode 
Silva, P.; Arancibia, V.; Cid, D.; Romero, O.; Illanes, A.; Wilson, L. 

 
EB-17 
C4 decarboxylases: different evolutionary innovations to feed rubisco 
Tronconi, M.; Gerrard Wheeler, M.C.; Saigo, M.; Alvarez, C.E.; Maurino, V.G.; 
Drincovich, M.F. 

 
EB-18 
Analysis of the expression of two transcripts corresponding to the 
polygalacturonase 1 gene in strawberry 
Salinas, C.; Villarreal, N.; Martínez, G.; Civello, M. 

 

12:00 - 14:00 Lunch at home 
 

14:00 - 15:15 Plenary session  
 Chair: Dra. María Victoria Busi 
 

 Recycle or degrade proteins, that is the question.  
 The amazing Clp system in chloroplasts 
 Dr. Eduardo Ceccarelli  
 Institute of Molecular and Cellular Biology of Rosario (IBR), National University of 

Rosario, Argentina. 
 

15:15 - 15:30 Coffee break at home 

 

15:30 - 16:45 Plenary session  
 Chair: Dr. Hernán Costa 
 

Oxidative processes for sustainable chemistry catalyzed by 
immobilized enzymes 

 Dr. Juan Manuel Bolívar  
 Department of Chemical and Materials Engineering, Faculty of Chemical Sciences, 

Complutense University of Madrid, Spain. 
 

16:45 - 17:00 Beers & Wine at home 

 

17:00 - 18:00 Awards and closing session. 
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TEz Network and RedBio Argentina are pleased to announce the winners of the Best 
Oral Communication and Poster Presentation Awards 
 

 

BEST ORAL COMMUNICATION AWARD: 
 

EB4  
A122S, A205V, D376E, W574L and S653N substitutions: functional impact on 
acetolactate synthase (ALS) of Amaranthus palmeri for fully understanding the 
herbicide resistance  
Palmieri, V.E.; Alvarez, C.; Permingeat, H.R.; Perotti, V.E. 

 
 

MENTIONS: 
 

AI4 
Simulation of the one-pot operation for the enzymatic production of lacto-fructose 
syrup in repeated batch mode.  
Silva, P.; Arancibia, V.; Cid, D.; Romero, O.; Illanes, A.; Wilson, L. 
  
 

DE5 
Laccase immobilization methodology for enzymatic fuel cells design.  
Coria-Oriundo, L.L.; Wirth, S.; Battaglini, F. 

 
 
 

BEST POSTER PRESENTATION AWARD 
 

OLP5  
Use of lipases as biocatalysts in the synthesis of esters with potential 
pharmacology applications.  
Freije García, F.; Bravo, S.C.; Chanquia, S.N.; García Liñares, G.   

 
 

MENTIONS: 
   

DE3 
Biochemical characterization of an immobilized pectinase in agar-alginate 
hydrogels for its potential use in winemaking  
Martín M.C.; Gorri DellÓlio G.A.; Morata de Ambrosini V.I.; López O.V.; Ninago 
M.D. 
  

EB15 
Glucansucrase approaches in novel homopolysaccharide producer lactic acid 
bacteria isolated from Argentinean fruits  
Lobo, R.E.; Cataldo, P.G.; Hébert, E.M.; Torino, M.I. 
  

EP1 
Characterization of a new type I pullulanase isolated from Exiguobacterium  
alkaliphylum. 
Castillo, J. de las M.; Bertoneri, A. F.; Caminata Landriel, S.; Costa, H. 
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Industrial and Specialty Enzymes: Perspectives and Challenges 
 

Pinto Da Silva Bon, E. 
 

Sant'Ana da Silva, A. (2); Espinheira R.P. (2); Ferrara, M.A. (1) 
(1) Chemistry Institute / Biochemistry Department / Federal University of Rio de Janeiro. 

(2) Biocatalysis Laboratory/National Institute of Technology; 
email:   elba@iq.ufrj.br 

 

 
The need for industrial enzymes is, presently, more significant than ever due to the ever-increasing 
valorisation of biomass materials prospectively up-graded to industrial feedstock and to the toning 
between  biomaterials and biocatalysis that  has the right credentials to process biomass.  This 
definite trend is closely linked to the overwhelming worldwide effects of climate change resulting from 
the extensive use of oil as raw material to feed the needs of modern society with fuels and chemicals. 
Added to that, there is the environmental pollution of soil and water by wastes from crude oil 
processing containing hydrocarbons and heavy metals. The potential of biomass to substitute for 
petroleum and their processing via Enzyme Technology is nonetheless a monumental challenge as 
oil-derived products, produced over one hundred years by proven technologies, are comparatively 
cheaper. To make matters worse, there is an increasing demand for products quantity and quality 
‘vis-à-vis’ the world growing population. Nevertheless the energy sector has been moving forward 
towards alternative technologies, the more complex chemicals sector has been slower to respond. 
In this context, specialty enzymes are much needed to match the demand for more efficient, 
diversified and non-pollutant production processes of chemicals and fine chemicals based on 
renewable materials. Despite the adverse scenario that moves in the opposite direction, biomass to 
substitute for petroleum for a wide range of products is mandatory. In this, industrial enzymes play a 
central role having the advantage of biocatalisys selectively for advanced and cleaner processes. 
Regarding the use of very effective specialty enzymes, which include pharmaceuticals, diagnostics, 
fine chemicals, research & biotechnology, it is imperative to extend their uses beyond the boundaries 
of cost restrictions. 
For this new biocatalysis-prone era there is a need for a novel terminology to collectively abridge all 
these different types of useful enzymes - the term “biotechnological enzymes” (produced via 
biotechnological processes) would distinguish the enzymes used in the aforementioned rich array of 
applications from the “metabolic/physiological enzymes.” However, “biotechnological enzymes”, 
likewise “metabolic enzymes”, are catalytic proteins and as such must be addressed for all studies 
regarding chemical and biochemical characterization that paves the way for further biotechnological 
uses - a solid Biochemistry/Enzymology background is needed.  Much has been done, in almost one 
hundred years, since the seminal studies by Sumner (1926), Northrop (1929 e 1931) and Northrop 
& Kunitz (1933). Since then, the ever-evolving tools of Molecular Biology have allowed gene cloning 
and expression in an almost unlimited scenario resulting in significant advances of Enzyme 
Technology. Thus, where is the “bottleneck” to the full expansion of this technology? It can vary 
according to the type and application of a particular enzyme or enzyme preparation. For the industrial 
enzymes, imperatively with lower price, the hindrances relate mainly to the cost to scale up the 
production processes, also associated with the inherent instability of biocatalysts! For the higher price 
specialty enzymes produced on a smaller scale, the patents policy of international companies can 
hinder the local production. Of course, this subject of enzymes production and local availability at an 
affordable cost is not either easily or quickly addressed as the commercial interests, and the business 
models of international companies play a significant role in this scenario.  How to solve this 
conundrum? It must be solved! Would it be realistic to consider that the “corporate world” would be 
opening up for fresher operational options pushed by the devastating effects of climate change? 
The perspective for the use of enzymes can be better visualized by a market estimated at USD 9.9 
billion USD in 2019 with a compound annual growth rate (CAGR) of 7.1 % a year from 2020 to 2029.  
Similarly important is the market for specialty enzymes of 4.4 billion in 2020 with a projection to reach 
USD 7.7 billion by 2028 (CAGR of 6.8%). The main factors driving this market are the multifunctional 
benefits of specialty enzymes in various applications and technological innovations and the reduction 
of the use of chemical catalysts, which, contrary to the biodegradable and essentially non-hazardous 
enzymes, are by themselves pollutants. 
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Finally, as a fine example of the remarkable versatility of biocatalysts, the enzyme asparginase, with 
a market of US$ 359 million in 2020 and expected to reach US$ 399.2 million by 2027, is used both 
as a therapeutic drug for the treatment of leukemia and non-Hodgkin's lymphoma and in the food 
industry to reduce the formation of the carcinogen acrylamide in the industrialized starch containing 
biscuits and snacks. 
The frontiers for Enzyme Technology are indeed an open question! 
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Structural insights into the de novo biosynthesis of glycogen 
 

Carrizo García, M.E. 
 

CIQUIBIC-CONICET, Departamento de Química Biológica Ranwel Caputto,  
Facultad de Ciencias Químicas, U. N. de Córdoba, Argentina; 

email:  ecarrizo@fcq.unc.edu.ar 

 
 

Glycogenin is the autoglucosyltransferase that initiates the polymerization of glucose to prime the de 
novo biosynthesis of glycogen. Its three-dimensional structure and studies by size exclusion 
chromatography indicated that the enzyme exists in solution mainly as a dimer. Based on kinetic 
studies it was proposed that autoglucosylation might occur by intradimer intersubunit glucosylation. 
However, we demonstrated that the protein could also exist as a monomer at lower concentrations 
and that this species is able to autoglucosylate by an intramolecular mechanism. According to this 
result, we then evaluated whether an intrasubunit glucosylation mechanism might also be involved 
in dimer autoglucosylation. Through the analysis of the activity of heterodimers formed by mutants 
unable to transfer or receive glucose, we conclude that both, intrasubunit and intersubunit reaction 
mechanisms are necessary for the dimeric enzyme to acquire maximum autoglucosylation. 
The requirement of glycogenin to initiate de novo polysaccharide biosynthesis became more evident 
with the report of a metabolic disorder called Glycogen Storage Disease (GSD) type XV, caused by 
mutations in glycogenin-1 gene, one of the human enzyme isoforms. Patients with GSD type XV do 
not store glycogen, although in most cases they accumulate an abnormally structured polysaccharide 
with a lower degree of branching named polyglucosan. To date, less than 30 patients with GSD type 
XV have been reported worldwide, who have a late onset of the disease and frequently exhibit 
progressive muscle weakness, and in some cases cardiomyopathy. The first described glycogenin 
mutation associated with GSD type XV was Thr82Met. Since Thr82 is not involved in the active site 
of glycogenin, it was interesting to analyze how its mutation causes the loss of the enzyme activity. 
For this purpose, we introduced the mutation into the well-studied rabbit muscle glycogenin and 
solved its crystal structure. The structure and the functional studies carried out in Thr82Ser and 
Thr82Val mutants revealed the critical role of a single hydrogen bond to Asp162 which is lost when 
Thr is replaced by Met. 
After glycogenin generates the oligosaccharide primer, glycogen synthase and branching enzyme 
catalyze the elongation and branching of the polysaccharide. This process is subjected to a complex 
regulatory mechanism at the level of glycogen synthase. In contrast, the regulation of glycogenin has 
not been extensively studied. In the search for possible regulators of this enzyme, a new protein was 
found which was named GNIP (Glycogenin Interacting Protein). Autoglucosylation of glycogenin was 
stimulated by GNIP2, a truncated form of GNIP, showing an almost 4-fold increase in Vmax with no 
change in Km for UDP-glucose. Recent studies demonstrate that GNIP, now also called TRIM7, is 
an E3 ubiquitin ligase that belongs to the TRIM family of proteins and is involved in the development 
of tumors, atherosclerosis and in the pathogenesis of the infection caused by certain viruses, 
including Zika virus. Therefore, TRIM7 is gaining increasing interest due to its potential as a 
therapeutic target. In this regard, its C-terminal domain, named B30.2, may be particularly important 
since specificity determinants of many TRIM proteins lie in this domain. In order to contribute to the 
understanding of TRIM7 mechanisms of action, we have solved the crystal structure of its B30.2 
domain. Based on this structure and sequence conservation analysis, we prepared several mutants 
that allowed us to define the region of the protein involved in the interaction with glycogenin. Our 
data provide useful information that can be used to target TRIM7 B30.2 domain for the development 
of potential therapeutic agents. 
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Alpha-amylase GH families and starch-binding domain CBM families in 
CAZy – in silico studies 

 
Janeček, Š. (1, 2) 

 

(1) Laboratory of Protein Evolution, Institute of Molecular Biology, Slovak Academy of Sciences, 
Bratislava, Slovakia; email:  Stefan.Janecek@savba.sk 

(2) Department of Biology, Faculty of Natural Sciences, University of SS. Cyril and Methodius, Trnava, 
Slovakia; email:  Stefan.Janecek@ucm.sk 

 
 
The specificity of α-amylase (EC 3.2.1.1), which hydrolyses the α-1,4-glucosidic linkages in starch 
and related α-glucans, is the best-known representative of a large group of starch hydrolases and 
related amylolytic enzymes. The α-amylase family was originally created at the beginning of 1990s 
based on several crucial scientific observations, pioneering discoveries and efforts, such as: (i) 
sharing sequence similarities among different α-glucan-active enzymes within the same predicted 
fold of their catalytic domain; (ii) identifying the functionally versatile enzyme named neopullulanase; 
and (iii) creating the classification of glycoside hydrolases (GHs) into sequence-based families later 
developed as the CAZy database (http://www.cazy.org/). At present, there could be four α-amylase 
GH families in CAZy: (i) the main and extremely large α-amylase family GH13; (ii) the second and 
substantially smaller α-amylase family GH57; (iii) the family GH119; and (iv) probably also the family 
GH126. The main α-amylase family GH13, with more than 118 thousand sequences and about 30 
different enzyme specificities, belongs to the largest GH families. In addition to enzymes from 
hydrolases, transferases and isomerases, it contains also some non-enzymatic transport proteins 
known as rBAT and 4F2hc. The members of the α-amylase family GH13 employ a retaining reaction 
mechanism, share 4-7 conserved sequence regions (CSRs) and adopt a TIM-barrel domain with the 
GH13 catalytic machinery. Currently, the family has been divided into 43 GH13 subfamilies, for which 
unique features in their amino acid sequences can be identified to distinguished them from each 
other. The family GH13 forms, together with families GH70 and GH77, the clan GH-H. In comparison 
with GH13, the second α-amylase family GH57 is a smaller family with about 3,800 members and 
less than 10 enzyme specificities. Although it also employs a retaining reaction mechanism, it exhibits 
its own 5 CSRs and catalytic machinery different from GH13 within an incomplete TIM-barrel catalytic 
domain fold. The individual enzyme specificities also possess their unique sequence features that 
can be used as sequence-specificity fingerprints. While the third α-amylase family GH119 has been 
suggested to share a common ancestor with the family GH57, the indicated presence of the α-
amylase specificity in the fourth family GH126 has still to be confirmed definitively by an unambiguous 
biochemical evidence. In addition to GH families reflecting classification based on catalytic domains, 
the so-called starch-binding domains (SBDs) of amylolytic enzymes classified into 15 carbohydrate-
binding module (CBM) families have attracted the scientific interest, too. The term SBD has been 
applied to a domain within an amylolytic enzyme that offers the enzyme the ability to bind onto raw, 
i.e. thermally non-treated, granular starch. The first two known SBDs, i.e. the C-terminal Aspergillus-
type and the N-terminal Rhizopus-type have been assigned the families CBM20 and CBM21, 
respectively. Currently, among more than 80 established CBM families in CAZy, fifteen can be 
considered as SBDs: CBM20, 21, 25, 26, 34, 41, 45, 48, 53, 58, 68, 69, 74, 82 and 83. All SBDs, 
with the exception of the non-typically long CBM74, were recognized as a module consisting of 
approximately 100 residues, adopting a β-sandwich fold and possessing at least one carbohydrate-
binding site. Various SBDs, especially from families CBM20 and CBM48, have been identified also 
in non-amylolytic enzymes and proteins (e.g., laforin, genethonin-1, SEX4, the β-subunit of AMPK, 
and others). It can thus be possible to conclude that thousands of protein sequences possessing 
tens of various amylolytic enzyme specificities from Bacteria, Archaea and Eucarya – some of them 
still waiting to be discovered – offer a scientific material worth of the in silico studies that subsequently 
could lead to their protein engineering and design. 
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Co-immobilization of enzymes advantages, problems and some likely 
solutions 

 
Fernández-Lafuente, R. 

 

Departamento de Biocatálisis. ICP-CSIC, Campus UAM-CSIC Madrid, Spain; 
email:  rfl@icp.csic.es 

 
 
Enzyme co-immobilization is being increasingly popular in recent times. One of the reasons for this 
is the increasing relevance of cascade reactions in biocatalysis. Enzyme co-immobilization allows 
access to some kinetic advantages, permitting generally an increase in the initial reaction rates. This 
may be much less relevant in the whole reaction course, and the advantages depend on the kinetic 
parameters of the involved enzymes. However, this kinetic advantage is necessary to get the desired 
product, avoiding side-reactions.  
Considering that enzyme immobilization is a tool that permits to greatly improve the enzyme features 
if properly designed, coimmobilization has some problems just focusing on the preparation of the 
combi-biocatalyst. All enzyme molecules should be immobilized on the same support surface, and 
this may be the most convenient for some of the involved enzymes, that way the immobilization will 
not offer the best results for all the involved enzymes.  One of the main problems is when the stability 
of the enzymes is very dissimilar. If that is the case, it is possible that we need to discard fully active 
immobilized enzymes just because one of the coimmobilized enzymes has been inactivated.   
In this presentation, we will discuss when co-immobilization is almost compulsory, when the 
advantages of co-immobilization may (or not) be enough to compensate their problems and when it 
should be fully discarded. 
Finally, some recent strategies to overcome the problems of co-immobilizing enzymes with different 
stabilities will be presented. In them, the least stable enzyme must be immobilized in a way that 
permit its selective release when it is inactivated, permitting to keep the most stable enzyme(s) 
immobilized and enabling the preparation of fresh combi-biocatalysts reusing these more stale 
immobilized enzymes. 
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Recycle or degrade proteins; that is the question.  

The amazing Clp system in chloroplasts 
 

Ceccarelli, E. A. 

Cantoia, A.; Parcerisa, I.; Aguilar Lucero, D.; Rosano, G. L. 
Instituto de Biología Molecular y Celular de Rosario (IBR), CONICET. Facultad de Ciencias Bioquímicas 

y Farmacéuticas, Universidad Nacional de Rosario. Rosario (2000), Argentina; 
email:  ceccarelli@ibr-conicet.gov.ar 

 

Life involves a delicate balance in which what is needed must be obtained, what harms must be 
discarded, and everything that can be re-used should be recycled. This is what happens at every 
moment with proteins in all living cells. Mechanisms that maintain the proteome's health should exist. 
This process, known as protein homeostasis or proteostasis, results from a delicate balance between 
protein synthesis and transport in the cell, polypeptide refolding if necessary, or definitive protein 
destruction when it is impossible to recover it, or it is no longer useful for that cell. 
In chloroplasts, other factors also contribute to promoting protein turnover. The continuous conditions 
of stress that plastids endure are a source of protein alteration, whose information probably is 
transmitted to the entire cell. Plastids also undergo changes that require massive degradation of 
unnecessary proteins, such as conversions between their different types (chromoplasts, 
amyloplasts). 
Multiple systems carry out plastidic proteolytic degradation. For instance, the stromal processing 
peptidase would degrade transit peptides resulting from polypeptide maturation, different 
aminopeptidases, and thylakoid processing peptidases, and Lon protease systems, FtsH, Deg, and 
Clp. Clp is the most important proteolytic system in organelles in terms of abundance and repertoire 
of substrates. It fulfills both refolding and proteolysis functions of polypeptides. However, it can only 
be said with certainty that it is involved in protein quality control and importation, but many aspects 
of this system are still unknown. 
This system must be highly selective, thus ensuring the removal of those useless proteins while 
maintaining the necessary ones. An error in eliminating proteins would have a high energy cost for 
the cell and would interrupt vital mechanisms, or even more could be lethal. For this reason, specific 
signals that "label" a protein for its elimination or its rescue from aggregation or misfolding should 
exist. These signals can occur at the primary structure level (in the form of destabilizing amino acids 
and degradation marks known as degrons) or at the secondary and tertiary structure levels (exposed 
regions or defined structures). 
We have dedicated ourselves to studying the chloroplast chaperones during the last years, with 
particular attention to the Clp system and Hsp70. Our interests have focused on how these 
chaperones fulfill their function and how they recognize those substrates they process, and how the 
same chaperone system can degrade, refold, or import a substrate. Thus, we have analyzed the 
participation of chaperones in the chloroplast import process, incorporating the Hsp100 in the import 
model. We have achieved the isolation, purification, and characterization of the Clp / Hsp100 
chaperones from A. thaliana chloroplasts: ClpC1, ClpC2, and ClpD. For the first time, we 
demonstrated that purified plastid chaperones had ATPase and chaperone activity in vitro. 
Furthermore, we found that Clp / Hsp100 chaperones participate in the protein import by isolating 
protein import channels and pull-down assays. 
More recently, we cloned and purified ClpB to homogeneity. This family member is not associated 
with units of proteolytic activity and would only be dedicated to the denaturation of protein aggregates 
to enable their refolding. We show that ClpB3 can oligomerize upon the addition of ATP. ClpB3 
displays remarkable structural tolerance to high temperatures and targets polypeptides with 
disordered structures, and can restore a model aggregated protein activity in an Hsp70-independent 
manner. 
Clps1 has been recognized as the adapter that identifies protein substrates in the bacterial Clp 
degradation system. Its presence was confirmed in A. thaliana (AtClpS1). We have cloned and 
expressed the corresponding gene and purify the recombinant protein. Our studies allowed us to 
conclude that the N-terminal rule for the degradation of substrates exists in plastids of plants. AtClpS1 
can recognize bacterial N-degrons but with low affinity. It also recognizes all primary destabilizing 
residues of the bacterial N-end rule if they are not N-terminally acetylated. 
Moreover, we observed that the identity of the residue in the second position influences recognition. 
ClpF, an additional component of the Clp system associated with AtClpS1, does not seem to alter its 
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specificity. We investigate that substrate binding does not elicit significant conformational changes 
but instead provokes local remodeling of key residues near the substrate-binding cavity. 
These discoveries are essential to advance our understanding of the intricate but wonderful process 
of protein degradation in plastids. In addition, they provide tools to advance on those biotechnological 
strategies that need some alteration of the organelle proteome. 
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Oxidative processes for sustainable chemistry catalyzed by 
immobilized enzymes 

 
Bolívar, J.M. 

 

Lorente-Arévalo, A.; Ladero M. 
FQPIMA Group, Chemical and Materials Engineering Department,  

Complutense University of Madrid, 28040, Madrid, Spain; 
email:  juanmbol@ucm.es 

 

Biocatalysis is a key enabling technology for chemical synthesis and it finds a prominent role within 
the context of bioeconomy and sustainable development. Oxidative biotransformations find a 
prominent role in the fine chemical industry and the valorization of renewable feedstocks (1). 
Implementation of oxygen-dependent reactions faces some challenges across scales and at different 
levels of development (1). First, the fruitful development of enzyme candidates and identification of 
reaction possibilities is not in consonance with the implementation in process engineering. Second, 
reaction engineering faces a complex interplay of reaction kinetic, oxygen transfer and process 
stability.  Third, given the advances in synergic fields such as molecular biology, chemistry, material 
sciences and (micro)process engineering, an interdisciplinary assembly from a consistent discipline 
around heterogeneous biocatalyst engineering would be of strategic value (1-3). 
In this presentation, we show advances in design of active and robust immobilized enzyme catalysts 
to be applied in continuous intensified steps of biorefineries processes. Galactose oxidase, laccase 
and tyrosinase will be shown as case studies (4). Synthesis of aldehydes and carboxylic acids with 
relevance in the valorization of furans; degradation and valorization of aromatic compounds, 
including lignin and lignin oligomers and monomers (from lignocellulosic biomass) will be taken as 
target transformations. A methodological framework based on the development of analytical process 
technologies and continuous flow microreactors will be discussed for the design and optimization of 
the catalysts and biotransformations involved. 
 
1  A. Lorente-Arevalo, M. Ladero and J. M. Bolivar, Current Opinion in Green and Sustainable 
Chemistry, 2021, 100544. 
2  M. P. Cardoso Marques, A. Lorente-Arevalo and J. M. Bolivar, Springer Berlin Heidelberg, Berlin, 
Heidelberg, 2021. 
3   J. M. Bolivar, I. Eisl and B. Nidetzky, Catalysis Today, 2016, 259, 66–80. 
4   A. Lorente-Arevalo, M. Ladero and J. M. Bolivar, React. Chem. Eng., 2021, 
10.1039.D1RE00237F. 
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National Industry Enzymes Roundtable 
 

Menzella, H. (1); Detarsio, E. (2); Kilmurray, C. (3) 
 

1. INPROBYQ, UNR-CONICET, Santa Fe, Argentina. 
2.NOVA S.A., Cañada de Gómez, Santa Fe, Argentina. 

3. CERES DEMETER S.A., Río Cuarto, Córdoba, Argentina 

 
 
 
During this roundtable, the participants discussed a potential model for the effective business 
development based on enzymes in Argentina. Dr. Menzella presented his experience at Geneg, a 
pioneer company on the production of recombinant chymosin that did not thrive to be established as 
a producer even when it was innovative in terms of technological advancement. On the other hand, 
another company co-founded by him, Keclon S.A., was presented as a model of industrial 
development based on problem solving. This company has a prospect of 70 m^3 operative installed 
capacity at San Lorenzo, Santa Fé. The exposition of Dr. Detarsio indicated the imminent onset of 
the production of enzymes for food applications in a 20 m^3 newly installed production facility at 
Nova S.A. a company that will be soon entering in the enzyme market. In contrast to the former 
companies, the development model of Ceres Demeter S.A. aims to bring the possibility for 
researchers to achieve minimum viable prototypes rapidly, Mr. Kilmurray stressed the importance of 
a short time to market for successful translation from the academy to market for success in projects 
rather than other factors. Regarding the enzyme-centered industrial development, the dichotomy of 
industrial production of already commercialized enzymes or the innovative enzyme production was 
discussed with a contrast of opinions among participants. This industry model was posed by Menzella 
as big enterprises (DSM, Dupont, Novozyme) producing innovative products and classical products 
at good market prices, and the Chinese and Indian companies with cheap manpower and enough 
industrial development for producing very competitive priced enzymes. The place of competition with 
the same product was deemed by Menzella as a cannibalization not helping the sustainable industry 
development. The final point was the requirement of an intellectual property shield to ensure the 
attraction of investment to create new products and the commercialization of technology in contrast 
to getting involved in production.  
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Protein engineering for the development of new immunogens 
 

Goldbaum, F.A. 
 

Scientific Director Inmunova, Buenos Aires, Argentina; 
email: fagoldbaum@gmail.com 

 
 
Inmunova’s core technology is a proprietary platform, called IMC® (Immuno Multi Carrier), which 
allows the design of state-of-the-art recombinant immunomodulators. Applying IMC® advantages, 
we engineered a new immunogen by inserting StxB to the IMC® platform. The resulting chimera 
(IMC®-Stx) demonstrated a strong capacity to induce long-lasting humoral immune responses in the 
mice model. The chimeras induced antibodies with high neutralizing capacity for different Stx’s 
variants. 
 
We took advantage of the strong immunogenic capacity of IMC®-Stx chimera to develop horse 
hyperimmune globulins (F(ab’)2 fraction) for the treatment of STEC infections to prevent HUS 
triggering in humans. We have finished all preclinical work and phase I clinical trials showing that this 
strategy works and the product has an excellent safety profile. Phase II/III clinical trials were ongoing 
at the beginning of the COVID-19 pandemics. The experience of all the scientific world and Inmunova 
during pandemics reshaped our plans. The new strategies for HUS treatments and vaccines will be 
discussed during this presentation. 
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Multienzymatic complex development and improvement of 
lignocellulolytic enzymes 

 
Craig, P.O. 

 

Laboratorio de Ingeniería Enzimática y Nanobiotecnología (LIENBio), Instituto de Química Biológica de 
la Facultad de Ciencias Exactas y Naturales (IQUIBICEN-UBA/CONICET), Argentina; 

email:  pocraig@qb.fcen.uba.ar 

 
The depletion of fossil fuels and the increasing energy demands due to human progress requires the 
development of cleaner and renewable energy sources for a sustainable growth. Lignocellulose is 
the most abundant renewable resource on the planet and is an excellent substrate for the production 
of biofuels and chemicals. It can be obtained from crops with no value for human consumption, 
municipal waste, and by-products of food and wood industries. The enzymatic hydrolysis of 
lignocellulose release sugars that upon fermentation produce ethanol. In spite of the high interest in 
second generation biofuel industry, its full development has been limited by the low activity and high 
cost of the enzymes used in lignocellulose degradation. For an economically viable production of 
bioethanol, it is essential to develop new methods to increase the activity and stability of these 
enzymes, which include endoglucanase, exoglucanase, beta-glucosidase, xylanase, ligninase, and 
other activities.  The cellulosomes are multienzymatic complexes produced by some anaerobic 
microorganisms and represent the most efficient machinery for lignocellulose degradation. This 
efficiency is due to the colocalization and clustering of enzymes with different activities which act 
synergistically in the degradation process. Enzyme proximity and substrate targeting effects have 
been proposed to explain the higher activity of multienzymatic complexes compared to the action of 
individual enzymes. The cellulosomes are potentially useful for technological applications. However, 
their biological production on an industrial scale is seriously limited by the nature of the producing 
organisms, and the properties of its scaffolding subunit. Therefore, it has been proposed to use the 
cellulosome concept to develop artificial multienzymatic complexes which would increase the 
catalytic efficiency of enzymes used in cellulose degradation. In this talk I will present results of the 
development of artificial cellulosomes based on the use of a decameric protein scaffold for the 
colocalization of diverse enzymes (cellulases and hemicellulases) and cellulose binding domains. I 
will also present advances in the rational design of stabilizing mutations of a target enzyme, and 
molecular simulations of the multienzymatic deconstruction of lignocellulose. It is expected that the 
methodology developed in this work will help in the design of improvements in lignocellulose 
degradation, reducing the cost of bioethanol production. 
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Evolutionary coupling range in enzymes depends on selection 
pressure 

 
Echave, J. 

 

Instituto de Ciencias Físicas, UNSAM-CONICET, Buenos Aires, Argentina; 
email:  jechave@unsam.edu.ar 

 
 
In enzyme evolution, until 2016 it was considered that functional constraints only restricted the 
evolution of the active site residues and their closest neighbours; not even the allosteric sites are 
particularly conserved. In 2016, a study of large numbers of enzymes proposed that active sites 
induce long-range evolutionary restrictions, affecting the evolution of very distant sites. To 
understand the physical causes of evolutionary coupling, I studied the physical and evolutionary 
couplings in a set of diverse monomeric enzymes, using a biophysical model of enzymatic evolution. 
Contrary to expectations, I found that evolutionary coupling range is not universally short or long, but 
coupling range varies widely between enzymes, from very short (2Å) to very long (20Å). Surprisingly, 
this is not because some enzymes are physically better coupled than others---physical coupling is 
short-range for all enzymes. In fact, the variation in the range of evolutionary coupling is due to a 
huge variation between enzymes in the degree of functional selection. Under conditions of weak 
selection, both the physical and the evolutionary couplings are short-range; under strong selection, 
selection pressure amplifies short-range physical couplings, transforming them into long-range 
evolutionary couplings. 
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Public & Private Funding Roundtable  
 

Martínez, J.E. (1); Páez, R. (2); Vila, A. (3); Casadevall, R. (4) 
 

(1) Agencia I+D+i, Ministerio de Ciencia Tecnología e Innovación, Argentina. 
(2) IncuVA, Instituto Nacional de Tecnología Agropecuaria, Rafaela, Santa Fe, Argentina.  

(3) Scientific Director at Incubadora Universidad Nacional de Rosario.  
(4) Grid Exponential S.A. (GRIDx), Buenos Aires, Argentina 

 
 
In this roundtable there were four representatives of relevant entities in the technological project 
development in Argentina, the governmental agency “Agencia I+D+i” from the “Ministerio de Ciencia 
Tecnología e Innovación”, IncuVA a technolological incubator from the “Instituto Nacional de 
Tecnología Agropecuaria” (INTA) based in Rafaela and depending on the “Ministerio de Agricultura 
Ganadería y Pesca”, the project incubator “Incubadora de la Universidad Nacional de Rosario” and 
GRID Exponential S.A. a company builder dedicated to funding and accelerating biotechnology 
based companies.  
The Agencia I+D+i is the most important scientific directed funding institution in Argentina. It is 
responsible for most of the initial financing for biotechnology based companies from Argentina with 
PICT and PICT startup grants as great incentives for scientific development. Furthermore, 
infrastructure directed funds from Agencia I+D+i are responsible for most of the core capacities in 
Argentina.  
GRIDx has invested in approximately thirty companies with half of those getting extra funding from 
third parties. These companies hired more than 200 highly qualified professionals in the last 8 years. 
Among GRIDx core objectives in the company building process is the joining of complementary 
competences in the founders’ teams to ensure proper business development.  
The role of IncuVA from INTA is directed to offer projects with appropriate hardware and 
professionals to promote fast minimum viable prototype (MVP) and product development. This entity 
is mostly focused in food, dairy-based product development and waste valorization. The users are 
projects as well as companies in the requirement of external incubation for technology-intensive 
projects. IncuVA belongs to the Incubar network and the incubation platform from Santa Fe and is 
part of the RED INTA involving many agro-based solution developers. Part of the platform has 
derived from a publicly funded project (FONARSEC) directed to the intensification of dairy waste 
valorization. The outcomes of that project were enzymes (galactosidase, protease), and lactic 
bacteria production for grain ensilage. As a result, a processing platform with a 1000 L fermentation 
capacity, spray drying apparatus and accessory equipment was erected. Using this platform there 
were developments in yeast production for food and feed (unicellular protein).  Besides INTA and 
local university institutions (Universidad Nacional del Litoral) IncuVA cooperates with other core 
institutions of the science and technology ecosystem of Argentina such as INTI and CONICET, 
allowing them to motorize ideas into projects effectively.   
The vision from the UNR incubator scientifically directed by Dr. Vila aims to create the milieu for 
business development by gathering complementary capacities for project success, not only good 
scientific thinking and execution but also business oriented individuals able to build the economical, 
financial and business aspects of the project. The legal status and agile management are part of the 
challenges identified as mandatory for project success. The ecosystem building with the local and 
provincial institutions is an integral part of this construction 
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AI-1  
Flow biocatalysis in microreactors using deep eutectic solvents 

 
Guajardo, N. (1); Domínguez de María, P. (2) 

 

(1) Programa Institucional de Fomento a la I+D+i (UTEM), Santiago, Chile.  
(2)  Sustainable Momentum SL, Las Palmas de Gran Canaria, Spain. 

email:  nguajardo@utem.cl 

 
 

The search and development of sustainable systems is one of the main challenges of process 
engineering. Process intensification is a great tool that seeks to develop safe, efficient, low-cost 
processes with small devices. A tool to intensify bioprocesses is the use of microreactors. The 
strategic advantages of small reactor size (typically with an internal diameter less than 1mm) 
constructed from stable and inert materials (e.g., silicon, glass or stainless steel among others) 
together with a continuous operation mode improves mixing, energy efficiency, heat management, 
scalability, and safe and lower waste production. The selection of the solvent is not simple and apart 
from its physical chemical properties it is also necessary to take into account its toxicity and its 
compatibility with the environment. Deep eutectic solvents (DES) have been developed as an 
alternative to Ionic Liquids (IL) with similar physicochemical characteristics but with a straightforward 
preparation, being less expensive and biodegradable. One of the main disadvantages for the 
application of DES as reaction media is its high viscosity (113.6 mPas). To overcome this, adding 
water or phosphate buffer as cosolvent (up to 20% v / v) can lower the viscosity of DES to 23 mPas, 
facilitating its application in flow processes. These DES-water mixtures remain as non-aqueous 
media, and thus under these conditions our research group has successfully carried out the 
esterification of benzoic acid and glycerol to produce α-monobenzoate glycerol (α-MBG), using DES 
as substrate and reaction media at the same time in continuous and semi-continuous reactors.  
Following in this same direction, the main goal of this work was to study the esterification to obtain 
α-MBG using DES in microreactors catalyzed by soluble Candida antarctica lipase B. The 
esterification of benzoic acid (50 mM) and glycerol (delivered by DES composed of choline chloride 
and glycerol=1:2) was carried out in a microreactor (thinXXS microtechnologies GmbH (Germany)) 
with different microchannels using two syringe pumps at 45°C. The work was performed at different 
times of residencies in a range of 49.6 to 0.2 min and the behavior of the microreactor was compared 
with the batch reactor.  
In terms of productivity, the esterification in the microreactor (0.28 mgProduct/min*mLBiocatalyst) was 7-
fold higher than the batch system (0.04 mgProduct/min*mLBiocatalyst). In terms of heat and mass transfer, 
an increase in temperature and concentration did not show a noticeable change in the conversion of 
the reaction. 
These results show that the combination of (less viscous) DES-water mixtures and microreactors 
may become an alternative for the development of sustainable processes.  
 
 

AI-2  
Purification and characterization of a recombinant laccase from 

Kluyveromyces lactis GG799  
 

Molina, M.A. (1,2); Sgroppo, S. (3); Milde, L.B. (4); Zapata, P.D. (1,2), Fonseca, M.I.(1,2) 
 

(1)Laboratorio de Biotecnología Molecular (BIOTECMOL), Instituto de Biotecnología Misiones “Dra. 
María Ebe Reca” (INBIOMIS), Facultad de Ciencias Exactas Químicas y Naturales (FCEQyN), 

Universidad Nacional de Misiones- CONICET, Misiones, Argentina. (2) CONICET, Buenos Aires, 
Argentina. (3) Laboratorio de Tecnología Química y Bromatología, FACENA-UNNE, Corrientes, 

Argentina. (4) Laboratorio 201. Módulo de Farmacia y Bioquímica. FCEQyN, Universidad Nacional de 
Misiones- CONICET, Misiones, Argentina; email:  antonella.molina.lesiw@gmail.com 

 

Laccases (EC 1.10.3.2) are blue multicopper oxidases that catalyze the oxidation of many aromatic 
substrates. Fungal laccases have many advantages, such as directly oxidizing many phenolic 
compounds, using molecular oxygen as the final electron acceptor and showing a considerable level 
of stability. The properties of laccases allow their application in food, delignification, degradation of 



Abstracts 
 

Third Meeting & First Workshop of the Argentine Network of Enzymatic Technology (TEz Network) 35 

Book of Abstracts 

recalcitrant compounds, bioremediation, dye discoloration, biosensors and other. These enzymes 
have been found in fungi isolated in the province of Misiones, one of them is Phlebia brevispora 
BAFC633. Our group has successfully expressed the laccase enzyme from the white rot fungus 
Phlebia brevispora BAFC633 in the yeast Kluyveromyces lactis. The aim of this work was to purify 
and characterize a novel laccase enzyme expressed in K. lactis. For this, the previously standardized 
culture conditions were used (YPGal: 20% yeast extract, 10% peptone, 20% galactose in a final 
volume of 20 ml) incubated for four days at 28ºC at 100 rpm supplemented with 0.5 mmol l-1 of iron 
sulfate. For purification, culture broth was centrifuged at 6000 g for 10 min. The supernatant was 
filtered by 0.22 µm polyvinylidene fluoride membrane, obtaining a yeast-free supernatant. Then, an 
ultrafiltration with 100 kDa membranes was performed using centrifuge devices. Laccase activity was 
measured at 30°C using 5 mmol l-1 of 2,6-dimethoxyphenol (DMP) as substrate in 0,1 mol l-1 of 
sodium acetate buffer (pH 3,6). The absorbance increase in the reaction mixture was monitored at 
469 nm. Enzyme activity was measured in U ml-1 which is defined as the amount of enzyme 
catalyzing the production of one micromole of colored product per min per ml. The purity of the 
enzyme was analyzed by silver stained SDS-PAGE. The apparent molecular mass of the purified 
laccase was determined by molecular marker comparison. Laccase activity was confirmed by 
zymogram analysis on native PAGE. Staining was carried out after native PAGE by incubating the 
gel for 5 min in 0.1 mol l-1 of sodium acetate buffer containing 5 mmol l-1 of DMP. To determine 
optimum pH the purified laccase extract was assayed at 30°C in different pH buffers in a range from 
3.6 to 6. For pH stability, the extract was incubated in various pH buffers from 3.6 to 6 for 6 h at 30°C, 
and the residual enzyme activity was then analyzed. To determine optimal temperature, the enzyme 
activity was measured at different temperatures in a range from 30 to 60°C. Thermal stability was 
investigated by measuring the residual activity after incubating the purified enzyme at different 
temperatures in a range from 20 to 60°C for 6 h.Km and Vmax values of purified laccase were 
determined by measuring enzyme activity at various concentrations (0.01 to 5 mmol l-1) of 2,6-DMP 
as substrate, at optimal pH. Kinetic constants were calculated by Michaelis–Menten method using 
nonlinear regression.SDS-PAGE analysis silver staining showed an single band at 180 kDa. The 
zymogram revealed laccase with DMP. The optimum pH for this purified laccase was 4. Laccase 
enzyme showed high pH stability, maintaining a constant activity after 30 min of incubation at pH 3,6 
maintaining 90% of activity after an hour of incubation and 85% of activity after 2 h of incubation. The 
optimum temperature was 40ºC. As to the thermal stability, the enzyme had maximum activity at pH 
4 at 40ºC maintaining 100% of activity after half an hour of incubation. At pH 3.6 the laccase kept 
89% of activity after an hour of incubation and 75% after 2 h of incubation. The kinetic parameters 
Km and Vmax of purified laccase were found to be 435 µmol l-1 and 39.46 µmol l-1 min-1 respectively. 
The analysis of the biochemical characteristics of the laccase enzyme will allow a biotechnological 
application and future investigations of the laccase enzyme for its application in different processes. 
 
 

AI-3  
Potential capacity of lacases produced by Phlebia brevispora BAFC 633 in 

the degradation of chlorpyrifos 
 

Ayala Schimpf, A. (1)(2); Rodríguez, M.D. (1)(2); Fonseca, M.I. (1)(2); Villalba, L.L. (1); 
Zapata, P. D. (1)(2) 

 

(1) Universidad Nacional de Misiones. Facultad de Ciencias Exactas, Químicas y Naturales. 
Instituto de Biotecnología de Misiones “Dra. María Ebe Reca” (INBIOMIS). Laboratorio de 

Biotecnología Molecular (BIOTECMOL). Misiones, Argentina.  
(2) CONICET. Buenos Aires, Argentina; email:  danielarodriguez@fceqyn.unam.edu.ar 

 
 
Agriculture in the province of Misiones (Argentina) constitutes the main productive activity within the 
agricultural sector, which implies the use and application of a large amount of agrochemicals. Among 
the most commonly used agrochemicals are organophosphates such as chlorpyrifos, a pesticide that 
applied in significant quantities, produces a negative impact on environmental quality by polluting of 
soils, surface and underground waters, causing in turn, the poisoning of any kind of living beings, 
due to its high toxicity. The monitoring of this pollutant is becoming a mandatory parameter to assess 
the performance of agricultural practices. In this sense, it has been shown that the ligninolytic 
enzymes produced by white rot fungi have the ability to degrade / mineralize toxic substances; both 
structurally diverse xenobiotics and persistent pollutants in the environment, as well as toxic 
compounds of a phenolic nature and low molecular weight substances. Within these enzymes, 
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laccases have a predominant role; these belong to the protein family of multi-copper oxidases. 
Although its catalytic action consists of the oxidation of p-diphenols in the presence of oxygen, the 
specificity of the substrate that can be oxidized is quite wide and varies with the source of the enzyme. 
This non-specificity character allows it to have important biotechnological applications, which have 
been widely reported in various fields, including the degradation of recalcitrant organic pollutants 
such as polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAH), pesticides, 
dyes, and in the manufacture of biosensors for the determination of aromatic compounds. The 
objective of the work was to evaluate the potential capacity of the laccases produced by the white 
rot fungus Phlebia brevispora BAFC 633 to dedrade the pesticide chlorpyrifos. 
P. brevispora was activated in MEA medium (12.7 g/L malt extract and 20 g/L agar) in a Petri dish 
for 6 days at 28°C. The enzymatic production was carried out under submerged fermentation in 4 
erlenmeyers of 250 mL: To obtain the inoculum, three blocks (Ø 5 mm) of young mycelium were cut 
and cultivated in ME medium (12.7 g/L of malt extract and 5 g/L of soluble corn extract) with the 
addition of sulfate of 0.5 mM copper for 10 days at 28°C. 
The assay was carried out in 100 mL erlenmeyers containing 35 mL of enzymatic extract with laccase 
1 U/mL and chlorpyrifos 16 mg/L reaching the final volume in sodium acetate buffer pH 3.6 0.05 M, 
at 110 rpm and 28ºC, covered with aluminum foil to protect them from light. The samples consisted 
of 1.5 mL taken at 0, 14, 22 and 40 hours after starting the experiment. The assay was carried out in 
duplicate. Controls consisted of enzyme extract alone and chlorpyrifos alone under the same 
conditions. Enzyme activity measurements were made at the beginning of the assay and at each 
sample collection. Chlorpyrifos were determined spectrophotometrically at 297 nm (maximum 
absorption peak of chlorpyrifos obtained in a previous test) and concentration was determined by 
using a calibration curve. 
Laccase activity was carried out using the kinetic technique with 2,6 dimethoxyphenol (DMP) 5 mM 
as substrate in 0.1 mM sodium acetate buffer at pH 3.6. The change in absorbance was monitored 
at 469 nm (E469 = 27.5 mM-1 cm-1) in a spectrophotometer. The enzymatic activity was expressed in 
enzyme units (U), where 1 U is equivalent to 1 μM/min of product at 30°C. Enzyme activity was 
determined in duplicate. 
The initial laccase activity of the control corresponding to the enzymatic extract at the beginning of 
the assay (t = 0) was 736 U/L (σ 175), decreasing during the subsequent times until reaching 415 U 
L (σ 6) at 40 h. The activity of the extract in the presence of chlorpyrifos remained constant during 
the different times with an average value of 381 U/L (σ 28). 
Chlorpyrifos degradation in the control treatments was 0%, keeping the absorbance values constant 
during the experiment. The degradation rate obtained in the experimental treatments of the pesticide 
 
 

AI-4  
Simulation of the one-pot operation for the enzymatic production of lacto-

fructose syrup in repeated batch mode 
 

Silva, P.; Arancibia, V. (1); Cid, D. (1); Romero, O. (2); Illanes, A. (1); Wilson, L. (1) 
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Bioprocess Engineering and Applied Biocatalysis Group, Department of Chemical Biological and 
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The increasing use of enzymes as industrial catalysts has evolved to the development of 
multienzyme processes, where two or more enzymes act coordinately to perform the 36chedule36r 
reactions. Savings in reactor usage can be obtained by carrying out the multistep enzymatic reaction 
in a single vessel (one-pot). However, individual enzymes may differ in their operational stability, so 
a strategy of operation needs to be established through an optimal balance between the activity and 
operational stability of the enzymes involved. This is the case of the one-pot production of 
lactofructose syrup from cheese whey permeate, by means of two sequential enzymatic reactions, 
where lactose is hydrolyzed by β-galactosidase (β-gal) into 36chedul and galactose, and in a second 
reaction, 36chedul is isomerized into fructose by 36chedul isomerase (GI).  Immobilization produces 
a significant increase in enzyme stability and facilitates reactor operation. In the case of one-pot 
multienzyme systems, if each enzyme is immobilized separately, the biocatalysts can be handled 
independently in a spinning basket reactor where the enzymes are placed in different compartments. 
This configuration allows an easy control of the proportion of each biocatalyst required considering 
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their activities, and the individual replacement of the spent immobilized enzymes according to their 
respective operational stabilities (lifespans of use). Since enzyme inactivation and its replacement is 
inevitable, mathematical modeling and simulation represent powerful 37ched for planning the reactor 
operation searching for the most effective use of the biocatalyst prior to replacement. 
The objective of this work was the modeling and simulation of the behavior of the one-pot sequential 
batch production of lactofructose syrup in a spinning basket reactor considering both enzymes 
immobilized individually, in order to evaluate and design a strategy for the replacement of the 
catalysts according to their respective stabilities. The modelling and simulation of the process was 
carried out, considering the kinetics of both reactions and the kinetics of inactivation of both enzymes 
including the modulation effect that the sugars present in the 37chedu may 37chedule the stability of 
β-gal. Simulation of each batch during sequential batch operation was done until reaching 90% 
37chedule37r of lactose into 37chedul and 45% 37chedule37r of 37chedul into fructose. The 
performance of a one-pot sequential batch reactor for lactofructose syrup production was simulated, 
considering the 37chedu dependence of the kinetic and stability parameters of β-gal and GI. 
GI/β-gal activity ratio and 37chedule37ra were selected as operational variables and the best 
conditions in terms of the specific productivity in one batch were determined as 0.46 (IUGI/ Iuβ-gal) 
and 40°C respectively. At these reaction conditions, the results showed that considering the stability 
of β-gal under non-reactive conditions, this is, in the absence of the modulation effects, it is necessary 
to make four replacements of β-gal during one cycle of use of GI. When the modulation of the sugars 
present on the β-gal stability is considered, there is an increase in productivity of up to 23% in the 
case of the highest modulation factor studied (n=0.8). 
These results highlight that having a mathematical model to simulate the one-pot reactor operation 
allows establishing the strategies for the replacement of each immobilized enzyme considering their 
individual stabilities, therefore establishing a proper operational 37chedule for increasing 
productivity. This work shows that when the stability of the enzymes is significantly different, as in 
the present case, it is convenient to carry out the one-pot sequential batch operation with the 
enzymes immobilized separately and in different compartments, as can be done in a spinning basket 
reactor. 
 
Acknowledgement: This work was supported by FONDECYT-Chile (Grant number 1190709). Pablo 
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Silica sol-gel encapsulation of enzymes has been widely used for the immobilization of biocatalysts 
to obtain high volumetric activities and stabilities One of the primary limitations of the sol-gel 
technique, however, is poor loading efficiency and enzyme leakage. Additionally, these methods 
often include harsh sol-gel processing conditions that result in the loss of enzyme activity. Inspired 
from silaffin proteins used by unicellular diatoms, the utilization of the so-called biomimetic 
approaches in the production of organic-inorganic nanostructures is of great interest to the scientific 
and industrial community due to the relatively moderate physicochemical conditions needed for its 
synthesis and low or null leakage of enzymes (2). Biomimetic silica can be synthesized within minutes 
under mild and green conditions, as nanostructured silica with divergent morphologies The synthesis 
necessitates a source of Si and an organic aminated small molecule or polymer in order to catalyze 
the precipitation of the nanoparticles in phosphate buffer at pH 8. Any material contained in the 
synthetic mixture may become entrapped within the biomimetic silica nanoparticles and therefore 
this strategy has been commonly used for enzyme immobilization (3-5). A fundamental attribute of 
this immobilization methodology is its versatility which allows it to be widely applicable to a range of 
biomolecules.  Due to its biocompatibility and facile and quick synthesis, this entrapment strategy 
has been used by our group to immobilize oxidases, hydrolases and coupled enzyme systems (1-6). 
Using lipases and a peroxidase we have proven that different Si synthetic conditions such as 
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synthetic precursors ratios, alternate aminated molecules or inclusion of organic solvents provides 
nanobiocatalysts with tailored or an improved desired attribute (i.e. better specific activities, better 
operational or thermal stability). Moreover, addition of enzyme stabilization molecules for the in situ 
entrapment or post immobilization strategies such us crosslinking could further improve the stability 
of the biocatalysts. Results on the biomimetic silica entrapment of different enzymes indicate a 
dependence of the physical and textural properties of the Si nanoparticles with properties of such as 
size, shape or chemistry of the surface of the enzymatic molecule. Herein, we describe strategies for 
the in situ immobilization and co-immobilization of enzymes in biomimetic Si nanoparticles selecting 
a few examples that highlight the potential of the technique and providing insight into the main 
parameters that should be considered when extending the strategy to other biomolecules. These 
examples will span from the application of nanobiocatalysts on the synthesis of biodiesel to prodrug 
activation for direct enzyme therapy or antibiotic biosynthesis. 
 
(1) D. Cazaban, L. Wilson, L. Betancor, Lipase immobilization on siliceous supports: Application to 

synthetic reactions, Curr. Org. Chem. 21 (2017) 96-103 
(2) Jackson, E., Correa, S., & Betancor, L. In situ immobilization of enzymes in biomimetic silica. In 

Guisan, JM., Bolivar, JM., López-Gallego, F., Rocha-Martín, J. (eds) Immobilization of Enzymes and 
Cells. Methods in Molecular Biology (2020) 2100, 259-270 

(3) Correa, S., Ripoll, M., Jackson, E., Grazú, V., Betancor, L. Stabilization of b-glucuronidase by 
immobilization in magnetic-silica hybrid supports. Catalysts (2020) 10(6), 1-15 

(4) Correa, S. Puertas, S., Gutiérrez, L., Asín, L., Martínez de la Fuente, J., Grazú, V. Betancor, L. Design 
of stable magnetic hybrid nanoparticles of Si-entrapped HRP (2019) PLoS One. 2019 Apr 
1;14(4):e0214004. 

(5) Cazaban, D., Illanes, A., Wilson, L., & Betancor, L. Bio-inspired silica lipase nanobiocatalysts for the 
synthesis of fatty acid methyl esters. (2018).  Process Biochemistry, 74, 86-93. 

(6) López-Gallego, F., Jackson, E. and Betancor, L. Heterogeneous systems biocatalysis; the path to the 
fabrication of self-sufficient artificial metabolic cells. Chem. Eur. J. (2017) 23(71), 17841-17849. 

 
 
 

DE-2 
Biodiesel production from alternative raw materials using a heterogeneous 

Low Ordered Biosilicified Enzyme as biocatalyst 
 

Ferrero, G.O. (1); Sánchez Faba, E.M. (1); Eimer, G.A. (1) 
 

(1) Centro de Investigación y Tecnología Química, UTN-CONICET, Argentina (CITeQ-UTN-CONICET) 
email:  gferrero@frc.utn.edu. 

 
 
Background: Cumulative reported evidence has indicated that renewable feedstocks are a 
promising alternative source to fossil platforms for the production of fuels and chemicals. In that 
regard, the development of new, highly active, selective, and easy to recover and reuse catalysts for 
biomass conversions is urgently needed. The combination of enzymatic and inorganic 
heterogeneous catalysis generates an unprecedented platform that combines the advantages of 
both, the catalytic efficiency and selectivity of enzymes with the ordered structure, high porosity, 
mechanical, thermal and chemical resistance of mesoporous materials to obtain enzymatic 
heterogeneous catalysts. Enzymatic mineralization with an organic silicon precursor (biosilicification) 
is a promising and emerging approach for the generation of solid hybrid biocatalysts with exceptional 
stability under severe use conditions. Herein, we assessed the putative advantages of the 
biosilicication technology for developing an improved efficient and stable biocatalyst for sustainable 
biofuel production. 
Results: A series of solid enzymatic catalysts denominated LOBE (Low Ordered Biosilicified 
Enzyme) were synthesized from Pseudomonas fluorescens lipase and tetraethyl orthosilicate. The 
microscopic structure and physicochemical properties characterization revealed that the enzyme 
formed aggregates that were contained in the heart of silicon-covered micelles, providing active sites 
with the ability to process different raw materials (commercial sunflower and soybean oils, Jatropha 
excisa oil, waste frying oil, acid oil from soybean soapstock, and pork fat) to produce first and second-
generation biodiesel. Ester content ranged from 81 to 93% wt depending on the raw material used 
for biodiesel synthesis. 
Conclusions: A heterogeneous enzymatic biocatalyst, LOBE4, for effcient biodiesel production was 
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successfully developed in a single step synthesis reaction using biosilicification technology. LOBE4 
showed to be highly effcient in converting refined, non-edible and residual oils (with high water and 
free fatty acid contents) and ethanol into biodiesel. Thus, LOBE4 emerges as a promising tool to 
produce second-generation biofuels, with significant implications for establishing a circular economy 
and reducing the carbon footprint. 
 
 

DE-3  
Biochemical characterization of an immobilized pectinase in agar-alginate 

hydrogels for its potential use in winemaking 
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(1) Facultad de Ciencias Aplicadas a la Industria (FCAI), Universidad Nacional de Cuyo (UNCuyo), San 
Rafael (5600), Mendoza, Argentina. (2) Consejo Nacional de Investigaciones Científicas y Técnicas 
(CONICET), Ciudad Autónoma de Buenos Aires (C1425FQB), Buenos Aires, Argentina. (3) Planta 

Piloto de Ingeniería Química, PLAPIQUI (UNS-CONICET), Bahía Blanca (8000), Buenos Aires, 
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Pectinases for the clarification of juices and wine is a traditional technology in winemaking process. 
Despite the excellent catalytic properties of pectinases, using them in free format presents some 
drawbacks such as poor stability under operating conditions and low efficiency of use due to recovery and 
reuse is not feasible. Therefore, immobilization of pectinase in a wide variety of carriers and methods is 
being considered interesting for clarification and depectinization, because of the increase in operational 
stability and the biocatalyst reuse. Enzyme entrapment within beads or other matrices from biodegradable 
polymers is one of the most convenient and effective techniques due to its biocompatibility, catalytic 
particles of regular size can be produced and low cost. The aim of the present study was to carry out a 
biochemical and kinetic characterization of an immobilized enological commercial pectinase in agar-
alginate mixed biopolymers. In addition, technological effect of the biocatalyst as clarifying agent on 
Chardonnay grape musts was studied, and lyophilization was applied as conservation technique. 
Hydrogels (beads) were prepared by external gelation from aqueous solutions of sodium alginate and 
agar-agar (3%-5%) with pectinase (0.75% m/v), onto CaCl2 solution (2.5% m/v) as crosslinking agent. 
Pectinolytic activity was assayed by measuring the amount of reducing sugars released from a pectin 
dispersion using 3,5-dinitrosalicylic acid (DNS) reagent. In previous works, beads were structurally 
characterized by Texture Profile Analysis (TPA), Fourier Transform Infrared Spectroscopy (FTIR) and 
Scanning Electron Microscopy (SEM), confirming the presence of the entrapped enzyme uniformly 
distributed throughout mixed biopolymer matrix. From the obtained results, it was be observed that 
immobilization procedure did not modify the optimal pH and temperature (pH=4.0 and 50 °C) for pectinase 
activity, comparing to free enzyme. Furthermore, immobilized pectinase showed good catalytic efficiency 
in conditions nearby to those of winemaking (pH of 3.6–4.0 and temperature of 20–30 °C), similar to free 
pectinase. Storage stability studies demonstrated that wet entrapped pectinase retained its initial 
enzymatic activity up to 4 weeks at 4 °C and maintained about 30% at 10 weeks, whereas that lyophilized 
hydrogels retained its original activity after 14 weeks of storage. Entrapped pectinase showed activity until 
at least six reaction cycles with 60% activity residual. Kinetic parameters, maximum reaction speed (vmax) 
and Michaelis-Menten constant (kM) were 0.491 and 0.692 mmol/min and 3.77 and 3.69 mg/mL for both 
free and immobilized enzyme, respectively. The effect of entrapped pectinase on grape must clarification 
was tested on laboratory scale. The biocatalyst significantly decreased must turbidity to values of 68.5 
NTU after 24 h at 20 ° C. Due to these good properties, the immobilized pectinase synthesized in this 
work could find applications in the grape must clarification. This biocatalyst could be easily recovered after 
clarification process, allowing its reuse and minimizing the production economic costs in wine industry. 
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Dye decolorization by recombinant fungal laccase immobilized on 
wrinkled‑silica mesostructures 
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Introduction: 
Enzymes immobilization onto mesoporous SiO2 is a common strategy for the implementation of 
biotechnological processes at industrial level. However, low retention of the enzyme due to a weak 
enzyme-support interaction and the clogging of the porous particles system causes a decrease in 
the availability of surface sites are two main challenges for an effective enzyme immobilization. 
Laccases (benzenediol: oxygen oxidoreductase, EC 1.10.3.2) have significant industrial interest due 
to their ability to oxidize a wide variety of organic compounds. The application of recombinant 
expression systems allows the improvement in the production and the design some enzymatic 
features for specific needs. Thereby, the immobilization of LCC3 on functionalized w-SiO2 is a 
promising strategy to obtain an efficient biocatalyst, taking advantage of the meso/macroporous 
system to allow high enzyme loading, with retained activity and reusability. In this work, w-SiO2 was 
functionalized with APTES and GA to evaluate the effect of functionalization on the enzyme loading 
and the performance of the biocatalyst in the bleaching of crystal violet (CV).  
 
Goal: 
Recombinant laccase immobilization on mesoporous surfaces for dye degradation.  
 
Methods: 
1. Production and purification of recombinant laccase: LCC3 from Trametes trogii was produced in 

Pichia pastoris and purified by Ni–NTA affinity chromatography. Purified LCC3 activity was 
determined by ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid) oxidation (pH 3.5, 
25°C) and total protein concentration was measured using bovine serum albumin (BSA) as 
protein standard. 

2. Synthesis of w-SiO2 and functionalization: Silica mesostructures were prepared with urea, CTAB 
(cetyltrimethylammonium bromide), 1-butanol and cyclohexane. For w-SiO2-NH2, w-SiO2 was 
dispersed in dry toluene, then APTES ((3-aminopropyl) triethoxysilane) were added and the 
mixture was refluxed. Then, for w-SiO2-NH2-GA a portion of the w-SiO2-NH2 spheres were 
suspended in GA (glutaraldehyde) in PBS buffer (pH 7.4).  

3. Laccase immobilization and crystal violet (CV) bleaching: For LCC3 immobilization, the 
corresponding solid was suspended in buffer at pH 7.0 and a proper volume of the enzyme 
solution was added. This solid was suspended and an aliquot of CV solution was added to reach 
an initial concentration of 10 mg/L. The mixtures were incubated for 24 h and then the samples 
were centrifuged, and the bleaching of the solution was determined by monitoring CV 
absorbance. The pH profile at room temperature and the temperature profiles in the optimum pH 
value were evaluated. The stability of the immobilized LCC3 was evaluated at pH 6 for 24 h. 
Reuse, storage and the effect of acetosyringone (ASG) as redox mediator was tested. 

 
Results: 
From TEM and SEM images of w-SiO2 particles they can be described as a denser cores surrounded 
by a radial lamellar zone that defines a wrinkled surface with walls width of ~10 nm. Functionalization 
with APTES and APTES-GA leads to broadener walls indicating that both are incorporated to the 
SiO2 surface. Both functionalizing agents ensuring enough space to lodge the protein molecules that 
will interact with the functionalizing agents grafted in the wrinkled walls. For the immobilized enzyme 
on w-SiO2-NH2-GA, the optimal pH and temperature were 6.0 and 40°C, respectively. The 
reutilization for the immobilized LCC3, was tested up to nine reaction cycles at the optimal condition. 
For the first six reaction cycles, the relative CV bleaching did not change after the storage at 4°C for 
1 week, and when the solid was kept at -15°C the relative bleaching drops about 40%. Finally, the 
presence of ASG improves the CV bleaching in both cases, reaching more than 95% of 
transformation at 24 h. 
 
Conclusions: 
The morphology of hierarchical meso/microporous silica spheres allows the grafting in the wrinkled 
walls, while the entries of the pores enable the accommodation of the enzyme without clogging of 
the porous system. This arrangement generates a higher mass of immobilized laccase per surface 
area, as compared to conventional mesoporous silica. The strategy developed for recombinant 
laccase (LCC3) immobilization can be extrapolated to other enzymes, since a high enzymatic activity 
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is obtained in an acidic to neutral medium, easy recovery and reuse, and the possibility of using 
redox mediators. 
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Introduction: 
Glucose/oxygen enzymatic fuel cells (EFCs) are devices that generate electrical energy using 
enzymes as catalyst for glucose oxidation and oxygen reduction. The oxygen reduction reaction 
involves four electron transfers, for which laccases are used for their ability to catalyze this process. 
Electron transfer can be mediated by using redox mediators, which transport electrons from the 
active site to the surface of the electrode, acting as a co-substrate for the enzyme. Osmium-based 
redox polymers are the most developed and evaluated mediators in the construction of biocathodes, 
since the potential of the compound can be modified depending on the ligands, the oxidation-
reduction process is reversible and is not seen affected by the pH of the medium and its high stability. 
These mediators in the presence of mono- and multivalent ions generate the formation of colloids 
that can build interfacial nanoarchitectures presenting efficient electron transfer process. 
 
Goal: 
Electrode modification with laccase and redox polyelectrolytes for oxygen reduction reaction (ORR). 
 
Methods: 
1. Production and purification of recombinant laccase: LCC3 from Trametes trogii was produced in 

Pichia pastoris and purified by Ni–NTA affinity chromatography. Purified LCC3 activity was 
determined by ABTS (2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic) acid) oxidation (pH 3.5, 
25°C) and total protein concentration was measured using bovine serum albumin (BSA) as 
protein standard. 

2. Redox polyelectrolyte synthesis: Branched polyethyleneimine (BPEI), polyallylamine (PAA), 
[Os(bpy)2Cl(PyCOH)]Cl (bpy: bipyridine, PyCOH: 4-pyridinecarboxyaldehyde) and 
[Os(dcbpy)2Cl(PyCOH)]Cl (dcbpy: 2,2’-bipyridine-4,4’-dicarboxylic acid) methanol solutions were 
prepared. Polyelectrolyte methanolic solution was added dropwise to the methanolic osmium 
complex solution. The mixture was left overnight under stirring at room temperature, then an 
excess of sodium borohydride was added. The non-reacting osmium complex is removed by 
dialysis using a 3 kDa cut-off membrane against water acidified at pH 3.0 with HCl. Osmium 
complex concentration was determined by UV-vis spectrophotometry and the amine:osmium 
ratio was determined by 1H-NMR. 

3. Biocathode for oxygen reduction: For electrode modification, redox polyelectrolyte and LCC3 
solution were added to multivalent ion (phosphate 10 mM or HEPES 50 mM) with KNO3 (0.2 M 
or 1.0 M) solution, to obtain 0.5 mM osmium and 0.25 mg/mL enzyme final concentration. 10 µL 
of the final solution was exposed to graphite working electrode and left to dry (relative humidity 
30%). All cyclic voltammetry experiments were carried out in a solution containing 0.1 M acetate 
+ 0.2 M KNO3 buffer solution at pH 4.5 in the presence of N2 or O2. 

Results: 
For redox polyelectrolyte with BPEI and [Os(bpy)2Cl(PyCOH)]Cl (OsBPEI), HEPES and KNO3 0.2 M 
was the optimal matrix which adsorbed 0.61 µg of LCC3 and yield 19 µA/cm2 catalytic current density 
and a relation of current density in the presence and in the absence of O2 (jc/j0) of 4.3. On the other 
hand, for redox polyelectrolyte with PAA and the same osmium complex (OsPAA) phosphate and 
KNO3 1.0 M was the optimal matrix with adsorbed 0.35 µg of enzyme. This bioelectrode showed the 
highest catalytic current density reaching 81 µA/cm2 and jc/j0 ratio of 5.2. Both redox polyelectrolytes 
have a 0.3 V vs Ag/AgCl normal potential.  
Redox polyelectrolytes with [Os(dcbpy)2Cl(PyCOH)]Cl (OsCOOHBPEI and OsCOOHPAA) showed 
a 0.45 V vs Ag/AgCl normal potential. HEPES and KNO3 0.2 M was the optimal matrix for 
OsCOOHBPEI, which adsorbed 0.50 µg of LCC3 resulting in 2.5 µA/cm2 catalytic current density 
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and a jc/j0 ratio of 5.8. Moreover, for OsCOOHPAA, phosphate and KNO3 0.2 M was the optimal 
matrix with 0.97 µg of adsorbed enzyme and generate 15.6 µA/cm2 catalytic current density and a 
jc/j0 ratio of 4.9. 
 
Conclusions: 
Multivalent ions (HEPES or phosphate) allow crosslinking between redox polyelectrolyte and enzyme 
through lysine or arginine amino acids with amine groups. Its effect depends on polyelectrolyte 
structure and ionic strength. Redox polyelectrolytes with PAA showed higher catalytic current density 
which suggest that this system adopt a compact conformation with a linear polyelectrolyte. In the 
case of redox branched polyelectrolyte, the structure is disorderly which can generate the osmium 
center was connected with less effectiveness. For redox polyelectrolyte with higher normal potential 
(0.45 V vs Ag/AgCl) lower density currents were obtained, since the potential difference between 
active site of the enzyme and osmium centers decrease, the driving force of the reaction decrease. 
These biocathodes yields high current density in the presence of O2 at static conditions and can be 
used on glucose/oxygen enzymatic fuel cells. 
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Oxidation of methionine to methionine sulfoxide (MSO) can lead to protein loss of function or 
degradation. Oxidized methionine is reduced by enzymes known as methionine sulfoxide reductases 
(MSR). MSR’s are conserved from prokaryotes to mammals and represent one of the largest groups 
of reductases devoted to reverting oxidative damage. However, our knowledge of these enzymes is 
limited to few examples of MSR’s from model organisms. In order to capture new members of this 
functional family from all domains of life, we developed an E. coli based genetic selection for MSR 
activity. This approach circumvents enzyme discovery processes that are limited by bioinformatic 
information or are mis-folded when expressed in E. coli. A genetic selection was developed to capture 
any enzyme that can supply reduced methionine to cell growth in a medium where the sole source 
of methionine is oxidized methionine. To identify enzymes that reduce free MSO in a prokaryotic 
genetic selection, libraries of environmental and microbial genomic DNA were screened for MSR 
activity. Selection were done in an E. coli strain lacking five methionine reductases which can’t grow 
on minimal media when MSO is provided, instead of reduced methionine. The hits we obtained allow 
us to identify the building blocks of methionine biosynthesis, MSO-based signaling and to speculate 
on the conservation and evolution of methionine redox biology. The new enzymes discovered ared 
being characterized bioinformatically and biochemically. MSR have a known role in redox signaling 
but may also have application in green chemistry and semisynthetic mechanisms due to their use in 
sulfoxide racemization.  
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Sugar alcohols are valuable molecules in many industrial processes. In celery (Apium graveolens), 
almost 80% of newly fixed CO2 is equally partitioned between sucrose and the sugaralcohol mannitol 
(Mol), while only a minor part is allocated to starch. Besides their role as photosynthates, sugar-
alcohols have a relevant function as compatible solutes, allowing plants to cope with different types 
of abiotic stress (cold, salinity, and drought). Mol dehydrogenase (MolDHase, EC 1.1.1.255) is a 
NAD+ -dependent enzyme that belongs to the medium-chain dehydrogenases/reductases family. In 
celery, MolDHase catalyzes the initial step by which the Mol transported to heterotrophic tissues is 
directed to central metabolism. In this work, we cloned the gene encoding celery MolDHase and 
obtained the recombinant enzyme fused to a His-tag at the N-terminus. MolDHase was purified by 
IMAC and kinetically characterized with the physiological substrates (Mol and NAD+ ), showing a 
Vmax of 1.8 U mg-1 for the oxidation of Mol, and S0.5 values of 25.5 and 0.97 mM for Mol and NAD+ 
, respectively. These parameters are similar to those reported for the enzyme purified from its natural 
source. We also determined that this enzyme is an 80 kDa homodimer, unlike the previously reported 
monomeric conformation. To evaluate the specificity of MolDHase for its substrates, we first 
constructed a 3D model of the enzyme using the crystal structure of the sinapyl alcohol 
dehydrogenase from Populus tremuloides (1YQD) as a template. This enzyme is a homodimer with 
71% sequence identity with celery MolDHase but is dependent on the cofactor NADP+ . A detailed 
analysis of the modeled structure showed that the active site comprises amino acids from both 
subunits. We also observed that Cys103, Cys106, Cys109 and Cys116 form a complex with the 
structural Zn2+ , while Cys50 , Cys166 , His70 and Ser52 (the latter, through a water molecule) are 
involved in complexing the catalytic Zn2+ . The model also allowed the selection of three amino acids 
that would be critical to switch the cofactor specificity of MolDHase from NAD+ to NADP+ . Using 
this information, we designed three mutants: D214S, D214S-I215T, and D214S-I215T-S343N. The 
catalytic efficiencies of the single (D214S) and double (D214S-I215T) mutants decreased for both 
cofactors; however, the D214SI215T-S343N triple mutant displayed a higher catalytic efficiency with 
NADP+ than with NAD+ . We found that the I215T mutation was detrimental to the general activity 
of the enzyme; thus, we designed a fourth mutant that did not include this change. The catalytic 
efficiency of the D214SS343N double mutant was 5-fold lower and 16-fold higher with NAD+ and 
NADP+ , respectively, when compared with the wild-type enzyme. Overall, our work provides detailed 
kinetic and structural knowledge to elucidate the determinants of substrate binding to celery 
MolDHase, providing useful information to better understand the reaction mechanisms operating in 
one of the critical enzymes involved in Mol metabolism. 
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Trichomoniasis, caused by the extracellular parasite Trichomonas vaginalis, is the most common 
non-viral sexually transmitted disease in the world. Instead of mitochondria, T. vaginalis has 
hydrogenosomes that produce H2 as an end product of anaerobic energy metabolism. Core enzymes 
of the hydrogenosome metabolism, such as pyruvate-ferredoxin oxidoreductase and Fe–Fe 
hydrogenases, are highly oxygen-sensitive. However, the parasite typically experiences oxygen 
stress in its natural environment, during the host transmission and hence must possess mechanisms 
to avoid inactivation of oxygen-sensitive enzymes and to remove reactive oxygen species. Some 
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decades ago, it was affirmed that cytosolic NADH and NADPH oxidases are among the parasite’s 
most important O2 scavenging enzymes, and recently, a single-domain flavodiiron protein (FDP) with 
hydrogenosome localization was studied. The single-domain FDPs are enzymes with a minimal core 
of two domains: a metallo-β-lactamase like harboring a diiron center, and a flavodoxin, FMN 
containing domains. FDPs are O2 or NO reducing enzymes; for many pathogens, they help mitigating 
the NO produced by the immune system of the host, and aid survival during fluctuating 
concentrations of oxygen. FDPs have a mosaic structure, being predicted to contain multiple extra 
domains. 
In this work, we present the functional characterization of two isoforms of multi-domain FDP 
(TvNROR-FDP1 and TvNROR-FDP2), which belong to a class-F protein, with a modular 
arrangement. In silico analysis showed that the proteins have an FDP canonical domain and two 
extra domains, predicted to be a short rubredoxin-like and a NAD(P)H:rubredoxin oxidoreductase. 
TvNROR-FDP1 and TvNROR-FDP2 were obtained by recombinant expression in Escherichia coli 
and purified proteins presented a dimeric structure by gel filtration chromatography. The ability to 
ligate prosthetic groups by the recombinant enzymes was evaluated by UV-Vis spectroscopy, TLC 
experiments, and metal quantification, showing evidence that TvNROR-FDPs conjugate FMN and/or 
FAD and iron atoms. Biochemical assays showed that both of them were able to catalyse the in vitro 
NAD(P)H-dependent O2 reduction. TvNROR-FDP1, but not TvNROR-FDP2, exhibited the NADH-
dependent O2 partial-reduction to H2O2. For O2 reductase activity, even though the pH-dependent 
activity profile resulted similar for both enzymes, it was observed a coenzyme-dependent profile. In 
addition, the inactivation by DPI-Cl showed that flavin moiety is essential for the TvNROR-FDP 
activity. TvNROR-FDP1 showed the capability of electron transferring to one and two-electron-
acceptor compounds, giving rise to diaphorase activity. However, the enzymes showed low activity 
for exogenous rubredoxin reduction. Basal expression was detected in T. vaginalis trophozoites by 
western blot experiment and their subcellular localization pattern revealed cytoplasmatic patterns. 
Altogether, the results suggest that TvNROR-FDP1/2 could be involved in oxidative stress protection 
in the parasite. To the best of our knowledge, this is the first characterization of class-F FDPs from 
an eukaryotic organism. 
 
Granted by ANPCyT (PICT2016-1778 and PICT2017-2268). 
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Acetolactate synthase (ALS, EC 2.2.1.6) or acetohydroxyacid synthase (AHAS) is involved in the 
first step in the biosynthesis of branched-chain amino acids (valine, isoleucine and leucine) in plants 
and microorganisms. The ALS enzyme is composed of two subunits: the catalytic and the regulatory 
ones. Five families of herbicides inhibit the ALS enzyme in plants. These are sulfonylureas (SU), 
imidazolinones (IMI), triazolopyrimidines (TP), sulfonylaminocarbonyltriazolinones (SCT), and 
pyrimidinylthiobenzoates (PBT). These ALS-inhibiting herbicides bind to the catalytic subunit, near 
the active site and block the substrate access. Several mutations in the ALS gene confer resistance 
to ALS-inhibiting herbicides. Some of them would impair ALS functionality and cause adverse 
pleiotropic effects on plant growth and fitness. Thus, the identification of ALS gene mutations, their 
resistance spectrum and the effects on the enzyme catalytic efficiency would provide useful 
information for predicting a resistance biological fitness in both weed species and transgenic or edited 
crops containing these genes/mutations, as well as for the design of control strategies. 
Amaranthus palmeri S. Watson is a problematic weed infesting summer crops in Argentina, which 
has developed resistance to ALS-inhibiting herbicides. Six versions of the enzyme were identified 
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from a resistant A. palmeri population, carrying the substitutions D376E, A205V, A122S, A282D, 
W574L and S653N. This work aims to determine a comparative analysis of these mutants and the 
wild-type (WT) enzyme for fully understanding the herbicide resistance. Thus, all the versions of the 
ALS gene from A. palmeri were heterologously expressed and purified to evaluate their kinetics and 
inhibitory response against imazethapyr (IMI), diclosulam (TP), chlorimuron-ethyl (SU), flucarbazone 
sodium (SCT) and bispyribac sodium (PBT). In addition, in silico herbicide binding to ApALS was 
analyzed to rationalize the effect of the novel A122S substitution, first found in plants. A decrease in 
the catalytic efficiency (from 2,5 to 22,5-fold) was detected in the A205V ApALS, A122S-A282D 
ApALS, W574L ApALS and S653N ApALS, while only A205V and W574L substitutions also 
produced a decrease  in the substrate affinity (7 and 15-fold, respectively). In vitro ALS inhibition 
assays confirmed the cross-resistance to almost all ALS-herbicides tested, with the exception of 
A282D ApALS, which was equality susceptible than WT ApALS. Moreover, the results confirmed 
that the novel substitution A122S provides an inhibition pattern according to the in vivo cross-
resistance to the five herbicides families and this property could be explained by a lower number of 
hydrophobic interactions between the herbicides and the mutant enzyme. Finally, the catalytic 
efficiency was affected by A122S, A205V, W574L and S653N substitutions, suggesting a potential 
fitness cost in the A. palmeri population. 
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Ferredoxin-NADP+ reductases (FNRs) are ubiquitous flavoenzymes involved in redox metabolisms. 
FNRs catalyze the reversible electron transfer between NADP(H) and ferredoxin or flavodoxin. They 
are classified as plant- and mitochondrial-type FNR. Plant-type FNRs are divided into plastidic and 
bacterial classes (FPRs) and the latter are also divided into two subclasses. Members of bacterial 
and plastidic classes differ not only in sequence alignment but also in the environment of the active 
site, FAD conformation and catalytic efficiency. Plastidic FNRs show turnover numbers between 20 
and 100 times higher than FPRs and these differences have been related to their physiological 
functions. Moreover, FPRs contain a structured variable carboxyl terminus that has not allowed to 
propose logical models that justify how the substrate reaches the active site. FPRs participate in 
metabolic pathways especially appropriate for the development of antimicrobial agents since they 
are not present in humans. Thus, they can be used for the design of inhibitors in the fight against 
diseases caused by different pathogens. 
We have previously obtained crystals of a mutant Escherichia coli FNR (EcFPR) with bound NADP+, 
although the nucleotide substrate had not been added in the crystallization procedure. The NADP+ 
molecule interacts with three arginines (R144, R174 and R184) that are conserved in other FPRs of 
different subclasses, but not in the plastidic type enzymes. These residues could be responsible for 
generating a structured site with a very high affinity for NADP+.  
In this work, we used both an enzymatic method based on the reaction of glucose-6-phosphate 
dehydrogenase (G6PD) and HPLC to measure the nucleotide content in the reductases. We 
demonstrated that purified EcFPR contains tightly bound NADP+ at a ratio of 0.99 mol/mol. The 
nucleotide remains attached to the enzyme after extensive dialysis and gel filtration. In order to 
elucidate if this also occurs with other FPRs or FNRs, we analyzed the enzymes from Pectobacterium 
carotovorum (PcFPR) and Brucella abortus (BaFPR) and two plastidic type FNRs, from Pisum 
sativum (PeaFNR) and Leptospira interrogans (LepFNR). We observed that althought with different 
extent, all FPRs contain the nucleotide bound. In contrast, the plastidic type FNRs did not. We found 
a correlation between the amounts of NADP+ bound to the FNRs and their catalytic rate constants. 
By kinetic studies we observed that the presence of NADP+ considerably reduced the catalytic activity 
of EcFPR, which was recovered when the nucleotide was removed from the enzyme.  
Furthermore, we analyzed the effect of the bound NADP+ on the structural stability of FNRs by 
Thermal shift assays and showed that the NADP+ binding produced a structural stabilization of FPRs, 
but no effect was observed on the plastidic counterparts.  
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To further investigate the participation of the abovementioned arginine residues in the tight binding 
of NADP+, we constructed different EcFPR and PeaFNR mutant enzymes. The structural and kinetic 
characterization of these proteins allowed us to confirm that R144 and R184 in EcFPR are involved 
in a structured site with a very high affinity for NADP+. The replacement of the residues present in 
PeaFNR in the analogous positions by arginines did not produce an increase in the content of bound 
NADP+ and no catalytic alterations were observed, suggesting that the NADP+ binding mode would 
be different in the plastidic FNR. 
Based on our observations we propose a novel catalytic and regulatory mechanism for the EcFPR 
in which a tightly bound NADP+ substrate itself controls this flavoenzyme activity and would be 
involved in the NADPH/NADP+ regulation. At low cellular NADPH concentration, the enzyme displays 
a basal activity as it is inhibited by the tightly bound NADP+. When the NADPH concentration 
increases, the oxidized nucleotide is released and the enzyme activated, thus accelerating the 
removal of the reduced nucleotide excess. This would be essential to ensure bacterial life by 
modulating the NADP(H) pool and consequently preserving the bacterial redox homeostasis. This 
phenomenon might be used as a differential target for the inactivation of metabolic pathways in which 
the FPRs participates in pathogenic bacteria. 
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Phosphoenolpyruvate carboxykinase (PEPCK) is an enzyme distributed in all groups of organisms. 
It catalyzes the reversible reaction of decarboxylation and phosphorylation of OAA to generate PEP 
and CO2 using a nucleotide molecule or PPi for the transfer of phosphoryl, and requires the presence 
of a divalent metal (generally Mn2+) for its activity. Three groups can be distinguished within the 
PEPCKs, based strictly on the specificity of the phosphate donor: the ATP-dependent PEPCKs, 
found mainly in bacteria, yeast, higher plants and trypanosomatids; the GTP-dependent PEPCKs, 
present in molluscs, insects, fungi and vertebrates and the PPi-dependent PEPCKs found in some 
bacteria and protozoa. The primary role of PEPCK in most organisms is the formation of PEP in the 
first committed step of gluconeogenesis. In leaves of Crassulacean acid metabolism (CAM) and C4 
plants as well as in some diatoms, PEPCK functions as a decarboxylase involved in CO2-
concentrating mechanisms. So far, in green microalgae, it has not been described its function or 
kinetics. In our group, we decided to determine the physiological and biochemical role of a PEPCK 
from Chlamydomonas reinhardtii (ChlrePEPCK). First, we studied the transcriptional expression of 
ChlrePEPCK at two different times of the light/dark cycle and found that its relative expression is 
higher in light condition than in dark condition. We could also detect ChlrePEPCK in C. reinhardtii 
crude extracts by Western Blot. Moreover, we tested for PEPCK activity in C. reinhardtii crude 
extracts and we could measure it in both directions, being the velocity of OAA decarboxylation greater 
than that of PEP carboxylation. Second, we analysed ChlrePEPCK sequence by comparison with 
homologous from other algae and plants: the four domains described for PEPCKs (PCK domain, 
kinase-1a domain, kinase 2 domain and ATP-binding motif) were highly conserved in ChlrePEPCK. 
We built a homology model of ChlrePEPCK using the 3D structure of T. cruzi PEPCK (PDB code 
1II2) as template finding that ChlrePEPCK model exhibits a fold similar to 1II2: a typical PEPCK 
folding of a mixed α/β structure that consists of an N-terminal and a C-terminal mononucleotide-
binding domain, with the two domains separated by a deep cleft which contains the active site. Third, 
ChlrePEPCK was cloned and purified to homogeneity and its biochemical properties were 
characterized. After studying its thermal and pH behaviour, we found that ChlrePEPCK carboxylates 
PEP and decarboxylates OAA with a hyperbolic response and maximum activity at pH 6 and 7, 
respectively and at 25°C. Again, PEPCK activity was higher in the direction of OAA decarboxylation. 
It has been reported that PEPCK activity in plants is affected by several metabolites. So, to survey 
potential regulatory mechanisms of algae PEPCK, the response of the purified enzyme to several 
metabolites, including glycolytic and Krebs cycle intermediates and amino acids, were tested. We 
found that ChlrePEPCK is allosterically modulated by some metabolic intermediates. 

mailto:torresi@cefobi-conicet.gov.ar
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The results obtained in the present work are in agreement with the general assumption that PEPCK 
primarily operates in the gluconeogenic pathway in vivo. Furthermore, given PEPCK importance and 
its involvement in numerous metabolic pathways, metabolite regulation would be a way to fine-tune 
PEPCK activity in vivo. All these findings may also contribute to a better understanding of PEPCK 
evolutionary process in the green lineage. 
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Biological control is a promising alternative to regulate populations of pathogenic fungi responsible 
for various phytosanitary problems. The Trichoderma genus is widely used as a biocontrol agent due 
to its wide mycoparasitic capacity. Its main mechanism of action is the secretion of extracellular 
mycolytic enzymes, such as chitinases, β-1,3-glucanases, and proteases. The objective of the 
present work was to optimize the components of a liquid culture medium to enhance the mycolytic 
enzymatic activity of the Trichoderma koningiopsis POS7 strain, previously selected by our working 
group for presenting high biocontrol activity. 
Through the use of a response surface design (RSM), Box-Behnken, the effect of three 
concentrations of the yeast extract nitrogen source was tested: 0.2 g/l.; 1.1 g/l.; 2 g/l.; three initial 
inoculum concentrations: 2x107 spores/ml.; 1x107 spores/ml.; 1x106 spores/ml.; and three different 
pH's of the culture medium: pH 7; pH 5.5; pH 4. Seventeen assays in liquid fermentation were carried 
out, with continuous stirring at 100 rpm at 28 ± 1 ºC for 12 days. A concentration of 7% of Fusarium 
sp. treated cell walls was used as a carbon source, which was previously selected for showing 
statistically significant and positive effects on the enzymatic secretion of chitinases, β-1,3 glucanases 
and proteases. To quantify protease activity, the azocasein method was used; and for the  chitinases 
and β-1,3-glucanases activities, the dinitrosalicylic acid method was used and the results were 
analyzed using the statistical program Statgraphics centurion XVI. 
After the analysis of variance of RSM, a statistically significant positive effect was observed by the 
concentration of 0.2 g/l. of the nitrogen source (p <0.05) for the three enzymes. The concentration of 
1x107 spores/ml. initial inoculum was statistically significant and positive (p <0.05) for protease and 
chitinase activities; and the concentration of 2x107 spores/ml., it was for the β-1,3-glucanases activity 
. Regarding the pH of the culture medium, the pH 4 was statistically significant and positive (p <0.05) 
for the proteases and chitinases activitiess; and the pH 5.5 was for the β-1,3-glucanases activity. 
From these results, the optimal theoretical values to optimize the enzymatic activities were a 
concentration of 0.25 g/l of yeast extract as nitrogen source; a concentration of 1.27x107 spores/ml. 
as initial inoculum and a pH of 4.6,. These conditions were experimentally validated, obtaining values 
higher than those predicted. Therefore, from the RSM experimental design in liquid fermentation, it 
was possible to increase the enzymatic proteases activity by 67.4 %, the β-1,3-glucanases activity 
by 118.6 % and the chitinases activity by 81.2 %. 
The results obtained allowed to optimize the secretion of mycolytic enzymes under controlled 
conditions in liquid fermentation by T. koningiopsis POS7, which continues to enhance the use of 
this strain in biological control. 
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In the province of Misiones, one of the main pests that affects forestry are leaf cutter ants. Its forage 
activity consists of cutting and transporting fresh plant material to its nest, on which the fungus 
Leucoagaricus gongylophorus (Basidiomycota: Agaricales) grows, which is its main source of food. 
On the other hand, the fungi of the Escovopsis genus (Ascomycota: Hipocreales), are considered 
specialist parasites of L. gongylophorus. These mycoparasites secrete extracellular mycolytic 
enzymes, mainly chitinases, β-1,3-glucanases and proteases, which are capable of hydrolyzing the 
components of the cell walls of their host. Therefore, Escovopsis appears as a potential indirect 
biocontrol agent of leaf cutter ants. An effective way for its biotechnological application is to induce 
its mycolytic activity, optimizing its fermentation conditions, and biochemically characterizing the 
enzymes with optimized biocontrol capacity. 
Therefore, the aim of this work was to determine the optimal reaction temperature and pH conditions 
of proteases, chitinases and β-1,3-glucanases, in optimized enzymatic supernatants of a native strain 
of Escovopsis of Misiones. 
A promising strain of Escovopsis primorosea HMP9 was used with an inoculum concentration of 4 x 
106 spores/mL. Culture media previously optimized for the secretion of mycolytic enzymes were used 
in liquid fermentation with an initial medium pH of 4,63. As a carbon source, cell walls of L. 
gongylophorus (0,36 g/L) were used, and as a nitrogen source the Mandels complex whose 
nitrogenous components were, urea (0,1 g/L), yeast extract (1,86 g/L) and ammonium sulfate (0,21 
g/L) were used. 
To quantify protease activity, the azocasein method was used; and for the β-1,3-glucanases and 
chitinases activities, the dinitrosalicylic acid method was used. A one factor optimization design at a 
time was used, using as initial pHs those indicated in the standardized protocols for these enzymes. 
The effect of temperature on protease activity was evaluated by incubating the reaction mixtures at 
pH 7,4 and different temperatures; 25, 37, 45, 55, 65, 75, 85, and 95 °C; for chitinases the reaction 
mixtures were incubated at pH 4,8 and temperatures of 25, 37, 45, 55 and 65 ° C; and for β-1,3-
glucanases the reaction mixtures were incubated at pH 5 and temperatures of 25, 40, 50, 60 and 70 
°C. The effect of pH was determined by incubating the reaction mixtures at optimal temperature, 
using different buffers to vary the reaction pH; for proteases pHs 5, 6, 7, 7,4, 8 and 9 were tested; 
for chitinases 3, 4, 4,8, 5, 6 and 7 were tested; and for β-1,3-glucanases 3, 4, 5, 6 and 7 were tested. 
The other reaction conditions were kept constant and the assays were carried out in duplicate. The 
enzymatic activity was expressed in U/L. The data were processed using the statistical program 
InfoStat version 2018. An analysis of variance (ANOVA) and a test of difference between means 
were performed, using the Tukey test, with a confidence level of 95,0%. 
Regarding the protease activity, the maximum activity (393,15 ± 8,35 U / L) was observed at 85 °C 
and pH 7,4 with a statistically significant difference (p < 0,05) with respect to the other conditions. 
For the chitinase activity, no significant differences were observed in the temperature range from 37 
to 55 °C, and between pHs 4 to 5, obtaining a higher activity (51,9 ± 2,54 U/L) at 45 °C and pH 4. 
For the β-1,3-glucanase activity, the maximum activity (547,035 ± 6,69 U/L) was obtained at 60 °C 
and pH 5, with a significant difference (p < 0,05) with respect to the other conditions. 
These results made it possible to establish the optima temperature and pH conditions in which 
enzymes with biocontrol capacity act. Subsequently, the enzymatic stability over time of each 
enzyme against different pH and temperature conditions will be determined. The biochemical 
characterization of the optimized fungal supernatants represents an important factor for the efficient 
application of these mycolytic enzymes in the indirect biological control of leaf cutter ants. 
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Iron-sulfur (Fe-S) clusters are essential cofactors present in all known forms of life, and hundreds of 
proteins require such cofactors to work. In eukaryotes, the biogenesis of most Fe-S clusters occurs 
in the mitochondria. The process involves the interactions and activities of several key proteins that 
form a supercomplex, namely L-Cys desulfurase NFS1, the heterodimer APC-ISD11, the scaffolding 
subunit ISCU, and the activator FXN. The functional form of the L-Cys desulfurase NFS1 is stabilized 
by the interaction with ACP-ISD11. The Fe-S cluster biosynthesis involves (a) the desulfurase activity 
that uses L-Cys to produce L-Ala and a persulfur, and (b) iron, sulfur, and electron transferring to 
ISCU, for the Fe-S cluster assembly. Key residues of the FXN surface form part of the assembly site. 
Here, we propose the quaternary addition of nanobodies to the supercomplex to modulate its 
conformational stability and function. Nanobody libraries were prepared and several nanobodies 
showing an affinity for FXN were selected using the phage display technology. Some nanobodies 
exhibited marked inhibitory activity of L-Cys-NFS1 desulfurase function. We suggest that these 
nanobodies may interact with FXN surfaces essential for the consolidation of the supercomplex. On 
the other hand, a small number of nanobodies that bind to FXN did not alter the activity of the 
supercomplex. We will investigate whether these antibodies could contribute to successfully stabilize 
unstable FXN variants, improving Fe-S cluster biosynthesis. Furthermore, we think that these new 
tools will contribute to the understanding of this intricated catalytic process. 
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Enzyme function could be integratively analyzed by structural and biochemical studies in order to 
design and introduce desired characteristics. Malic enzyme (ME) is a ubiquitous enzyme that 
catalyzes the oxidative decarboxylation of malate. The high number of ME crystal structures available 
from different species facilitates comparisons between sequence, structure, and function. Here we 
focus in the study of structural determinants necessary for fumarate allosteric activation of the NADP-
ME2 isoform from Arabidopsis thaliana. As the 3D structure for this enzyme is not yet reported, we 
characterized the NADP-ME2 allosteric site by structural modeling, molecular docking, normal mode 
analysis and mutagenesis. Our results suggested that other C4 acids including malate, NADP-ME2 
substrate, could also fit into fumarate’s pocket. A new group of non-conserved hydrophobic residues 
was identified in the second sphere adjacent to the allosteric site. The substitution of one of those 
residues, L62, by a less flexible residue as tryptophan, resulted in a complete loss of fumarate 
activation and a reduction of substrate affinities for the active site. In addition, conformational 
changes leading to the regulation could originate in the region surrounding L62, extending through 
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the allosteric site till the active site. Altogether these results contribute to the understanding about 
how minimal differences in the amino acid sequence impact on the regulatory signal transmission 
without affecting the global protein structure. 
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Fe-S clusters are among the oldest and most versatile cofactors used by most living organisms. They 
are formed by atoms of iron and inorganic sulphide. Although they can be synthesized non-
enzymatically in vitro, their biosynthesis is catalyzed by specific enzymes. Three complete systems 
responsible for the biosynthesis of groups [Fe-S] were discovered in bacteria: NIF (nitrogen fixation), 
SUF (sulphur mobilization) and ISC (iron and sulphur cluster) and in eukaryotes the presence of a 
ISC and SUF homologous system in mitochondria and chloroplasts, respectively. In this work we 
address the initial characterization of this pathway in algae. First, we performed the identification in 
silico of gene and protein sequences possibly related to the biogenesis of Fe-S clusters in green and 
brown algae (Nannochloropsis gaditana, Chlorella vulgaris and Ectocarpus siliculosus) using the 
Phytozome database (https://phytozome.jgi.doe.gov). After performing sequence alignments and 
considering the high conservation found between the amino acid sequences, the frataxin from N. 
gaditana (NangaFH) was selected to perform its functional characterization. The sequence of 
NangaFH contains 204 amino acids, a mitochondrial targeting transit peptide of 82 residues and a 
frataxin domain comprised between residues 94 to 199. Within this domain the iron-binding sites are 
conserved (E95, D103, E104, D107, A111, D114, A115, D122 and E124). The recombinant protein 
was expressed in E. coli cells and purified to homogeneity. We evaluated their ability of NangaFH to 
attenuate the Fenton reaction by measuring the inhibition of malondialdehyde production after the 
addition of thiobarbituric acid. As previously suggested, frataxin could function as iron chaperone 
and in this way, its presence could attenuate oxidative damage by metals. Results showed that 
NangaFH did not attenuated the Fenton reaction in contrast to the frataxins from C. vulgaris and 
A.thaliana (both proteins attenuated the Fenton reaction about 23%). To determine whether 
NangaFH overexpression decreases the sensitivity of E. coli cells to oxidative and metal stress, 
bacterial cells overexpressing this protein were incubated in the presence of hydrogen peroxide, 
chromium and zinc. Our results showed that the expression of NangaFH allowed a better growth of 
E. coli cells under oxidative conditions. These results suggest that algae frataxin would have a 
protective role against oxidative stress in algae. 
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Euglena gracilis is a fresh water protist with a large metabolic capacity because it is able to grow 
photosynthetically or heterotrophically. E. gracilis is a microorganism of interest in biotechnology and 
biomedicine due to its ability to generate bioproducts such as polysaccharides, polyunsaturated fatty acids, 
vitamins, wax esters and other metabolites. Paramylon is the main reserve polymer of E. gracilis. It is a water-
insoluble β-1,3-glucan with a high degree of polymerization. There is little information about the enzymes 
involved in the metabolism of paramylon. Recently, the presence of a protein in E. gracilis belonging to the 
family 149 of glycosyl hydrolases (EgGH149) was reported. GH149 is a new family of "carbohydrate active 
enzyme" (CAZyme) and is thought to group glycosyl phosphorylase. Glycosyl phosphorylases can catalyze the 
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degradation / synthesis of β-1,3-glucan. To obtain information about the function of this enzyme, we produced 
it in recombinant form, soluble and active. 
The kinetic parameters of the enzyme in both senses (and for several substrates) were determined. We have 
studied the partition of a disaccharide of glucose with β-1,3 bond (laminaribiose or Lam2) with inorganic 
phosphate and we found that the enzyme had its maximum activity at pH 7.5 and at 40 ° C (Kcat of 9.1 s-1 and 
a Km values of 1.57 mM for inorganic phosphate and 1.24 mM for the Lam2). We observed that the enzyme 
had no activity when testing other types of disaccharides. EgGH149 efficiency decreases with an increasing 
degree of polymerization (PD), lacking activity with laminarin (PD ~ 30) or paramylon (PD ~ 3000). 
On the other hand, EgGH149 catalyzed the condensation of glucose with glucose-1-Phosphate (Kcat 1.32 s-1 
and Km 1.81 for the glucose). We also carry out promiscuity tests for sugar phosphate and free sugar, finding 
that it is specific for glucose-1-phosphate. We also show determined that EgGH149 is capable of using Lam2 
and 2-deoxy-glucose with lower affinity than glucose. We do not detect enzymatic activity when evaluating other 
acceptors. 
In order to know the quaternary structure of the enzyme we perform a gel filtration chromatography, showing 
that the EgGH149 forms homodimers in agreement with previous reports for the same enzyme from other 
sources. With this information and the crystallized structure of another protein belonging to GH149 we made a 
3D model of the protein in which we detected a laminarihexose binding surface away from the active site. In this 
regard, we decided to study the ability of enzyme to bind paramylon and laminarin, but we did not observe 
binding of the EgGH149 to the substrates tested. 
We use the recombinant protein to obtain specific serum against EgGH149. Through western blot assays we 
show the presence of the protein in cells grown under autotrophic and heterotrophic conditions. In order to obtain 
information about its intracellular location, we performed a confocal microscopy assay: we observed signal 
recognition in the cytosol, forming hotspots near the paramylon granules regardless of the culture condition 
analyzed. This work provides information about the kinetic and structural behavior of this enzyme, as well as its 
distribution pattern in E. gracilis cells. 
 
Granted by ANPCyT (PICT´16 1110 and PICT´19 0349). 
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Gamma-aminobutyric acid (GABA) is a non-protein amino acid widely distributed in nature, having 
diverse physiological functions and great potential health benefits. Due to its relevance, GABA is 
becoming recognized as an essential nutrient for a healthy and balanced diet. Levilactobacillus brevis 
species, constitute the most competitive and technologically relevant group of microorganisms used 
to synthesize GABA since they are able to produce high levels of this compound within a variety of 
food matrices. Glutamic acid decarboxylase (GAD) system is responsible for glutamate 
decarboxylation and GABA secretion and consists of two important elements: a glutamate/GABA 
antiporter GadC and a GAD enzyme, either GadA or GadB. In addition, most L. brevis strains encode 
a transcriptional regulator, gadR, immediately upstream of the gadCA operon which positively 
regulates its expression. Previously, we demonstrated that CRL 2013 is able to grow and produce 
high amounts of GABA in fructose-supplemented MRS rich medium with a conversion rate of 

glutamate to GABA  99%. Furthermore, GABA synthesis was impaired when this strain was grown 

at the expense of pentoses as the only carbon source. This impairment on GABA production was 
partially overpassed by the addition of ethanol to the culture media. Interestingly, CRL 2013 was 
unable to produce GABA after incubation in a chemically defined medium (CDM). Thus, the aim of 
this study was to analyze the effect of the carbohydrate and nitrogen source on the growth and GABA 
production by L. brevis CRL 2013 using a CDM. The addition of different nitrogen sources such as 
casitone (C), vegetal peptone (VP) and yeast extract (YE) stimulated the growth of CRL 2013 in both 
hexose and pentose- based CDM. Nevertheless, GABA synthesis could only be triggered in the 
presence of hexoses and YE, C or PV being highest in YE. Conversely, with xylose as the only 
carbon source, the supplementation of the basal CDM with several nitrogen sources did not allow 
GABA production and only low GABA levels were detected after 72 h of incubation in the presence 
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of YE. In an attempt to restore GABA production, ethanol (0,25 g/L) was added to the xylose-CDM. 
Interestingly, the addition of ethanol could restore partially GABA production in the presence of YE. 
In order to gain insight to the transcriptional changes that could be associated to GABA production, 
the expression of genes encoding key enzymes and regulatory elements within the GAD system and 
of the ccpA gene, involved in catabolite repression, was assessed through RT-qPCR using recA as 
the housekeeping gene. In the hexose- CDM, the expression of gadR and gadA was significantly 
increased in the presence of C and YE in both exponential and stationary growth phases in 
comparison with the non-supplemented CDM. At 24 h, gadR was overexpressed 112 and 90 times 
in the presence of YE and C respectively, when compared to the control CDM. Moreover, the 
expression levels of gadA were 2800 and 1000 times higher in the presence of YE and C 
respectively, when compared to the same control. However, when transcription levels were 
compared against the YE-supplemented xylose CDM (YE-xCDM) at 24 h, gadA and gadR were 
upregulated 1000 and 200 times respectively, in the presence of hexoses. The addition of ethanol to 
the YE-xCDM was translated into significantly higher gadA and gadR transcript levels compared with 
the same medium without ethanol (190 and 275- fold change respectively). Furthermore, no 
significant differences were observed for gadB while ccpA was 50 times upregulated in the presence 
of glucose and fructose when compared to the YE-xCDM, which was compatible with an active 
catabolite repression. Additionally, the expression profiles revealed that gadA and gadR were 
upregulated and gadB downregulated in the stationary growth phase in the presence of hexoses, 
whereas the opposite behavior was observed in the presence of xylose. This pattern was reversed 
after the addition of ethanol to YE-xCDM. To our knowledge, this is the first report regarding the 
impairment of the GAD system in the presence of pentoses as sole carbon sources and the 
restoration of GABA production upon ethanol supplementation in a CDM context within lactic acid 
bacteria. Taken together, these results contribute to the understanding of the regulation of the GAD 
system in LAB and highlight the potential use of alternative carbon sources to produce high GABA 
levels. 
 

EB-14  
Glycolysis in Agrobacterium tumefaciens revisited: characterization of a 

pyrophosphate dependent 6-phosphofructokinase 
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The interconversion of fructose-6P (Fru-6P) and fructose-1,6-bisP (Fru-1,6-bisP) is a critical node in 
all organisms, where three enzymes participate in the latter. Phosphofructokinase (EC 2.7.1.11, PFK) 
phosphorylates Fru-6P by means of ATP while fructose-1,6-biphosphatase (EC 3.1.3.11) releases 
Pi from Fru-1,6-bisP. These two enzymes catalyse irreversible reactions, with coordinated regulation 
at different levels, allowing glycolysis and gluconeogenesis to proceed. A third reversible activity is 
catalysed by a 6-phosphofructokinase (EC 2.7.1.90, PFP) using pyrophosphate as a Pi donor. First 
described in trypanosomatids, PFPs were extensively characterized in plants but little is known 
regarding the properties from prokaryotic sources.  
Members of the Agrobacterium genus were reported to metabolize glucose (mainly) through the 
Entner-Doudoroff pathway. Accordingly, previous studies demonstrated the absence of the 
“canonical” PFK activity in Agrobacterium tumefaciens crude extracts. However, A. tumefaciens 
genomic analysis reveals the presence of genes for almost all enzymes from the Embden–Meyerhof–
Parnas pathway. Notably, at the Fru-6P/Fru-1,6-bisP node only one sequence (Atu2115) was found 
putatively encoding a pyrophosphate-dependent phosphofructokinase. Then, the main goal of this 
work was the biochemical characterization of the A. tumefaciens putative PFP enzyme. The Atu2115 
gene from A. tumefaciens strain C58 was de novo synthesized, cloned into the pET28 expression 
vector, expressed in Escherichia coli BL21 (DE3) and after IMAC purification, the enzyme was 
obtained pure.  
The enzyme was confirmed concerning its PFP activity in in vitro assays. Remarkably, no other 
phosphorylated sugars were utilized as a substrate and PPi was the specific Fru-6P phosphoryl 
donor. Kinetic constants were determined for the forward (glycolytic) and reverse (gluconeogenic) 
reactions. The AtuPFP activity was 2-fold higher in the gluconeogenic direction (280 U/mg) than in 
the glycolytic one (144 U/mg), and showed higher affinity towards Fru-1,6-bisP (Km 0.03 mM) than 
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for Fru-6P (Km 1 mM). Therefore, AtuPFP depicts better catalytic efficiency (~65-fold) in the 
gluconeogenic direction of the reaction. In addition, AtuPFP displayed different apparent affinities for 
Pi (Km 2.9 mM) and PPi (Km 0.14 mM), being 10-fold more efficient for the glycolytic direction. We 
also explored allosteric AtuPFP regulation and a preliminary screening showed that Fru-1P and 
phosphoenolpyruvate acted as inhibitors in the glycolytic direction. Curiously, Fru-1P activated 4-fold 
the activity in the gluconeogenic way. These kinetic and regulatory properties agree with a putative 
metabolic scenario where carbon and phosphorus availability could be linked to AtuPFP. Finally, we 
analysed A. tumefaciens crude extracts for PFP activity, obtaining values around 0.3 U/mg in different 
culture conditions. 
The work presented herein shows an enzyme allowing Fru-6P/Fru-1,6-bisP interconversion in A. 
tumefaciens, thus widening the knowledge regarding glycolytic pathways in this organism. As well, 
this is a pioneering study addressing the allosteric regulation of prokaryotic PFP, a promising tool for 
metabolic engineering of organisms of biotechnological interest. 
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Certain lactic acid bacteria (LAB) are capable of producing an extracelular α–D–glucan 
homopolysaccharide (HoPS) formed by glucose units when growing in sucrose-enriched media. 
Their structural diversity is linked to their vast commercial value and applications in the food, 
cosmetic, medical, and biotechnology fields, reaching much attention in recent years. In this sense, 
this HoPS type is synthesized in large amounts by extracellular free or cell-anchored enzymes called 
glucansucrases (GSs: dextransucrase, mutansucrase, alternansucrase, and reuteransucrase) 
belonging to the GH70 family. Usually, these GSs use the glycosidic bond energy from sucrose to 
extend the polymerization of glucosyl units. Previously, we reported the bioprospection of thirty-one 
HoPS producer LAB strains, isolated from wild fruits of northern Argentina and belonging to the 
Weisella (W.) and Leuconostoc (Ln.) genera in a sucrose- enriched MRS medium (MRS-S). In 
addition, the HoPS from the selected producer strains (W. cibaria FMy 2-21-1, W. confusa CRL951, 
Ln. pseudomesenteroides F-G2-22, Ln. citreum F-Cq1-496 and Ln. dextranicum CRL983) were 
purified and subsequently characterized, turning out to be all dextrans (α–glucan type). Thereby, we 
aimed to identify the GS encoding genes in the aforementioned five LAB strains and evaluate the 
GS activity in both extracellular contexts (supernatant and cell pellet) of MRS-S cultures. Finally, we 
selected one strain with the highest GS activity for further studies: morphology (TEM), polymer 
production (PAS reaction), bacterial growth (CFU.mL-1), sugar consumption (HPLC), and acidifying 
activity: pH and organic acids production (HPLC). Total DNA was extracted following the protocol 
described by Pospiech and Neumann for Gram positive bacteria and PCR reactions were performed 
using oligonucleotides designed to amplify regions within specific GS genes. The resulting amplicons 
were sequenced and used as query the BLAST tool in the NCBI database 

(https://www.ncbi.nlm.nih.gov/). The screening for putative GS genes revealed a positive signal for 

all HoPS+ strains that possess high sequence identity with GS genes from LAB strains of the same 
species. For example, the sequence analysis for FMy 2-21-1 and CRL983 strains showed 92.77% 
and 95.77% similarity to the gene coding for a GS of W. cibaria LBAE-K39 (GU237484.3) and Ln. 
dextranicum strain DSM 20484 (CP012009.1), respectively. Extracellular GS activity, either in the 
culture supernatant or cell pellets, were determined in an enzymatic reaction mixture with 5% sucrose 
through the Somogyi - Nelson assay. The extracellular activities showed large variation among the 
strains, from 5.24 U/Log(CFU.mL-1) to 10.66 U/Log(CFU.mL-1) corresponding to CRL983 and F-Cq1-
496 strains, respectively. By contrast, only Ln. citreum F-Cq1-496 exhibited activity in cell pellet, 
which was higher than in supernatant [32.55 U/Log(CFU.mL-1) and 10.66 U/Log(CFU.mL-1), 
respectively]. Therefore, we selected the F-Cq1-496 strain to study their metabolic activity in MRS-
S culture at 30ºC (0, 3, 6, 10 and 16 h). At the end of fermentation, the LAB strain grew more than 
three logarithmic units of CFU.mL-1 (3.33 Log(CFU.mL-1) and reduced the pH of the culture medium 
by two pH units (2.16). The increase in acidity was associated with the production of lactic acid (3.33 

https://www.ncbi.nlm.nih.gov/
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g.L-1) and acetic acid (2.17 g.L-1). Moreover, the polysaccharide production was 609 mg.L-1 in 
concomitance with a drastic decrease of sucrose. Finally, mannitol production (>1.5 g.L-1 at 24 h) 
was observed associated to decreasing levels of fructose released from sucrose. Therefore, fructose 
can either be used as a carbon source to obtain ATP or as an electron acceptor to synthesize 
mannitol and regenerate NAD+ via the mannitol dehydrogenase reaction. TEM micrograph showed 
a strong interaction between the LAB strain and the polymer matrix generated. In conclusion, GS 
genes were detected in all studied LAB strains and though the extracellular enzyme activities were 
varied, only Ln. citreum F-Cq1-496 exhibited GS activity in their cellular pellet. Therefore, Ln. citreum 
strain was selected to evaluate different fermentation parameters, exhibiting the highest polymer 
production with effective performance in the studied sucrose-enriched medium. 
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Partitioning of glucose-1P (Glc-1P) is an important task to comprehend carbohydrate metabolism in 
microorganisms and their potential as biotechnological tools for glycan synthesis. In bacteria, UDP-
glucose (UDP-Glc) and ADP–glucose (ADP-Glc) are built from glucose-1P by UDP-Glc 
pyrophosphorylase (EC 2.7.7.9) and ADP-Glc pyrophosphorylase (EC 2.7.7.27), depending if the co-
substrate is UTP or ATP, respectively. The former enzyme is encoded by galU genes, while the latter 
by glgC genes.  
Kocuria rhizophila is a relevant Actinobacteria because it degrades phenolics compounds (such as 
those from lignin) and tolerates 10% sodium chloride in growth media. A genomic analysis shows 
that K. rhizophila presents a glgC gene duplication (glgC93 and glgC127) but a single galU copy. 
Since gene duplication may lead to functional redundancies when the encoded proteins have the 
same activity or overlapping substrate ranges, critical questions arise given the putative scenario 
with two ADP-Glc pyrophosphorylases. The last-mentioned is the key regulated enzyme in microbial 
glycogen synthesis, allowing ADP-Glc synthesis under particular physiological circumstances. The 
two KrhGlgC93 and KrhGlgC127 proteins share 31% identity.  
Here, we present the characterization of KrhGlgC93, KrhGlgC127, and KrhGalU enzymes from K. 
rhizophila to understand carbon split at the Glc-1P node. The molecular cloning, recombinant 
expression, and IMAC purification allowed obtaining the three enzymes at a pure electrophoretic 
degree. Kinetic analysis showed that KrhGalU is a typical prokaryotic UDP-Glc pyrophosphorylase, 
and KrhGlgC127 presents similar properties to other actinobacterial ADP-Glc pyrophosphorylases. 
Indeed, the enzyme showed a specific activity of 10.6 U/mg with S0.5 values of 0.7 mM and 0.5 mM 
for ATP and Glc-1P, respectively. KrhGlgC127 resulted in being an allosteric enzyme, highly 
activated by glucose-6P (A0.5 <0.4 mM), glucosamine-6P (A0.5: 0.86 mM), and pyruvate (highest 
activation at 2 mM).  As predicted, KrhGlgC93 was active with ATP and Glc-1P as substrates. This 
enzyme exhibited substrate promiscuity toward NTPs (significatively active with dTTP, CTP, and 
GTP). Surprisingly, it depicted a 5-fold higher activity when UTP replaced ATP. Noteworthy, 
KrhGlgC93 shares no significant structural identity with KrhGalU. Thus, we are tempting to speculate 
with an event of convergent evolution for UDP-Glc synthesis in K. rhizophila. 
Our results support the hypothesis of an alternative UTP-related enzyme acting in glucose-1P 
partitioning in K. rhizophila, opening questions regarding the fate of glucose moieties in the organism. 
Further studies with KrhGlgC93 would be important for advancing the understanding of enzyme 
promiscuity from an evolutionary point of view. In addition, this enzyme appears as a valuable 
candidate as a molecular tool to cell-free glycobiology processes, being developed in our lab, 
involving NDP-sugar molecules. 
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Many of the world’s most productive crops are species bearing the C4 photosynthetic metabolism, 
as an adaptation to high light intensities, temperatures, and dryness. C4 plants have evolved 
biochemical pumps to concentrate CO2 at the site of rubisco, which decrease the oxygenation 
reaction and, thus, limit the wasteful flux through photorespiration. Compared with plants using the 
ancestral C3 photosynthetic pathway, C4 plants show higher water and nitrogen use efficiency, which 
allows increased productivity in warm habitats. The transition from C3 to C4 photosynthesis involved 
complex alterations of leaf anatomy and biochemistry. This transition occurred in at least 66 linages 
of angiosperms independently and, thus, is an example of convergent evolution. In different lineages 
of C4 plants, the release of CO2 by decarboxylation of a C4 acid near rubisco is mainly catalyzed by 
the plastidial NADP-malic enzyme (ME) or the mitochondrial NAD-ME. MEs catalyze the oxidative 
decarboxylation of L-malate, producing pyruvate, CO2, and NADPH (or NADH) in the presence of 
Mg+2 (or Mn+2). The C4-MEs did not evolve de novo. Instead, they were recruited from existing 
housekeeping or “nonC4” isoforms. Whilst C4-NADP-ME originated by gene duplication of a non-
photosynthetic plastidic isoform and the subsequent neofunctionalization of one gene copy, the C4-
NAD-ME followed an intricated molecular mechanism of evolution. 
During its evolution from a plastidial nonC4-NADP-ME, C4-NADP-ME acquired increased catalytic 
efficiency, higher homooligomeric assembly and pH-dependent inhibition by its substrate malate. 
Site-directed mutagenesis and structural analyses allowed us to identify differentially substituted 
amino acids responsible for these biochemical innovations. On the other hand, despite its central 
importance in the C4-pathway, C4-NAD-ME has not been characterized at molecular level. 
Higher plants possess two paralogs α- and β-NAD-ME lineages. Both gene lineages were retained 
across seed plants, and their fixation was likely driven by a degenerative process of sub-
functionalization, which resulted in a NAD-ME operating primarily as a heteromer of α- and β-
subunits. Most angiosperm genomes analyzed maintain a 1:1 b-NAD-ME/a-NAD-ME (β/α) relative 
gene dosage, but a significantly high proportion of species with the C4-NAD-ME photosynthesis have 
a non-1:1 ratio of β/α. Specifically, the independently evolved C4 Cleome species, Gynandropsis 
gynandra and Cleome angustifolia, have a 2:1 ratio due to a β-NAD-ME duplication (β1 and β2) 
although this was also observed in the related C3 Tarenaya hassleriana. In the C4 Cleome species, 
the three genes (α, β1 and β2) were modified by C4 evolution and are expressed at higher levels 
than their orthologs in the C3 Cleome species. In addition, the β-NAD-MEs possess five amino acids 
that are identically substituted in β-NAD-ME of C4 Cleome species, two of which are positively 
selected.  
Using a combination of biochemical and proteomic analyses, we identified different NAD-ME native 
isoforms in C3 and C4 Cleome organs, which arise through a differential combination of α, β1 and β2 
subunits. In non-photosynthetic and photosynthetic organs of C3 Cleome T. hassleriana, two NAD-
ME isoforms, ThNAD-MEα/β1 and ThNAD-MEα/β2 with kinetic properties like those of A. thaliana 
NAD-MEs, were found. Thus, ThNADMEα/β1 and ThNAD-MEα/β2 may represent housekeeping 
enzymes that participate in mitochondrial malate respiration. In the C4 species G. gynandra and C. 
angustifolia, the housekeeping role is restricted to the NAD-MEα/β2 heteromer. Here, NAD-MEα/β1 
is exclusively present in the leaves and coexist in bundle sheath cells mitochondria with the 
NADMEα/β2 housekeeping heteromer. NAD-MEα/β1 exhibits high catalytic efficiency and is 
differentially activated by the C4 intermediate aspartate, suggesting a photosynthetic role. During C4 
evolution, GgNAD-MEβ1and CaNAD-MEβ1 lost their catalytic activity; but maintained a critical role 
in the stabilization of the associated α-subunit. This effect percolates at the active site improving the 
binding of the substrate and leading to the higher catalytic efficiency of GgNAD-MEα/β1 with respect 
to NAD-MEα/β2. Also important, our results indicate the loss of function of the active site could have 
led to the generation of an allosteric site for aspartate, a C4 compound structurally similar to malate. 
Finally, the association of the non-catalytic GgNAD-MEβ1 subunit to the paralogous A. thaliana α-
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partner renders a NAD-ME entity with similar properties as GgNAD-MEα/β1 indicating that the 
interaction of the AtNAD-MEα and Ggβ1NAD-ME is conserved despite the evolutionary divergence 
between species.  
In summary, while C4-NADP-ME originated by a standard gene duplication-neofunctionalization 
framework, C4-NAD-ME has evolved through the differential assembly of protein subunits that 
accumulated adaptive mutations during evolution. Our results will now aid in introducing C4 traits into 
C3 plants. Ongoing projects can now rationally design the incorporation of a NAD-ME with C4 
characteristics by introducing the NAD-MEβ1 of C4 Cleome or modifying a preexistent extra NAD-
MEβ copy. 

 
 
 

EB-18  
Analysis of the expression of two transcripts corresponding to the 

polygalacturonase 1 gene in strawberry. 
 

Salinas, C. (1,2); Villarreal, N (3).; Martínez, G. (1,2); Civello, M. (1,2) 
 

(1) Instituto de Fisiología Vegetal, CONICET-UNLP, Argentina. (2) Facultad de Ciencias Exactas, 
UNLP, Argentina. (3) Instituto de Investigaciones Biotecnológicas- Instituto Tecnológico de 

Chascomús, CONICET-UNSAM, Argentina; 
email:  corelsalinas@gmail.com 

 
 

Excessive softening of fleshy fruits limits their postharvest life, influencing consumer acceptance. 
The firmness of a fruit is conditioned by several factors, one of the main ones being the mechanical 
rigidity determined by the cell wall, which is constituted by a network of cellulose microfibrils 
immersed in a complex matrix of pectins and hemicelluloses. During ripening, the combined action 
of different proteins and hydrolytic enzymes acts on the cell wall components and cause a decrease 
in the content, solubilization and depolymerization of the different components. The reduction and 
relaxation of this mechanical barrier not only reduces fruit firmness, but also facilitates the attack of 
pathogenic microorganisms, which shortens the postharvest life of the fruit. In strawberry (Fragaria 
x ananassa Duch.) such softening is closely linked to pectin metabolism, unlike what occurs in other 
fruits such as tomato. One of the genes involved in the breaking of pectin chains is polygalacturonase 
1; it has been shown that suppression of the expression of the strawberry polygalacturonase 1 gene 
(FaPG1) delays fruit softening.  
Transcription of the FaPG1 gene gives rise to at least two mRNAs: FaPG1 and truncated 
polygalacturonase (T-PG), apparently by a process of alternative splicing, being both transcripts 
identical except for an 85 bp deletion in T-PG. This deletion would cause a shift in the reading frame 
and the appearance of a stop-codon 105 bp after the deletion, which would generate a shorter 
protein. The predicted T-PG protein would lack the active site for PGs and the N-glycosylation sites. 
Thus, the sequence data allow us to predict that T-PG would code for a protein lacking 
polygalacturonase enzymatic activity. 
Previously, in our group, studies have been performed by semiquantitative RT-PCR with 
oligonucleotides flanking the deletion site, which allowed us to detect the expression of both 
transcripts during strawberry fruit ripening.  
The aim of this work was to determine the expression of FaPG1 and T-PG by real time PCR in 
different commercial cultivars of strawberry. For this purpose, primers were designed to differentially 
amplify each of the transcripts. In the case of FaPG1, the primers are in the area corresponding to 
the 85 bp of the T-PG deletion, therefore are totally specific for this transcript.  To specifically amplify 
T-PG, a chimera Fw primer was designed in the area where the deletion occurs. Thus, the 3'-end of 
the Fw primer contains only the 3 bases following to the deletion point, and the rest of the sequence 
corresponds to the 18 bases in the pre-deletion region. The Rv primer was designed downstream 
with respect to the deletion. Therefore, this set of primers would allow only T-PG to be amplified. 
To analyze the expression level of FaPG1 and T-PG, RNA was extracted and purified from two 
strawberry cultivars (Albion and Merced) at four ripening stages: large green (LG), white (W), 25% 
red (25%R) and 75% red (75 %R); finally, cDNA was synthesized by a retro transcription reaction 
and the corresponding real time PCR were performed. The reference gene chosen was elongation 
factor 1 (FaEF1).  
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Expression of both transcripts was detected at all ripening stages of both varieties. However, the 
expression profiles of both transcripts were different in the two cultivars analyzed. The expression of 
both genes was very low at the LG stage and gradually increased during ripening in the Merced 
cultivar. In contrast, in Albion the expression of both transcripts reached a maximum at the 25%R 
stage.  
It should be noted that the presence of different transcripts corresponding to a polygalacturonase 
gene has not been analyzed yet in fruits other than strawberry. The strategy used in this work will 
allow us to analyze the expression of both transcripts in response to different growth regulators and 
postharvest treatments that affect ripening, fruit softening and pectin metabolism. 
 

 

ED-1  
Metal binding affinity and stability of Bacillus cereus phospholipase C 

variants 
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The phosphatidylcholine-preferring phospholipase C from Bacillus cereus is a monomeric exoenzyme of 
28.5 KDa with three zinc ions in its active site. The enzyme is used in industry in oil degumming. Due to 
the harsh conditions of the reaction medium the enzymes used in this application are variants of the wild 
type that endure longer times while maintaining its activity. However, there is currently no available 
information on the relative stabilities of the whole enzyme or of the active site between the wild type and 
its variants. 
Here we present information on metal off-rate constant of two variants as well as on structural 
destabilization by denaturants and temperature. We use the methyl and amide/indole fingerprint regions 
of the 1H NMR spectrum of the protein to follow the processes. A group of signals between -0.25 and -
0.32 ppm, among which presumably are the methyl groups of A54 and of I17, shift considerably being 
useful probes of active site integrity. The near UV CD spectra of the protein show significant changes 
between the apo and holo enzyme, as well as upon unfolding. The transition from holo to apo enzyme 
comes with a loss of activity that we measure with a turbidimetric assay. 
We use the far UV CD spectrum to follow the thermal denaturation of the proteins. Since the unfolding is 
irreversible and we cannot use a melting temperature as a comparative parameter we focus on the kinetic 
parameters of the process. 
Similar studies on new variants of the protein will help rationalize the effect of the remote mutations present 
in the industrial enzyme variants on their improvement relative to Bc PLC. 
 
This work was funded by Agencia Nacional de Promocion Cientifica y Tecnologica PICT 2016 4124 and 
PICT 2019 01528 
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Characterization of a new type I pullulanase isolated from Exiguobacterium 

alkaliphylum 
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Microorganisms are essential in production processes that involve enzymes due to their high 
production capacity, low cost, and potential of genetic manipulation. There is strong biotechnological 
interest in microbial enzymes applicable to different areas including food processing, agriculture, 
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pharmaceuticals, and molecular biology. Pullulan is a polysaccharide consisting mainly of maltotriose 
units linked by α-1,6 glycosidic bonds. Pullulan degrading enzymes belong to Family 13 of glycoside 
hydrolases and are widely distributed in nature. Pullulanases are extracellular debranching enzymes 
and show specificity of action on α-1,6 linkages of pullulan, generating maltotriose. According to their 
mode of action and the hydrolysis products they generate on different α-glucans, they are classified 
into type I and II pullulanases. Type I enzymes specifically hydrolyze α-1,6 glycosidic linkages of 

branched α-glucans such as amylopectin, whereas type II act on the -1,4 and -1,6 bonds of 
different α-glucans. These enzymes generate various bioactive oligosaccharides by bioconversion 
of starch.  Pullulanases are used as additives in detergents for washing dishes and clothes in alkaline 
conditions. Type I pullulanases are of interest for the food industry to produce maltose and 
maltotriose syrups and to obtain high purity fructose and glucose. 
By bioprospecting from different niches, we previously isolated several aerobic bacteria that produce 
amylolytic enzymes. A strain called AM5 obtained from a seawater sample was of interest because 
it produces pullulanase and can grow under alkaline conditions (pH 10) at 30 °C. We identified this 
isolate as Exiguobacterium alkaliphylum through biochemical tests and molecular studies of the 16S 
rRNA gene. Bacterial growth and enzyme production were evaluated for 5 days in minimal saline 
medium at pH 10 using 1% soluble starch or pullulan as a carbon source. The highest production of 
pullulanase was observed at 48 hours using pullulan as a substrate. Enzyme purification was carried 
out from the cell-free culture supernatant using pullulan-derivatized sepharose 6B column affinity 
chromatography. Furthermore, the crude extract was also purified by FPLC with a mono Q 5/50 GL 
ion exchange column. The purity of the fractions was analyzed by SDS-PAGE with silver staining 
and a single polypeptide chain with an apparent molecular weight of 105 kDa was detected. The 
enzyme was classified as type I pullulanase by determination of its activity on different α-glucans and 
analysis of tryptic digestion by mass spectrometry. The optimal conditions for enzyme activity were 
within a pH range of 7 to 9 and at 50 °C. 
Overall, the type I pullulanase isolated from Exiguobacterium alkaliphylum is of interest due to its 
potential use in bioprocesses of transformation of starch under alkaline conditions. 
 
 

EP-2 
Biochemical characterization of CsAbf62A, a novel α-L-arabinofuranosidase 

enzyme from Cellulomonas sp. B6 
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The bioprospection of new microorganisms and enzymes is needed to achieve significant advances 
in the valorisation of lignocellulosic biomass. The Cellulomonas genus comprises Gram-positive 
actinobacteria known for their ability to degrade cellulose and other polysaccharides by secreting a 
complex array of enzymatic activities, when grown in the appropriate substrates. The novel bacterial 
isolate Cellulomonas sp. B6 was cultivated on wheat bran (WB) and the extracellular proteome was 
analysed. One of the most abundantly secreted proteins was CsAbf62A, which is composed of a 
catalytic domain GH62 and a carbohydrate-binding module CBM13. GH62 proteins are generally α-
L-arabinofuranosidases (EC 3.2.1.55) and CBM13 modules have been reported to bind xylan. The 
complete protein (rCsAbf62A) and the catalytic domain alone (rCsAbf62A-cd) were expressed as 
recombinants in E. coli and successfully purified from the soluble cytoplasmic fraction by affinity 
chromatography. The α-L-arabinofuranosidase activity was confirmed for both proteins using the 
commercial substrate p-nitrophenyl-α-L-arabinofuranoside (pNPA), within a range of 30 to 45 °C and 
pH 5.5 to 7, following Michaelis Menten kinetics. Thermal shift analysis revealed that calcium ion 
plays an important role in the thermal stability and hydrolytic activity of both protein forms. Hydrolytic 
activity was also confirmed on wheat arabinoxylan (WAX), resulting in the efficient release of 
arabinose, which was identified and quantified by TLC and HPAEC-PAD. Moreover, rCsAbf62A and 
rCsAbf62A-cd could remove both α-1,2- and α-1,3 linked arabinose from xylose in purified arabino-
xylooligosaccharides (AXOS). Based on these results, we confirmed that CsAbf62A is an α-L-
arabinofuranosidase (EC 3.2.1.55) and that CBM13 has not significant influence on the thermal 



Abstracts 
 

Third Meeting & First Workshop of the Argentine Network of Enzymatic Technology (TEz Network) 59 

Book of Abstracts 

stability and the catalytic activity of this enzyme, under the conditions assayed. CBM13 could be 
involved in targeting arabino-xylans on lignocellulosic biomass. 
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Enhanced cellulose degradation by the polymeric coupling of a cellulase to a 

thermostable decameric scaffold: a step towards sustainable energy 
 

Iglesias Rando, M.R. (1,2); Gorojovsky, N. (1,2); Goldbaum, F.A. (3); Craig, P.O. (1,2) 
 

(1) Departamento de Química Biológica FCEN, UBA, Argentina (2) IQUIBICEN (UBA/CONICET), 
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email:  miglesias9223@gmail.com 
 
 
Lignocellulose enzymatic degradation generates sugars that upon fermentation produce bioethanol. 
The main bottleneck of the industrial production is the low activity and high cost of the enzymes used. 
For an economically viable production of bioethanol, it is essential to develop new methods to 
increase the activity and stability of the enzymes involved. The cellulosomes of some anaerobic 
organisms represent the most efficient machinery for lignocellulose degradation. These 
multienzymatic complexes co-localize different cellulolytic enzymes and cellulose binding domains, 
increasing their degradation activity through enzymatic proximity and substrate targeting effects. 
However, the biological production of natural cellulosomes on an industrial scale has serious 
limitations. Our goal is to develop artificial cellulosomes using an oligomeric protein scaffold that is 
highly stable and highly expressed in bacteria for the polymeric display of enzymes. In this work, we 
present the structural and functional characterization of a monospecific cellulosome composed of an 
endoglucanase. Standard molecular biology techniques were used for designing and cloning the 
genes of the artificial scaffold and the cellulase used. After the recombinant expression of both 
proteins, size exclusion chromatography, circular dichroism and activity essays were used to 
characterize these modules both individually and in complex. The polymeric display of the enzyme 
produced an increase in its interaction strength with cellulose. This phenomenon was accompanied 
with a 40% increase in the degradation rate of cellulose compared to the free enzyme. In addition, 
an increment in the thermal stability of the enzyme coupled to the scaffold compared to the free 
enzyme was observed. The simultaneous coupling of a variety of enzymes to the scaffold is expected 
to improve even more the lignocellulose degradation. We present the progress in the development 
of this valuable technology. 
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Biophysical characterization of the chitinase Chi18-5 for biotechnological 
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Chitinases are ubiquitous enzymes that have gained recent biotechnological attention due to their 
potential to transform chitin and chitosan into valued chitooligosaccharides (COS) with wide 
agricultural, industrial or medical applications. Nevertheless, the obtention of COS with fully defined 
architecture and desired physicochemical and biological properties requires the use of specific well-
characterized chitinases. To address this current problem, we aimed to characterize the biophysical 
properties of a novel recombinant chitinase Chi18-5. This enzyme, naturally produced by the fungus 
Trichoderma atroviride, belongs to the GH18 of the Carbohydrate Active Enzyme (CAZy) database 
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and it has 83% identity compared to the well characterized Chi42 of T. harzianum. Several efforts 
have been made to characterize the biochemical activity of the enzyme and its structure. Herein, we 
assessed the biophysical properties of the Chi18-5 through different methodologies. 
We cloned, expressed, and purified recombinant Chi18-5. In order to gain insight into its structure 
and stability, we performed thermal denaturation studies by Circular Dichroism (CD), Intrinsic 
Fluorescence (FL), and Attenuated Total Reflection Fourier Transform Infrared Spectroscopy (ATR-
FT-IR) at several pH among 3 and 8. We observed that the conformation of Chi18-5 changes near 
its pI, and the transitions observed during thermal ramps involve an increment in ꞵ-sheet in detriment 
of ⍺-helix content. Moreover, we performed amide hydrogen exchange dynamics in selected 
conditions. Information regarding the different populations of residues involved in the amide HX, 
showed that at lower pH there exists a higher proportion of fast exchanging residues than at pH ≥6. 
The conversion of the rate constants to Gibbs free-energy changes for the opening to HX, allowed 
us to determine that residues bearing a partial accessibility to solvent at pH 7, resulted to be highly 
exposed when the external milieu is taken to pH 5. Taking into account that the optimum activity is 
at pH≤5, the results suggest that the more relaxed structure found at pH below pI favors the 
enzymatic activity, probably by better accommodating the chitin-derivative substrate. 
The great differences observed in the structure stability as a function of pH represent a starting point 
for the study of environmental factors that could be critical for the enzymatic activity which is essential 
for its potential biotechnological applications. 
 
 

EP-5  
Identification of key residues for the functional differentiation of glycosyl 

hydrolase family 1 
 

Irazoqui, J.M., Eberhardt, M.F., Amadio, A.F. 
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Carbohydrates are widely distributed in nature, where they mediate a multitude of biological 
functions. The number of possible combinations for a small oligosaccharide results in an 
astronomical structural and functional diversity. Therefore, the enzymes hydrolysing these sugars, 
glycoside hydrolases, must also present a wide diversity of structures and functionalities.  
CAZy is a widely used database that proposes a family classification for carbohydrate related 
enzymes, based on sequence identity, with at least one biochemically characterized member in each 
family. This system of classification keeps in a single family those enzymes that show similar 
sequence and also has conserved sequence motifs. This kind of classification enables the study of 
the evolutionary relationships, the structural features, and mechanisms of catalysis. In consequence 
this database provides useful bioinformatic resources to classify new enzymes.   
However, the occurrence of enzymes that act on different substrates in the same family is a 
significant problem for the automated functional annotation of CAZyme-related genes. The glycosyl 
hydrolase 1 family (GH1), is a broad group of enzymes with activities that are of interest for the 
industry, like β-glucosidase, β-galactosidase, and β-D-fucosidase. Even though this kind of enzymes 
have been used for decades now, little is known about what defines their substrate specificity. 
Here, we present a first effort for an in depth analysis of the GH1 family. First, we downloaded all 
GH1 sequences from the CAZy database classified as "characterized", and all the information 
available for each entry (i.e. taxonomic classification, EC number). Then, using a profile obtained 
from the dbCAN database, we extracted the GH1 domain from each sequence, aligned them using 
MAFFT and the resulting alignment was used to construct a phylogenetic tree, using RAxML. The 
main driver for clustering in the phylogeny was taxonomical, but within the clade containing most 
bacterial enzymes, sequences were grouped together according to their EC number, suggesting a 
functional clustering. These clusters were extracted, realigned together, and then we searched for 
key residues that could explain the differentiation between groups, in the context of a crystal 
structure, downloaded from the PDB. We use VMD to visualize the structure and WebLogo to create 
logos for each group. 
We identify several positions in the catalytic pocket of the enzyme that vary between groups of 
sequences, namely 3.2.1.21, 3.2.1.85 and 3.2.1.86, suggesting that these amino acids would be key 
in the selection of substrates. We consider this work a first attempt to identify what drives the activity 
differentiation within the GH1 family and would help to avoid unwanted substrate specificity when 
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using an automatic annotation of genes to detect novel enzymes. The addition of more, well 
characterized sequences and wet lab testing of new candidates for each group would help improve 
this model even further. 
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One of the main distinguishing features of species from Cellulomonas genus is their ability to secrete 
multiple (hemi)cellulolytic enzymes. We have optimized the extracellular xylanase activity and 
studied the resulting exo-proteome of Cellulomonas sp. B6 when grown in a defined medium with 
wheat bran as sole carbon source. By mass spectrometry analysis of the exo-proteome, we identified 
28 glycoside-hydrolases (GH), out of 225 total proteins. From these, 8 corresponded to xylanases (7 
GH10 and 1 GH11). All xylanases are encoded in different regions of the genome and some are part 
of polysaccharide utilization regions. To explore the biotechnological potential of these enzymes, we 
present here the biochemical characterization of one of the most abundant xylanases. CsXyn10A is 
a bimodular protein with a catalytic GH10 domain and a carbohydrate binding domain (CBM2). We 
expressed it in E. coli, fused to a 6XHis tag and purified it by affinity chromatography. rCsXyn10Awas 
able to hydrolyze xylan and arabinoxylan, in a pH range from 5 to 8 and in a temperature range from 
40-55°C, with a maximum specific activity of 450 IUxyn/mg. rCsXyn10A was also active on xylo-
oligosaccharides (XOS), but only if equal or larger than xylotetraose (X4), releasing xylobiose as the 
main product. Therefore, rCsXyn10A is a good candidate to be tested in bioprocesses that require 
xylan and XOS deconstruction, such as improving animal feed digestibility and cellulosic ethanol 
production.  
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Enhancing the Ruminoccocus albus 8 cellodextrin phosphorylase to 
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Cellulose is the most abundant biopolymer on earth, extensively used in our daily lives, mainly for 
paper products, composites, and building materials. Cello-oligosaccharides typically contain only a 
few glucosyl units and gained some interest in the last decades, especially because of their 
properties. These materials have potential applications for non-digestible dietary fiber products, 
novel bio-based surfactants, hybrid nanomaterials, and scaffold candidates for tissue engineering. 
In livestock animals, cello-oligosaccharides are interesting feed ingredients showing potential 

prebiotic and health‑promoting properties. In vitro enzymatic synthesis of cello-oligosaccharides 
provides advantages like well-controlled (in structure) reaction products and reaction catalysis under 
bio-compatible environments. 
Ruminococcus albus 8 degrades cello-oligosaccharides intracellularly primarily through 
phosphorolysis catalyzed by cellobiose phosphorylase (CBP; EC 2.4.1.2) and cellodextrin 
phosphorylase (CDP; EC 2.4.1.49). Both phosphorylases found in the bacterium (RalCBP and 
RalCDP) belong to the glycoside hydrolase family 94, catalyzing the reversible phosphorolysis of a 
glycoside to produce the corresponding sugar 1-phosphate. This reversible reaction enables the 
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efficient synthesis various oligosaccharides or sugars 1-phosphate of industrial value. Glycoside 
hydrolases usually consist of a catalytic module and one or more non-catalytic carbohydrate-binding 
modules (CBMs). Conversely, no CBM-containing glycoside phosphorylase has been reported so 
far. CBMs can enrich enzymes on the surface of solid substrates through affinity adsorption, so 
enhancing their activity. Remarkably, most of the glycoside hydrolases from R. albus display, in 
addition to its catalytic domain, a unique CBM37 having affinity to many substrates like cellulose and 
related oligosaccharides. Interestingly, the N-terminal motif from RalCDP presents a highly 
conserved region that we identified as a putative CBMX.  
CDPs have been extensively used for the enzymatic synthesis of polysaccharides. They have the 
broadest acceptor and donor substrate specificity of all GH94 enzymes, making them suitable 
candidates for efficient biosynthesis of diverse carbohydrates and related molecules. However, the 
average degree of polymerization (DP) of cello-oligosaccharides produced ranged from 8 to 10, 
suggesting a limit for CDP use to elongate glycosyl chains. In this work, we applied two strategies to 
enhance CDP activity with cello-oligosaccharides. Firstly, RalCDP was fused to R. albus 8 (Cel5G) 
CBM37 to strengthen its access to insoluble substrates. Also, the putative N terminal CBMX from 
RalCDP was removed to improve the enzymatic synthesis of long-chain oligosaccharides. 
RalCDP was investigated for its synthetic and phosphorolytic capacity on different substrates as 
cellobiose, laminaribiose, lactose, cellulose, carboxymethyl cellulose (CMC), resuspended acid 
swallowed cellulose (RASC), xylans, and chitosan. RalCDP showed high phosphorolytic activity on 
cellobiose (kcat 19 s-1), in contrast respect to cello-oligosaccharides like cellulose, CMC, and RASC 
(kcat 0.010, 0.012, 0.015 s-1, respectively). We also tested the enzyme capacity to synthesize different 
oligosaccharides using D-glucose 1-phosphate (Glc-1P) as the donor and different acceptors. Again, 
RalCDP showed higher activity with cellobiose (kcat 300 s-1) compared to oligosaccharides (kcat 0.09 
s-1). 
When the putative CBMX was removed from RalCDP (RalCDP∆CBMX), the phosphorolytic activity 
was abolished, and the synthetic activity was affected (kcat 42 s-1). However, the synthetic catalytic 
efficiency remained similar to the wild-type enzyme (147.6 vs. 131.3s-1mM-1) due to a reduced KM for 
Glc-1P (2.1 vs. 0.32 mM). RalCDP∆CBMX exhibited the ability to synthesize longer oligosaccharides 
than RalCDP, indicating a distinctive (and valuable) characteristic for the former. On the other hand, 
the fusion of CBM37 to RalCDP increased the enzyme capacity to bound insoluble substrates like 
RASC and CMC, suggesting a correlation with enhanced catalysis. 
Our goal is to complete a detailed characterization of these enzyme variants, which would constitute 
helpful molecular tools for biopolymers synthesis. Thus, synthetic glycoside phosphorylase reactions 
have potential use to synthesize high-value carbohydrates, whereas the phosphorolysis reaction 
could be applied to polymer degradation in waste recycling and biofuel production. 
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Characterization and use of a recombinant CGTase to produce 

maltooligosaccharides from alternative flours for gluten-free bakeries 
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The enzyme cyclodextrin glucanotransferase (CGTase; EC 2.4.1.19), a member of the GH13 family, 
biotransforms starch into mixtures of cyclic and linear oligosaccharides, named cyclodextrins (CD) 
and maltooligosaccharides (MOS), respectively. These oligosaccharides, consisting of glucose 
residues linked by α-1,4 bonds, are used in different industries. In the bakery industry, MOS are used 
as hydrocolloids, since they delay the retrogradation of starch. This process occurs during the 
storage of the baked product and causes crumb hardening. 
Celiac disease is a chronic autoimmune enteropathy that prevents people from eating gluten. This 
protein is found in wheat, oat, barley, and rye flours. Therefore, these flours must be avoided in the 
preparation of bread suitable for people suffering from celiac disease. As an alternative, cassava, 
potato, rice, corn, quinoa, and amaranth flours, among others, can be used, but they lack the 
viscoelastic properties of gluten.  
The aim of this work was to characterize a recombinant CGTase and to evaluate its potential use to 
produce MOS from alternative flours for gluten-free bakeries.  
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The CGTase from Paenibacillus barengoltzii was expressed in Pichia pastoris, a GRAS (Generally 
Recognized As Safe) yeast suitable for making products for human consumption. 

The recombinant enzyme was purified by affinity chromatography to -CD. It showed an increased 
molecular mass due to N-glycosylations introduced by P.pastoris, as demonstrated by enzymatic 
treatment with PNGase F, followed by SDS-PAGE. 
The highest CD formation activity was obtained in 50 mM phosphate buffer, pH 6.0, with an optimum 
temperature between 50 and 60 ºC. The enzyme was stable for one hour at pH 6 to 11 and 
temperatures below 50 ºC. The Km and Vmax values did not show differences from wild-type values. 
To analyze enzyme microheterogeneity, a second purification step was performed by FPLC with a 
MonoQ 5/50 GL ion exchange column. Two fractions (A and B) with high amylolytic activity were 
obtained. Each fraction was analyzed by SDS-PAGE, MassSpectrometry (MS), and EDMAN 
degradation before and after deglycosylation with endoglucanase Endo H. The same amino-terminal 
sequence was observed for each fraction, but they both differed in their molecular mass, 87286 Da 
(fraction A) and 84277 Da (fraction B), from the wild type enzyme (74470 Da). This increase suggests 
the presence of six to seven glycosylated sites with high mannose residues in each fraction. 
Finally, the production of MOS was determined by employing the affinity-purified recombinant 
CGTase on different gluten-free substrates. The highest production of MOS was obtained with starch 
from cassava, rice, corn and potato. 
In sum, the recombinant CGTase obtained from P. pastoris shows microheterogeneity due to N-
glycosylations introduced by the host. However, the enzyme is active over a wide range of pH and 
temperatures. The highest production of MOS, employed in the bakery industry to delay the 
retrogradation of the starch, is obtained when cassava, potato, corn and rice flours are used as 
substrates of the recombinant enzyme. The potential application of this recombinant enzyme in the 
production of gluten-free bakeries shall be explored further. 
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Glucoamylases (GAs) are hydrolytic enzymes also known as amyloglucosidases, glucan 1,4-alpha-
glucosidases or exo-1,4-α-glucosidases, EC 3.2.1.3. GAs hydrolyze glycosidic α-1,4 bonds (but also α-
1,6 bonds) from the non-reducing ends of starch molecules and maltooligosaccharides releasing β-D-
glucose. These are typically microbial enzymes present in archaea, bacteria and fungi but absent in 
animals and plants, and they are classified into the GH15 family of glycoside hydrolases (www.cazy.org). 
The main application of GAs (sometimes together with α-amylases and pullulanases) occurs in the 
process of saccharification of partially processed starch or dextrins to obtain glucose. Currently, there is 
strong interest in finding GAs with a better performance at low temperatures because these enzymes 
would avoid the heating requirement in some industrial processes such as starch saccharification among 
others, and, in this way, production costs could be minimized. Saccharophagus degradans is a gram-
negative marine bacterium. It is the most versatile bacterium in terms of the degradation of complex 
polymers (CP) found to date. It is capable to degrade at least 10 complex polymers such as starch, agar, 
laminarin, cellulose, pectin, alginate, chitin, fucoidan, pectin, pullulan, and xylan at high rate. The objective 
of this work is to carry out the structural characterization and functional properties of SdGA, a novel 
glucoamylase (GA) from S. degradans. The enzyme is composed mainly of a N-terminal GH15_N domain 
linked to a C-terminal catalytic domain (CD) found in the GH15 family of glycosylhydrolases with an overall 
structure similar to other bacterial GAs. The protein was successfully expressed in Escherichia coli cells, 
purified and its biochemical properties were investigated. SdGA showed maximum activity at 39°C and 
pH 6.0. The enzyme has high activity in a wide range, from low to mild temperatures, like cold-adapted 
enzymes. It showed the same maximum activity in the range of 0 – 1.0 M NaCl like salt-tolerant amylases. 
By thermal inactivation assays, we determined that SdGA is thermolabile at temperatures above 42°C and 
we found that glycerol 10% (V/V), acarbose 0.1 mM and NaCl 1 M stabilized the enzyme. Furthermore, 
we analyze the CD of SdGA, other cold-adapted, psychrophilic and thermostable GAs and we found that 
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SdGA has a larger CD due to various amino acid insertions and a higher content of flexible residues 
compared to other thermostable GAs. These characteristics of SdGA allow it to be classified as a cold-
adapted enzyme but also, a salt-tolerant enzyme. We propose that this novel SdGA, might have potential 
applications for use in different industrial processes that require an efficient alpha glucosidase activity at 
low/mild temperatures, such as biofuel production. 
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Saccharophagus degradans is a gram-negative marine bacterium. It is the most versatile 
bacterium in terms of the degradation of complex polymers (CP) found to date. The high 
rate of degradation of different polysaccharides that this bacterium has makes it a candidate 
to obtain and investigate the properties of the enzymes that degrade these polymers. The 
objective of this work is to carry out the structural characterization of SdAmy, a novel alpha-
amylase from S. degradans, and the study of the CBM20 domain of SdAmy. The enzyme 
is composed mainly by a N-terminal catalytic domain (CD), a central AamyC domain 
(AamyC) and a carbohydrate-binding module family 20 at the C-terminal (CBM20). SdAmy 
and the CBM20 domain was successfully expressed in Escherichia coli cells, purified and 
its properties were investigated. The enzyme showed maximum activity at 40°C and pH 5.0. 
SdAmy showed a Vmax and Km values of about 0,04 UA.μg-1.min-1 and 0,34 g.l-1, respectively, 
when used potato starch as substrate. The activity and stability of SdAmy was improved in 
the presence of calcium. Carbohydrate binding assays showed that the CBM20 domain 
bind to amylose with a Kad of 3.13 ± 0.25 ml/g. Our results allow us to propose that this 
novel SdAmy as an alternative amylase that could be used in processes involving enzymes 
that act at moderate temperatures. 
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The design of active enzymes with increased stability is of high interest both for basic and applied 
research. There are a number of methods developed to predict changes in stability upon mutation 
using structure based energy potentials or evolutionary information derived from homologue 
sequences. In this work we evaluated many of these programs: Foldx, PopMusic, EV-Mutation and 
a MSA-based predictor coded in our group. We compared their individual and combined performance 
for predicting experimental data of a large set of single residue mutants extracted from the Fireprot 
database. Predictions made using different structural models and/or different Multiple Sequence 
Alignments inputs were compared. The performance varied between different methods and the 
protein studied. In general, a good prediction was observed on average for all methods. The 
percentage of true destabilizing mutations predicted (60-90%) was higher than the true stabilizing 
ones (30-70%). We then used these methods for predicting stabilizing mutations on a relevant 
biotechnological enzyme with xylanase activity. Xylanases are widely studied for their potential 
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applications in the bioconversion of xylans for biofuels, prebiotics and feed industries. CsXyn10A 
from Cellulomonas sp. B6 is a bi-modular (GH10 and CBM2) endo-xylanase that hydrolyzes the 
(1→4)-beta-D-xyloside linkages in xylan, it does not degrade cellulose and its activity is optimal at 
50°C, in a pH range of 5 to 7.5. However, its activity rapidly decays at this temperature, limiting its 
use in bioprocesses. Here, we used the best individual and combined methods to design 
thermostabilizing mutations of the catalytic GH10 module of this enzyme to improve its performance 
for biotechnological applications. The selected mutations were based on a ranking of predictions that 
were filtered to avoid changes in residues near the catalytic site or highly conserved residues. The 
experimental analysis of these predictions will help in the validation of the method used for the design 
and to increase the optimal temperature and/or half-life of CsXyn10A for its use in different 
applications. 
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The biosynthesis of α-1,4-polyglycans is a strategy widely used by living organisms for the 
intracellular storage of carbon and energy. In bacteria, glycogen synthesis involves three reactions, 
where ADP-glucose (ADP-Glc) synthesized by ADP-Glc pyrophosphorylase (EC 2.7.7.27), is used 
to elongate an α-1,4-glucan chain by glycogen-synthase (EC 2.4.1.21; GlgSase). Later, the 
polyglucan branching enzyme (EC 2.4.1.18) incorporates the α-1,6 branches to achieve the final 
glucan structure. 
The elucidation of different prokaryotic genomes has shown that a significant number of bacteria 
possess more than one glgA gene, encoding GlgSase-type glycosyltransferases. Particularly, 
Bradyrhizobium japonicum, a Gram-negative, bar-shaped, nitrogen-fixing bacterium, has two coding 
sequences (bll2778 and blr6459) for putative GlgSases in its genome. Proteins were arbitrarily 
named GlgSase471 (encoded by bll2778) and GlgSase482 (blr6459), based on their total amino 
acidic residues. The biochemical characterization of the B. japonicum GlgSases constitutes the main 
goal of this work. Both GlgSases show an identity of 41.7% and a similarity of 59.5% in their amino 
acid sequences. We built a phylogenetic tree from a sequence alignment, comparing the two 
GlgSases of B. japonicum with others from different organisms. The GlgSase471 and GlgSase482 
locate in the same clade as the enzymes from enterobacteria, cyanobacteria, and Firmicutes (all 
belonging to the GT5 glycosyltransferases family). Instead, the enzymes from phylum Actinobacteria 
(GT4 glycosyltransferases with another activity synthesizing maltose-1P) formed a separate group. 
Thus, the arising of questions regarding the physiological relevance of duplicated GlgSases. So far, 
this topic was scarcely approached concerning bacterial glycogen metabolism. 
Both bll2778 and blr6459 genes were de novo synthesized and cloned into the vector pET28b for 
their recombinant expression. The proteins were produced with a N-term His-tag that allowed the 
obtention of electrophoretically pure GlgSase471 and GlgSase482 aliquots after purification by 
immobilized metal affinity chromatography. When analyzed by analytical gel filtration procedures, 
both GlgSases from B. japonicum eluted as monomeric proteins. Both enzymes were able to 
elongate a preformed glycogen molecule and lacked maltose-1P synthesis activity. Results 
presented here constitute the first report on the concurrent study of two prokaryotic GlgSases 
elongating α-glucans. The kinetic characterization showed that GlgSase482 is two orders of 
magnitude more active (53.1 ± 0.6 U/mg) than GlgSase471 (0.35 ± 0.01 U/mg), and both are specific 
for ADP-Glc, with similar apparent affinities (KM ~0.16 ± 0.01 mM). Regarding glycogen as a 
substrate, the KM value for GlgSase482 is 0.06 ± 0.01 mg/ml while for GlgSase471 0.032 ± 0.009 
mg/ml. The addition of 10 mM Mg2+ was essential to reach their maximal activity, although in the 
absence of Mg2+ the enzymes were already actives (~60%). The addition of 10 mM Mn2+ to the 
reaction mixture inhibited the activity by more than 50%. 
The genomic context analysis shows that the gene encoding GlgSase482 locates adjacent to the 
one coding for ADP-Glc pyrophosphorylase, then probably being part of a glg operon for glycogen 
synthesis. On the other hand, the gene coding for GlgSase471 locates elsewhere, together with a 
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priori unrelated genes. This agrees with the fact that GlgSase482 is the enzyme with the highest 
efficiency for glucan elongation. Still, further studies need to be conducted to in detail comprehend 
the duplication of GlgSases (but not other enzymes from glycogen biosynthetic pathway) in B. 
japonicum. Results will allow further evolutionary understanding of carbohydrate-active enzymes that 
proportionate to the glucan its ultimate structure. 
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Generation of renewable energy resources and waste management are the major concern in twenty 
first century. Lignocellulosic agricultural and forest wastes are the promising feedstock for production 
of biofuel and value-added products due its high availability and low cost. Nevertheless, no 
commercial process has still been reported for the enzymatic hydrolysis of cellulose. The main 
reason is the high cost of the required enzymes, low specific activity, susceptible to inactivation and 
difficult to recycle.  
A group of naturally occurring cellulases has been reported from heterotrophic microorganisms 
including bacteria and fungi. They secrete cellulases to utilize cellulose as sole carbon source. 
Bioconversion process involves the hydrolysis of cellulose to produce reducing sugars, further 
fermentation of the sugars to ethanol and other bioproducts. Cellulases hydrolyze the β-1,4 
glucosidic bonds of the glucose polymer by two different ways, endoglucanases cut random positions 
along the cellulose chain, and exoglucanases progressively act on the terminal ends of the polymer, 
releasing either glucose molecules, or cellobiose. Finally, the cellobiose molecules produced are 
converted to glucose by intra- and extracellular beta-glucosidases (EC 3.2.1.21), celludextrinasas 
(EC 3.2.1.4), and celudextrin phosphorylases (EC 2.4.1.49), depending upon the characteristic of 
each cellulolytic species. Other than heterotrophs, cellulases belonging to glucoside hydrolase family 
(GH9) are also described from higher plants. However, it has been reported that plant cellulases 
participates in biosynthesis of cellulose rather than degradation.  
Algae are phototrophs, ubiquitous with versatile metabolic pathways. Which have been well exploited 
to obtain multiple products through algal refinery. However, presence of cellulases and cellulolytic 
ability is poorly reported form algae. In 1970 Burczyk et al. reported the presence of extracellular 
cellulases in Scenedesmus obliquus by comparing the composition of their cell wall with that of the 
stem cell spore walls accumulated in the culture medium. In 1965, Dvořáková-Hladká et al. reported 
the presence of beta-glucosidase activity in Scenedesmus obliquus, which allows it to grow using 
cellobiose as a substrate. In 2012, Blifernez-Klassen et al. observed that the photoheterotrophic 
microalgae Chlamydomonas reinhardtii is also capable of degrading and assimilating exogenous 
cellulose. This interesting finding led us to search for cellulases in Scenedesmus quadricauda. It is 
freshwater, not mobile green algae usually forming colonies of four cells. It belongs to the same class 
of green algae (Chlorophyceae) as the genus Chlamydomonas. S. quadricauda has gained great 
importance due to high capacity for effluent treatment, CO2 capture and biofuel production as evident 
by our previous study also. 
In the present work, we identified cellulases (GH1, GH5 and GH9) gene in the genome sequence of 
S. quadricauda LWG002611. Furthermore, we have carried out a comparative bioinformatic analysis 
in several available Scenedesmaceae algae genome (Scenedesmus obliquus EN0004 v1.0, 
Scenedesmus obliquus UTEX B 3031, Scenedesmus obliquus var. DOE0013 v1, Scenedesmus sp. 
NREL 46B-D3 v1.0, Tetradesmus deserticola SNI-2 v1.0 with and S. quadricauda LWG002611 to 
identify multiple homologs of endoglucanase, β-glucosidase and exocellulase genes. We were able 
to identify 57 endoglucanase sequences, 28 cellobiase sequences, and 12 exocellulase sequences. 
For each of them we identified the catalytic and carbohydrate-binding domains, analyzed by 
phylogeny their evolutionary relationship, and obtained 3D models of the most important catalytic 
modules and domains. The sequences were taken from phytozome or NCBI. Conserved domains, 
Signal peptide, and GH-family assignment were identified with Prosite patterns SignalP and 
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predAlgo. For the phylogenetic analysis the sequences were aligned with Clustal Omega and the 
alignment submitted to MEGA 6 software. The 3D homology models were generated with RaptorX 
server. The regions implicated in substrate binding and activity were manually annotated using the 
pattern sequences or 3D structure of cellulase templates available in Prosite and pdb database. Our 
new finding would open the opportunity for future applications of algal cellulases for biotechnological 
applications. 
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Protein engineering by the addition of substrate binding domains is becoming a widely used strategy 
to improve enzyme properties. These binding domains are often used to increase the catalytic 
efficiency, as affinity tags to facilitate protein purification and also for targeting a protein to specific 
cellular locations. CBMs (carbohydrate binding modules) are non-catalytic protein domains that are 
naturally present in some enzymes and are associated with the ability to bind polysaccharides. 
Among CBMs, there is a subgroup called SBDs that have an evolutionary advantage due to the 
presence of two starch binding sites. The mechanisms of action of CBMs differ and are characteristic 
of the enzyme in which they are present. They can act by bringing the catalytic domain closer to the 
substrates, as a scaffold for protein-protein interaction and, additionally, they can break the structure 
of substrates increasing the catalytic efficiency of the enzyme. The latter is particularly important 
when the substrates are structured, such as starch granules or plant cell walls.   
Typically, the fusion of CBMs in cis to generate chimeric proteins is used to evaluate constructs as 
possible biotechnological tools. Our laboratory has demonstrated the interaction of SBDs in cis with 
the glycogen synthase (GS) from Agrobacterium tumefaciens. The addition of the D3 domain from 
Arabidopsis thaliana starch synthase III (SSIII) to the GS conferred a higher capacity for glycogen 
biosynthesis, suggesting that the careful design of fusion proteins can led to the production of a fully 
active and conformationally stable molecule composed of domains that belong to different kingdoms, 
in this case, plants and bacteria. The presence of a polysaccharide-binding site outside the active 
site of the enzyme would lead to improve the binding capacity through multiple contacts, increasing 
the local concentration of non-reducing ends in the active site and resulting in a greater processivity 
of the enzyme.  
While there are many studies on the effect of CBMs in cis, few studies have been conducted to 
evaluate their effect in trans. We analysed here the ability of different CBMs, coming from different 
families (a CBM20 from a Ostreococcus tauri protein (CBM20CP) and three xylan binding domains 
(XYL1-3, classified in the CBM22 family) from a xylanase from A. thaliana (AtXyn1) to act in trans on 
two commercial enzymes, an amylase (AmyC) and a xylanase (XYNA) respectively. The CBM20 is 
located in the central position of a protein without associated catalytic activity. Therefore, we 
evaluated the effect of the recombinant CBM20 and the full CBM20CP. We found that the addition 
of CBM20 had a little impact on the activity of AmyC, while the addition of the full protein significantly 
increased (about 90%) the catalytic efficiency of the enzyme. On the other hand, of the three CBMs 
from AtXyn1 used, only XYL1 was able to increase the Vmax of XYNA by 70% without significant 
differences in the Km, suggesting that the increase in the catalytic efficiency is exclusively due to the 
increase in Vmax and not in its affinity for the substrate. Our results show that the addition in trans of 
CBM20CP and XYL1 would be a useful strategy to improve the activity of some enzymes that use 
different polysaccharides as substrates. 
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Fucoidans are a sulfated polysaccharides present in the cell wall matrix of brown algae. These 
polysaccharides are generally composed of a backbone of α-L-fucose residues, but they are very 
diverse in terms of monosaccharide composition, sulfate content and linkage patterns, i.e. α-(1,3) or 
α-(1,3)/α-(1,4). Fucoidans have a variety of biological activities beneficial for human health, such as 
immune-modulatory, antiviral, anticoagulant, antitumor, antithrombosis and antioxidant. However, 
the low absorption of these complex carbohydrates and their low bioavailability limit their health 
benefits besides their prebiotic effect. Endo-acting enzymes called fucanases depolymerize these 
polysaccharides, generating bioactive fuco-oligosaccharides with various biotechnological 
applications. So far, only two CAZy families have been described: GH107 (endo-α-1,4-L-fucanase) 
and GH168 (endo-α-1,3-L-fucanase). In this work, we mined putative fucanase sequences in a 
metagenomic dataset from intertidal sediments of Ushuaia Bay (Tierra del Fuego Island, Argentina) 
exposed to brown algae detritus, and selected sequences for heterologous expression and 
characterization. Using a series of HMMs specific for these families, we identified eight sequences 
homologous to the GH107 family and 32 sequences related to members of GH168 family. The 
relative abundance of these genes in the metagenome was one every 17,000 sequences, although 
probable only part of the diversity of these enzymes is currently known. Overall, 26 sequences shared 
low identity values (<40 % at protein level), while 5 sequences had high identity values (>80 %) with 
reference sequences of the database. One of the scaffold contained both GH107 and GH168 
homologs, and often the genomic context of the identified sequences contained genes potentially 
related to fucoidan degradation, including α-fucosidases (exo-acting) and sulfatases. These results 
provide further evidence of the predicted function of the identified sequences. In both families, the 
most abundant taxonomic assignment of the scaffolds containing the identified sequences was the 
Planctomycetes phylum (35 % of the sequences), for which fucanase enzymes have not yet been 
characterized. The second most abundant taxonomic assignment was the Terrabacteria group, 
followed by Bacteroidetes and Proteobacteria phyla. Besides the catalytic module, domains identified 
in these sequences include a pectin lyase fold, carbohydrate-binding module, beta helix and domains 
belonging to other GH families (GH10, GH13, GH15, GH31 and GH29). Four sequences related to 
the GH107 family were selected for heterologous expression in Escherichia coli, three probably from 
members of the Planctomycetes phylum and one from the Bacteroidetes phylum. Low temperatures 
during expression were needed for reaching high levels of protein expression in the soluble fraction. 
The enzymes were purified and characterized, and fucanase activity was evaluated by carbohydrate-
polyacrylamide gel electrophoresis (C-PAGE). The assessed substrates were fucoidans extracted 
from four brown algae species of the Patagonian coast: Macrocystis pyrifera, Undaria pinnatifida, 
Scytosiphon lomentaria and Adenocystis utricularis. Among the four expressed genes, #113643 
(potentially from a Planctomycetes) presented a high activity towards M. pyrifera fucoidan, with 
degradation products observed from a 30 s incubation time at 25 °C, faster than previously 
characterized members of the GH107 family. The enzyme was active in a wide range of temperatures 
(5 - 45 °C), salinities (9.5 – 861 mM NaCl) and pH (4.5 – 9).  The best template for the 3D modeling 
of #113643 was the structure of the fucanase P5AFcnA from Psychromonas sp. SW5A (21 % identity 
and 70 % coverage), enzyme that is able to degrade the same substrate. The structure of M. pyrifera 
fucoidan is poorly defined, and very limited information is available on how the active-site topology 
relates to fucanase substrate specificity, in particular because substrate recognition depend not only 
on the glycosidic linkages but also on modifications such as sulfation patterns. Further work will 
include the use of substrates purified from other brown algae species, the heterologous expression 
and characterization of member of the GH168 family and structural analyses of the degradation 
products. As a result of this study, novel fucanase enzymes will be available to produce fuco-
oligosaccharides from brown algae species of Patagonia, with nutraceutical, cosmeceutical and 
pharmaceutical applications. 
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Geastrum species usually grow in alkaline soils and use litter as substrate. The physiology of the 
species of this genus is studied poorly because of their difficult isolation and low growth rate. The 
enzymatic extracellular battery of these organisms is of biotechnological interest due to the possibility 
of finding novel enzymes and/or adaptations for neutral-alkaline pH. This work aimed to analyze the 
transcripts of Active Carbohydrate Enzymes (CAZYmes) of Geastrum species that act on the 
degradation of the plant wall. The strains Geastrum argentinum (BAFC 3282) and Geastrum 
schweinitzii (BAFC 3002) were cultivated using as substrates soybean hulls, wheat straw and oat 
seeds, and after 45 days of incubation the enzymatic activities endoglucanase, exoglucanase, β-
glucosidase, amylase, laccase and peroxidase were determined. The cultures grown in soybean 
hulls showed most of the enzymatic activities assayed and because of that, were selected for 
transcriptome sequencing. In total, 279 Mpb and 593 Mpb of reads were obtained for G. argentinum 
and G. schweinitzii transcriptomes. The reads were denovo assembled using the software Trinity, 
resulting in 20,145 and 23,275 contigs. Transcriptomes completeness was evaluated using the 
software BUSCO v2.0 comparing its content with the section Basidiomycetes of OrthoDb v9 
database. Both species showed a high level of completeness with almost 90% of gen representation. 
Transcripts annotation was done with Trinotate software in which was compared with the Swissprot 
database using blastx software and with non-redundant and the Fungi section of Refseq database 
using blastp. This search found 12144 and 14412 ORF similar to proteins annotated in the 
databases. The most represented species was Sphaerobolus stelatus, the only Gasteromycete with 
genome already sequenced, with a 73.38% and 74,03% for G. argentinum and G. sweinitzii 
respectively. The transcripts related to CAZymes were identified using the algorithm blastp to align 
the transcriptomes to the dBCAN database. The identity of the transcripts was curated manually and 
compared with the results obtained of Trinotate, showing a total of 467 and 444 for G. argentinum 
and G. schweinitzii. The CAZYmes families represented in the transcriptomes were 118 and 124. 
The transcripts represented in the CAZYmes families showed a similar distribution: 
Glycosyltransferases 27 families (64 and 67 ORFs) (GT), 5 families of Pectin lyases (10 and 12 
ORFs) (PL), 8 families of Auxiliary Activities enzymes (97 and 96 ORFs) (AA), 15 and 10 
Carbohydrate Esterases (71 and 61 ORFs), 53 and 64 families of Glycoside Hydrolases (213 and 
285 ORFs) and 3 and 5 carbohydrate binding modules (21 y 24 ORFs) (CBM) for G. argentinum y 
G. schweinitzii respectively. The enzymes needed for the plant cell wall degradation were identified 
in both transcriptomes. The enzymatic activities involved in cellulose degradation represented were 
endoglucanase, exoglucanase, β-glucosidase, Lytic polysaccharide monooxygenase and cellobiose 
dehydrogenase. Also, hemicellulose degradation enzymatic activities were identified as β-1,4-
endoxylanase, arabinofuranosidase, α-galactosidase y α-fucosidase and in the same way, pectin 
degradation enzymes as rhamnogalacturonase, rhamnosidase, pectin-lyase y esterase. On the other 
hand, transcripts that codify for lignin modifying enzymes were identified. Both transcriptomes show 
multiple isoforms of laccases and also different types of peroxidases like Mn-peroxidase, 
hemothiolate peroxidase, dye-decoloration peroxidase. Transcripts from the Glucose-Methanol-
Choline family were also identified as alcohol oxidases, pyranose dehydrogenase and glucose 
oxidase. The results of this work constitute the first report of massive sequencing of Geastrum 
species, providing information that can facilitate future studies of genomics, transcriptomics, 
proteomics and genetics. In turn, more than 450 enzymes active on carbohydrates and auxiliary 
enzymes for the degradation of lignocellulose with biotechnological potential were obtained. 
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Xylan is a ramified hetero-polysaccharide that is highly abundant in lignocellulosic biomass and of 
great interest as feedstock for biofuels, biomaterials and value added products, such as prebiotics. 
In addition to xylanases, de-ramification enzymes are required for the complete deconstruction of 
xylan. In particular, enzymes with α-L-arabinfuranosidase (ABF) activity (EC 3.2.1.55) are crucial for 
the hydrolysis of the glycosidic bond between α-1,2 and α-1,3 L-arabinofuranosyl side chains of 
hemicelluloses. Therefore, the identification and characterization of ABFs to use in enzymatic 
cocktails is highly needed, in particular enzymes with high activity under the harsh conditions that 
are often used in many industrial processes. Most enzymes with ABF activity belong to GH51 and 
GH62 CAZy families, with a few enzymes of the GH51 family having β-1,4-endoglucanase activity. 
The goal of this work was to evaluate the diversity, potential hosts and structural properties of GH51 
homolog sequences identified in a metagenomic dataset of an extreme coastal environment, in order 
to select sequences for heterologous expression and characterization.  
The metagenomic dataset used in this study was generated by sequencing a fosmid library 
constructed from intertidal sediments obtained near a fuel storage facility in Ushuaia Bay, Tierra del 
Fuego, Argentina. These microorganisms are adapted to extreme conditions, including low 
temperatures, high UV-B radiation levels, the presence of various environmental pollutants, as well 
as variable conditions due to effect of tidal cycles, such as periods of drought and rapid changes in 
temperature, salinity and nutrient availability. Using Hidden Markov Models specific for the GH51 
family, 28 sequences were identified out of 6.8 x 105 protein-coding sequences in the metagenomic 
dataset. GH51 homologs were highly diverse, and only four sequences shared >60% identity at the 
amino acid level with members of the GH51 family. When compared with the NCBI nr database using 
blastp with default parameters, 12 sequences shared >60% identity with the closest match, while the 
rest showed moderate to low identity values or had no hits with sequences of the database.  
The taxonomic binning of the metagenomic sequences suggested members of the Bacteroidetes 
(27%), Planctomycetes (27%), Chloroflexi (19%), Proteobacteria (11%) or Kiritimatiellaeota (8%) 
phyla as their most probable taxonomic origin, while 8% of the sequences could not be assigned at 
the phylum level. The two sequences assigned to the recently recognized Kiritimatiellaeota phylum 
were located in the same 33 Kb scaffold. The majority of the sequences of the scaffold could be 
related to polysaccharide assimilation processes, including six additional sequences annotated as 
GHs, three as sulfatases, one as a major facilitator superfamily transporter and one as a 
rhamnose/proton symporter. Up to date, no enzyme of the GH51 family from organisms belonging 
to the Planctomycetes or the Kiritimatiellaeota phyla have been characterized, although these 
organisms have shown potential for the degradation of multiple complex polysaccharides.  
Out of the 25 full-length GH51 homolog sequences, 21 presented overall 3D models consistent with 
structures of members of the GH51 family, with the characteristic (β⁄α)8 TIM barrel catalytic domain 
and the jelly roll C-terminal domain, as well as the presence of the conserved Glu catalytic residues. 
The length of the β2α2 and the β7α7 loops near the active site were highly variable in the 21 models, 
with differences of up to 13 residues when compared with the GH51 ABF enzyme of Thermobacillus 
xylanilyticus. These differences could impact the catalytic properties of these putative ABFs, as it 
has been proposed that the β2α2 loop plays a key role in substrate binding and catalysis, and that 
the movement of this loop could be hindered in enzymes with a longer β7α7 loop. Other important 
feature of the β2α2 loop, the conserved Trp residue shown to interact with the bound arabinosyl 
moiety, was present in nine of the models. On the other hand, two sequences, assigned to 
Bacteroidetes and Planctomycetes and sharing only 18% identity, had modeled structures similar to 
the ABF enzyme from Meripilus giganteus, a fungi, with a CBM4-like N-terminal domain. Three 
additional GH51 sequences had between 687 and 1,183 residues, although the potential function of 
the additional domains could not be determined. 
Overall, we observed a high diversity in the structural features of the metagenomic GH51 homologs, 
as well as a high proportion of understudied taxonomic groups represented in the study. All these 
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characteristics will be considered for the selection of sequences for heterologous expression and 
characterization.  
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Secretome analysis of basidiomycetous yeast Tausonia pullulans growing 

on starch and genome survey of CAZymes 
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Basidiomycetous yeasts remain an almost unexplored source of metabolites and enzymes with great 
potential in several industries. Tausonia pullulans (Agaricomycotina) is a psychrotolerant yeast 
isolated worldwide, including Patagonia, which grows easily on several carbon sources (glucose, 
maltose, sucrose, lactose and starch, among others). This yeast has been studied in terms of its 

extracellular enzymatic activities: ligninolytic, amylolytic, pectinolyic, lipase/esterase and beta-

glucosidase. Also, it can turn into to the “obese” phenotype under high C/N ratio (oleaginous). 
Nevertheless, the genetic nature of its enzymatic properties, and in particular extracellular hydrolytic 
enzymes, including the identity of the starch degradative enzymes, is not known. We performed a 
genomic sequencing (MiSeq), assembly and annotation (Funannotate) of T. pullulans strain CRUB 
1754 (isolated from Perito Moreno glacier, Argentina), with a survey of CAZymes; and analyzed by 
mass spectrometry the extracellular proteins after growth in glucose or starch as main carbon 
sources. At the genome level, T. pullulans contains 7210 predicted proteins, including 6% with 
secretory pathway signals. The search for CAZymes yielded 242 proteins (3.4% of the genome); with 
494 functional domains. When compared to other sister taxa (order Cystofilobasidiales) T. pullulans 
contains a higher number of CAZy domains; mostly due to the higher number of glycoside hydrolase 
domains (GH). When analyzed comparatively with other Tremellomycetes in terms of each individual 
CAZy sub-family, T. pullulans stands out as it contains a high number of glucoamilases (GH15); and 
high number of pectinolytic enzymes (GH28), as well as lignocellulose decay enzymes (GH7), among 
others. It also harbors genes for laccases (AA1). When the secretome (concentrated culture 
supernatant) of T. pullulans was analyzed experimentally after growth in starch or glucose, 98 
proteins could be identified (LC/ESI-LTQ MS). Enrichment of Signal P containing proteins was 
observed (33%) and also in CAZymes (14%). When analyzed quantitatively by spectral counts 
(PatternLabv4), we observed that 60% of total spectral counts belong to GHs, oxidoreductases and 
to other CAZymes (34%, 15% and 10% respectively). A number of differentially expressed proteins 
were detected, including some proteins with very low spectral counts only found in starch (including 
a GH28 enzyme; and other CBM containing proteins). Sixty-nine proteins were only detected in 
glucose, mostly nuclear, ribosomal and others. Proteins found in both conditions, representing 75% 
of total spectral counts, included few differentially expressed. A glucoamylase of family GH15 (ID 
FUN_003750) and several other CAZymes, including CBM containing enzymes and pectinases, 
were overrepresented in starch culture. FUN_003750, a glucoamylase of 65 kDa, showed a 10-fold 
increase in T. pullulans when grown in starch compared to glucose (the highest observed fold 
change). As a conclusion, this study will help increase the knowledge on the extracellular hydrolytic 
enzymes of basidiomycetous yeasts and in particular on the potential of Tausonia pullulans as a 
source of carbohydrate-active enzymes. 
 

  



Abstracts 
 

Third Meeting & First Workshop of the Argentine Network of Enzymatic Technology (TEz Network) 72 

Book of Abstracts 

IE-1  
Development of a bioprocess based on fungal consortium for the production 

of enzymatic cocktails 
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The most important group of microbial hydrolytic enzymes includes xylanases, proteases, amylases, 
cellulases, and lipases. Together, these enzymes form a cocktail capable of acting synergistically, 
exhibiting functional properties that make it optimal for various applications, including the production 
of enzymatic detergents, in food processing or biofuel production.The levels of enzyme production 
vary significantly between the different microbial species, with filamentous fungi (FF) the main 
producers. FFs can grow on lignocellulosic residues from agribusiness that constitute an ideal 
substrate to produce enzymes.The production of enzyme cocktails through a FF consortium 
designed in a single fermentation step presents great industrial and economic potential by reducing 
costs and production times. 
The aim of this work was to evaluate the feasibility of using a fungal consortium by Aspergillus niger 
and oryzae, and Trichoderma harzanium for the production of an enzyme cocktail enriched in 
xylanolytic (XE), cellulolytic (CE), amylolytic (AE), proteolytic (PE) and lipidic (LE) enzymes using 
agro-industrial waste like wheat bran, soybean husk and sunflower husk as substrates. Then, the 
strains were evaluated to coexist in the same culture by interaction studies and the production of 
antagonistic metabolites. Different fungal consortium models were tested in selected agro-industrial 
waste. 
Solid-state (SSF) and submerged (SmF) fermentation were assayed for 5 days at 30°C in all agro-
industrial wastes. The activity of XE, CE and AE were measured by the dinitrosalicylic acid 
colorimetric method, PE activity was measured by the azocasein method and LE by the colorimetric 
method based on the hydrolysis of pNPB. 
The combination of wheat bran and soybean husk proved to be the most favorable source of carbon 
and nitrogen for maximum enzyme production after 4 days of SSF at 30°C for A. niger and oryzae. 
These species demonstrated to be able to coexist in a fungal consortium because no mycelium could 
occupy the territory occupied by the other microorganism. A. niger and A. oryzae formed a fungal 
consortium that produced IU/gds of substrate of XE (65), CE (30), AE (135), PE (13,000) and LE 
(1.95). 
A bioprocess within the framework of sustainability was designed for the production of hydrolytic 
enzyme cocktails using a fungal consortium of A. niger and A. oryzaein a single fermentation step 
aimed at improving economic industrial development by reducing costs and production times and 
environmental protection with the valorization of lignocellulosic biomass cost-effectively. 
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The enzymatic degradation of lignocellulose generates sugars that upon fermentation produce 
bioethanol. The enzymes currently used in this process are expensive and have low efficiency. It is 
economically relevant to increase their activity and stability. 
Cellulosomes are multienzymatic complexes that colocalize different cellulolytic enzymes and 
cellulose binding domains, increasing their degradation activity through enzymatic proximity and 
substrate targeting effects. However, the industrial production of natural cellulosomes has serious 
limitations because of the properties of their scaffolding protein. Our goal is to use the structure of 
an oligomeric protein that is highly stable and highly expressed in bacteria as a scaffold for the 
colocalization of a consortium of cellulolytic enzymes. For the development of these artificial 
cellulosomes, we use a non-covalent coupling strategy trough high affinity heterodimeric coiled coil 
peptides (leu1 and leu2) complementary fused to the oligomeric scaffold and the target enzymes. 
We cloned and expressed in E. coli the catalytic domain of a variety of enzymes fused to the coupling 
peptide: endoglucanases, exoglucanases, xylanases, beta glucosidases and cellulose binding 
domains from different organisms. The amount and solubility of these fusion proteins were compared 
to the isolated domains. At least one member of each functional category was solubly expressed in 
significant amounts and was purified by affinity chromatography and gel filtration. We present 
advances in their functional characterization. 
We have successfully assembled several of the target proteins to the oligomeric scaffold, producing 
mono or bi-functional complexes. The interaction between the target modules and the subunits of 
the platform produce decameric complexes in agreement with the decameric structure of the scaffold. 
Our results encourage further development of the artificial cellulosomes. It is expected that these 
complexes will help to increase the enzymatic degradation of lignocellulose, reducing the cost of 
bioethanol production. 
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Carboxylesterase as a nuclear lipase involved in lipid-droplets homeostasis 
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Organisms have specialized tissues where hydrophobic lipids (triacylglycerol: TAG; cholesterol-
ester: CE; cholesterol: C) are stored, and at a supramolecular level neutral lipids are organized as 
Lipid Droplets (LD). In eukaryotic cells under normal conditions, LD are mainly located in the cytosol 
(cLD), and within the nucleus we have already identified a small LD population (nLD). nLD consist of 
a hydrophobic TAG-CE-C core enriched in oleic acid surrounded by a monolayer of polar lipids, 
cholesterol, and proteins. nLD are probably involved in nuclear-lipid homeostasis serving as an 
endonuclear buffer that provides or incorporates lipids and proteins participating in signaling 
pathways, as transcription factors and enzymes of lipid metabolism and nuclear processes. 
In this work, we analyzed the nLD proteome and hypothesized that nLD-monolayer proteins could 
be involved in lipid metabolism and other cellular functions. We evaluated the rat-liver–nLD proteome 
under physiological/nonpathological conditions by GeLC-MS2. Since isolated nLD are highly diluted, 
a protein-concentrating isolation protocol was designed. Thirty-five proteins were identified within the 
functional categories: cytoskeleton and structural, transcription and translation, histones, protein-
folding and posttranslational modification, cellular proliferation and/or cancer, lipid metabolism, and 
transport. Purified nLD contained an enzyme from the lipid-metabolism pathway, carboxylesterase 
1d (Ces1d/Ces3). Nuclear carboxylesterase localization was confirmed by Western blotting and 
immunohistochemistry. 
Ces1d/Ces3 belongs to the large, highly conserved carboxylesterase multigene superfamily of the 
carboxyl-esterase hydrolases (EC 3.1.1.1), and is a class of serine hydrolases that catalyze the 
hydrolysis of esters, thioesters, and amide bonds in a wide variety of molecules. By in silico analyses, 
the three-dimensional structure predicted for rat Ces1d/Ces3 shows a high similarity with the 3-D 
structure of the human orthologous CES1, and we propose that the secondary and tertiary structures 
of rat Ces1d/Ces3 would be similar to that previously reported for human CES1. In this model of the 
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tertiary structure of rat Ces1d/Ces3, potential key residues that would contribute to the catalytic 
activity, subcellular localization and structure of the protein were identified and localized. In particular, 
the spatial orientation of those residues that would participate in the catalytic activity (catalytic triad, 
side door and Z-site) of rat Ces1d/Ces3 correlates almost perfectly with those previously identified 
in human CES1. 
In conclusion, a diversity of cellular-protein functions were identified indicating the direct or indirect 
nLD participation and involving Ces1d/Ces3. By in-silico analyses rat Ces1d/Ces3 secondary and 
tertiary structure predicted would be equivalent to human CES1. The enzymatic activity of LD 
carboxylesterase could generate molecules in situ that, in addition to being oxidized, could constitute 
lipidic second messengers to regulate the nuclear- and/or cellular-lipid homeostasis 
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Glyphosate (N-phosphonomethylglycine) is one of the most widely used organophosphonate 
herbicides in the world and has been strongly questioned for its toxic effects on humans. It is often 
used excessively due to the emergence of resistant weeds, leading to its presence in varied foods 
(fruits, vegetables, honey, etc.), cotton textiles, and other derivatives. Thus, cost-effective 
technologies for detection and remediation of glyphosate in situ are needed. We explore salt flats in 
northern Argentina in search for natural variants of the enzyme glycine oxidase (GO) from halophilic 
strains of Bacillus sp., exhibiting glyphosate oxidase (GLO) activity. Indeed, this flavoenzyme 
belongs to the family of D-amino oxidases (Pfam PF01266), and bacteria producing GO with residual 
GLO activity are capable of degrading glyphosate into AMPA (amino methyl phosphonic acid) and 
glyoxylate, which are further assimilated as phosphorus and carbon sources, respectively. 
We typically collect samples of saline soil and incubate them in high-salt media specific for growth of 
halophilic bacteria, enriched with increasing concentrations of glyphosate, followed by environmental 
DNA (eDNA) extraction for PCR analysis. In this work, we sampled the Ambargasta salt flat in 
southwestern Santiago del Estero, Argentina, a saline plain of more than 9000 square kilometers, 
with some seasonal salty lagoons and streams that harbor halophilic microorganisms potentially 
adapted to metabolize xenobiotics present in the aquifers. Indeed, Ambargasta constitutes a dead-
end salt flat for rivers Salí-Dulce that carry waters across Tucumán and Santiago del Estero, likely 
accumulating diverse herbicides and chemical effluents from crop irrigation and industrial waste. We 
propose that such environment promotes the growth of halophilic microbes with the ability to 
assimilate those chemicals. Thus, we incubated Ambargasta soil samples in the abovementioned 
conditions, which were collected during the dry winter season, and monitored growth of 
microorganisms harboring genes related to GO enzymes by PCR, using primers specific for 
halophilic Bacillus sp. GO enzymes, and aliquots of eDNA as templates. While the total eDNA yield 
was comparable between samples and control cultures without glyphosate, the expected PCR 
products appeared only in samples incubated with added glyphosate for several days, as compared 
with control cultures without the herbicide, strongly indicating that we amplified the correct genes. 
However, we faced the technical difficulty of cloning PCR products of unknown sequence, without 
flanking restriction sites. We decided to avoid restriction cloning because such procedure could 
potentially digest some GO-like genes, and we would therefore lose them or clone fragmented 
versions. Instead, we are currently adapting a pET-type expression vector for in-phase cloning of 
PCR products through the TA-cloning method, which will enable inducible expression of intact GO-
like enzymes from a library of putative GO-encoding genes. These plasmids will be transformed into 
E. coli BL21(DE3) cells in order to screen for oxidase activity in vivo as production of hydrogen 
peroxide, by colony PCR, or by differential growth in media with and without expression inducer 
(IPTG), using glycine or glyphosate as carbon sources. 
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Our research will eventually allow us to isolate oxidases with GLO activity, which will be purified and 
characterized biochemically and biophysically. Since halotolerant enzymes are often resistant to 
denaturation due to extremes of salinity, pH and temperature, halotolerant GLO enzymes will exhibit 
desirable biophysical properties that make them ideal for biotechnological applications, which is our 
long-term goal. 
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Fibrinolytic enzymes have become very important for the potential treatment of cardiovascular 
diseases. Our group has optimized the culture parameters for the production and purification of a 
fibrinolytic enzyme secreted by Hornodermoporus martius LBM 224 with The aim of this work was to 
characterize a novel fibrinolytic enzyme produced by H.martius LBM 224. 
The fibrinolytic activity was measured using a fibrin degradation assay method. First, 200 µL of 0.72 
% w/v bovine fibrinogen was placed in a test tube with 50 µL of 50 mM Tris-HCl buffer (pH 7.4) and 
incubated at 37 °C for 5 min. Then, 50 µL of a 20 U/mL thrombin solution was added and incubated 
at 37 °C for 10 min. Fifty µL of enzyme solution were added and the mixture was incubated at 37 °C 
for 1 h, mixing at 20 and 40 min. Finally, 350 µL of 0.2 M trichloroacetic acid (TCA) were added and 
mixed. The reaction mixture was centrifuged at 15,000 x g for 10 min at 4 °C. Subsequently, a 600-
µL aliquot from supernatant was collected and the absorbance at 275 nm was    measured. According 
to this assay, 1 Unit of enzymatic activity, expressed as fibrindegradation unit (FU), is defined as 
0.01-per-minute increase in absorbance at 275 nm of the reaction solution. 
To determine the optimal temperature, enzyme activity was measured at different temperatures (20–
60 °C) in 50 mM Tris-HCl buffer (pH 7.4). Thermal stability was investigated by measuring the 
residual activity after incubating the purified enzyme at different temperatures (20–60 °C) for 1 h in 
50 mM Tris-HCl buffer (pH 7.4). 
Optimal pH of the purified enzyme was assayed by measuring fibrinolytic activity at 37 °C in different 
pH buffers (pH 3.6–9.0). For testing pH stability, the enzyme was incubated in various pH buffers 
(pH 3.6–9.0) for 1 h at 37 °C, and the residual enzyme activity was analyzed. Buffers used were: 
sodium acetate (50 mM, pH 3.0–4.9), sodium phosphate (50 mM, pH 5.0–6.9), Tris-HCl (50 mM, pH 
7.0–9.0). 
The effect of various metal ions on the enzyme activity was studied using Zn2+, Ca2+, Cu2+, Co2+, 
Mg2+, Mn2+, Fe2+, Fe3+, Na+, and K+ (at 1 mM final concentration). Inhibition effects were studied using 
ethylene diamine tetraacetic acid (EDTA) (1–5 mM). Effects of surfactants were studied with Tween-
80 (1% v/v), Triton X-100 (1% v/v), glycerol (30% v/v), and Sodium Dodecyl Sulfate (SDS) (0.5% 
w/v). Effect of different reagents on enzyme activity was also studied by incubating each of them 
along with the enzyme: β-mercaptoethanol (0.5% v/v), Bovine Serum Albumin (BSA) (1% w/v), 
gelatin (1% w/v), peptone (1% w/v), acetone (10% v/v), and urea (8 M). Enzyme was preincubated 
with metal ions, surfactants, inhibitor, or reagents in 50 mM Tris-HCl buffer (pH 7.4) at 37 °C for 1 h 
and then, the residual activities were determined. 
The optimal temperature for fibrinolytic activity was 40 °C, with a relative fibrinolytic activity at 37 °C 
of 88.70 ± 2.69 %. Concerning thermal stability, the fibrinolytic enzyme was highly stable up to 40 °C 
retaining >80% of its activity after 1 h. The enzyme activity and thermo-stability gradually declined 
above 45 °C. The fibrinolytic enzyme showed maximal activity at either pH 7.4 or 8.0, without 
statistical difference (P ≥ 0.05), and showed high stability ranging from pH 6.7–9.0, maintaining >80% 
of its activity or 1 h. 
Fibrinolytic activity of the purified enzyme was also influenced by various metal ions. The fibrinolytic 
activity was significantly increased in the presence of 1 mM Zn2+, Ca2+, Co2+, Mg2+, Mn2+, Fe2+, and 
Fe3+whileitwasslightlyreducedby Cu2+. Meanwhile, when confronted o EDTA (5 mM), a chelator of 
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divalent cations, it retained 84% of its original activity, thus highlighting th eimportance of divalent 
metals in enzyme stabilization. 
Regarding the influence of other reagents on enzyme activity, glycerol (85.15 ± 2.04 %) and Triton 
X-100 (89.57 ± 2.15) exerted a slight inhibition, while gelatin (61.64 ± 1.48 %), β-mercaptoethanol 
(61.32 ± 1.47 %), SDS (47.27 ± 1.13 %), urea (11.68 ± 0.28 %), and acetone (0 %) showed inhibitory 
effects on enzyme activity. Conversely, peptone (109.46 ± 2.63 %), BSA (119.80 ± 2.87 %), and 
Tween-80 (176.15 ± 4.23 %) enhanced enzyme activity. 
One of the most important characteristics of the present fibrinolytic enzyme was its high activity and 
stability in a wide pH range. Furthermore, the purified enzyme showed high enzymatic activity at 37 
°C and pH 7.4 (physiological conditions), which reveals a great potential for thrombosis treatment 
application. However, more research will be required in order to analyze the in vivo performance of 
this fibrinolytic enzyme. 
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Citrus-processing industries produce large volumes of waste waters (WW) characterized by high content of 
organic matter, color, presence of pesticides and terpenes. Although several strategies were developed for their 
treatment, current research focuses on their valorization as a source of bioactive and value-added compounds. 
In this context, white-rot fungi (WRF) are considered promising organisms for combined processes of 
bioremediation and enzyme biosynthesis. WW can inhibit fungal growth due to the presence of toxic compounds 
and/or bacterial proliferation, therefore fungal immobilization on low-cost lignocellulosic materials is proposed 
as an effective approach to increase their stability. The aim of this work was to evaluate enzyme production 
after citrus WW treatment under non-sterile conditions with WRF immobilized on lignocellulosic materials. The 
strains Irpex lacteus LBM 037, Phlebia brevispora LBM 036, Pleurotus pulmonarius LBM 105 and Trametes 
sanguinea LBM 023 were immobilized on sugar cane bagasse (SB), Panicum sp. seeds (PS) and Luffa 
cylindrical (LC). SB and PS were kindly provided by Coop. Ingenio Azucarera (San Javier, Misiones) and Clean 
Up (Posadas, Misiones), respectively. LC was purchased from El Cacique Limpieza (CABA, Buenos Aires). 
These materials were washed with tap water, rinsed with distilled water and oven-dried at 40 ± 2 °C. LC was 
cut into 1 cm3 pieces while SB was sieved and portions >1 mm were reserved for use. All the experiments were 
carried out in triplicate in 250 mL Erlenmeyer flasks containing 50 cm3 of substrate. Initial moisture content was 
adjusted to 75 % w/w with Czapek medium (sucrose 30 g/L; K2HPO4 1 g/L; KCl 0.5 g/L; MgSO4 7H2O 0.5 g/L; 
NaNO3 20 g/L). Autoclave-sterilized flasks were inoculated with three agar plugs (~7 mm diameter) of each 
strain and were incubated 14 days at 28 ± 1 °C under static conditions. Then, 50 mL of filtered citrus WW was 
added to the cultures and flasks were incubated for three extra days. Control consisted in WW without 
immobilized fungi. Supernatants were obtained by centrifugation at 4600 g for 10 min and enzyme activities 
were evaluated by spectrophotometric assays. Laccase (EC 1.10.3.2) activity was determined using 2,6-
dimethoxyphenol (5 mmol/L) as substrate. Endoxylanase (EC 3.2.1.136), endoglucanase (EC 3.2.1.4) and 
amylase (EC 3.2.1.1) activities were assayed using beechwood xylan (1 % w/v), carboxymethylcellulose (2 % 
w/v) and soluble starch (2 % w/v) as substrates respectively; reducing sugars were measured by 1,3-
dinitrosalicylic acid assay. β-glucosidase (EC 3.2.1.21) and cellobiohydrolase (EC 3.2.1.91) activities were 
determined using p-nitrophenyl-β-D-glucopyranoside (1 mmol/L) and p-nitrophenyl-β-D-cellobioside (1 mmol/L) 
as substrates, respectively. Laccase activity was detected in P. brevispora LBM 036, P. pulmonarius LBM 105 
and T. sanguinea LBM 023 cultures immobilizedon PS, respectively: 1121.02 ± 41.04, 1022.51 ± 31.32 and 
446.73 ± 27.00 U/L. Laccase activity was also measured in P. brevispora LBM 036 cultures immobilized on SB 
(331.27 ± 29.59 U/L). Endoxylanase, cellobiohydrolase and amylase activities were observed in alt he assays 
with immobilized fungi and in the control. The highest endoxylanase and amylase activities were produced by 
T. sanguinea LBM 023 immobilized on SB and PS, respectively 1571.43 ± 92.60 and 2178.87 ± 151.71 U/L. 
The highest cellobiohydrolase activity was produced by P. pulmonarius LBM 105 (60.30 ± 3.09 U/L). Low 
quantities of β-glucosidase activity were detected in all the assays (<6 U/L). Endoglucanase activity was not 
detected under the studied conditions. The enzyme activities detected in the control condition can be attributed 
to the microbial populations of the citrus WW. Moreover, there was an overall increase in enzyme activities when 
the WW was treated with immobilized fungi due to fungal biosynthesis and/or biostimulation/bioaugmentation of 
the bacterial communities. The combined process of bioremediation and enzyme biosynthesis, not only 
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contributes to environmental protection but could also generate economic benefits, making the treatment cost-
effective and more attractive for industrial applications. 
 
 

OLP-5 
Use of lipases as biocatalysts in the synthesis of esters with potential 

pharmacology applications 
 

Freije García, F.; Bravo, S.C.; Chanquia, S.N.; García Liñares, G.  
 

Laboratorio de Biocatálisis-UMYMFOR, Departamento de Química Orgánica, Facultad de Ciencias 
Exactas y Naturales, Universidad de Buenos Aires. Ciudad Universitaria, Pabellón 2, piso 3, 

C1428EGA, Buenos Aires, Argentina.  
email:  freijegarcia@qo.fcen.uba.ar 

 
 

In the last few years, novel examples appeared about nonconventional processes catalyzed by 
lipases. They displayed remarkable activities in unexpected reactions such as carbon-heteroatom 
bond formation. Herein we present some of our results in the enzymatic synthesis of esters derived 
from structurally different substrates, highlighting the catalytic properties of lipases in obtaining new 
compounds of pharmacological interest. 
Changes related to the treatment of new and existing diseases are continually taking place, creating 
the need for chemotherapies with higher levels of molecular complexity to achieve potency, 
selectivity and the desired therapeutic properties. There are numerous diseases, many of them silent, 
which, although they do not have curative treatment, symptoms can be reduced and alleviated by 
chemotherapeutic treatments. Among them are Alzheimer's disease and tropical diseases caused 
by parasites, such as Chagas disease or Leishmaniasis, and even diseases caused by viruses for 
which there are no specific vaccines or antivirals. 
In this work we are reporting the enzymatic synthesis of a series of esters derived from bile acids, 
phenylacetic acids and ω-indolyl carboxylic acids. 
Bile acids are hydroxyl derivatives of 5β-cholanic acid and they are widely distributed in nature as 
oxygenated derivatives of steroids. We prepared a series of esters involving the acetylation of the 
hydroxyl groups and the esterification of carboxyl moiety. We have obtained mono-, diacetyl and 
ester derivatives of deoxycholic, chenodeoxycholic, lithocholic, cholic and hyodeoxycholic acids. The 
lipase showed to be very efficient affording most of the products in high yield and regioselectivity. 
Some of the derivatives showed activity as T. cruzi growth inhibitors. 
Phenylacetic acid as well as some halogenated derivatives have various biological properties such 
as anticancer, antiviral, anti-inflammatory and antimicrobial. We have synthesized different 
derivatives of substituted phenylacetic acids, some of which showed anticonvulsant activity, and 
esters derived from 2-(3-ethoxy-4-(2-ethoxy-2-oxoethyl)phenyl) acetic acid, a precursor of 
repaglinide (a drug used for diabetes treatment), which will be evaluated as antiparasitic agents. 
Indolylcarboxylic acids exhibit important biological activities such as, for example, antiparasitic, anti-
inflammatory and protective of oxidative damage at the cellular level, among others. In addition, 
indolylacetic acid is a natural auxin, having the ability to stimulate the differential growth of plants. 
Based on this, we prepared numerous derivatives of ⍵-indolyl acetic, propionic and butyric acids for 
evaluation as plant growth regulators and as agents for the treatment of Alzheimer's disease. 
In all cases, the reaction conditions that lead to optimal results are sought, both in terms of product 
performance and the regioselective behavior of the biocatalysts, determining the appropriate 
enzymes and reaction parameters that allow modulating the enzymatic action for the selective 
obtaining of each of the products. A model reaction is used and the activity of lipases from various 
sources and immobilized on different supports is studied; once the lipase has been selected, different 
reaction parameters are studied: solvent, temperature, enzyme: substrate ratio (E / S), nucleophile: 
substrate ratio (Nu / S), reagent concentration, time, etc. Then, the determined optimal reaction 
conditions are applied to the synthesis of all the proposed derivatives. 
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OLP-6 
Lipase production by fungi of the Umbelopsis and Ophiostoma genera 
associated with wood from species of the Andean Patagonian forests. 

 
Aquino, M.D. (1)(2)(3); Saparrat, M. C. N. (2)(4); Molina, M. (1)(2); Pildain, M.B. (1)(2)(5) 

 

(1) Centro de Investigación y Extensión Forestal Andino Patagonico (CIEFAP), Argentina, (2) Comisión 
Nacional de Investigaciones Científicas y Técnicas (CONICET), Argentina, (3) Ministerio de Ciencia y 

Tecnología e Innovación Productiva -Chubut (MCyTeIP-Chubut), Argentina, (4) Universidad Nacional de 
la Patagonia San Juan Bosco, Argentina, (5) Instituto de Fisiología Vegetal (INFIVE), Universidad 

Nacional de La Plata (UNLP), Argentina; email:  maquino@ciefap.org.ar 
 
 

Many industrial applications of lipases have stimulated interest in searching from microbiological 
sources and significant efforts have been concentrated to improve production and optimize yield. 
The bioprospecting of enzyme-producing microorganisms leads to the exploration of different taxes 
and environments. In this sense, the Patagonian endophytic fungi are a group of organisms with 
great potential for the production of new metabolites. Some species of the fungal genera Ophiostoma 
and Umbelopsis have been reported as lipase producers. Given the high frequency of appearance 
of representatives of these genera in the Patagonian Andean forests, this work aimed to evaluate 
the ability to synthesize lipases from isolates of 3 species of Umbelopsis and 5 of Ophiostoma. Their 
ability to synthesize hydrolytic enzymes in a plate using Tween 20 as a substrate was tested and the 
activity was estimated semi-quantitatively as the ratio of hydrolytic halo to mycelium diameter. The 
activity was measured using 1,2-o-dilauryl-rac-glycero-3-glutaric acid- (6-methylresofurin) -ester as 
substrate. In the plate assays, the highest levels were detected in the CIEFAPcc 475 O. piliferum 
isolate (3.17 U/E), while for the Umbelopsis genus the highest was detected for the U. vinacea isolate 
(2.07 U/E). These species have already been reported as lipase producers, but there are no activity 
records for isolates from Patagonia. These results serve as the basis for optimizing the production 
of its extracellular lipases depending on the type of substrate used and the conditions of the fungus 
culture and the enzymatic reaction. 
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