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PREFACE

On behalf of the Institut Pasteur de Montevideo (IP Mon-
tevideo), I invite you to go over the following pages and 
learn more about the activities we developed during 
2013.  

Inaugurated in 2006, the Institute is nowdays mainly fi-
nanced by the Uruguayan State. It also receives program 
funding from the European Union (Uruguay Innova) and 
FOCEM (MERCOSUR Regional Convergence Fund). It also 
generates its own resources through grants and techno-
logical services. The total budget in 2013 was close to 7 
million US dollars.   

The IP Montevideo’s mission is to establish a state-of-
the-art research center with international projection 
dedicated to investigate the biological mechanisms of 
human and animal diseases, and eventually pave the 
way for new treatments and cures. As part of this mis-
sion, IP Montevideo seeks to train new human capacities 
through education and laboratory training, thus contrib-
uting to the development of science and biotechnology 
in the country.

The Institut Pasteur de Montevideo belongs to the Inter-
national Pasteur Institute Network (IPIN). It includes 32 
research institutes around the world with expertise to 
fight against infectious diseases. The IP Montevideo is 
one of the youngest institutes within this network, and 
from its inception, shares the same Pasteurian principles 
in life sciences research and its applications. 

IP Montevideo is organized around a central core facili-
ties area, in which an important investment was done to 
acquire state-of-the-art equipment serving to genomic, 
proteomic, structural biology, cell biology and trans-
genic animal research. In the last years, we set up two 
Next Generation Sequencing equipments, which allow re-
searchers from different specialties to study in detail the 
genome, transcriptome, and epigenome of any organism. 

In 2013, the number of research groups has increased 
significantly. One young research leader was recruited 
through the Uruguay INNOVA II program (UE) and four 
other groups have been incorporated through a vision-
ary collaboration agreement with the Universidad de la 
República.  The number and impact of the publications 
further increased in 2013, with 60 publications, reaching 
a total of 270 publications since 2007.  

Our research laboratories provide an environment for 
the training of advanced undergraduate and graduate 
students who are interested in pursuing careers in sci-
ences. In 2013, more than 80 PhD, MSc students and 
postdoctoral researchers were trained at IP Montevideo’s 
laboratories. In addition, we received more than 600 
school and high school students in different activities of 
science pop.  

We have experienced great success in the organization 
of international or regional Courses on different topics 
of molecular medicine and bioinformatics. In 2013, more 
than 40 of distinguished professors and dozens of ad-
vanced students from abroad attended 7 main interna-
tional courses. 

With FOCEM funding, the IP Montevideo has inaugurated 
the “innovation space”, a new space for laboratories and 
officesat the ground floor area, covering 1300 m2. This 
new extension will serve to reinforce collaborations with 
other institutions from the MERCOSUR region and to ac-
commodate more research groups as well as pre-incuba-
tion and incubation star-ups.  The innovation space hosts 
the “Bioespinn” incubator funded by the Uruguayan 
Agency for innovation and research (ANII).  

I wish to thank all of our researchers and Institute mem-
bers for their dedication, continued support and commit-
ment with our Institute.

Luis Barbeito
Executive Director

Institut Pasteur Montevideo
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Analytical Biochemistry 
and Proteomics Unit

Head:  Rosario Durán, PhD (IIBCE – IP Montevideo, Interim Head) 

Members:
 

Carlos Cerveñansky, PhD (IIBCE – IP Montevideo)
Carlos Batthyány, MD, PhD (Associate Investigator-

IP Montevideo; Adjunct Professor of Biochemistry, 
School of Medicine, UdelaR)

Magdalena Portela (Technical Assistant – School of Sci-
ences/IP Montevideo)

Analía Lima, MSc (Technical Assistant, PhD student)
Magdalena Gil, Biochemist (Technical Assistant -IIBCE; 

PhD student)
Jorge Rodriguez, Biochemist (PhD student)
Jessica Rosello, Biochemist (Graduate student, Technician) 
Bernardina Rivera Biochemist (Graduate student, Technician)
Rosina Toledo (Graduate student)

Associate members:

Horacio Botti, MD, PhD (Adjunt Investigator, IP Montevideo)
María Noel Alvarez, PhD (Associate Investigator, Ad-

junct Professor of Biochemistry, School of Medicine, 
UdelaR, Uruguay)

Leonel Malacrida, Biochemist (Associate Investigator, 
Assistant Proffesor, Pathophysiology Department, 
School of Medicine, UdelarR, Uruguay)
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The mission of the Analytical Biochemistry and Pro-
teomics Unit (UByPA) at the Institut Pasteur de Monte-
video is to: 

1. perform and support mass spectrometry (MS)/
analytical biochemistry based  research 

2. provide researchers with training, scientific as-
sistance and access to MS and  proteomic related 
technologies 

3. improve available MS techniques for biomedical 
research 

4. contribute to local and regional training and edu-
cation programs

Our specific goals are: 

•	 to provide open access to analytical biochem-
istry, mass spectrometry and proteomics tech-
nologies to local and regional researchers,

•	 to pursue biomedical research projects based 
on mass spectrometry and proteomics,

•	 to facilitate collaborative scientific projects 
with other national and international research 
groups, supporting a join-effort to seek funding,

•	 the education of graduate students and research-
ers in analytical biochemistry, mass spectrome-
try and proteomics related technologies.

Research

In the past years, members of our research group have 
been involved in different areas of biological/biochemical 
research. A major contribution made by the UByPA´s sci-
entist was the incorporation of modern mass spectrom-
etry (MS) and 2D-electrophoresis to our local academy, 
bringing totally new analytical capabilities to perform 
comprehensive protein studies, including posttransla-
tional modifications of proteins and the ability to decode 
cell signaling networks. Now a day, we are involved in 
two main areas of research concerning protein-mediated 
cell signalling events. 

1. PROTEOMIC PROFILING 
     OF HOST-PATHOGEN INTERACTIONS

A. Effects of Mycobacterium tuberculosis Ser/Thr ki-
nase PknG on the macrophage. PR_FCE_2009_1_2479, 
PIs: Rosario Durán, Carlos Batthyany, 2011-2012. 

B. Characterization of the phosphoproteome and acety-
lome of phagosomes during the maturation process: 
effects of PKnG. PhD Thesis Project MSc Analía Lima 
Raimondo, Pro.In.Bio., UdelaR, 2011-2013.

C. Identification of proteins associated to Pseudomonas ae-
ruginosa transition from a planktonic to surface-associat-
ed and multicellular states by proteomic approaches. PIs: 
R. Durán, A. Kierbel. (J. R Msc thesis project) 

2. DESGN AND DEVELOPMENT OF SECOND GENERATION 
     NITROALKENES FOR USE IN THE TREATMENT AND 
      PREVENTION OF INFLAMMATION RELATED CONDITIONS:

A. Nitroalkene Tocopherol and Analogs for Use in the 
Treatment and Prevention of Atherosclerosis. CABBIO 
2013-2015. PI: C. Batthyany.

B. Electrophilic/Nitrated-fatty acids mediated protein 
modifications:

C. Inhibition of PknG of Mycobacterium tuberculosis by 
Nitrated Fatty Acids. PIs: Rosario Durán & Carlos Bat-
thyany.
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Services

Our Unit received in January 2007 a MALDI TOF-TOF MS 
instrument (AB-SCIEX, Framingham, USA) and, in Decem-
ber 2009, completed the MS platform with the arrival of a 
nano-electrospray/ion trap LTQ Velos instrument (Thermo, 
USA). Both instruments together complement each other 
and expand the quality and type of mass analytical proce-
dures we can offer to local and regional research groups. 

Two main modes to get access to the Unit are available:

1. Routine Service
For routine analysis, users are welcome to access the 
UByPA as a “fee for service facility” supported by the 
Institut Pasteur de Montevideo. The facility offers this 
kind of service to researchers in the region, with priority 
given to users from the Institute and local academy. The 
analysis will be performed by members of our technical 
staff and will be done following standard protocols. The 
routine analysis includes analysis and interpretation of 
raw data based on routine practices only.

Routine analysis includes: 
•	2-D gel electrophoresis
•	Protein sample preparation for MS analysis: in-

gel digestion, in-solution digestion, desalting
•	Molecular mass determination for peptides and 

small proteins by MS
•	Protein identification by MALDI-TOF/TOF MS (pep-

tide mass fingerprinting, MS/MS ion search) and 
database search.

In 2013 we analyzed 1178 different samples from 83 
different groups: 55% of the samples were from our local 
academy, 42% were from the regional academy (Argen-
tine, Brazil, Chile, Colombia, and Venezuela) and 3% from 
private industry.  

2. Non-Routine Service
Collaborative research projects, beyond routine services, 
are welcome.  Members of the Unit are expected to sig-
nificantly contribute to the conception, design of experi-
ments and custom-design protocols, original ideas as 
well as data analysis and interpretation beyond routine 
practice.

Non routine analysis includes: 
•	Custom sample preparation
•	Post-translational modification analysis
•	2-D gel electrophoresis based proteomics
•	 “shotgun” based proteomis
•	Quantitation
•	De novo peptide sequencing
•	Gycomycs and glycoproteomics

During the last year (2013) we got involved in several 
collaborative research projects, mainly in the area of 

post-translational modification of proteins and shotgun 
proteomics (9 projects   granted in 2013). In this case 
most of the samples analyzed were from the local acad-
emy with some contribution of Brasil and Argentina re-
search groups. 

Publications

1. Alvarez G, Aguirre-López B, Cabrera N, Marins EB, Ti-
noco L, Batthyány CI, de Gómez-Puyou MT, Puyou 
AG, Pérez-Montfort R, Cerecetto H, González M. 
1,2,4-thiadiazol-5(4H)-ones: a new class of selective 
inhibitors of Trypanosoma cruzi triosephosphate 
isomerase. Study of the mechanism of inhibition. J 
Enzyme Inhib Med Chem. 28: 981-989 (2013)   .

2. Gil M, Graña M, Schopfer FJ, Wagner T, Denicola A, 
Freeman BA, Alzari PM, Batthyány C, Durán R. In-
hibition of Mycobacterium tuberculosis PknG by 
non-catalytic rubredoxin domain specific modifi-
cation: reaction of an electrophilic nitro-fatty acid 
with the Fe-S center. Free Radic Biol Med. 65:150–
161.  (2013)

Grants

1. Development of a novel class of anti-athero-
genic agents: electrophilic nitroalkenes-Vitamin 
E (α-tocopherol) analogs. 2013 - 2015 CABBIO 
Carlos Batthyany - Amount Granted  USD 30.000

2. N Glycan fingerprint of exosomes in Chagas and 
Cancer diseases. Interdisciplinary projects IP 
Montevideo, 2013. Coordinator C. Baththyany 
Amount granted USD 20.000

3. “Exploring the role of mosquito’s saliva in the 
transmission of Rift Valley fever” Actions Con-
certees Interpasteuriennes (ACIP) 2012-2014. 
Scientific coordinator: V. CHOUMET (Paris).  Uru-
guayan Researchers: C. Batthyany; R. Durán. EUR 
18.000

4. Doctoral Fellowship – Magdalena Gil – 2012 (2 
years) – ANII

5. Doctoral fellowship-Jorge Rodriguez -2013(2 
years) – ANII

6. Master Fellowship – Jessica Rosello – 2012 (2 
years) – ANII 

Other Main Grants (where scientist of the UByPA are par-
ticipating as investigators):

“Functional evaluation of soy draught response genes 
involved in hydric stress tolerance.” PI: S.Vidal, Facul-
tad de Ciencias, UdelaR; CSIC, UdelR, 2012-2014

“Nitro-oxidative modifications of -Synuclein“PI: Dr. J. 
Souza; Depto. de Bioquímica, Facultad de Medicina, 
UdelaR. FCE 2011 ANII (2012-2014)

“Identification of Proteins involved in visual cortex plas-
ticity”. PI: F. Rossi, Facultad de Ciencias, UdelaR; FCE 
2011 ANII. (2012-2014).



12 Annual Report 2013

“Trypanosome cruzi Leucine-Rich Proteins as viru-
lence factors”. PI: A. Parodi, Insitut Pasteur deMonte-
video & Facultad de Ciencias, UdelaR; FCE 2011 ANII. 
(2012-2014)

Other Acitivities

TRAINING OF STUDENTS
1. Training of three PhD degree students:

•	Analía Lima. Pro.In.Bio. “Caracterización molec-
ular del proceso de inhibición del fagosoma por 
una quinasa de Mycobacterium tuberculosis” 
Academic Directores:  C. Batthyány,  R. Durán,  
MN.  Álvarez. 

•	Magdalena Gil. PhD student PEDECIBA Química, 
“Regulación de la actividad quinasa de PknG de 
M. tuberculosis y su rol en las primeras etapas 
de la infección”. Director: A. Denicola; Co-Direc-
tor: R. Durán.  

•	Jorge Rodriguez-Post-graduate student PEDECI-
BA Química. I+D de análogos de la vitamina E 
liberadores de óx ido nítrico como potenciales 
fármacos para prevención primaria de atero-
sclerosis. Director: V. López. Co-director. C. Bat-
thyany

2. Training of two Master degree students:
•	Jessica Rossello PEDECIBA Biología. “Estudio 

de la adhesión y agregación de Pseudomonas 
aeruginosa en células epiteliales mediante 
aproximaciones proteómicas” Director: R. Durán 
Co-Director: A. Kierbel

•	Dr. Gonzalo Spera. Master student Pro.In.Bio. 
“Proteomica diferencial de líneas celulares de 
cáncer de mama metástasico HER2 negativo 
sensibles y resistentes a Docetaxel”. Academic 
Directors: Dr. C. Batthyány, Dra. C. Touriño, Dra.L. 
Delgado. 

3. Training of undergraduate students:
•	Bernardina Rivera, Facultad de Ciencias, Uru-

guay

4. Training stages at the Unit: 
•	Lic. Pablo Yunes (PhD student, Departamento 

de Química Biológica-CIQUIBIC, Facultad de Cien-
cias Químicas, Universidad Nacional de Córdoba, 
Argentina)  Análisis de proteínas purificadas a 
partir de veneno de Yarará Chica utilizando elec-
troforesis bidimensional y técnicas de espec-
trometría de masa.  July 2013.

•	Mariana Lingua (PhD student, Departamento 
de Química, Universidad Nacional de Córdoba); 
UNU- Biolac; Nov – Dic 2013

•	Lorena Pardo (MSc student, Microbiology De-
partment, School of Medicine, UdelaR); Oct 2013 
to day

5. Training of the Unit´s staff
•	Analyzing Shotgun Proteomic 

Data. Instituto Carlos Chagas, Fiocruz Paraná 
(Curitiba, Brasil). Coordinador: Dr. Paulo Costa 
Carvalho, 2 al 6 de Setiembre de 2013.

•	Bioinformática estrutural e análises do pro-
teoma. Curso CABBIO, Instituto de Ciências 
Biológicas (Universidade Federal de Minas 
Gerais, Brasil). Coordinador: Dr. Vasco Ariston 
Carvalho de Azevedo, 15 al 26 de Abril de 2013.

6.  Scientific Communications
•	3er Encuentro Nacional de Ciencias Químicas, 

Uruguay, 4 al 6 de Noviembre de 2013 (4 post-
ers)

•	V Congreso da BrMASS, Campinas, Brasil, 8 al 11 
de Diciembre de 2013 (1 invited lecture)

•	VIII Meeting of the SFRBM - South American 
Group, Buenos Aires, Argentina, 14 al 17 de Oc-
tubre de 2013 (1poster)

•	8as Jornadas de Bioquímica y Biología Molecular, 
Sociedad de Bioquímica y Biología Molecular, Uru-
guay, 12 y 13 de Setiembre de 2013 (6 posters)

•	3rd International Congress on Analytical Pro-
teomics, 2013, Brasil (1 invited lecture)
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Members: 

Cecilia Abreu, M.Sc. (Doctoral student-staff Research 
Assistant)

Agustín Correa, M.Sc. (Doctoral student-staff Research 
Assistant)

 
Florencia Palacios, PhD (Staff Research Assistant)

Claudia Ortega, PhD (Staff Research Assistant) 

Pablo Morande, PhD (post-doctoral position)

Natalia Sotelo, PhD (post-doctoral position)

Daniel Prieto, M.Sc. (Staff Research Assistant)

Virginia Patiño, MD. (Doctoral student)

Recombinant Proteins Unit 
Laboratory on Chronic  

Lymphocytic Leukemia
 Head:  Pablo Oppezzo, PhD



14 Annual Report 2013

Research 

Summary of Activity Report and Short Scientific Project

Our scientific proposal is aimed at consolidating the cur-
rent lines of research. As a first general goal, we focus 
to understand how the immunologic microenvironment 
and subsequent cell interactions with the tumoral B-lym-
phocyte are involved in tumor progression of haemato-
poietic B-cell malignancies. In a second line, we wish to 
use this information to develop therapeutic and/or prog-
nostic agents for the lymphoproliferative disorders. The 
development of these therapeutic tools focus to disrupt 
the crosstalk between malignant B cells and their micro-
environment, whereas prognosis approach involves the 
characterization of new molecules isolated from tumoral 
proliferative subpopulations from B cell disorders.

Our work concentrates in the study of Chronic Lympho-
cytic Leukemia (CLL) as a biological model. This haema-
topoietic B-cell disease follows an extremely variable 
course and despite the fact that treatments often induce 
remissions, most patients relapse and CLL remains in-
curable. The dissection of the molecular basis of the in-
teractions between cancer cells and their microenviron-
ment is leading to the development of new treatment 
modalities which are aimed at manipulating the com-
munication of tumor cells with their milieu. In this regard, 
CLL is an instructive example of how these relationships 
influence the natural history of a disease. Our work is 
framed by the haematology and tumoral immunology. It 
lies on the interface between biochemistry and the mo-
lecular and cell biology fields, which in combination with 
protein expression approaches constitute the core of our 
experimental designs.

Background

From its beginning in 2007, our group has had a double 
mission at the IP Montevideo: to develop original lines of 
research, and to set up a technological core facility for the 
expression of recombinant proteins. The group leader (P. 
Oppezzo) has background in the area of tumoral immunol-
ogy and recombinant proteins production. Immuno-haema-
tological B cell malignancies, adaptive immunity, as well as 
recombinant antibody production has been Oppezzo’s main 
investigation area for the last 10 years. 
The first impact work in CLL area was published in Leuke-
mia Journal where we provided evidences that clarified the 
origins of the B-leukemic clone in CLL (Oppezzo et al, Leu-
kemia, 2002). Next, we went deep insight in the physiologi-
cal mechanism of Somatic Hypermutation (SHM) and Class 
Switch Recombination (CSR) events studying these process 
in CLL B cells. At this time, Honjo group’s described one of 
the most exciting molecules discovered in the last decades 
in B lymphocyte Immunology (Maramatsu et al, JBC,1999). 
Activation-Induced Cytidine Deaminase, “AID” appeared 

as the enzyme responsible for the origins of SHM and CSR 
process and is triggered after immune microenvironment 
signalling mainly, in secondary lymphoid organs. Our work 
in the field linked CSR, SHM and AID expression in CLL dis-
ease. We demonstrated that in contrast to normal circulat-
ing B-lymphocytes, in some CLL cases, the leukemic cells 
express high levels of an active AID enzyme (Oppezzo et al, 
Blood, 2003). Interestingly, we also observed that all these 
cases corresponded to progressive forms of this disease 
(Oppezzo et al, Blood, 2005). These results and those from 
other groups, suggest that, over-expression of AID could play 
an important role in CLL disease progression. 
In the context of therapeutics tools related with cancer, 
we also produced two chimeric anti-tumoral monoclonal 
antibodies (mAbs) constructed by fusion of the V

H
 and 

V
L
 fragments of the murine mAb 83D4. Both recombi-

nant antibodies were found to bind breast carcinoma 
cells expressing the Tn antigen (Oppezzo et al., 2000, 
Hybridoma) and further demonstrated that the chimeric 
form	 IgG1κ-83D4	 efficiently	 inhibits	 the	 growth	 of	 hu-
man carcinomas in mouse xenograft models (Hubert et 
al, Cancer Research, 2011). As the Tn antigen is widely 
expressed on tumor cell, this monoclonal antibody could 
provide a way to treat cancer based on the chi-83D4 (Hu-
ber et al, European Patent, 2010).
Finally, in relation to the development of prognostic 
markers in CLL, we described that the expression ratio of 
Lipoprotein Lipase (LPL) and metalloprotease ADAM29 is 
an important additional marker for the prognosis of CLL 
(Oppezzo et al, Blood, 2005). This data was confirmed by 
several groups working in CLL in the consecutive years 
and at present, the prognostic marker LPL is used as one 
of the strongest prognostic factor in a comparative anal-
ysis of RNA-based markers in CLL disease (Kaderi et al., 
Haematologica, 2011). 

Research Lines 

The dissection of the molecular basis of CLL progression 
focusing in the interactions between leukemic B cells 
and their microenvironment is becoming one of our main 
scientific interests. In this regard two research lines have 
been pursued since the establishment of our group in 
2007.

A. Role of microenvironment interactions 
     in CLL progression.  

 At present, many questions remain unsolved con-
cerning the role of the microenvironment interac-
tions in the progression of tumoral diseases. We 
think that CLL represents an excellent model  t o 
study these relationships between the leukemic B 
lymphocyte and their milieu. A detailed characteriza-
tion of proliferative tumoral subsets that exist in this 
leukemia may shed light on the association between 
lymphoid tumours progression and malignant trans-
formation.
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 Representative publications: 
1. Palacios and Moreno et al. High expression 

of AID and active class switch recombina-
tion  might account for a more aggressive 
disease in unmutated CLL patients: Link with 
an activated microenvironment in CLL disease. 
Blood, 2010. Jun 3; 115 (22):4488-96. IF=9.88.

2. Palacios F. et al. Microenvironment interactions in 
Chronic Lymphocytic Leukemia: A delicate equi-
librium linking the quiescent and the proliferative 
pool. Chronic Lymphocytic Leukemia. Book Open 
Access. InTech 2011. ID 647. p 1-8. 

3. Nannini P. et al. CCR4 expression in a case of cu-
taneous Richter’s transformation of chronic lym-
phocytic leukaemia (CLL) to diffuse large B cell 
lymphoma (DLBCL) and in CLL patients with no 
skin manifestations. Eur J Haematol. 2011 Jul; 
87 (1):806. IF = 5.1

4. Moreno and Abreu et al. Lipoprotein lipase ex-
pression in unmutated CLL patients is the con-
sequence of a demethylation process induced 
by the microenvironment. Leukemia, 2013, 
Jul;87(1):80. IF = 9.56

5. Palacios et al. miRNA-22 is a key regulator mol-
ecule of CLL B-cells survival through PTEN/AKT 
pathway in the proliferative subset expressing 
AID. Manuscript in revision.

B. Development of new prognostic and 
      therapeutic tools in CLL
 Despite the fact that the experience in this area 
is supported by some publications as has been men-
tioned before, this is a recent research line that we ex-
pect to reinforce. This research project is outlined by our 
double profile as a research/facility group. In this con-
text, the production of recombinant antibodies as well 
as recombinant proteins constitute a very useful tools 
to evaluate different prognostic and/or therapeutic mol-
ecules in cancer. One of the goals of this line aim to de-
velop new prognostic methods based on the differential 
expression of LPL protein in CLL B-cells. In this regard, 
we recently demonstrated the expression of LPL protein 
in CLL patients and we obtained funds to carry out the 
project entitled “Red-iberoamericana de Leucemia Lin-
foide Crónica: hacia el desarrollo de nuevos marcado-
res pronósticos” at the International call CYTED (Centro 
Iberoamericano de Tecnología y Desarrollo). In addition, 
new methodologies such as Ribosome display and Affi-
tins production by high-throughput screening are being 
incorporated to our unit in order to attain the best tech-
nology to carry out this research line. 
Representative publications: 

1. Abreu et al. Methylation status regulates LPL ex-
pression in Chronic Lymphocytic Leukemia. Leu-
kemia & Lymphoma,  April 25, 2013. IF=2.5 

2. Correa A. and Oppezzo P. Tuning different expres-
sion parameters to achieve soluble recombinant 
proteins in E. coli: Advantages of high-throughput 

screening. Biotechnol J. 2011 Jun;6(6):715-30. 
IF=3.2

3. Correa et al. Affitins as enzymatic glycosidases 
inhibitors. Manuscript in revision

To accomplish the research lines mentioned above, it is 
mandatory to constitute a CLL network, that engages a 
continuous and coordinate work between our group (fo-
cused in the CLL biology) and a medical group (special-
ized in the management of this disease). To initiate this, 
in the last years our group has become a reference labo-
ratory that performs the molecular analysis of the im-
munoglobulin V

H
 genes (IgV

H
) in the leukemic clone. This 

method allows to separate CLL cases in two prognostic 
groups: Patients whose B cells express mutated V

H
 genes 

have a more indolent disease and longer overall survival 
those which patients express UM genes. Publications in 
this area has been achieved in collaboration with Pritsch 
group in the Biophysical Proteins Unit at IPmont (Bianchi 
et al, Leuk Lymphoma, 2010).
The establishment of this standard procedure as a rou-
tine laboratory practice allowed us to start a strong col-
laboration with the clinical hematologic group of Hospital 
Maciel in Montevideo, with the clinical hematologic group 
of Academy of Medicine in Buenos Aires and recently, 
with the hematologic group of the Haematology chair at 
Hospital de Clínicas in Montevideo. These collaborations 
resulted in the first regional CLL group as well as in the 
first regional cellular bank of CLL placed in IPMont.
The consolidation of this network was recently achieved 
after obtaining the funds supported by CYTED. Oppezzo’s 
lab is the principal coordinator of this programme (2011-
2014) devoted to join efforts from the principal experts in 
lymphoproliferative disorders in the Iberoamericana re-
gion and to consolidate the regional CLL groups. Present-
ly, a number of successful events have been achieved in-
cluding workshops and student training. In this context, 
the first international CLL meeting (http://www.ibam-
cll2013.com/) has been carried out in November 15th to 
17th, 2013 in Punta del Este, receiving 285 participants.   

Current situation and major achievements

Most significant results over the last three years (2010-
2013):

•	Median Impact factor of Recombinant Protein 
Unit (UPR) publications =    6.4

•	Eleven peer-reviewed articles: P. Oppezzo is cor-
responding author in four of these: Blood, Leu-
kemia, Leukemia & Lymphoma and Biotechnol-
ogy Journal. 

•	P. Oppezzo is the editor of the book entitled 
“Chronic Lymphocytic Leukemia” published in 
2011.

•	Five grants obtained from national and inter-
national research agencies (160 Ku$s for our 
laboratory).
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•	Attendance to national and international scien-
tific meetings, among which P. Oppezzo has lec-
tured in four international meetings as invited 
speaker (Brazilian Hematology Congress, 2010; 
International Workshop in CLL, 2011, USA; VIth 
Young Investigators´ Meeting on CLL, 2012, Ger-
many and IXth International Workshop of Euro-
pean CLL group, 2012, Germany)

•	P. Oppezzo served as reviewer for a number of 
Journals (Blood, Leukemia, Haematologica, Int. 
Journal of Hemat., Biotech. Journal, etc) and re-
search agencies (ANII, Uruguay, CONICET, Argen-
tina; Italian Cancer Research Association (AIRC) 
and International Union Against Cancer (UICC).

Grants

1. Fondo Clemente Estable – Dra. Cecilia Abreu – “Es-
tudios genómicos del perfil de metilación del ADN 
en una población tumoral leucémica sobre-expre-
sando la enzima AID” – 2013-2014 – ANII

2. Fondo Clemente Estable – Dr. Pablo Oppezzo – “Im-
plicancias de la expresión anómala de la enzima 
mutagénica AID en los procesos leucémicos: De-
sarrollo de un modelo tumoral” – 2013-2015 – ANII

3. Fondo María Viñas – Dr. Pablo Oppezzo – “Expre-
sión de la Lipoproteína Lipasa en las células B 
de la Leucemia Linfoide Crónica (LLC): Hacia el 
desarrollo de un nuevo marcador pronóstico” – 
2013-2015 – ANII

4. Redes Temáticas – Dr. Pablo Oppezzo – “Red-
iberoamericana de Leucemia Linfoide Crónica: ha-
cia el desarrollo de nuevos marcadores pronósti-
cos” – 2011-2014 – CYTED.

Publications 

1. Libisch G, Casás M, Chiribao ML, Moreno P, Cayota 
A, Osinaga E, Oppezzo P, Robello C. GALNT11 as 
a new molecular marker in Chronic Lymphocytic 
Leukemia. Gene. 2013 Sep 26. doi:pii: S0378-
1119(13)01257-2. 10.1016/j.gene.2013.09.052.

2. Oppezzo P, Dighiero G. “Role of the B-cell receptor 
and the microenvironment in chronic lymphocyt-
ic leukemia’’. Blood Cancer J. 2013 Sep 20;3:e149. 
doi: 10.1038/bcj.2013.45.

3. Abreu C, Moreno P, Palacios F, Borge M, Mo-
rande P, Landoni A, Gabus R, Dighiero G, 
Giordano M, Gamberale R, Oppezzo P. Meth-
ylation status regulates lipoprotein lipase ex-
pression in chronic lymphocytic leukemia. 
Leuk&Lymphoma. 2013 Aug;54(8):1844-8. doi: 
10.3109/10428194.2013.796057. Epub 2013 Jun 
21.

4. Correa A, Trajtenberg F, Obal G, Pritsch O, Dighiero 
G, Oppezzo P, Buschiazzo A. Structure of a hu-
man IgA1 Fab fragment at 1.55 Å resolution: 
potential effect of the constant domains on an-
tigen-affinity modulation. Acta Crystallogr D Biol 
Crystallogr. 2013 Mar;69:388-97. doi: 10.1107/
S0907444912048664. Epub 2013 Feb 16.

5. Montamat-Sicotte D., Palacios F, Di Noia JM, Oppe-
zzo P. Origins and consequences of AID expres-
sion in lymphoid neoplasms. Current Immunology 
Reviews, 2013, 9, 72-85

Other activities 

TRAINING COURSES
1. International Course “Expression, Purification and 

Crystallization of Recombinant Proteins by High-
throughput Methodologies”, 18th to 27th February, 
2013.

CONGRESS
1. First Ibero-American Meeting on Chronic Lympho-

cytic Leukaemia (IbAM-CLL), 15th to 17th Novem-
ber, 2013 
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Members: 

Horacio Botti, MD/PhD (staff Research Scientist, until 
Nov 2013)

Sofía Horjales, MSc (PhD student)

Juan Imelio (Undergraduate Intern)

Nicole Larrieux (staff Technician)

Ariel Mechaly, PhD (Postodoctoral fellow)

Natalia Morero, PhD (Postdoctoral fellow)

Fabiana San Martin (Undergraduate Intern)

Felipe Trajtenberg, PhD (staff Research Scientist)

Protein Crystallography Unit
 Head:  Alejandro Buschiazzo, PhD
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Research

As our main scientific interest, we are committed to un-
derstanding how signaling and subsequent cell regula-
tion work at the molecular level, with particular empha-
sis to their link with microbial pathogenesis. To these 
ends we study different species, both pathogenic as well 
as non-pathogenic models, with a molecular structural 
perspective. 

Among the bacterial models, we have been actively 
working with Leptospira spp. (prokaryotic Spirochetes), 
studying proteins from L. interrogans (one of the prin-
cipal etiologic agents of leptospirosis) and L. biflexa 
(a saprophytic model, highly related to the pathogenic 
relatives). In 2012 we have started to work in vivo, es-
tablishing the experimental setup to culture L. biflexa 
focused on the Spirochetal motility machinery and its 
regulation. We are still engaged in also studying Bacillus 
subtilis (Firmicutes), a well known prokaryotic model 
of Gram+ bacteria, to answer questions of temperature 
sensing and downstream regulation. 

On the other hand, we wish to better understand signal-
ing mechanisms in unicellular eukaryotic protozoa of 
the Trypanosomatid family. Concentrating efforts in the 
study of Ser/Thr protein kinases of Leishmania major, 
one of the species causing leishmaniasis. Key proteins 
implicated in sialic acid metabolism, expressed by the 
other important American Trypanosomatid parasite, 
Trypanosoma cruzi, have also been matter of structural 
studies due to their involvement in pathogenesis mech-
anisms.

Apart from our own main lines of research, we carry on 
several projects as collaborators, contributing with our 
expertise in protein science and structural biology.

In terms of the scientific approach, we intend to under-
stand protein function at the molecular level. This is why 
it is essential for us to explore a diverse set of organ-
isms, with interest in eventually extending our studies 
to other clinically relevant bacterial species. Our meth-
ods lie on the interface between biology, chemistry and 
physics: protein crystallography in combination with 
biochemistry, biophysics and molecular biology consti-
tute the core of our experimental approaches.

1. SIGNALING AND REGULATION IN 
      PATHOGENIC MICROORGANISMS
Bacterial two-component systems (TCSs) and Ser/Thr 
protein kinases (MAPKs and CK1) in eukaryotes, consti-
tute the main protein systems that we work on. The com-
mon theme is how cells use proteins to sense extra- and 
intra-cellular signals in order to regulate specific func-
tions.

Signaling through TCSs in bacteria

To understand the molecular means by which bacteria 
transduce signals, adapting to a changing environment, 
during the last few years we have been using a non-
pathogenic model (Bacillus subtilis) focusing our efforts 
in elucidating the molecular mechanisms of signaling 
and regulation of lipid synthesis in Gram+ bacteria. Our 
main contribution concerns the structural studies of the 
TCS DesK/DesR. DesK is a trans-membrane histidine ki-
nase that, together with its cognate response regulator 
DesR, regulates the membrane’s fluidity in response 
to cold shock in B. subtilis. Previous structural and bio-
chemical work with the entire cytoplasmic region of 
DesK from B. subtilis (Albanesi et al., Proc Natl Acad 
Sci U S A. 2009, 106:16185-90; Trajtenberg et al., J Biol 
Chem 2010, 285:24892-903), allowed us to propose a 
mechanistic model that appears to be general for histi-
dine kinase-mediated signal transduction. More recently, 
we have turned our attention to the response regulator 
DesR. The crystal structure of full-length DesR has been 
obtained, in its activated state. Several crystal forms of 
the receiver domain were also determined in the active 
and inactive configurations, revealing molecular details 
of the activation switch (Trajtenberg et al., submitted). 
Since 2012, and with the aim of studying how TCS-mediat-
ed signaling regulates pathogenesis, we have launched a 
different line of research focused on Leptospira spp., spi-
rochetal bacteria that cause leptospirosis. This disease is 
the most widespread zoonosis in the world, reemerging 
as a major health problem. In Uruguay its prevalence as 
a veterinary issue is very significant, identified as the 
second most serious problem after brucellosis (Plan Na-
cional de Investigacion en Salud Animal http://www.fvet.
edu.uy/planisa). A collaborative partnership has been 
established with Albert Ko’s lab (Yale Univ) and Mathieu 
Picardeau’s (Institut Pasteur). We have progressed in the 
understanding of heme sensing and metabolic regula-
tion, which at difference with other Spirochetes, is criti-
cal for Leptospira survival. Controlled via a TCS, we have 
been able to solve the structure of the receiver domain of 
the response regulator HemR (Morero et al., submitted), 
understanding its role as an transcriptional activator and 
repressor of key genes in a heme regulon. Finally, we are 
studying proteins that constitute the leptospiral motility 
apparatus, which in spirochetes displays important dif-
ferences compared to similar Gram-negative bacteria. 

Signaling through MAPKs in Trypanosomatid parasites
With regards to eukaryotic MAPKs, we are studying their 
mode of action and regulation in Leishmania major, a try-
panosomatid protozoa that causes human leishmaniasis. 
Trypanosomatids cause severe human diseases such as 
sleeping sickness, Chagas disease, and leishmaniasis. 
Together these diseases provoke millions of deaths in 
endemic areas around the world and represent a major 
burden for the socio-economic development of affected 
countries. No vaccine exists for any of these diseases. 
Current treatment options have serious side-effects and 
are increasingly threatened by the spread of drug-resis-
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tant parasite strains. Apart from the previous progress 
im learning about specific structure-function features, 
from the first reported crystal structure of a Trypano-
somatid MAPK, LmaMPK10 (Horjales et al., Structure 
2012), we have also performed in silico work to propose 
a list of candidate inhibitor molecules (Horjales et al., un-
published data). The proposed role of LmaMPK10 in para-
site differentiation shall thus be tested, if some of these 
small molecules show kinase inhibition potency in vivo. 
A procedure to produce and purify recombinant LmaCK1 
(isoform 2 of the casein kinase1) as a soluble homoge-
neous sample, will allow us to progress into crystallogen-
esis screening assays. LmaCK1 has been shown by our 
collaborators to be important in Leishmania viability and 
virulence, and initial inhibitory compounds have already 
been identified (Rachidi N. et al., Antimicrob Agents Che-
mother 2014, 58:1501-15). Our structural work shall thus 
be valuable to advance in the lead optimization process 
within a rational perspective. 
Finally, we started a new collaboration with the Helenic 
Pasteur Institute (Athens, Greece), with the team led by 
Dr Despina Smirlis, together with Gerald Spaeth (Inst Pas-
teur, Paris, France) and Milena Soares (Fiocruz, Salvador, 
Brazil). The focus has been set into structure/function 
studies of a new group of Leishmania protein kinases, 
dual specifity tyrosine-regulated kinases (DYRKs), given 
that a Leishmania major DIRK1 knock-out is not viable. 
Ultimately a structure-based drug design strategy is en-
visaged.

2.  COLLABORATIVE WORK
i- We continue an active collaboration with Dr Otto Pritsch 
(Unit of Protein Biophysics, IP Montevideo) and his team, 
in the area of structural virology. Our group has con-
centrated in crystallographic studies of the capsid pro-
tein p24 from the bovine leukemia virus (BLV), a delta-
retrovirus. We report the first structures of a full-length 
retroviral capsid protein in its native (non-engineered) 
configuration (Obal, Trajtenberg, et al, manuscript in 
preparation). 
This collaborative project has recently received extended 
support from CNRS (Centre Nationale de la Recherche 
Scientifique, France), through an Associated Interna-
tional Laboratory program (LIA). This program, led by Drs 
Pritsch (Uruguay) and Felix Rey (France), links our group, 
as well as Jean Lepault’s (CNRS, Gif-sur-Yvette, France), 
into a structural virology network focused on BLV.
ii- We continue an active collaboration with Dr Hugo Gr-
amajo (Instituto de Biologia Molecular y Celular IBR, 
Rosario, Argentina) and his team, aimed at elucidating 
the crystal structure of two transcription factors from 
Mycobacterium tuberculosis, MabR and FasR, which 
are important regulators of the lipid metabolism in this 
pathogenic bacterium. We have obtained crystals from 
both proteins, needing further optimization to be able to 
determine their 3D structures.
iii- A collaboration with Drs Gustavo Schujman and Diego 
de Mendoza (IBR- Rosario, Argentina) resulted in a recent 

publication (Trajtenberg et al., 2014, FEBS J, in press), 
disclosing the structural bases of resistance to the an-
tibiotic cerulenin in Gram+ bacteria, based on crystal 
structures of one of its target enzymes, the fatty acid 
condensing FabF from Bacillus subtilis.
iv- A collaboration with Drs Lucia Piacenza and Rafael 
Radi (Dept Bioquimica, UdelaR- Montevideo, Uruguay) re-
sulted in a recent publication (Martinez et al., 2014, J Biol 
Chem, in press), contributing with structural data on the 
differential inactivation of the mitochondrial Fe-superox-
ide dismutase from Trypanosoma cruzi, by the action of 
peroxynitrite.

 Technological Facility

The Protein Crystallography Facility (PXF) i s  u p  a n d 
running, with a sustained number of users and trainees, 
from Argentina and Uruguay. 
The web page is kept up to date, and for the last 5 years 
now, our facility has become fully operational to receive 
and process all the users’ requests (mainly from IPMon-
tevideo, from the Uruguayan community and several us-
ers from Argentina).
The web page informs on the detailed specifics of the 
available equipment and ways of using the platform.

Experimental approaches currently available for users
1. Protein crystallization screenings (manual and 

robotic [Honeybee963® 96-well robot)
2. Follow-up and optimization of initial crystalliza-

tion hits (manually and robot-assisted with an 
Alchemist® instrument)

3. X ray Diffraction – Testing & Crystal Characteriza-
tion

4. X ray Diffraction – single crystal data collection
5. Crystal Structure Determination & Refinement

Progress 2013
1. Ten (10) structures determined, two released in 

2013 in the Protein Data Bank: 2YOC, 4DVH; and 
8 on hold for publication: 4LS5, 4LS6, 4LS7, 4LS8, 
4LDZ, 4LE0, 4LE1 and 4LE2.

2. The Varimax-HF optics module of our X ray system 
was upgraded, allowing from now on to work un-
der vacuum instead of purging it with costly he-
lium gas.

3. Two trainees from abroad were hosted to use the 
facility: PhD student Nicolás González Bardeci 
(Universidad de Buenos Aires – Argentina) (one 
month), Dr Clarisa Alvarez (Centro de Estudios Fo-
tosintéticos y Bioquímicos, Rosario – Argentina) 
(three months).
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   Publications

1. Correa A, Trajtenberg F, Obal G, Pritsch O, Dighiero 
G, Oppezzo P, Buschiazzo A. Structure of a human 
IgA1 Fab fragment at 1.55 Å resolution: potential 
effect of the constant domains on antigen-affinity 
modulation. Acta Crystallogr D Biol Crystallogr. 
2013 Mar;69(Pt 3):388-97.

2. Albanesi D, Reh G, Guerin ME, Schaeffer F, Debarbo-
uille M, Buschiazzo A, Schujman GE, de Mendoza 
D, Alzari PM. Structural basis for feed-forward 
transcriptional regulation of membrane lipid ho-
meostasis in Staphylococcus aureus. PLoS Pat-
hog. 2013 Jan;9(1):e1003108. 

Grants

3. “Cell signaling in bacterial pathogenesis: iron me-
tabolism regulation in Leptospira as a working 
model” – A Buschiazzo, Principal Investigator – In-
stitut Pasteur, Paris, Projet Transversal de Recher-
che PTR – 2011 (2 years) – Extended until 2014 
after favorable evaluation.

4.  “Consolidacion del Centro de Biologia Estructur-
al del Mercosur CeBEM” – A Buschiazzo, R Radi 
(heads of the 2 Uruguayan CeBEM nodes) – Direc-
cion de Innovación, Ciencia y Tecnología para el 
Desarrollo (DICYT), Miniterio de Educacion y Cul-
tura (MEC), Gobierno Nacional, Uruguay – 2012 (1 
year)

5.  “Structure/function studies of MAP kinases with 
key relevance in the biology of Leishmania spp.” – 
A Buschiazzo (IP Montevideo) & G Spaeth (IP, Par-
is) – ECOS-Sud, Researchers/students exchange 
program between France and Uruguay – 2012 (3 
years)

6. “Evaluation of Leishmania DYRK family of kinases 
as molecular targets for the development of anti-
leishmanial drugs” – A Buschiazzo, collaborative 
partner (PI: Despina Smirlis) – Actions Concertees 
Interpasteuriennes (ACIP) – 2013 (2 years)

Other activities

TRAINING COURSES
1. As a joint initiative between CeBEM and CCP4 (Col-

laborative Computational Project Nº4, Science & 
Technology Facilities Council, UK), the internation-
al Workshop Joint CeBEM-CCP4 initiative “Mac-
romolecular Crystallography School - From data 
processing to structure refinement and beyond”, 
held at the IP Montevideo from April 9th to 17th, 
2013. Apart from IP Montevideo, CCP4 and CeBEM, 
complementary supporting funds have been ob-
tained from the Reseau International des Instituts 
Pasteur (RIIP) and the International Union of Crys-
tallography (IUCr).

FURTHER ACTIVITIES
1. Continued contribution of our group to the Center 

for Structural Biology of the Mercosur (Centro de 
Biologia Estructural del Mercosur, CeBEM). www.
cebem.org.ar A grant from the Ministerio de Edu-
cacion y Cultura (Uruguay) was obtained, allow-
ing us to contribute for the first time in 4 years 
to the regional funds sustaining the training and 
exchange activities. 

2. The head of the Unit has organized and/or attend-
ed to several national and international meetings 
and scientific activities, including in 2013: First 
Latin American meeting of Crystallography (AB 
member of the international scientific committee, 
and organizer of the Biological Macromolecules 
symposium; Nov 2013 – Cordoba, Argentina); 3rd 
National Meeting of Chemistry ENAQUI 3.0 (AB in-
vited speaker; Nov 2013 – Montevideo, Uruguay); 
4th Latin American Protein Society LAPS meeting 
& XII Congress of the Panamerican Association for 
Biochemistry and Molecular Bioology PABMB (AB 
invited speaker; Nov 2013 – Puerto Varas, Chile); 
2nd meeting of the uruguayan Biophysics society 
“+Biofisica” (AB co-chair of a macromlecular struc-
ture and function symposium, Montevideo, Nov 
2013); among others.

3. A Buschiazzo - Reviewer of >5 peer-reviewed 
journals, including J Biol Chem, J Synchr Rad, Bio-
chemistry, J Med Chem, PLoS ONE, PNAS, Protein 
Sci, among others. Acted as reviewer of scientific 
projects for FAPESP (CEPID program, Brazil), FON-
CYT (Argentina agency).

4. A Buschiazzo – Associate Editor of the journal 
PLoS Neglected Tropical Diseases.

5. Integration of three new members to our group: 
Ariel Mechaly (Postdoctoral scholarship, ANII); 
Fabiana San Martín (undergraduate intern schol-
arship, ANII); Juan Imelio (undergraduate intern 
scholarship, ANII).

6. Our Unit has hosted a total of four (4) traineeships 
for students and postdoctoral fellows in 2013: Oct 
’12 - Mar ’13, Fabiana San Martín (School of Scienc-
es, Universidad de la Republica – Uruguay); Oct ’12 
- Mar ’13, Juan Andres Imelio (School of Sciences, 
Universidad de la Republica – Uruguay); Mar’13 
– Apr’13, Nicolás González Bardeci (Universidad 
de Buenos Aires – Argentina); Jun’13 – Sep’13, 
Clarisa Alvarez (Centro de Estudios Fotosintéticos 
y Bioquímicos, Rosario – Argentina).
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Members: 

Martín Graña (PhD, AI) 

Natalia Rego (TA, MSc student in Zoology)

Lucía Spangenberg (PhD student in biology)

María Inés Fariello (PhD student in biology)

Tamara Fernandez (MSc in biology, Electrical Engineer-
ing student)

Sebastián Valenzuela (MSc student in bioinformatics)

Gregorio Iraola (MSc student in bioinformatics)

Daniela Megrian (undergrad student in biochemistry)

Gabriel Martinez (undergrad student in biology)

Bioinformatics Unit
 Head:  Hugo Naya, PhD
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Research

In the past 20 years, the development of new technolo-
gies has led to amazing discoveries in biology. In par-
ticular, nano-technologies, automatization and computer 
science allowed a series of High-Throughput analysis in 
molecular and cell biology that completely changed the 
existent paradigm. However, these new instruments 
also changed unexpectedly the landscape of research 
conception. The promise of hypothesis-free data has 
conducted, in several cases, to careless experimental 
design that precluded full exploitation of results, increas-
ing the experimental turnover and the storage of waste 
in data-repositories. Technology evolves extremely fast, 
but analytical methods aren’t automatized enough yet, 
leading to the well-known effect of “Next-Generation 
gap”. The gap is in expansion now (with the 2nd genera-
tion sequencing) and will be enormous with 3rd genera-
tion technologies. In fact, analysis teams simply can’t 
analyze exhaustively each dataset before a new dataset 
arrives, just scratching the surface and sending to the 
warehouse (or even garbage) tons of data.

In this context, any methodological effort towards better 
usage of data should be viewed as benefiting the scientif-
ic community. Our research, although diverse, is united 
by this underlying goal and combines the methodologi-
cal strengths of bioinformatics, statistics, evolutionary 
genomics and quantitative genetics.

We recently proposed a method that identifies associa-
tions between amino acid changes in potentially signifi-
cant sites in an alignment (taking into account several 
amino acid properties) with phenotypic data (Spangen-
berg et al., 2011), through the phylogenetic mixed model. 
The latter accounts for the dependency of the observa-
tions (organisms). It is known from previous studies 
that the pathogenic aspect of many organisms may be 
associated with a single or just few changes in amino 
acids which have a strong structural and/or functional 
impact on the protein. Discovering these sites is a big 
step towards understanding pathogenicity. Our method 
was able to discover such sites in proteins (RpoS) asso-
ciated to the pathogenic character of a group of bacteria, 
highlighting several sites with significant differences in 
biological relevant regions. In addition, we developed a 
freely available R package named “bcool” (http://cran.r-
project.org/web/packages/bcool/index.html). In the near 
future, we think to apply this strategy to search for differ-
ences in biofilm related genes. 
We also assessed the question of how bacteria cause 
pathogenicity in humans from other perspective. Our 
motivation was try to give integrative information about 
general genome-coded signatures that explains patho-
genicity for all bacterial pathogens, and not restricted 
to particular taxa. In this case, we explained pathoge-
nicity based on the hypothesis that it is caused by the 
presence of a reduced set of virulence-related genes. To 

do this, we explored the presence/absence patterns of 
virulence genes in all available genomes of pathogenic 
and non-pathogenic strains. Then, this information was 
used to build a Support Vector Machine model that, once 
trained, is capable of predicting if a new sequenced ge-
nome is a human pathogen or not. This model has an av-
erage accuracy of 95%, and to the best of our knowledge, 
is the statistical model with this purpose that achieves 
the highest accuracy reported so far. Moreover, our 
method can classify bacterial genomes independently 
of their taxonomic context, in contrast with other similar 
approaches that only take into account a certain part of 
bacterial diversity, being useful only to classify specific 
taxa. Our statistical learning approach is grounded on the 
biological meaning of the selected genes and supporting 
the fact that bacterial pathogenicity can be explained by 
the presence or absence of a set of specific genes that 
code for virulence determinants. Based on this, we devel-
oped “BacFier”, a freely available software that may be 
useful for practical purposes. Beyond the implementa-
tion of our model in a program, capable to accurately clas-
sify bacteria in human pathogens or non-pathogens, we 
determined and discussed the biological significance of 
the core set of genes that mostly explains the pathogen-
ic phenotype in bacteria. Finally, we have shown which 
functional categories of virulence genes (i.e: toxins, mo-
tility proteins, etc.) were likely pathogenicity signatures 
within each taxonomic division (i.e: Actinobacteria, Gam-
maproteobacteria, Firmicutes, etc.), which seems to be 
a completely new kind of information and could lead to 
important evolutionary conclusions. Nowadays, we are 
working in enhancing model sensitivity and exploring 
the possibility of developing a multiclass classifier, that 
could predict pathogenicity in other hosts besides hu-
man, like cattle, plant or fish.  

As part of our general interest in bacterial pathogenicity, 
we are involved in a more specific problem; the study of 
biofilms formation determinants in Leptospira. This ge-
nus includes animal and re-emerging human pathogens, 
as well as non-pathogenic strains. Despite its importance 
for human health and animal production, genetic features 
that determine pathogenic phenotypes in Leptospira 
proved to be elusive. Recently, biofilms formation capa-
bility has been suggested as a key factor in pathogenesis 
of leptospirosis but, as mentioned above, there is a lack 
of knowledge regarding its genetic basis. In this ground, 
we are implementing   comparative genomics analysis to 
find orthologous genes with functions associated to bio-
films formation. Moreover, in the near future we plan to 
perform transcriptome analysis that could give data re-
garding expression patterns of genes involved in biofilms 
formation, providing with a new kind of information that 
could be useful to understand the pathogenesis mecha-
nisms of these bacteria.
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Services

1. NGS and microarrays data analysis.
2. Sequence alignment and phylogenetic inference 

software. 
3. Sequence analysis software. 
4. 3D molecular modeling software. 
5. Database hosting and querying. 
6. Tools for complex systems analysis. 
7. Basic biostatistics and use of specific software 

advice. 
8. Software development. 

Publications

1. Garcia-Silva MR, das Neves RF, Cabrera-Cabrera 
F, Sanguinetti J, Medeiros LC, Robello C., Naya H, 
Fernandez-Calero T, Souto-Padron T, de Souza W, 
Cayota A. Extracellular vesicles shed by Trypano-
soma cruzi are linked to small RNA pathways, life 
cycle regulation, and susceptibility to infection of 
mammalian cells. Parasitol Res. 2014;113:285-
304.

2. Gil M, Graña M, Schopfer FJ, Wagner T, Denicola A, 
Freeman BA, Alzari PM, Batthyány C, Durán R. In-
hibition of Mycobacterium tuberculosis PknG by 
non-catalytic rubredoxin domain specific modifi-
cation: reaction of an electrophilic nitro-fatty acid 
with the Fe-S center. Free Radic Biol Med. 2013 Jun 
19. pii: S0891-5849(13)00302-X. doi: 10.1016/j.
freeradbiomed.2013.06.021.

3. Iraola G, Pérez R, Naya H, Paolicchi F, Harris D, 
Lawley TD, Rego N, Hernández M, Calleros L, Car-
retto L, Velilla A, Morsella C, Méndez A, Gioffre A. 
Complete Genome Sequence of Campylobacter 
fetus subsp. venerealis Biovar Intermedius, Isola-
ted from the Prepuce of a Bull. Genome Announc. 
2013 Aug 1;1(4). doi:pii: e00526-13. 10.1128/ge-
nomeA.00526-13.

4. Naya DE, Spangenberg L, Naya H, Bozinovic 
F. 2013 Thermal conductance and basal meta-
bolic rate are part of a coordinated system for 
heat transfer regulation. Proc Biol Sci. 2013 
Jul 31;280(1767):20131629.. http://dx.doi.
org/10.1098/rspb.2013.1629

5. Spangenberg L, Correa A, Dallagiovanna B, Naya 
H. Role of Alternative Polyadenylation during Adi-
pogenic Differentiation: An In Silico Approach. PLoS 
One. 2013 Oct 15;8(10):e75578. doi: 10.1371/jour-
nal.pone.0075578.

6. Spangenberg L, Shigunov P, Abud AP, Cofré AR, 
Stimamiglio MA, Kuligovski C, Zych J, Schittini 
AV, Costa AD, Rebelatto CK, Brofman PR, Golden-
berg S, Correa A, Naya H, Dallagiovanna B. Poly-
some profiling shows extensive posttranscrip-
tional regulation during human adipocyte stem 
cell differentiation into adipocytes. Stem Cell 
Res. 2013 Jun 10;11(2):902-912. doi: 10.1016/j.
scr.2013.06.002. [Epub ahead of print]

Grants

1. “Investigação dos Mecanismos Genéticos e Mo-
leculares em Biofilmes de Leptospira”. Funded 
by CAPES – Brazil 2012/2015. A Schnadelbach/P 
Ristow. Special Visiting Professor H Naya. Granted 
R$ 100000.

2. “Análisis transcripcional en Leptospiras forma-
doras de biofilms”. Funded by ANII 2013/2015. H 
Naya. Granted U$S 20000.

 

Other activities

We are currently involved in several teaching activities, 
mainly on bioinformatics-related topics. The recently cre-
ated MSc in Bioinformatics is currently highly demand-
ing, courses design and impartment being in charge of 
the Faculty of Sciences, School of Engineering, and our 
group at Pasteur. We also have punctual participations 
in several PEDECIBA courses, including topics in bioinfor-
matics and quantitative genetics. 

Human resources are clearly needed in this somewhat 
new research domain; this calls for our effort in such 
teaching activities, as well as for maximizing the number 
of graduate and undergraduate students in our lab (eight 
persons at the moment).
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Research 

The Unit of Molecular Biology research is focused on hu-
man and animal pathogens, in particular the protozoan 
parasites T. cruzi, T. vivax and Leishmania, and the pro-
kariote Mycobacterium, with emphasis in genomics 
and functional genomics of those pathogens, and host-
pathogen interactions.

 
A. Functional Genomics of Host-Parasite Interaction

Trypanosoma cruzi, the causative agent of Chagas dis-
ease, has the peculiarity, when compared with other 
intracellular parasites, that it is able to invade almost 
any type of cell. This property makes Chagas a complex 
parasitic disease in terms of profilaxis and therapeutics. 
The identification of key host cellular factors that play a 
role in the T. cruzi invasion, are important for understand-
ing of disease pathogenesis. In Chagas disease most 
of the focus was on the response of macrophages and 
cardiomyocytes, since they are responsible for host de-
fenses and cardiac lesions respectively. We studied the 
early response to infection of T. cruzi in human epithe-
lial cells, which constitute the first barrier for establish-
ment of infection. These studies identified up to 1700 
significantly altered genes regulated by the immediate 
infection. The global analysis indicates that cells are lit-
erally reprogrammed by T. cruzi, which affects cellular 
stress responses (neutrophil chemotaxis, DNA damage 
response), a great number of transcription factors (in-
cluding	the	majority	of	NFκB	family	members)	and	host	
metabolism (cholesterol, fatty acids and phospholipids). 
These results raise the possibility that early host cell 
reprogramming is exploited by the parasite to establish-
ment of the initial infection and posterior systemic dis-
semination.

B. Benznidazole Biotransformation and Multiple Tar-
gets in Trypanosoma cruzi Revealed by Metabolo-
mics

The first line treatment for Chagas disease involves ad-
ministration of benznidazole (Bzn). Bzn is a 2-nitroimid-
azole pro-drug which requires nitroreduction to become 
active, although its mode of action is not fully under-
stood. By using a non-targeted MS-based metabolomics 
approach we studied the metabolic response of T. cruzi 
to Bzn. Parasites treated with Bzn were minimally altered 
compared to untreated trypanosomes, although the re-
dox active thiols trypanothione, homotrypanothione and 
cysteine were significantly diminished in abundance 
post-treatment. In addition, multiple Bzn-derived me-
tabolites were detected after treatment. These metabo-
lites included reduction products, fragments and cova-
lent adducts of reduced Bzn linked to each of the major 
low molecular weight thiols: trypanothione, glutathione, 
κ-glutamylcysteine,	 glutathionylspermidine,	 cysteine	
and ovothiol A. Bzn products known to be generated in vi-
tro by the unusual trypanosomal nitroreductase, TcNTRI, 
were found within the parasites, but low molecular 

weight adducts of glyoxal, a proposed toxic end-product 
of NTRI Bzn metabolism, were not detected. Our data is 
indicative of a major role of the thiol binding capacity of 
Bzn reduction products in the mechanism of Bzn toxicity 
against T. cruzi.

C. Tuberculosis: Genomics and molecular typing
The incidence of tuberculosis (TB) is increasing in high-
risk populations in Uruguay, possibly owing to emerging 
resistance. Mycobacterial interspersed repetitive units 
(MIRU) genotyping and katG sequence analysis of iso-
niazid (INH) resistance-associated mutations were per-
formed in 45 INH-resistant Mycobacterium tuberculosis 
isolates in Uruguayan patients. The genotype distribu-
tion among INH-resistant isolates shares features of that 
of neighbouring countries, with a predominance of Latin 
American and Mediterranean, T and Haarlem genotypes, 
although the S genotype was particularly frequent among 
our isolates. Forty-four per cent of INH-resistant strains 
harboured the S315T mutation in katG; we found novel 
katG mutations (W321X, G269T, P232R and G221Wfs1) 
that could explain INH resistance. More recently, we re-
ported an unusual tuberculosis (TB) outbreak centered 
on a professional basketball team in Montevideo. The 
strain, named MtURU-001, was fully sequenced: MtU-
RU-001 has a circular chromosome of 4,378,296 bp, with 
an average G+C content of 65%, including 4,314 protein-
encoding genes, 1 rRNA operon, and 45 tRNA genes. In 
comparison with M. tuberculosis H37Rv, 4,096 ortholo-
gous groups were defined with OrthoMCL and 1,016 poly-
morphisms were identified using the Burrows-Wheeler 
Aligner (BWA) and GATK. A subset of 849 polymorphisms 
(802 single-nucleotide polymorphisms [SNPs] and 47 
indels) were inside coding sequences, and 480 affect 
protein sequences, especially 24 that introduced stop 
codons disrupting several hypothetical proteins, one 
transcriptional regulator, 2 genes for the haloacid de-
halogenase (HAD) superfamily, and 3 involved in lipid 
metabolism. Further comparative genomics across this 
genome may provide genotype-phenotype associations 
that might explain the rapid progression of this unusual 
outbreak

D. Trypanosoma vivax transcriptome
Trypanosoma vivax is the earliest branching African 
trypanosome. This crucial phylogenetic position makes 
T. vivax a fascinating model to tackle fundamental ques-
tions concerning the origin and evolution of several fea-
tures that characterize African trypanosomes, such as 
the Variant Surface Glycoproteins (VSGs) upon which an-
tibody clearing and antigenic variation are based. Other 
features like gene content and trans-splicing patterns 
are worth analyzing in this species for comparative pur-
poses. We present a RNA-seq analysis of the bloodstream 
stage of T. vivax from data obtained using two comple-
mentary sequencing technologies (454 Titanium and Il-
lumina). Assembly of 454 reads yielded 13385 contigs 
corresponding to proteins coding genes (7800 of which 
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were identified). These sequences, their annotation and 
other features are available through an online database 
presented herein. Among these sequences, about 1000 
were found to be species specific and 50 exclusive of 
the T. vivax strain analyzed here. Expression patterns 
and levels were determined for VSGs and the remain-
ing genes. Interestingly, VSG expression level, although 
being high, is considerably lower than in Trypanosoma 
brucei. Indeed, the comparison of surface protein compo-
sition between both African trypanosomes (as inferred 
from RNA-seq data), shows that they are substantially 
different, being VSG absolutely predominant in T. brucei, 
while in T. vivax it represents only about 55%. This raises 
the question concerning the protective role of VSGs in T. 
vivax, hence their ancestral role in immune evasion.It 
was also found that around 600 genes have their unique 
(or main) trans-splice site very close (sometimes imme-
diately before) the start codon. Gene Ontology analysis 
shows that this group is enriched in proteins related to 
the translation machinery (e.g. ribosomal proteins, elon-
gation factors). This is the first RNA-seq data study in try-
panosomes outside the model species T. brucei, hence it 
provides the possibility to conduct comparisons that al-
low drawing evolutionary and functional inferences. This 
analysis also provides several insights on the expression 
patterns and levels of protein coding sequences (such 
as VSG gene expression), trans-splicing, codon patterns 
and regulatory mechanisms. An online T. vivax RNA-seq 
database described herein could be a useful tool for para-
sitologists working with trypanosomes.

Core Facilities/Services

1. DNA sequencing  (Sanger methodology)
2. Real Time PCR
3. Microarrays
4. Bioanalyzer
5. Illumina Genome Analyzer
6. Illumina MiSeq

Publications

1. Faral-Tello P, Liang M, Mahler G, Wipf P, Robello 
C. Imidazolium compounds are active against all 
stages of Trypanosoma cruzi. Int J Antimicrob 
Agents. 2013 Nov 20. pii: S0924-8579(13)00376-
2. 

2. Garcia-Silva MR, das Neves RF, Cabrera-Cabrera F, 
Sanguinetti J, Medeiros LC, Robello C, Naya H, Fer-
nandez-Calero T, Souto-Padron T, de Souza W, Cay-
ota A. Extracellular vesicles shed by Trypanosoma 
cruzi are linked to small RNA pathways, life cycle 
regulation, and susceptibility to infection of mam-
malian cells. Parasitol Res. 2014 Jan;113(1):285-
304.

3. Coitinho C, Greif G, Robello C, Laserra P, Willery E, 
Supply P. Rapidly progressing tuberculosis out-
break in a very low risk group. Eur Respir J. 2013 
Oct 10. [Epub ahead of print]

4. Libisch G, Casás M, Chiribao ML, Moreno P, Cayo-
ta A, Osinaga E, Oppezzo P, Robello C. GALNT11 as 
a new molecular marker in Chronic Lymphocytic 
Leukemia. Gene. 2013 Sep 26. doi:pii: S0378-
1119(13)01257-2. 10.1016/j.gene.2013.09.052.

5. Arias DG, Marquez VE, Chiribao ML, Gadelha FR, 
Robello C, Iglesias AA, Guerrero SA. Redox metabo-
lism in Trypanosoma cruzi: functional character-
ization of tryparedoxins revisited. Free Radic Biol 
Med. 2013 Oct;63:65-77. 

6. Greif G, Ponce de Leon M, Lamolle G, Rodriguez 
M, Piñeyro D, Tavares-Marques LM, Reyna-Bello 
A, Robello C, Alvarez-Valin F. Transcriptome analy-
sis of the bloodstream stage from the parasite 
Trypanosoma vivax. BMC Genomics. 2013 Mar 
5;14:149.

7. Michelini FM, Zorrilla P, Robello C, Alché LE. Immu-
nomodulatory activity of an anti-HSV-1 synthetic 
stigmastane analog. Bioorg Med Chem. 2013 Jan 
15;21(2):560-8.

8. Narancio R., Zorrilla P., Robello C., Gonzalez M., 
Vilaró F., Pritsch C., Dalla Rizza M.  Insights on gene 
expression response of a characterized resistant 
genotype of Solanum commersonii Dun.against 
Ralstonia solanacearum. Eur J Plant Pathol DOI 
10.1007/s10658-013-0210-y

Grants

1. Fondo María Viñas – Identificadores de factores 
del hospedero necesarios para la invasión de Try-
panosoma cruzi – Paula Faral – (2 years - 2013-
2015) – ANII 

2. Proyecto Transversal – Chagas disease: secreted 
microvesicles as predictors of persistence and 
pathogenicity – Carlos Robello – (1 year - 2013-
2014) – IP Montevideo

3. Fondo Clemente Estable – Proteínas con motivos 
repetidos ricos en leucina de Trypanosoma cruzi y 
su rol en la virulencia: un abordaje bioinformático, 
funcional y proteómico” – Adriana Parodi – ANII (2 
years – 2013-2015)
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Research 

CELL CULTURE TECHNOLOGY: 
During the last years, our group has generated a variety 
of reporter cell lines (NF- kB, type I IFN, redox biosensors, 
among others). These stable cell lines are being widely 
used to search for substances that interfere with the 
type I IFN signaling pathways (Burgi et al, 2012), for the 
improvement of metabolism / productivity of cells with 
biotechnological interest (redox biosensors: Perelmuter 
et al, manuscript under preparation), or for in vitro mod-
els of inflammation (NF- kB, Tiscornia et al, 2012). 

ENVIRONMENTAL TOXICOLOGY: 
A wide variety of anthropogenic substances in the en-
vironment, known as endocrine disruptors (EDs), are 
able to alter the homeostasis of the endocrine system 
of organisms. Its growing use and its ability to bioaccu-
mulate have encouraged public entities to promote the 
control of their utilization, generating the need of flexible 
and efficient tools for evaluating their effects. In the field 
of endocrine disruption, the working hypothesis is that 
the increase of certain reproductive disorders (testicu-
lar and breast cancers, decreased fertility, hypospadias 
and reduced sperm count) is caused, at least in part, by 
an increased exposure to substances classified as EDs 
that are present in the environment. These pathologies 
associated with the exposure to EDs, could be the result 
of developmental defects of the reproductive tract and/
or germ cells, produced during critical organizational pe-
riods with high sensitivity to the actions of the EDs.

In this context, we aim to design and develop in vitro and 
in vivo models for toxicological studies of EDs. For the in 
vitro approach, we propose to obtain a dual reporter cell 
line, in order to assess in a single assay the estrogenic 
or androgenic activity of a putative ED. For the in vivo 
studies, we selected Oct4 -GFP transgenic mouse. We 
have studied the GFP expression pattern in testis cells 
collected from animals at 3, 5, 7, 10, 14 days old and at 
adult stage and we defined the appropriate parameters 
for studying the EDs in germ cell development. By using 
this approach, we have demonstrated that the Oct4 -GFP 
transgenic mouse is sensible to the action of a known 
EDs, ethinyl estradiol (manuscript under preparation). 
At the moment we are studying the effects of perinatal 
exposure to different xenoestrogens on the development 
of gametes population and their potential causal relation-
ship to impaired fertility. To achieve the above mentioned 
studies, we are actively collaborating with Horacio Rodrí-
guez, PhD (Laboratorio Endocrinología y Tumores Hor-
monodependientes, UNL, Santa Fe, Argentina).

For this project we have the financial support from ANII 
(PR_ FMV_2_ 2011_1_6046), one post-doctoral fellow (R. 
Pagotto), one PhD student (V. Porro) and one undergrad-
uate fellow (MB. Harreguy).

All together, the knowledge derived from this project will 
help to clarify the role of endocrine disruption on the 
development of reproductive alterations, to implement 
toxicological screening test and to design possible tech-
nology-health strategies in the area of environmental 
toxicology.

COLLABORATIVE PROJECT:
Since 2011 we are collaborating with Maribel G. Vallespi, 
PhD, from the Pharmaceuticals Division, Center for Ge-
netic Engineering and Biotechnology (CIGB), Habana, 
Cuba in the project entitled “CIGB -552: novel peptide with 
antitumor properties useful for cancer treatment“. From 
this collaboration, one article was published (Fernández 
Massó et al, 2013), one manuscript is under preparation 
and one student (S Astrada) is performing her PhD thesis 
under the supervision of Bollati M and Vallespi M.

We are collaborating with Estela Castillo, PhD, Facultad de 
Ciencias, UdelaR, Montevideo in the frame of the project 
“Abriendo camino a la transgénesis en cestodos: aisla-
miento, caracterización y cultivo de células madre en 
Mesocestoides corti“. The obtained results were recently 
published (Domínguez et al, 2014).

With Mónica Marín, PhD, Facultad de Ciencias, UdelaR, 
Montevideo we are collaborating on the project entitled 
“Efecto de mutaciones sinónimas en la actividad del re-
ceptor de estrógenos alfa“. Recently, one article was ac-
cepted for its publication (Fernández-Calero et al, 2014).

Finally, the work in association with Susana Etcheverry, 
PhD (Cequinor, UNLP, Argentina) have yielded three man-
uscripts (Leon et al, 2013a and 2013b and one is under 
its second revision).

References:
•	Bürgi M., Prieto C., Etcheverrigaray M., Kratje R., 

Oggero M., Bollati-Fogolín M. WISH cell line: From 
the antiviral system to a novel reporter gene as-
say to test the potency of human IFN- and IFN- . 
J Immunol Methods. 2012, 381(1-2):70-4.

•	Domínguez MF, Koziol U, Porro V, Costábile A, Es-
trade S, Tort J, Bollati-Fogolin M, Castillo E. A new 
approach for the characterization of prolifera-
tive cells in cestodes. Experimental Parasitol-
ogy 138C (2014), pp. 25-29.

•	Fernández-Calero T, Astrada S, Alberti A, Horjales 
S, Rovira C, Bollati-Fogolín M, Flouriot G, Marin 
M. The transcriptional activities and cellular 
localization of the human estrogen receptor 
alpha are affected by the synonymous Ala87 
mutation. Accepted in The Journal of Steroid Bio-
chemistry and Molecular Biology

•	Fernández Massó JR, Oliva Argüelles B, Tejeda 
Y, Astrada S, Garay H, Reyes O, Delgado-Roche 
L, Bollati-Fogolín M, Vallespí MG. The Antitumor 
Peptide CIGB-552 Increases COMMD1 and Inhib-
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its Growth of Human Lung Cancer Cells. J Amino 
Acids. 2013; 251398. 

•	Leon IE, Porro V, Di Virgilio AL, Naso LG, Williams 
PAM, Bollati-Fogolín M and Etcheverry SB. Anti-
proliferative and apoptosis-inducing activity of 
an oxidovanadium(IV) complex with the flavo-
noid silibinin against osteosarcoma cells. J Biol 
Inorg Chem. 2013a Nov 14. 

•	Leon IE, Di Virgilio AL, Porro V, Muglia CI, 
Naso LG, Williams PAM, Bollati-Fogolín M and 
Etcheverry SB. Antitumor properties of a 
vanadyl(IV) complex with the flavonoid chrysin 
[VO(chrysin)2EtOH]2 in a human osteosarco-
ma model: role of the oxidative stress and apop-
tosis. Dalton Trans. 2013b; 42(33):11868-80. 
doi: 10.1039/c3dt50524c.

•	Tiscornia I., Sánchez-Martins V., Hernández A., 
Bollati-Fogolín M. Human monocyte-derived 
dendritic cells from leukoreduction system 
chambers after plateletpheresis are functional 
in an in vitro co-culture assay with intestinal ep-
ithelial cells. J Immunol Methods. 2012, 384(1-
2):164-70.

Services 

1. Culture of different cell lines, cell banking.
2. Detection of mycoplasma contamination in cell 

culture by PCR.
3. Citotoxicity and proliferation assays.
4. Adaptation of different cell lines to the suspension 

growth mode and to serum free medium. 
5. Generation of reporter cell lines, with broader ap-

plications.
6. Flow cytometry analysis: DNA content and cell 

cycle analysis, fluorescent proteins detection, 
apoptosis, multicolor analysis, etc.

7. Sorting of heterogeneous cell populations into 
homogeneous populations: sterile sorting, single 
cell deposition, 4 way sorting.

Publications 

1. Leon IE, Porro V, Di Virgilio AL, Naso LG, Williams 
PAM, Bollati-Fogolín M and Etcheverry SB. Antip-
roliferative and apoptosis-inducing activity of an 
oxidovanadium(IV) complex with the flavonoid silib-
inin against osteosarcoma cells. J Biol Inorg Chem. 
2013 Nov 14. [Epub ahead of print]. PMID: 24233155

2. Mazal D, Lo-Man R, Bay S, Pritsch O, Dériaud E, Gan-
neau C, Medeiros A, Ubillos L, Obal G, Berois N, Bol-
lati-Fogolin M, Leclerc C, Osinaga E. Monoclonal an-
tibodies toward different Tn-amino acid backbones 
display distinct recognition patterns on human can-
cer cells. Implications for effective immuno-target-
ing of cancer. Cancer Immunol Immunother. 2013; 
62(6):1107-22. doi: 10.1007/s00262-013-1425-7.

3. Noya V, Bay S, Festari MF, García E, Rodriguez E, 
Chiale C, Ganneau C, Baleux F, Astrada S, Bollati–
Fogolín M, Osinaga E and Freire T. Mucin-like pep-
tides from Echinococcus granulosus induce an-
titumor activity. Int J Oncol. 2013; 43(3):775-84. 
doi: 10.3892/ijo.2013.2000.

4. Chenoll E, Codoñer FM, Silva A, Ibáñez A, Martinez-
Blanch JF, Bollati-Fogolín M, Crispo M, Ramírez 
S, Sanz Y, Ramón D and Genovés S. Genomic Se-
quence and Pre-Clinical Safety Assessment of Bi-
fidobacterium longum CECT 7347, a Probiotic able 
to Reduce the Toxicity and Inflammatory Potential 
of Gliadin-Derived Peptides. J Prob Health 2013, 1: 
106. doi: 10.4172/ jph.1000106

5. Leon IE, Di Virgilio AL, Porro V, Muglia CI, Naso LG, 
Williams PAM, Bollati-Fogolín M and Etcheverry 
SB. Antitumor properties of a vanadyl(IV) complex 
with the flavonoid chrysin [VO(chrysin)2EtOH]2 
in a human osteosarcoma model: role of the oxi-
dative stress and apoptosis. Dalton Trans. 2013; 
42(33):11868-80. doi: 10.1039/c3dt50524c.

6. Fernández Massó JR, Oliva Argüelles B, Tejeda 
Y, Astrada S, Garay H, Reyes O, Delgado-Roche 
L, Bollati-Fogolín M, Vallespí MG. The Antitumor 
Peptide CIGB-552 Increases COMMD1 and Inhibits 
Growth of Human Lung Cancer Cells. J Amino Ac-
ids. 2013; 251398. doi: 10.1155/2013/251398.

7. Victoria S, Temerozo JR, Gobbo L, Pimenta-Inada 
HK, Bou-Habib DC. Activation of Toll-like receptor 
2 increases macrophage resistance to HIV-1 infec-
tion. Immunobiology, 2013; 218(12):1529-36. 

8. Massari NA, Medina VA, Cricco GP, Martinel La-
mas DJ, Sambuco L, Pagotto R, Ventura C, Ciraolo 
PJ, Pignataro O, Bergoc RM, Rivera ES. Antitumor 
activity of histamine and clozapine in a mouse 
experimental model of human melanoma.  J Der-
matol Sci. 2013; 72(3):252-62. doi: 10.1016/j.
jdermsci.2013.07.012.

9. Perona M, Dagrosa MA, Pagotto R, Casal M, Pigna-
taro OP, Pisarev MA, Juvenal GJ. Protection against 
radiation-induced damage of 6-propyl-2-thio-
uracil (PTU) in thyroid cells. Radiat Res. 2013; 
179(3):352-60. doi: 10.1667/RR2658.1. 
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Grants 

•	Monitoreo de compuestos naturales y sintéti-
cos que modulen la actividad biológica de los 
Interferones de Tipo I utilizando un nuevo en-
sayo de gen-reportero. PI: M. Bollati (Uruguay), 
M. Oggero (Argentina), Cooperación bilateral Ar-
gentina–Uruguay (AR-UR/11/01), 2012 – 2013 
(2 years).

•	Toxicología ambiental aplicada: evaluación del 
riesgo por exposición a estrógenos ambientales 
antropogénicos en un modelo de ratones trans-
génicos Oct4-GFP. PI: Mariela Bollati, ANII: Fondo 
María Viñas PR_ FMV_2_ 2011_1_6046 (Uruguay), 
2013 – 2015 (2 years). 

•	Compuestos naturales y sintéticos que modu-
len la actividad biológica de los Interferones hu-
manos de tipo I: análisis mediante una nueva 
herramienta biológica. PI: M. Oggero (Argen-
tina), M. Bollati (collaborative partner, Raíces), 
PICT-Raíces 01789, 2010 –2013 (3 years).

•	Toxicología ambiental aplicada: evaluación del 
riesgo por exposición a estrógenos ambientales 
antropogénicos en un modelo murino transgé-
nico Oct4-GFP. PI: M. Crispo (Uruguay), H. Rodrí-
guez (Argentina), M. Bollati (collaborative part-
ner). Cooperación bilateral Argentina–Uruguay 
(AR-UR/12/02), 2013 – 2015 (2 years).

•	Modulación de la respuesta innata epitelial por 
levaduras probióticas: determinación de los 
mecanismos genéticos de levaduras involucra-
dos en esta propiedad. PI: P. Aguilar (Uruguay), 
M. Rumbo (Argentina), M. Bollati (collaborative 
partner). Cooperación bilateral Argentina–Uru-
guay (AR-UR/12/03), 2013 – 2015 (2 years).

•	Postdoctoral fellowship CONICET-IPMontevideo, 
R. Pagotto, 2012-2014 (2 years)

•	Doctoral fellowship ANII- POS_NAC_2012_1_8523, 
S. Astrada, 2013-2015 (2 years)

•	Student fellowship ANII- INI_X_2011_1_3830, G. 
Mastropietro, 2012- 2013 (1 year)

•	Student fellowship ANII- INI_X_2012_1_4184, M.B. 
Harreguy, 2013- 2014 (1 year)

•	Travel Fellowship to attend the 23rd ESACT 
Meeting,Lille, France, K. Perelmuter, June 2013

•	  Starting in 2014
•	Postdoctoral fellowship ANII- PD_

NAC_2013_1_10903, R. Pagotto, April 2014 (2 
years).

Other activities

TRAINING COURSES 

As organizers: 
“Fundamentos y aplicaciones de la citometría de flujo“, 
PEDECIBA – BIOLOGIA. Montevideo, Uruguay. Organizers: 
V. Porro, M. Bollati, G. Folle. October 2013. 

As participants: 
“Curso Sistemas de Expresión para la Producción de Pro-
teínas: desde el diseño del vector al primer escalado“, 
PEDECIBA - BIOLOGIA. Facultad de Ciencias-UdelaR, Mon-
tevideo, Uruguay. M. Bollati  participated as conferencist. 
July 2013.
“Fifth International School on Production of Biopharma-
ceuticals in Animal Cell Cultures“, UFRJ, Rio de Janeiro, 
Brazil. M. Bollati  participated as conferencist. August 
2013.
“Curso Básico de Cultivo de Células“, PEDECIBA – BIOLO-
GIA. Montevideo, Uruguay. V.Porro, I.Tiscornia and M. Bol-
lati participated in the theoretical and practical activities. 
August 2013.
“Curso Básico de Citometría de Flujo“. Buenos Aires, Ar-
gentina. V. Porro participated in the theoretical and prac-
tical activities. September 2013.
“Curso Cultivos de células eucarióticas y su utilidad para 
modelar la interacción entre los microorganismos y el 
hospedador“.CIDCA-Facultad de Ciencias Exactas, UNLP, 
La Plata, Argentina. M. Bollati  participated as conferen-
cist. September 2013.
“Curso Producción, purificación y caracterización es-
tructural de proteínas“, PEDECIBA-QUÍMICA. Instituto de 
Higiene, Facultad de Química, UdelaR, Uruguay. M. Bollati  
participated as conferencist. October 2013.

TRAINING OF STUDENTS 

1. PhD students: 
•	V. Porro. Pro.In.Bio, Uruguay. Academic Direc-

tors: M. Bollati and H. Rodriguez
•	S. Astrada. Pro.In.Bio, Uruguay. Academic Direc-

tors: M. Bollati and M. Guerra Vallespi
•	M. Burgi. FBCB, UNL, Santa Fe, Argentina. Aca-

demic Directors: R. Kratje and M. Bollati 

2. Undergraduate students: 
•	G. Mastropietro, Facultad de Ingeniería, Universi-

dad ORT, Uruguay 
•	M.B. Harreguy, Facultad de Ingeniería, Universi-

dad ORT, Uruguay 
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3. Stages at the Unit: 
•	MSc Luis Eduardo Hinojosa. PhD student, Centro 

de Inmunología Molecular, La Habana, Cuba (4 
months).

•	 Ignacio León. PhD student, Facultad de Ciencias 
Exactas, Universidad Nacional de La Plata, Ar-
gentina (1 month).

•	MSc. Andrea Blanc, Laboratorio Microsules, 
Montevideo, Uruguay (9 months).

RECEIVED TRAINING BY THE CELL BIOLOGY UNIT STAFF

•	S. Victoria atended the “Fifth International School 
on Production of Biologicals using Animal Cell 
Cultures”.  Federal University of Rio de Janeiro, 
Rio de Janeiro. August 2013. 

•	S.  Astrada attended the RIIP Regional Course 
“Digital image processing/analysis tools 
in Light Microscopy:From the basics and 
beyond”,Hellenic Pasteur Institut, June 2013.

•	Tiscornia attended the courses “Redox biology 
and chemistry of thiols” (June 2013, Montevi-
deo) and “Laboratory biosafety” (May 2013,Bue-
nos Aires, Argentina).

•	K. Perelmuter atended the course “Bioprocess 
Engineering”, Facultad de Ingeniería, Montevi-
deo, Uruguay.

•	Ma Belén Harreguy atended the intramural 
course “Manipulación y administración de sus-
tancias en ratones de laboratorio” Instituto Pas-
teur de Montevideo. March 2013.
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Members: 

Geraldine Schlapp, MSc (Full time technician)

María Noel Meikle, MSc (Technician)

Ana Paula Arévalo, TMN (Technician)

Gabriel Fernández, Biol (Technician, animal caretaker)

Sergio Anchetta, (Animal caretaker)

Martín Mereles, (Animal caretaker)

Ana Paula Mulet, MSc (Research assistant)

Tali Korytnicki (Degree student)

Pia Jacques (Degree student)

Transgenic 
and Experimental

Animal Unit
 Head:  Martina Crispo, DVM, PhD
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Research

During 2013 five full articles in peer review journals were 
published, with a PhD thesis finished in October 2013 
and others posgraduate thesis running. Worldwide diffu-
sion of the generation of GFP transgenic sheep through 
lentiviral technology was launched, with good scientific 
and public perception of the research team and the insti-
tutions involved. This project led to a full article that was 
recently accepted.

We reinforced the transgenic technologies, focusing in 
increase the efficiencies for pronuclear DNA microinjec-
tion after a particular year with construction noise and vi-
brations that affected the animal’s wellbeeing and overall 
production of the Unit. We incorporated a new transgenic 
technology mediated through transposons, known as 
Sleeping Beauty Transposons (SBT100x). Also, collabora-
tion was stablished to start working with CRISPRs tech-
nology, one of the latest advances in animal transgen-
esis to generate KO models in several species. 

New PI’s that uses different transgenic mice models were 
recluted by the Institution, demanding thus many ser-
vices that included mice importation, embryo and sperm 
cryopreservation, rederivation, breeding and maintein-
ance of several transgenic lines. This demand has in-
creased the amount of work at the Unit, with an occupa-
tion of physical area close to 80%. This triggered plans to 
expand the animal house in a conventional area.  
We continue working with national and international bio-
technological companies, with grants close to 65.000 
USD and the service offered resulting in a publication in 
Journal of Probiotics and Health.

The second edition of the internal course for researchers 
of Institut Pasteur was organized: Manejo, técnicas de 
administración de sustancias y obtención de muestras 
en ratones, beeing mandatory for working with mice at 
our facility. Several lectures for undergraduated and pos-
graduated students were given by members of the UATE. 
In summary, the amount of services increased substan-
tially, research area was reinforced, human resources 
formation continues developing and original information 
was published during the period. 

Projects 

2011 - to date  Rol of micovesicles in murine embryonic 
stem cells. PI. 

2012-2015  Estudio de los mecanismos respon-
sables de potenciales efectos probióti-
cos de la cepa Lactobacillus rhamnosus 
CNCM I-3690. Co-Tutor.

2013-2014  Caracterización de un modelo murino 
inducible para el estudio de las vías de 
señalización de la insulina. Tutor.

2013-2014  Derivación y caracterización de una 

línea de células madre embrionarias 
(ESC) murinas Oct4-GFP en ausencia 
de suero y de fibroblastos embrionarios 
murinos (MEF). Co-tutor.

2011 - 2013  Transgenic sheep developed by somatic 
cell nuclear transfer (SCNT). Co - PI

2011 - 2013  New alternatives for gamete cryopreser-
vation in female ruminants. Co-PI

2010 - 2013  Creation of an International Consortium for 
preclinical evaluation of probiotic strains 
for diary food prototypes. Collaboration.

2012 - 2014  Applied environmental toxicology: risk 
evaluation to environmental antropo-
genic estrogen exposition in a transgen-
ic murine model Oct4-GFP. Collaboration. 

2011 - 2013  Differential genic expression during 
meiosis: identification and characteriza-
tion of specific products in male meiotic 
prophase in rodents. Collaboration.

2011 - 2013 Rol of circulating endothelial progenitors 
from bone marrow in the tumoral neo-
vascularization of NHL. Murine model. 
Collaboration.

2009 - to date Trypanothione biosynthesis as a basis 
for drugs against trypanosomes. Col-
laboration.

2008 - to date Rol of IL-17 in immunoprotection of respi-
ratory airways mucosae. Collaboration.

2008 - to date  Colon anticancer immunotherapy using Try-
panosoma cruzi antigens. Collaboration.

Services 

•	Generation of transgenic mice by pronuclear mi-
croinjection of DNA fragments (5 projects for re-
searchers from Argentina, Chile and Uruguay).

•	Generation of transgenic mice by homologous 
recombination in embryonic stem cells (2 proj-
ects - mgc-1203 and Spats1). 

•	Set up of Sleeping Beauty Transposons (SBT 
100x) technology (one project in progress – Re-
dox GFP) 

•	Embryo and sperm cryopreservation (7 proj-
ects running).

•	Rederivation of mouse lines (11 projects running).
•	 In vitro fertilization: successfully set up of a 

new protocol 
•	Breeding and housing of SPF and conventional 

mice (C57BL/6J, BALB/cJ, DBA/2J, SWISS, SJL/J, 
Nude, several hybrids and aprox. 30 different 
transgenic lines). Actual production: aprox. 
1200/month.

•	Trials of biological activity for recombinant er-
itropoyetin (Lab. Clausen & LCB) (aprox. 12 per 
month). The animal facility is certified by the 
Ministry of Health.

•	Trials of toxicity for biotechnological products 
(EPO, Filgen, Interferon) for Lab. Clausen & LCB 
(8 per month). 
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Publications

Full article in peer review journals:
•	M. CRISPO; L VAN MAELE; J TABAREAU; D CAYET; 

A ERREA; AM FERREIRA; M RUMBO; JC SIRARD. 
Transgenic mouse model harboring the tran-
scriptional fusion Ccl20-luciferase as a novel re-
porter of pro-inflammatory response. PLoS ONE 
2013, 12; 8(11):e78447.

•	M. CRISPO; SCHLAPP G; CÁRDENAS M; D. 
GONZÁLEZ-MACIEL; M RUMBO. Optimization of 
transgenesis conditions for the generation of 
CXCL2-luciferase reporter mice line. EJB Elec-
tronic Journal of Biotechnology 2013, 16 (6): 
DOI: 10.2225

•	E CHENOLL; FM CODOÑER ; A SILVA; A IBÁÑEZ; 
JF MARTINEZ-BLANCH ; M. BOLLATI FOGOLIN; 
M. CRISPO; S RAMIREZ; Y SANZ ; D RAMÓN ; S 
GENOVÉS. Genomic Sequence and Pre-Clinical 
Safety Assessment of Bifidobacterium longum 
CECT 7347, a Probiotic able to Reduce the Toxici-
ty and Inflammatory Potential of Gliadin-Derived 
Peptides. Journal of Probiotics and Health 2013, 
12:1-6.

•	BERRIEL E, RUSSO S, MONIN L, FESTARI MF, BEROIS 
N, FERNÁNDEZ G, FREIRE T, OSINAGA E. Antitumor 
activity of human hydatid cyst fluid in a murine 
model of colon cancer. Scientific World Journal 
2013:230176. doi: 0.1155/2013/230176.

Abstracts in meetings
•	M RUMBO; M. CRISPO; L VAN MAELE; J TABAREAU; 

D CAYET; A ERREA; AM FERREIRA; JC SIRARD. 
Transgenic mouse model harboring the tran-
scriptional fusion Ccl20-luciferase as a novel 
reporter of pro-inflammatory response, 2013. 
Evento: Internacional, 11th World Congress on 
Inflammation, Natal. 

•	M. CRISPO; AM FERREIRA; AP AREVALO; AP MU-
LET; JC SIRARD; M RUMBO. Caracterización in 
vivo de un modelo murino CCL20-luciferasa re-
portero de inflamación, 2013. Evento: Regional, 
I Congreso AUCyTAL, Punta del Este.

•	AP MULET; M. CRISPO; SCHLAPP G; L. GOY-
ENECHE; G FERNÁNDEZ; G. GROMPONE. Obten-
ción de un modelo murino para el estudio de la 
función de FOXO1 en el intestino, 2013. Evento: 
Regional, I Congreso AUCyTAL, Punta del Este.

•	P. DOS SANTOS; M VILARIÑO; M. CRISPO; A 
MENCHACA. Vitrificación de mórulas y blastocis-
tos ovinos producidos por fertilización in vitro 
utilizando el método espátula, 2013. Evento: 
Internacional, X Simposio Internacional de Re-
producción Animal, Córdoba.

Grants

•	 ”Desarrollo de modelos transgenicos mediante 
transferencia nuclear de celulas somaticas 
en ovinos” – Alejo Menchaca (PI) and Martina 
Crispo (Co-responsible) ANII INNOVAGRO (2011 
– 2013) – USD 60.000.

•	 “Nuevas alternativas para la criopreservación 
de gametos en hembras rumiantes”. Co-respon-
sible. ANII Maria Viñas (2011-2013). USD 20.000.

•	 “Una innovación tecnológica para la reproduc-
ción ovina en Uruguay: producción in vitro de 
embriones y su aplicación a gran escala”. Union 
Agriculture Group (UAG). Co-responsable Mar-
tina Crispo (2012 – 2013) USD 100.000.

•	 “Ensayo de ingesta aguda de dos cepas pro-
bióticas en ratones BALB/cJ”. Biópolis. Respon-
sables Mariela Bollati, Martina Crispo (2013) 
USD 25.000.

•	 “Estudio de la actividad hipolipemiante, capacid-
ad antioxidante y actividad anti-inflamatoria de 
los componentes del extracto de pericarpio de-
rivado de girasol “violeta” (EPGv)”. Igra Semillas. 
Responsables Mariela Bollati, Carlos Battyhany, 
Martina Crispo (2013-2014) USD 38.500.

Other activities

Human resources formation
Ana Paula Mulet, MSc - Estudio de los mecanismos re-
sponsables de potenciales efectos probióticos de la 
cepa Lactobacillus rhamnosus CNCM I-3690. PhD Thesis 
(2012-2015). UdelaR PRO.IN.BIO (Co-Tutor).
Pedro Claudino dos Santos Neto, DMV – Criopreservacion 
de embriones ovinos. MSc Thesis (2011-2014), Facultad 
de Veterinaria - UDeLaR (Co-Tutor).
Pia Jacques, student - Caracterización de un modelo mu-
rino inducible para el estudio de las vías de señalización 
de la insulina. Research initiation fellowship (2013-
2014), ANII (Tutor).
Pia Jacques, student – Obtención de herramientas mo-
leculares para el estudio del estado redox de tripano-
somátidos. Degree thesis (2012-2013)
Tali Korytnicki, Biol – Derivación y caracterización de 
una línea de células madre embrionarias (ESC) murinas 
Oct4-GFP en ausencia de suero y de fibroblastos embri-
onarios murinos (MEF). 

Research initiation fellowship (2013-2014), ANII (Co-
tutor). 
Tali Korytnicki, Biol – Derivación de Células Madre Embri-
onarias (ESC) murinas como alternativa a su adquisición 
en otros laboratorios para uso en la producción de ra-
tones genéticamente modificados. Degree thesis (2012-
2013) (Co-tutor)
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Meetings
•	64th American Asociation for Laboratory Animal 

Science (AALAS) meeting. Baltimore, USA, Octo-
ber 2013.

•	 I Congreso Asociación Uruguaya de Ciencia y 
Tecnología de Animales de Laboratorio (AUCy-
TAL). Punta del Este, Uruguay, April 2013.

Oral presentations in national and international meet-
ings

•	Banco de embriones y esperma murino. I Con-
greso Asociación Uruguaya de Ciencia y Tec-
nología de Animales de Laboratorio (AUCyTAL), 
Punta del Este, Uruguay, April 2013.

Internships & Courses
•	6th	HKU	κ	PASTEUR	IMMUNOLOGY	COURSE,	Hong-

Kong, November 2013.
•	Laboratory Animals Science Course, Montero-

tondo, Italy, april 2013.
•	Curso CHEA: Cuidado y manejo de animales para 

experimentación. Categoría A y B, Montevideo, 
Uruguay, July 2013.

Teaching
•	Organization of the IP Montevideo internal 

course 2013: Manejo, técnicas de adminis-
tración de sustancias y obtención de muestras 
en ratones, for 20 researchers that uses mice at 
the animal facility.

•	Several lectures in postgraduate national and 
regional courses.

Other
•	Member of Comite de Ética en el Uso de Ani-

males (CEUA). IP Montevideo (2009 - to date)
•	Member of Comite de Ética en el Uso de Ani-

males (CEUA). Facultad de Ciencias, UdelaR 
(2011 to date)

•	Member of Scientific Comitee of Centro Multidis-
ciplinario para Investigação Biológica (CEMIB) 
Universidad de Campinas (2010 - to date).

•	Member of Comisión Nacional de Experiment-
ación Animal (CNEA) (2010 - 2014).

•	Member of Comisión de Evaluación del Riesgo 
en Bioseguridad, MGAP (2009 - to date).
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Members: 

Gonzalo Obal (PhD student, Technical Assistant)

Sergio Bianchi (MD, MSc, PhD student)

Gonzalo Moratorio (MSc, PhD student)

Lorena Tomé (MSc, PhD student)

Federico Carrión (Technical Assistant)

Gonzalo Rama (MSc student)

Natalia Olivero (Intern)

Andrés Addiego (Intern)

Protein Biophysics Unit

 Head:  Otto Pritsch, PhD



40 Annual Report 2013

Research 

Our scientific activity is focused on the study of viral 
pathogenesis of bovine leukemia. Indeed, viral infec-
tions, and in particular those affecting cattle, are major 
health problems in Uruguay.
Enzootic Bovine leukemia (EBL) is an infectious disease 
caused by a retrovirus, the bovine leukemia virus (BLV), 
which affects more than 60% of dairy cattle in Uruguay. 
Given the high percentage of infected cattle, and the im-
portance of livestock for the Uruguayan economy, EBL 
has become an issue of great concern. At the moment, 
no vaccine against BLV is available. The main objective of 
this project was to integrate a national team to study the 
epidemiology and pathophysiology of EBL, its causative 
agent and the oncogenic process triggered by BLV. 
In the context of this project we have organized a multi-
disciplinary group to work on BLV, funded by the National 
Institute of Agronomic Research of Uruguay and the Uni-
versity of the Republic in Montevideo. Moreover, we have 
participated in the First Latin American Workshop on EBL 
(2012) and created the Regional Network of EBL that in-
tegrates a diverse group of research laboratories in Latin 
America.

The specific aims are:
 

A. To analyze the genetic variability of BLV in Uruguay: 
EBL can be divided into three clinical forms: a) As-
ymptomatic (AS), b) Persistent Lymphocytosis (PL), 
characterized by a malignant polyclonal expansion 
of CD5+ B cells and c) Lymphosarcoma (LS), char-
acterized by the formation of tumors. The general ob-
jective of this work is to contribute to knowledge on 
EBL, by molecular characterization and analysis of 
viral strains present in infected cattle with different 
clinical manifestations of the disease. We obtained 
for first time the complete genomic sequence of a 
BLV strain from a lymphosarcoma. The amplified BLV 
genome was cloned, sequenced, and bioinformati-
cally studied with other BLV full-length sequences 
from other manifestations of the disease including 
PL and asymptomatic ones. These results were in-
cluded in Moratorio et al (2013)

B. To develop new methods for diagnosis of BLV in-
fection: we have developed a rapid and sensitive 
real time PCR assay using SYBR green chemistry to 
detect and quantify BLV proviral DNA by amplifying 
gp51 gene from bovine peripheral blood. A compara-
tive analysis with validated diagnostic tests (AGID, 
ELISA and direct nested PCR) was performed in 45 
dairy cattle samples. In summary, our results reveal 
that real-time PCR is comparable to nested PCR, and 
confirm an increased sensitivity of the PCR (real-
time and nested) over the ELISA and AGID tests re-
spectively. Overall, our results show that this SYBR 
Green -based PCR assay may be a useful, simple, 

and rapid tool to detect BLV infection in dairy cattle 
samples that could be adapted to high-throughput 
diagnostic procedures.

C. To characterize the biophysical and structural 
bases of BVL capsid self-assembly: Like other ret-
roviruses, assembly of BLV virions is driven by Gag, 
a polyprotein precursor composed of three major 
domains: MA (matrix), CA (capsid), and NC (nucleo-
capsid). After particle budding, the virus-encoded 
protease PR cleaves Gag and releases the individual 
domains: the N-terminally myristoylated MA remains 
anchored at the viral envelope, NC condenses with 
the viral RNA, and CA spontaneously self-assembles 
to form a closed structure: the mature “core”or cap-
sid. This dramatic structural rearrangement, known 
as maturation, is essential for infectivity, and thus 
constitutes an attractive target for novel antiretro-
viral strategies. The mechanism of viral capsid for-
mation via self-assembly of thousands of copies of 
the capsid protein (CABLV) represents a key event in 
the retrovirus cycle. The objective of this part of the 
project is to characterize the biophysical and struc-
tural bases of BVL capsid self-assembly. We have 
characterized in vitro the self-assembly process of 
the purified recombinant BLV-CA protein. Specifically, 
we have analysed the effect ofr protein concentra-
tion, pH, ionic strength, temperature, phosphate and 
polyphosphates on self-assembly kinetics. In paral-
lel, we performed electron microscopic analysis of 
assembly products in order to evaluate the physical 
characteristic of the material formed under these 
conditions. This work provides the first description 
of the BLV capsid protein assembly properties, which 
may also be of relevance for understanding other 
Deltaretrovirus assembly characteristics (Obal et 
al, manuscript in preparation). On the other hand, 
in collaboration with IP-Mont Protein Cristallography 
Unit, we have performed crystallographic studies of 
the BLV capsid protein p24. Full-length and separate 
N-terminal and C-terminal domain constructs were 
generated, expressed and purified to homogeneity. 
Crystallization conditions were obtained for the three 
variants, and they diffract X rays to near atomic reso-
lution.

D. To characterize the biochemical and structural bas-
es of BLV envelope protein: As in all members of Ret-
roviridae family, the BLV env complex plays a crucial 
role in determining viral infectivity, since it is respon-
sible for the recognition of a specfic cell-surface re-
ceptor required for virus entry. It is also responsible 
for inducing fusion of viral and cellular membranes 
for entry. This project proposes to characterize the 
3D structure of the BLV env glycoprotein complex in 
its pre-fusion conformation. The difficulties rely in 
the heavy glycosylation and instability of the protein 
complex, which is maintained in a metastable confor-
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mation in the pre-fusion form. We have an advantage 
with respect to HIV because BLV gp51 is smaller and 
is less glycosylated than its gp120 HIV counterpart. 
In addition, since BLV virions are not pathogenic to 
humans they can be produced in large quantities 
to allow its complete characterization by electron 
microscopy. Also, recent advances in electron to-
mography with vitrified samples at liquid nitrogen 
temperature (“electron cryo-tomography”, or cET) 
together with sub-tomogram averaging have made 
it possible to study the structure of peomorphic par-
ticles at a resolution of about 20Å. We will use this 
approach to characterize the structure of whole BLV 
virions. We have also optimized the production of 
the soluble ectodomain (i.e., eliminating the trans-
membrane segment and downstream C-terminal cy-
tosolic tail) in Drosophila S2 cells. The env protein is 
truncated at two different positions upstream the TM 
segment. We have designed 4 different constructs 
in total, with a natural and an altered furin cleavage 
site taking into account codon-optimization for effi-
cient production in Drosophila. This system should 
therefore allow the production of sufficient material 
for crystallization trials, electron cryo-microscopy of 
isolated trimers, and biophysical studies of the multi-
meric complex formed by the recombinant proteins. 
This work will be done in collaboration with Dr. Félix 
Rey (Unité de Virologie Structurale - CNRS URA 3015, 
Institut Pasteur, Paris, France) and Dr. Jean Lepault 
(Laboratoire de Virologie Moléculaire et Structurale, 
CNRS UPR3296, Gif-sur-Yvette, France) in the context 
of the CNRS International Associated Laboratory on 
Structural Virology.

Services

1. Thermodynamic analysis of protein-protein and 
protein-ligand interaction through determination 
by isothermal titration microcalorimetry (ITC) of 
binding constants (KB), reaction stoichiometry 
(n),	enthalpy	(ΔH)	and	entropy	(ΔS).

2. Thermodynamic analysis of conformational 
changes of proteins including assessment of sta-
bility and folding of recombinant proteins through 
differential scanning microcalorimetry (DSC) to 
study a wide range of thermal transitions in bio-
logical systems, to determine melting tempera-
tures as well as thermodynamic parameters as-
sociated to these changes.

3. Kinetic analysis of protein - ligand interaction 
through Surface Plasmon Resonance (SPR) mea-
surements, determination of kinetic association 
(kass) and dissociation (kdiss) constants.

4. Determination of the hydrodynamic radius of 
macromolecules or particles through dynamic 
light scattering measurements coupled to size ex-
clusion chromatography SEC-HPLC.

Publications

1. Moratorio G, Fisher S, Bianchi S, Tome L, Rama G, 
Obal G, Carrion F, Pritsch O, Cristina J. A detailed 
molecular analysis of complete Bovine Leukemia 
Virus genomes isolated from B-cell lymphosar-
comas. (PMID: 23506507) Veterinary Research, 
44(1): 19, 2013.

2. Meikle A, Cavestany D, Carriquiry M, Adrien ML, 
Artegoitia V, Pereira I, Ruprechter G, Pessina P, 
Rama G, Fernandez A, Breijo M, Laborde D, Pritsch 
O, Ramos JM, de Torres E, Nicolini P, Mendoza A, 
Dutour J, Fajardo M, Astessiano AL, Olazábal L, 
Mattiauda D, Chilibroste P. Avances en el cono-
cimiento de la vaca lechera durante el período de 
transición en Uruguay: un enfoque multidiscipli-
nario. Agrociencia Uruguay 17(1): 141-152, 2013.

3. Mazal D,  Lo-Man R,  Bay S, Pritsch O,  Dériaud E, 
Ganneau C, Medeiros A, Ubillos L, Obal G, Berois 
N, Bolatti-Fogolin M, Leclerc C, Osinaga E. Mono-
clonal antibodies toward different Tn-amino acid 
backbones display distinct recognition patterns 
on human cancer cells. Implications for effective 
immuno-targeting of cancer. (PMID: 23604173) 
Cancer Immunology and Immunotherapy 62: 
1107-1122, 2013

4. Correa A, Trajtenberg F, Obal G, Pritsch O, Dighiero 
G, Oppezzo P, Buschiazzo A. Crystal structure of a 
human IgA1 Fab fragment at 1.55Å resolution: po-
tential effect of the constant domains in antigen-
affinity modulation. (PMID: 23519414) Acta Crys-
tallografica D 69(3): 388-397, 2013.

5. Moratorio G, Iriarte A, Moreno P, Musto H, Cristina 
J. A detailed comparative analysis on the overall 
codon usage patterns in West Nile virus. Infect 
Genet Evol. 2013 Mar;14:396-400. doi: 10.1016/j.
meegid.2013.01.001. Epub 2013 Jan 16.

Grants

1. “International Associated Laboratory on Struc-
tural Virology”. Centre National de la Recherche 
Scientifique - IPMont-LIA. Period: January 2013 – 
December 2016. Felix Rey, CNRS URA 3015 Virol-
ogy, Institut Pasteur, Paris - Otto Pritsch. Institut 
Pasteur de Montevideo. Amount granted: 15.000 
euros / year.

2. “Desarrollo de nuevos métodos para el diag-
nóstico del Virus de la Leucosis Bovina”. Minis-
terio de Industria y Energía – Dirección Nacional 
de Industria, uruguay. Period: December 2012 – 
December 2013. PI: Otto Pritsch. Amount granted 
17.000 USD. 

3. Doctoral Fellowship – Lorena Tomé – 2012 - 2014 
– ANII

4. Master Fellowship – Gonzalo Rama – 2012 
- 2013 – ANII 
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Other Acitivities

TRAINING OF STUDENTS

1. Training of PhD degree students:
•	Gonzalo Obal, PhD Student, PEDECIBA. “Estudios 

Biofísicos y Estructurales del Ensamblado de la 
Cápside del Virus de la Leucemia Bovina” Direc-
tor: O. Pritsch.

•	Lorena Tomé, PhD Student, PEDECIBA. “Estudio 
de la interacción entre el Virus de la Leucosis 
Bovina y la célula hospedera”. Directors: J. Ar-
biza, O. Pritsch.

•	Rodrigo Puentes, PhD Student, Faculty of Vet-
erinary. “Epidemiología molecular y efecto de 
la presencia del virus de la Leucosis bovina 
enzoótica en animales asintomáticos sobre 
parámetros productivos, reproductivos y sani-
tarios”. Directors: Silvia Llambí, Gonzalo Morato-
rio and Otto Pritsch.

2. Training of Master degree students:
•	Gonzalo Rama, Master in Biotechnology, Faculty 

of Science. “Desarrollo y análisis comparativo 
de una nueva herramienta para el diagnóstico 
de la Leucosis Enzoótica Bovina; Impacto del 
descenso de anticuerpos anti-VLB circulantes 
en el periparto para el diagnóstico serológico” 
Directors: A. Meikle, O. Pritsch. Defense date: 
March 2013.

•	Jorge de los Santos, Master in Biotechnology, 
Faculty of Science. “Desarrollo de kits para 
genotípado de SNPs en los genes humanos, FII, 
FV y MTHFR , utilizando la tecnología PCR en 
Tiempo Real”. Directors: Andrés Abin and Otto 
Pritsch. Defense date: August 2013.
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Mª Rosa Silva (Postdoctoral Fellow)

Juan Pablo Tosar (Doctoral Student)
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Research

In the last 2 years, our main focus of research has been 
centered on the biology of small RNAs in the regulation of 
gene expression with especial emphasis in extracellular 
small RNAs and their role in cell-to-cell communication 
in human cancer. Ongoing work deal with three main re-
lated research areas:

1. “THE SECRETED RNAome”: AN UNEXPECTED PATH-
WAY OF INTERCELLULAR COMMUNICATION AND 
NEW SOURCE OF BIOMARKERS IN CANCER

Cell-free DNA/RNA are normally secreted from a variety 
of normal and diseased cells to the extracellular media 
either through membrane-bound vesicles or included in 
ribonucleoprotein complexes. Studies over the past few 
years showed that these structures contain bioactive 
molecules, lipids, nucleic acids and proteins, which like 
hormones can influence normal homeostasis and many 
aspects of cancer progression including tumor develop-
ment, invasion and metastasis.
Circulating mRNAs and microRNAs are detectable in the 
serum and plasma of healthy individuals and cancer pa-
tients. It is known that RNA released into the circulation 
is surprisingly stable in spite of the high levels of RNases 
in the blood.  High stability and resistance to degradation 
is achieved through its packaging into either membrane-
bound structures (i.e. exosomes, ectosomes and apop-
totic blebs) or circulating ribonucleoprotein complexes.
Cancer is currently the second leading cause of death 
worldwide. Despite the advances in cancer therapeutic 
approaches during the last decades, the morbidity and 
mortality rates still remain high. The earliest possible 
diagnosis and treatment is still the best approach to 
improve survival. The National Cancer Institute of USA 
estimates that premature deaths, which may have been 
avoided through screening, range from 3% to 35% (www.
cancer.gov). Screening for cancer is usually attempted 
whenever worrying symptoms arise, having as a result 
the diagnosis of cancer as a latest age disease. The cur-
rent methods for diagnosis of the disease are usually 
invasive and expensive whereas the existing biological 
markers are not definitive and lack high sensitivity and 
specificity. At present, growing scientific efforts in hu-
man cancer are aimed to find and develop new, sensi-
tive, non-invasive and inexpensive biomarkers to identify 
high risk individuals, detect cancer at an early stage, to 
predict outcome, to monitor treatment and to screen for 
disease recurrence. Detection of extracellular or cell-free 
nucleic acids (DNA or RNA) in blood or body fluids has 
been recently suggested as surrogates for non-invasive 
and cost effective biomarkers in human cancer. 
Our present work is aimed to analyze in depth the total 
repertoire of RNA transcripts and small RNAs secreted by 
tumor cells to the extracellular media and their contribu-
tion to different fractions of circulating species in normal 
plasma as well as in cancer patients. Methodological 
and conceptual results issues from this study should be 

useful to establish new working hypothesis in the near 
future and to better understand their diagnostic and pre-
dictive value in human cancer and possibly other human 
diseases.
Thus, vesicular and non-vesicular horizontal transfer of 
small RNAs could emerge as a relatively wide-spread pro-
cess that may complement intercellular communication 
by other mechanisms. One of the most intriguing ques-
tions in this regard is how, and to what extent, is this pro-
cess involved in various forms of cellular pathology. Of 
particular interest is the role of MVs in cancer whose ex-
ploration may both afford new avenues in cancer biology 
and inspire new therapeutic and diagnostic approaches 
in biomedicine.

2. NON-HUMAN SMALL RNAS IN HUMAN PHYSIOLGY 
AND PATHOLOGY

This project is aimed to determine the potential of foreign 
small RNAs (from plant, insect, fungi or bacteria) as new 
actors in human physiology and cancer. In a recent meta-
analysis of small RNA datasets we found a widespread 
distribution of exogenous small RNAs in normal human 
tissues. Recent experimental evidence suggested that 
a significant fraction of these “non human” sequences 
could result from a transfer of exogenous small RNAs be-
tween unrelated organisms. Some experimental evidenc-
es suggested that plant microRNAs are present in the 
sera and tissues of some animals which were assumed 
to be primarily acquired orally through food intake. Sur-
prisingly, functional studies showed that the some plant 
microRNAs are functional in mammal tissues by inducing 
down-regulation of specific target mRNAs. The analysis 
of small RNA datasets from various vertebrate and inver-
tebrates animals revealed that the presence of plant mi-
croRNAs is a widespread phenomenon across the animal 
kingdom. Thus, it can be assumed that several classes 
of small non-coding RNAs are actually transferred from 
one species to another, inducing epigenetic changes in 
distant species, even in a cross-kingdom manner. 
Therefore this is a very attractive area of research able to 
afford new mechanisms in understanding the role of diet 
and environmental factors influencing human health and 
the risk of cancer.

3. BIOLOGICAL SIGNIFICANCE OF SMALL RNAs SE-
CRETED BY TRYPANOSOMA CRUZI. A ROLE ON LIFE 
CYCLE REGULATION AND SUSCEPTIBILITY TO INFEC-
TION OF MAMMALIAN CELLS  

The protozoan parasite Trypanosoma cruzi, has a com-
plex life cycle characterized by intracellular and extracel-
lular forms alternating between invertebrate and mam-
mals. To cope with these changing environments, T. cruzi 
undergoes rapid changes in gene expression which are 
achieved essentially at the post-transcriptional level by 
mechanisms do not completely elucidated. At present, 
expanding families of small RNAs are recognized as key 
players in novel forms of post-transcriptional gene regula-
tion in most eukaryotes. However, T. cruzi lacks canonical 
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small RNA pathways. In a recent work aimed to identify 
the presence of alternate small RNA pathways in T. cruzi, 
we reported the presence of a homogeneous population 
of small RNAs derived from mature tRNAs (tsRNAs). In 
T. cruzi epimastigotes submitted to nutrient starvation, 
tsRNAs co-localized with an argonaute protein distinc-
tive of trypanosomatids (TcPIWI-tryp) and were recruited 
to particular cytoplasmic granules. By using epifluores-
cence and electronic microscopy, we observed that tsR-
NAs and the TcPIWI-tryp protein were recruited mainly to 
reservosomes and other intracellular vesicles including 
endosome-like vesicles and the trans-Golgi. These data 
suggested that in T. cruzi, tsRNAs biogenesis is probably 
part of endocytic/exocytic routes. We also demonstrated 
that epimastigotes submitted to differentiation media by 
nutrient starvation shed high levels of vesicles to the ex-
tracellular medium which carry small tRNAs and TcPIWI-
tryp proteins as cargo. Extracellular vesicle cargo was 
efficiently transferred between parasites and to mam-
malian susceptible cells. Our data afford experimental 
evidence indicating that extracellular vesicles shed by T. 
cruzi promote not only life cycle transition of epimasti-
gotes toward the infective trypomastigote forms but also 
infection susceptibility of mammalian cells. 
The transfer of tsRNAs and other small RNAs from these 
parasites toward mammalian cells through shed vesicles 
represent a cross-kingdom transfer of small RNAs and 
associated proteins which could conduct us to rethink 
some concepts in host-pathogen biology.

Publications

1. Libisch G, Casás M, Chiribao ML, Moreno P, Cayota 
A, Osinaga E, Oppezzo P, Robello C. GALNT11 as a 
new molecular marker in Chronic Lymphocytic 
Leukemia. Gene. 2013 Sep 26. doi:pii: S0378-
1119(13)01257-2. 10.1016/j.gene.2013.09.052.

2. Garcia-Silva MR, das Neves RF, Cabrera-Cabrera 
F, Sanguinetti J, Medeiros LC, Robello C., Naya H, 
Fernandez-Calero T, Souto-Padron T, de Souza W, 
Cayota A. Extracellular vesicles shed by Trypano-
soma cruzi are linked to small RNA pathways, life 
cycle regulation, and susceptibility to infection of 
mammalian cells. Parasitol Res. 2014;113:285-
304.

Grants

Starting in 2013

1. “ARNs extracelulares y cáncer: caracterización 
e implicancias en la modulación recíproca entre 
células malignas y no malignas” Juan Pablo Tosar 
ANII Amount Granted USD 13.000.

Other activities

Participation in Multicentric Cancer Programs

•	Latin American Breast Cancer Pilot Project: “Mo-
lecular Profiling of Breast Cancer Study” NCI 
(United States) – Brazil – Argentina – Mexico – 
Chili – Uruguay - Colombia – Puerto Rico
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Nora Berois (MD, PhD, Associate Investigator)
 
Edgardo Berriel (MD, MSc, PhD student)
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Patricia Moerzinger (MSc, student)

Diego Touyá (MSc, student)

Claudia Schvartzman (MSc, student)

Patricia Solari (MSc, student)

Guillermo Tramontín (undergraduate student)
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 Head:  Eduardo Osinaga, MD, PhD
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Research

The most abundant form of O-linked glycosylation in 
higher eukaryotes, termed ‘‘mucin-type’’, is characterized 
by	 the	 covalent	 linkage	 of	 an	 κ-N-acetylgalactosamine	
residue (GalNAc) to the hydroxyl group of Ser/Thr resi-
dues. Mucin core O-glycosylation is catalyzed by a group 
of UDP-GalNAc:polypeptide N-acetylgalactosaminyl-
transferases (ppGalNAc-Ts) (EC. 2.4.1.41). Subsequent 
elongation of O-linked sugar chains is achieved by the 
transfer of additional saccharide units, catalyzed by 
specific glycosyltransferases. Malignant transformation 
of epithelial cells is commonly associated with changes 
in the expression level and/or glycosylation pattern of 
mucins, including exposure of simple mucin-type car-
bohydrates, such as Tn, sialyl-Tn and TF antigens. These 
determinants contribute to the phenotype and biology of 
cancer cells and are involved in their metastatic activity. 
Moreover, they are considered among the most specific 
cancer-associated structures, and are thus being evalu-
ated as promising targets for tumor immunotherapy. We 
have recently identified some apomucins and glycosyl-
transferases, which are abnormally expressed in cer-
tain cancer cells. One of these enzymes, ppGalNAc-T13, 
is probably associated to the aggressiveness of some 
tumors. We investigate the molecular mechanisms un-
derlying the regulation of the initial steps of mucin-type 
O-glycosylation in human cancer, and evaluate how this 
abnormal process influences malignant cell behavior. 

Publications

1. Medeiros A, Berois N, Incerti M, Bay S, Franco Fra-
guas L and Osinaga E. A Tn antigen binding lectin 
from Myrsine coriacea displays toxicity on human 
cancer cell lines. J Natural Med 67:247-54 (2013) 
doi: 10.1007/s11418-012-0671-x.

2. Dalotto-Moreno T, Croci DO, Cerliani JP, Martinez-
Allo VC, Dergan-Dylon S, Mendez Huergo SP, Stupir-
ski JC, Mazal D, Osinaga E, Toscano MA, Sundblad 
V, Rabinovich GA, Salatino M. Targeting galectin-1 
overcomes breast cancer associated immunosup-
pression and prevents metastatic disease. Cancer 
Res. 73:1107-17 (2013) doi: 10.1158/0008-5472.
CAN-12-2418

3. Berois N, De Cremoux P, Mazal D, Sica A, Cedeira 
M, Caserta B, Barrios E, Osinaga E and Sastre-
Garau X. Prevalence and distribution of high-risk 
human papillomavirus genotypes in invasive 
carcinoma of the uterine cervix in Uruguay. Int. J. 
Gynecol. Cancer 23:527-532  (2013) doi: 10.1097/
IGC.0b013e318285e753.

4. Mazal D, Lo-Man R, Bay S, Pritsch O, Dériaud E, 
Ganneau C, Medeiros A, Ubillos L, Obal G, Berois N, 
Bollati-Fogolin M, Leclerc C and Osinaga E. Mono-
clonal antibodies toward different Tn-amino acid 
backbones display distinct recognition patterns 

on human cancer cells. Implications for effective 
immuno-targeting of cancer. Cancer Immunol. 
Immunother. 62:1107-22 (2013) doi: 10.1007/
s00262-013-1425-7

5. Noya V, Bay S, Festari MF, García E, Rodriguez E, 
Chiale C, Ganneau C, Baleux F, Astrada S, Bollati –
Fogolín M, Osinaga E and Freire T. Mucin-like pep-
tides from Echinococcus granulosus induce anti-
tumor activity. Int. J. Oncology 43:775-84 (2013) 
doi: 10.3892/ijo.2013.2000

6. Berriel E, Russo S, Monin L, Festari MF, Berois N, 
Fernández G, Freire T and Osinaga E. Anti-tumor 
activity of human hydatid cyst fluid in a murine 
model of colon cancer. The Scientific World Journal 
2013:230176 (2013) doi: 10.1155/2013/230176.

7. Libisch G, Casás M, Chiribao ML, Moreno P, Cayota 
A, Osinaga E, Oppezzo P, Robello C. GALNT11 as a 
new molecular marker in Chronic Lymphocytic 
Leukemia. Gene. 2013 Sep 26. doi:pii: S0378-
1119(13)01257-2. 10.1016/j.gene.2013.09.052.

Grants

Producción por ingeniería genética de diabodies e inmu-
notoxinas anti-antígeno tumoral Tn. Aplicación en  ima-
genología molecular y tratamiento del cáncer. 
ANII - Fondo María Viñas. U$S 47.000, 2013-2015

Other activities

TRAINING COURSES
“Glycobiology and Cancer: from Chemistry to Clinical ap-
plications”, 29th November – 7th December, 2013. Orga-
nized by Eduardo Osinaga and Nora Berois

Patents

Berois N, Touyà D, Varangot M and Osinaga E.
A novel method to detect resistance to chemotherapy in 
patients with lung cancer.
PCT International Application  PCT/US2013/051904  
(2013)

Berois N, Touyà D, Varangot M and Osinaga E.
Use of GalNAc-T13 as a marker in breast or colon cancer 
diagnostics.
U.S. Provisional Application Serial No. 61/858,038 (2013)



Institut Pasteur de Montevideo 51

Members: 

Hugo Peluffo (PhD, patternship with Faculty of Medi-
cine (UR) 

Natalia Lago (PhD) 
Monique Richter (PhD) 
Natalia Puig (Student)  
Luciana Negro (Student)  
Patricia Solari (Student)  
Valentina Varela (Student) 
Daniela Alí (Student) 
Emilia Villamil (Student)
Alejandra Silva Santisteban (Student)

Past members:

Andrea Cragnolini (until 2010)
Javier Ganz (until 2009)
Andres de León (until July 2013)
Mandi Gandelman (until 2008)

Neurodegeneration 
Laboratory

Head:  Luis Barbeito, MD, PhD



52 Annual Report 2013

Research

1. CHARACTERIZATION OF ABA CELLS AND THEIR 
PATHOGENIC MECHANISMS

In Amyotrophic Lateral Sclerosis, glial cells are toxic to 
motor neurons in rodent models as well as in ALS pa-
tients.   AbA cells (from aberrant astrocytes) are a new 
type of glial cells recently isolated by our group from 
degenerating spinal cord from SOD1G93A rats and mice. 
Nowdays, AbA cells are the most toxic cell yet identified 
to motor neurons.  The biology and pathogenic potential 
of AbA cells are being studied in the context of a collab-
orative study involving local and international collabora-
tors. The aim of our research at the IP Montevideo is to 
characterize the transcriptome and secretome of AbA 
cells, using microarrays and mass spectrometry technol-
ogies respectively. Also, we attempt to identify markers 
to label these cells in different models of neurodegenera-
tive diseases and to test whether or not these cells exert 
a pathogenic role. 
Recently, we have reported that AbA cells are derived 
from activated microglia that proliferate around dam-
aged motor neurons by an apparent phenotypic transi-
tion. Since the appearance of AbA cells is closely associ-
ated with the progression of paralysis in SOD1G93A rats, 
a better understanding of the mediators inducing such 
phenotypic transition may allow intervention to slow the 
progressive spread of disease in ALS patients.

Related lab publications :
•	Díaz-Amarilla et al, Proc Natl Acad Sci U S. 

108:18126-31, 2011.
•	Miquel et al. PLoS One. 2012;7:e34776
•	Trias et al Front. Cell. Neurosci., 2013  7:274 1-8
•	Gandelman et al. J Neurochem. 2013 126:382-8

2. NEW NEUROTROPHIN SPECIES: THEIR ROLE IN 
NEURODEGENERATIVE DISEASES AND PAIN

The neurotrophins are growth factors required by dis-
crete cell types for survival and maintenance, with a 
broad range of activities in the nervous system and be-
yond. In 2006 we have described new species of NGF 
resulting from posttranslational modification of the ma-
ture neurotrophin resulting from nitration of tyrosine 
residues. Importantly, nitrated NGF form high molecular 
weight oligomers and display a gain-of-function through 
interaction with p75NTR. We propose nitrated NGF is 
formed during inflammation, playing a specific activity 
including neuronal apoptosis and nociception. The aims 
of the present research are to identify the specific activi-
ty of nitrated neurotrophins in different models including 
neurodegenerative conditions, inflammatory pain and to 
develop neutralizing antibodies with potential therapeu-
tic applications. 

Related lab publications :
Pehar et al. J Neurochem. 2004 89:464-73.
Pehar et al. Free Radic Biol Med. 2006 41:1632-44.
Pehar et al. J Neurosci. 2007 27:7777-85.

3. INNOVATIVE GENE THERAPY STRATEGIES FOR 
TRAUMATIC BRAIN INJURY TARGETING NEUROIN-
FLAMMATION AND IMMUNORECEPTORS. (PI: Hugo 
Peluffo)

Inflammatory and immune reactions are present in all 
acute and chronic neurological pathologies. Interest-
ingly, these processes are not only a consequence of 
neurodegeneration but also a critical mediator of the 
neurotoxic or neuroprotective mechanisms. Thus their 
modulation has emerged as an important therapeutic 
opportunity. The existence of different types of immune 
receptors with the capability to regulate microglia/mac-
rophage and astrocytic phenotype opens a new range of 
molecular targets for the treatment of acute CNS damage. 
This project aims to analyse the therapeutic potential of 
some of those proteins (CD200R and the CD300 family 
of receptors) and their ligands in different experimental 
in vitro and in vivo models. We use a Controlled Corti-
cal Impact traumatic brain injury model both with rats 
and Thy1-YFP-H mice and CD300f knock out mice. Our 
hypothesis is that modulation of glial, macrophage and 
mast cell responses by targeting novel immune recep-
tors regulating cell activation and phenotype will provide 
neuroprotection after acute CNS damage. Development 
of tools such as fusion proteins or gene therapy vectors 
may provide innovative therapeutic strategies. In fact, 
we are focused on the design of novel non-viral modular 
recombinant nano-vectors, obtained by the rational en-
gineering of functional protein domains. When combined 
with DNA these vectors adopts compact nanoparticle 
conformation capable of in vitro and in vivo transfection. 
In addition, non-integrating lentiviral vectors are also be-
ing evaluated as a promising therapeutic tool. The neu-
roprotective strategies outcomes are analysed by differ-
ent neurological tests, Positron Emission Tomography, 
histology and immunohistochemistry.
External collaborators: Patricia Cassina (Faculty of Medi-
cine, UR), Joan Sayós (Hospital Vall d´Hebron, Autono-
mous University of Barcelona), Antoni Villaverde (Au-
tonomous University of Barcelona), Rafael Yáñez-Muñoz 
(Royal Holloway University of London), Henry Engler 
(Uruguayan Center for Molecular Imaging).

4. INVOLVEMENT OF INFLAMMATION IN ACUTE IN-
JURY TO THE NERVOUS SYSTEM AND IN CHRONIC 
PAIN (PI: Natalia Lago)

Central and peripheral nerve injuries can result in sub-
stantial functional loss and have major social conse-
quences. Spinal cord injury leads to a marked neuropa-
thology and a reduced functional recovery. One of the 
reasons of this poor recovery is the secondary lesion 
characterized by a chronic inflammation, cell death and 
glial scar. In comparison with the Central Nervous Sys-
tem (CNS), the Peripheral Nervous System (PNS) has the 
ability to regenerate its axons after nerve injury although 
target reinnervation remains inaccurate with axons 
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growing into wrong distal targets leading to poor sensa-
tion and motor control as well as the establishment of 
chronic pain. The difference in the regenerative capabili-
ties between the CNS and the PNS is partially due to the 
efficacy to remove myelin and axonal debris distally to 
the lesion during Wallerian Degeneration, and to the ex-
haustive control of the inflammatory response in the PNS 
in comparison with the CNS. Moreover, the communica-
tion between Schwann cells and macrophages seems to 
be important during injury induced Wallerian degenera-
tion and for the establishment of chronic pain. 
In our lab we are focused in the study of the inflamma-
tion after acute injuries to the CNS and PNS and how the 
modulation of the inflammation might be relevant in neu-
roprotection and regeneration. In fact, we are interested 
in the therapeutic potential of different types of immune 
receptors (CD200R, TREM-2 and the CD300 family of 
receptors) with the capability to regulate microglia/
macrophage, astrocytic and Schwann cell phenotype. 
Moreover, we are interested in the modulation of these 
immune receptors in order to develop new strategies in 
the treatment of several painful inflammatory states.    
To achieve this goal, we use models of acute peripheral 
nerve injury and spinal cord injury as well as animal 
models of inflammatory pain, combined with transgenic 
mice Thy1-YFP-H which express the YFP in a percentage 
of the neurons, CD300f knock out mice, fusion proteins 
and gene therapy vectors.  
External collaborators:
Patricia Cassina (Faculty of Medicine), Joan Sayós (Hos-
pital Vall d´Hebron, Autonomous University of Barce-
lona), Xavier Navarro (Faculty of Medicine, Autonomous 
University of Barcelona), Rafael Yáñez-Muñoz (Royal Hol-
loway University of London).

Publications

1. Trias E, Díaz Amarilla P, Olivera-Bravo S, Isasi E, 
Drechsel D, Lopez N, Ireton E, Beckman JS, Bar-
beito L. Phenotypic transition of microglia into 
astrocyte-like cells associated with disease onset 
in a model of inherited ALS. Front. Cell. Neurosci., 
7:274 1-8 (2013)

2. Olivera-Bravo S, Isasi E, Fernández A, Rosillo JC, 
Jiménez M, Casanova G, Sarlabós MN, Barbeito L. 
White Matter Injury Induced by Perinatal Exposure 
to Glutaric Acid. Neurotox Res. 2013 Dec 3. [Epub 
ahead of print]

3. Gandelman M, Levy M, Cassina P, Barbeito L, 
Beckman JS. P2X7 receptor-induced death of mo-
tor neurons by a peroxynitrite/FAS-dependent 
pathway. J Neurochem. 2013 126:382-8. 

4. Seminotti B, Amaral AU, Da Rosa MS, Fernandes CG, 
Leipnitz G, Olivera-Bravos S, Barbeito L, Ribeiro 
CA, De Souza DO, Woontner M, Goodman SI, Koeller 
DM, Wajner M. Disruption of brain redox homeosta-
sis in glutaryl-CoA dehydrogenase deficient  mice 
treated with high dietary lysine supplementation. 
Mol Genet Metab. 2013 108:30-39.
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Grants

1. Project Fundació Marató TV3, Catalunya, España. 
“Modulation of immune receptors function as a 
novel therapeutic strategy for acute CNS damage”. 
(2012-2014) Amount Granted € 80.000.

2. Project Collaboration Agreement - IP Paris/IP Mon-
tevideo/RECALCINE (Chile) – Development of Mabs 
against nitrated NGF (2010-2013)– USD 300.000.

3. Collaborative project IP Montevideo-Oregon State 
University. Pathogenic role of astrocytes in ALS. 
USD 25.000.

4. Project CSIC-UDELAR: “Gene therapy applied to 
brain truma: comparative preclinical studies using 
modular recombinant bectors and lentiviral vec-
tors”. (2013-2014) Amount granted USD 40.000.

5. Fondo Clemente Estable ANII. FCE_1_2011_1_7342. 
Astrocitos fenotípicamente  Aberrantes  (células 
AbA): identificación de  mecanismos y genes neu-
rotóxicos.  (2013-2014) Amount granted aprox 
USD 40.000

6. Movilidad Bilateral Uruguay-Brasil – DICYT (MEC) 
(2013-2015 - 18 month) Amount Granted USD 
6.000.

Other activities

Monique Richter (ANII postdoc contract)
Luciana Negro (PhD Scholarship)
Emilia Villamil (Research Initiation Scholarship)
Alejandra Silva Santisteban (Research Initiation Scholar-
ship)
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Development of a coarse-grained force field for molecular 
simulation. 
The use of simplified molecular representations allows 
for a significant reduction in the computational cost of 
molecular simulations, helping to bridge the gap existing 
between the time and size scales of relevant biological 
systems and those accessible to state-of-the-art com-
puter simulations. 
During 2013 we continued with the development of a gen-
eral purposes CG force field for biomolecular systems, for 
which we coined the name SIRAH. Two research papers 
were published about this topic (listed as number 1 and 
5 in the publication list). 
As a result from an exhaustive testing on a number of 
protein systems, we decided to continue refining some 
of the parameters representing intermolecular interac-
tions. A significantly improved version is currently un-
dergoing the final stages of testing and a research article 
describing this work will be submitted during 2014.
A substantial effort has been devoted to make the imple-
mentation of SIRAH user-friendly and straightforward in 
popular simulation packages. This resulted in a series of 
scripts, tutorials and input files freely available from our 
web site (www.sirahff.com). 
Currently, CG simulation techniques have been applied 
by the group to study the problems described in the next 
two paragraphs. 

Development of novel FRET indicators for cAMP.
In 2013 we continued applied some of the above men-
tioned models to the development of genetically encoded 
FRET sensors for local concentrations of cAMP. The rel-
evance of this research resides in the fact that monitoring 
cascades of events in living cells requires non-destructive 
methods to follow biological processes. In collaboration 
with the groups directed by Drs. Buschiazzo and Oppezzo 
we are running a project to unravel the mechanistic de-
tails of functioning of one of the most widely used cAMP 
sensors, which is based on the allosteric mechanism of 
the protein EPAC1. Using CG simulations we determined 
the minimal extension of the protein fused to a GFP vari-
ant, which is able to bind cAMP, producing a measurable 
conformational change. After expression and purification, 
preliminary results indicate that the modeled chimerical 
protein behaves according to the theoretical predictions. 
Crystallization trials are on their way to further refine the 
3D guesses furnished by simulations. Provided that an 
X-ray structure will be obtained, we will proceed to a sec-
ond round of modeling aimed to design a new generation 
of sensors with improved dynamic range and localization 
properties. This project is being carried out in the frame-
work of an intramural transversal project.

SNARE Mediated Membrane Fusion.
Neuroexocytosis is the fundamental physiological process 
that leads a cytosolic synaptic vesicle to bind and fuse 

with the presynaptic membrane, thereby releasing neu-
rotransmitters. The SNARE proteins VAMP/Synaptobrevin, 
SNAP-25 and Syntaxin are core components of the appa-
ratus that mediates neurotransmitter release. They first 
form a heterotrimeric complex and then an undetermined 
number of SNARE complexes assemble to form a super-
complex. During 2013, in collaboration with the group of 
Prof. Cesare Montecucco at the University of Padua, Italy, 
we published a paper providing direct evidence of protein-
protein interactions between SNARE complexes at the neu-
romuscular junction (ref. 3 in publication list). On the base 
of this result and the mode of action of botulinic toxins 
on the SNARE proteins, we also proposed a new model for 
the assembly of a radial super-complex of SNARE proteins, 
which explains the role of the two regulatory proteins Com-
plexin and Synaptotagmin (see ref. 2 in publication list). 

Modeling A.nidulans’ proteins related with calcium ho-
meostasis and transport of urea.
As a side-line of research we undertook a collaborative 
work with different groups to apply standard modeling 
techniques. This helped to gain structural insights on dif-
ferent proteins of interest for which experimental 3D in-
formation is not available. In particular we modeled Cali-
neurin variants to provide molecular explanations for the 
genetic bypass of the transcription factor crzA in calcium 
homeostasis. The identification of point mutants within 
EF-hands Calcium binding motifs provided support to the 
higher tolerance to Ca2+ levels in some particular A. nidu-
lans strains (see ref. 4 in publication list).
We also carried out structure/function modeling of the 
urea/H+ combined with site-directed mutagenesis per-
formed by the group of Dr. Ana Ramon, Fac. de Ciencias, 
UdelaR. In this case we were able to identify specific 
amino acids affecting the binding, recognition and/or 
translocation of urea. A research paper describing these 
findings was submitted for publication. 

Modeling posttranscriptional modifications on VEGFR2.
The tyrosine kinase receptor VEGFR2 is a key regulator 
of angiogenesis interacting primarily with members of 
the VEGF family, and involving phosphorylation of vari-
ous tyrosine residues in the intracytoplasmic portion of 
the receptor. Results obtained at the lab. of Prof. Mauro 
Giacca (ICGEB, Trieste) provided the first evidence that 
membrane-associated VEGFR2 in endothelial cells under-
goes Lysine acetylation at a single lysine located in the 
kinase activation loop. While VEGFR2 acetylation coun-
teracts the process of receptor desensitization following 
VEGF stimulation, it still allows for receptor phosphory-
lation and intracellular signaling. VEGFR2 mutant cells 
unable to be acetylated show reduced levels of receptor 
phosphorylation and impaired migratory capacity. Con-
sistently, MD simulations suggest that acetylation of the 
lysine in the activation loop contributes to the transition 
to an open active state, in which tyrosine phosphoryla-
tion is favored by better exposure of the kinase target 
residues. A research paper describing these findings was 
submitted in Dic. 2013. 
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Publications

1. Gonzalez HC, Darré, L. Pantano, S. Transferable 
Mixing of Atomistic and Coarse-Grain Water Mod-
els. J. Phys. Chem. B, 2013, 117 :14438.

2. Pantano S, Montecucco C. The Blockade of the Neu-
rotransmitter Release Apparatus by Botulinum 
Neurotoxins. Cell. Mol. Life Sci. 2013, DOI:10.1007/
s00018-013-1380-7.

3. Megighian A, Zordan M, Pantano S, Scorzeto M, 
Rigoni M, Zanini D, Rossetto O, Montecucco C. Evi-
dence for a radial SNARE super-complex mediating 
neurotransmitter release at the Drosophila neuro-
muscular junction. J. Cell. Sci., 2013, 136: 3134.

4. Almeida RS, Loss O, Colabardini AC, Brown NA, Big-
nell E, Savoldi M, Pantano S, Goldman MH, Arst HN 
Jr, Goldman GH. Genetic Bypass of Aspergillus ni-
dulans crzA Function in Calcium Homeostasis. G3 
(Bethesda), 2013, 3:1129. 

5. Dans, P. D.; Darré, L.; Machado, M. R.; Zeida, A.; 
Brandner, A. F.; Pantano, S. Assessing The Ac-
curacy Of The Sirah Force Field To Model Dna At 
Coarse Grain Level. In Advances In Bioinformatics 
And Computational Biology, Setubal, J. C., Almeida, 
N. F., Eds.; Springer International Publishing: 2013; 
Pp 71-81.

Grants
 
Proyecto Transversal – Sergio Pantano – “Rational design 
of FRETsensors to monitor cyclic nucleotides concetra-
tion in vivo” – 2013-2014 – IP Montevideo

Other activities

1. We organized the “FOCEM Course: Introduction to 
Structural Biology and Bioinformatics” (Practical 
Tips for non Practitioners), 11th to 15th November, 
2013, held at the Institut Pasteur de Montevideo.

2. SP and MM have delivered invited seminars and 
tutorials at: 
•	First and second International Seminar at the 

University of Talca, Chile.
•	Argentinean Biophysical Society, Carlos Paz, 

Cordoba, Argentina
•	Universidad de Cs. Exactas, UBA, BsAs, Argen-

tina
•	 ICGEB, Trieste, Italy.

3. SP worked as member of the Program Committee 
of the Brazilian Symposium on Bioinformatics in 
2013.
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Research

Since 2007, the Molecular and Human Genetics lab has 
been focused in the study of ciliary biology, trying to un-
derstand how cilia are formed/maintained and how do 
they function in order to gain insight into the role of this 
organelle in diverse aspects of the cell´s life. In recent 
years, different lines of evidence have shown that ciliary 
dysfunction underlies the pathogenesis of a broad group 
of human disorders collectively known as ciliopathies. 
This group of human pathologies is characterized by a 
number of phenotypes including retinal degeneration, 
cystic kidney disease, obesity, and diabetes (1-3). One 
example of a ciliopathy, and the model we study in the 
lab, is Bardet-Biedl syndrome (BBS), a genetically hetero-
geneous disorder for which 18 genes have been cloned to 
date (Refs. 4-8 and references within). The vast majority 
of BBS proteins tested to date localize to centrosomes, 
basal bodies and in some cases the ciliary compartment, 
and they participate in the transduction of important 
developmental signaling pathways such as Shh and Wnt 
(both canonical and the planar cell polarity “PCP” path-
way) (9-22). However, the exact biological role of these 
proteins is still not completely understood. Therefore, 
on one hand we are studying individual ciliary proteins, 
such as several of the BBSs, and on the other hand we are 
tackling more general questions related to cilia biology.

One protein in which we have been working is CCDC28B 
(coiled-coil domain containing protein 28b), a protein 
originally identified as a second site modifier of the BBS 
phenotype given that the mutation found in CCDC28B 
was not sufficient to cause BBS but did collaborate with 
mutations at bona fide BBS loci to modulate the pen-
etrance and expressivity of the disorder (23). Thus we 
started working in this protein of unknown function to 
both gain information regarding its role in cilia biology 
and to understand, at the cellular and molecular level, 
why it behaves as a modifier of BBS. Through a combi-
nation of bioinformatics, cellular and in vivo (zebrafish) 
studies we were able to determine that CCDC28B is a con-
served protein restricted to metazoa that participates in 
the regulation of ciliary length. We showed that depletion 
of this protein both in cultured cells and zebrafish results 
in shortened cilia and thus ccdc28b morphant zebrafish 
embryos present with a number of cilia-associated phe-
notypes such as shortening of the body axis, smaller 
eyes, defects in the establishment of the left-right axis of 
symetry and hydrocephalus (24). 

To understand the mechanism by which CCDC28B modu-
lates cilia length we sought to identify proteins that phys-
ically interact with it. In a yeast two-hybrid screen we 
identify an interaction with the mTORC2 component SIN1. 
We were able to show that the CCDC28B/SIN1 interaction 
is relevant both in the context of cilia length regulation as 
well as modulating mTORC2. In the context of the mTOR 
complex our data showed that CCDC28B participates in 

its assembly and/or mediates its stability and thus, a 
depletion of CCDC28B results in decreased activity of 
the complex whereas its overexpression has the con-
verse effect. Regarding the role of CCDC28B in cilia length 
regulation, we were able to show that this activity of the 
BBS modifier depends, at least in part, on its interaciont 
with SIN1 but independently of mTORC2 since i) sin1 
morphant embryos, but not other mTORC2 component 
(rictor), present with shortened cilia, ii) ccdc28b and 
sin1 interact genetically and iii) overexpression of sin1 
can partially ameliorate the cilia defect in ccdc28b mor-
phant embryos (25). Interestingly, mTORC2 dysfunction 
resulted in cilia-related phenotypes albeit not affecting 
cilia directly. One possibility that we are currently explor-
ing is that mTORC2 dysfunction could contribute to the 
pathogenesis of cilia-associated defects through a “PCP-
like” phenotype, thus potentially providing a cellular ex-
planation to the observed modifier effect of CCDC28B. 
Therefore, while we keep studying CCDC28B/SIN1 to gain 
mechanistic insight into their role in cilia regulation (CSIC 
Grant), the study of this particular protein has open new 
avenues of research in the lab. 

Our initial studies on BBS7, which led to the demonstra-
tion that at least some BBS proteins play extraciliary 
roles in the nucleus modulating gene transcription (26), 
resulted in a similar process in the lab leading to a new 
line of research. In this project, which is being guided by 
Dr. Irigoín, we are interested in understanding the pro-
cess of protein targeting to the cilium focusing on pro-
teins that can localize to both the cilium and nucleus. A 
growing number of reports in the literature are highlight-
ing striking similarities in the process of nuclear and cilia 
protein import (for example see Ref. 27). We are focus-
ing on a number of proteins that shuttle between these 
two cellular compartments, including some of the BBSs, 
to understand whether they used similar mechanisms 
and if so, identify the signals that allow them to choose 
between destinations. To this end, we are working on an 
interdisciplinary collaboration with another unit at the IP-
Mon (UByPA) where we plan to use a combination of cell/
molecular biology and mass spectrometry to explore this 
cilia-nucleus connection (Intramural IPMon Grant). 

More recently we have started working on another BBS 
protein, BBS4, since we have identified interesting pro-
tein interactors potentially linked to at least some of the 
BBS typical phenotypes. Our preliminary results started 
to highlight a role of BBS4 and other BBS proteins on in-
tracellular trafficking, an area of research in which we be-
came especially interested through a collaboration with 
Dr. Norann Zaghloul at University of Maryland, Baltimore, 
USA (manuscript accepted at Journal of Cell Science). 
Lastly, through a collaboration with Dr. Flavio Zolessi, we 
are studying the role of cilia during the formation and dif-
ferentiation of neuronal cell types, in particular retinal 
ganglion cells (FCE Grant). 
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Human Resources

In the year 2013 three students from the lab defended 
their thesis and graduated:

•	Cecilia Gascue completed her PhD studies with 
the thesis “Análisis funcional de proteínas del 
síndrome de Bardet-Biedl: vinculando proteínas 
ciliares con la regulación de la expresión génica”

•	Magdalena Cárdenas-Rodríguez completed her 
PhD studies with the thesis “Caracterización del 
rol biológico de CCDC28B, un modificador se-
cundario del síndrome de Bardet-Biedl”

•	Rossina Novas completed her MSc. Studies with 
the thesis “Análisis de los mecanismos que 
regulan la expresión, localización y función de 
CCDC28B, un modificador del Síndrome de Bar-
det-Biedl” 

Grants and Fellowships

1. Doctoral Fellowship – Magdalena Cárdenas – 
2012-2013 – CSIC

2. Master Fellowship - Rossina Novas – 2011-2013 – 
ANII 

3. Master Fellowship – Belén Torrado – 2013-2015 – 
ANII

4. Doctoral Fellowship – Paola Lepanto – 2013-2016 
– ANII

5. Master Fellowship – Matías Fabregat – 2014-2016 
– ANII

6. Fondo Clemente Estable – Dr. Flavio Zolessi – “Rol 
de las cilias y proceso de ciliogénesis durante la 
generación y diferenciación de neuronas en el 
sistema nervioso central de vertebrados.”- 2013-
2015 – ANII

7. CSIC Project – Florencia Irigoín – “Estudios funcio-
nales y estructurales de CCDC28B, un modificador 
del Síndrome de Bardet-Biedl.” – 2013-2015 – I+D 
Program, CSIC, UDELAR

8. Proyecto Transversal – Florencia Irigoín – “Pro-
tein sorting and transport to the ciliar and nuclear 
compartments: common and distinctive mecha-
nisms” – 2013-2014 – IP Montevideo
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Research

Focusing on the plasma membrane, we seek to under-
stand how the cell organizes at its boundaries.

1. EISOSOMES AND PLASMA MEMBRANE ORGANIZA-
TION

Eisosomes define sites of endocytosis in Saccharmoy-
ces cerevisiae (Nature, 439: 998-1003, 2006). These 
structures, lay underneath the plasma membrane and 
are mainly composed by thousands of copies of two 
paralog proteins Pil1 and Lsp1 (Mol Bio Cell, 20, 809-818, 
2009). Eisosomes are plasma membrane domain orga-
nizers that concentrate lipids and proteins around them. 
In doing so, they are thought to help coordinate spatial 
and temporal execution of diverse plasma membrane 
functions such as small molecules transport, signaling 
and bulk endocytosis (EMBO J., 26, 4946-4955, 2007; 
J Cell Biol. 185:1227-1242, 2009; Nat Struct Mol Biol, 17: 
901-908, 2010).
We have found that Pil1 and Lsp1 belong to a superfamil-
iy of proteins that work as membrane shape modifiers. 
Overall, our results support a model where eisosome 
core proteins-mediated bending of the plasma mem-
brane is followed by local recruitment of proteins and lip-
ids resulting in stable plasma membrane domains (Mol 
Bio Cell, 22: 2360-2372, 2011, Mol Genet Genomics 287: 
607-620, 2012). 
We are currently challenging this model applying differ-
ent live fluorescence microscopy approaches. By study-
ing the dynamics of eisosome biogenesis we expect to 
build a quantitative model of plasma membrane domain 
organization.

2. CELL-CELL FUSION 
Eukaryotic cells use intracellular membrane fusion 
events to move cargo through the various compartments 
while maintaining compartmental identity. Membrane 
fusion also when gametes fuse their cell membranes to 
form zygotes and when enveloped viruses deliver their 
genome into host cells during infection. Membrane fu-
sion reactions are catalyzed by proteins collectively 
referred to as “fusases”. Remarkably, to this day, only 
intracellular and viral fusases have been identified and 
characterized. Cell-cell fusion stands as the field where 
the fusases still remain elusive. 
We use yeast mating as a model of cell-cell fusion. We 
identified new proteins involved in this process and stud-
ied the role that extracellular calcium plays in cell fusion 
and cellular lysis (Mol Biol Cell. 18, 547-556, 2007). We 
also determined the structural role that sterols play dur-
ing cell polarization and cell fusion (Proc Natl Acad Sci 
USA., 107: 4170-4175, 2010). Overall, our results support 
a model in which the still unidentified cell fusion machin-
ery promotes both: fusion and lysis. In collaboration with 
the Bioinformatics Unit of the IP Montevideo we are cur-
rently executing a battery of genetic and bioinformatic 
screens to identify cellular fusases. Envisioning a large 

set of data to be experimentally analyzed we are current-
ly devolping a high-throughput cell-cell fusion assay in 
collaboration with the Cell Biology Unit of our institute. We 
are also analyzing the role of different genes involved in 
pheromone-induced calcium uptake as lysis enhancers.

3. DEVELOPMENT OF YEASTS WITH INSECTICIDAL CA-
PACITY

Development of new biocontrol agents is a valuable al-
ternative to the vast use of chemical pesticides. In the 
recent years, the use of different yeasts as biocontrol 
agents has been widely reported. In collaboration with 
Celia Carlini (Universidade Federal do Rio Grande do Sul, 
Brasil) and Enrique Castiglioni (Estación Experimental 
Dr. Mario A. Cassinoni, Universidad de la República, Uru-
guay) we are developing yeast strains that produce the 
plant-derived entomotoxic peptide Jaburetox. With this 
project we expect to develop new biocontrol agents that 
can be used against different insects that affects soy-
bean, cotton and corn production.

4. CELL BIOLOGY OF BACTERIAL SIGNAL TRANSDUC-
TION

In collaboration with Alejandro Buschiazzo’s lab (IP Mont) 
and Mathieu Picardeau (IP Paris) we are addressing the 
subcelular localization of the two-component fluidity 
sensor DesK-DesR. In Gram-positive bacteria this system 
is crucial to adjust plasma membrane fluidity according 
to need (EMBO J. 20, 1681-1691, 2001; Proc Natl Acad Sci 
USA, 106: 16185-16190, 2009). Subcelular compartmen-
talization of signal transduction systems is a common 
eukayotic feature that is currently poorly studied in pro-
karyotic organisms. We hope to expand the knowledge 
we gain throughout this model to study similar systems 
in the pathogenic bacteria of the genus Leptospira.

Publications 2013

1. Aguilar, P.S.; Baylies, M.K.; Fleissner, A.; Helming, 
L.; Naozaku, I.; Podbilewicz, B.; Wang, H-M. and 
Wong, M. (2013) Genetic Basis of cell-cell fusion 
mechanisms. Trends Genet., 29: 427-437.

2. Zhang, S.; Zheng, H.; Long, N.; Carbó, N.; Chen, P.; 
Aguilar, P.S. and Lua, L. (2014) FigA, a Putative 
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Grants

1. “Yeast Mating as a model of Cell-Cell Fusion”. 
International Centre for Genetic Engineering 
and Biotechnology Collaborative Research Pro-
gramme (ICGEB-CRP). Funding period 2012-2015.  
€ 57.000.

2. “Cell signaling in bacterial pathogenesis: iron me-
tabolism regulation in Leptospira as a working 
model”. Réseau International des Institut Pasteur 
(RIIP). Funding period: 2012-2013. € 21.900.

3. “Apareamiento de levaduras como modelo de 
fusión célula-célula”. ANII-FCE-6682. Funding pe-
riod: 2013-2014. USD 28.000.

4. “Análisis cuantitativo de ensamble de dominios 
de membrana mediante microscopía de fluores-
encia in vivo.” ANII-FCE-5942. Funding period: 
2013-2014. USD 13.000.

Other funding

FELLOWSHIPS and AWARDS
•	Milagros Mailhos: ANII Masters fellowhip, 2012-

2013.
•	Valentina Salzman: CONICET postdoctoral fellow-

ship, 2012-2014. EMBO Traveling Award, 2013.
•	Agustina Olivera-Couto, ANII Doctoral fellow-

ship, 2013-2015. Journal of Cell Science and 
American Society and international Union for 
Biochemistry and Molecula Biology, (ASBMB/
IIUBMB) Traveling Awards, 2013.

•	Natalia Carbó, ANII- Caldeyro Barcia postdoctoral 
fellowship, 2013-2015.
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Research

Several trypanosomatid species cause highly dis-
abling and often fatal diseases of human and live-stock 
(e.g. African sleeping sickness, Chagas’ disease, black-
fever and Nagana cattle-disease, and Sura disease), for 
which safe and efficacious treatments are lacking. Try-
panosomatids have evolved a specific thiol-redox metab-
olism that relies on the use of bis-glutathionylspermidine 
(trypanothione) as low molecular mass thiol cofactor 
and ligand. Trypanothione is involved in a variety of es-
sential cellular processes and, important from a thera-
peutic point of view, is absent in mammals. By means of 
a multidisciplinary approach, research in our laboratory 
aims at:  

1. gain further understanding into trypanothione-
depedent metabolism by studying its synthesis, 
recycling and role in metal and redox homeostasis. 

2. exploit the use of novel redox biosensors to un-
ravel fundamental questions on parasite biology 
and host/parasite interaction.

3. identify and characterize anti-parasitic com-
pounds and novel drug target candidates. 

1. Fundamental aspects of trypanothione metab-
olism: synthesis, reduction and utilization.

Several proteins involved in the synthesis, recycling of 
the reduced form and utilization of trypanothione are 
indispensable for parasite survival and/or virulence, 
and have evolved specific structural, biochemical and 
biological features that make them suitable drug target 
candidates (Manta et al. 2013, Comini et al. 2013a and b, 
Sardi et al. 2013). The functional and structural analysis 
of several key components from the trypanothione sys-
tem remains poorly investigated and deems extremely 
important not only for understanding the role they play 
in parasite biology and pathogenesis but also to guide 
novel drug development strategies. 

2. Monitoring intracellular redox changes with 
novel redox biosensors 

Short lived reactive oxygen or nitrogen species act as 
second messengers producing changes in the redox 
poise of relevant redox couples within biological sys-
tems. A steadily increasing number of evidences support 
a key role for redox signaling in the regulation of a wide 
diversity of cellular and (patho)physiological processes. 
The measurement of physiological oxidants and intracel-
lular redox changes on real-time and by non-invasive 
methods has recently been possible due to the develop-
ment of fluorescent redox biosensors [Meyer and Dick 
2010]. Transgenic cell lines of T. brucei and T. cruzi ex-
pressing a redox biosensor have been generated in our 
lab. and are currently used to address the role of redox 
signaling and oxidative stress in events such as parasite-
host interaction, cell differentiation, cell cycle, apoptosis 
and metabolic dysfunction.

3. Early phase drug discovery pojects
Several hundreds of compounds have been screened 
against TryS from three major trypanosomatids (L. in-
fantum, T. brucei and T. cruzi) using a colorimetric as-
say on a HTS format. The main conclusions of this study 
were the detection of a remarkable species-specific 
inhibition of TrySs and the identification of the potential 
residues responsible for this behavior in the T. brucei 
enzyme (Benítez et al. in preparation). Several of these 
compounds are being further optimized by our collabo-
rators on organic chemistry (www.costcm0801.org). 
With our collaboration several metal-based and organic 
compounds from local and international groups have 
been identified as potent and selective anti-trypano-
somal agents [Férnandez et al. 2013, Peña et al. 2012, 
Demoro et al. 2012]. The relevance of several drug tar-
get candidates (e.g. lipoamide dehydrogenase, tryp-
aredoxin peroxidase, 1-C-Grx1, TryS, O-Phosphoseryl-
tRNA:selenocysteinyl-tRNA synthase) was assessed 
in a murine infection model. Ongoing validation studies 
include several other potential drug target candidates. 
Future compounds to be evaluated in animal infection 
models include novel inhibitors of tryparedoxin and glu-
cose-6-phosphate dehydrogenase and compounds that 
arose as potent trypanocidal agents from cell-based in 
vitro screening conducted in our lab. 
The ultimate goal of our research is to provide valuable 
information for the development and implementation of 
safe and efficacious drugs and/or therapies to treat try-
panosomiasis. 
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1. Fernández M., Becco L., Correia I., Benítez J., Piro 
O.E., Echeverria G.A., Medeiros A., Comini M., La-
vaggi M.L., González M., Cerecetto H., Moreno 
V., Pessoa J.C., Garat B. and Gambino D. (2013) 
Oxidovanadium(IV) and dioxidovanadium(V) 
complexes of tridentate salicylaldehyde semicar-
bazones: Searching for prospective antitrypano-
somal agents. J. Inorg Biochem.

2. Manta B., Comini M., Medeiros A., Hugo M., Tru-
jillo M. and Radi R. (2013) Trypanothione: A unique 
bis-glutahionyl derivative in trypanosomatids. 
Biochim. Biophys. Acta. 1830, 3199-3216   

3. Sardi F., Manta B., Portillo-Ledesma S., Knoops B., 
Comini M. and Ferrer-Sueta G. (2013) Determina-
tion of acidity and nucleophilicity in thiols by re-
action with monobromobimane and fluorescence 
detection. Anal. Biochem. 435, 74-82 

4. Comini M.A., Flohé L. (2013) Chapter: The Try-
panothione System, In: Drug Discovery for Try-
panosomatid Diseases. Ed. Leopold Flohé, Timo 
Jäger and Oliver Koch. Wiley-Blackwell, Oxford, 
UK. ISBN: 978-3-527-33255-7.  

5. Comini M.A., Cazzulo J. J. and Ortíz C. (2013) 
Chapter: The Pentose Phosphate Pathway, In: 
Drug Discovery for Trypanosomatid Diseases. Ed. 
Leopold Flohé, Timo Jäger and Oliver Koch. Wiley-
Blackwell, Oxford, UK. ISBN: 978-3-527-33255-7.  

Other activities

Education and Training
1. Lab. members (Bonilla M., Manta B., Sardi F. and 

Comini M.) collaborated with the organization of 
the Course “Química y Biología Redox de Tioles 
- 2013” PEDECIBA Biología y Química. 10/06/13 - 
24/06/13, Montevideo, Uruguay.

2. Diego Benítez dictated a practical workshop (“Ex-
presión, purificación y cribado de compuestos 
contra la tripanotión sintetasa de tripanosomáti-
dos”) at the Centro Nacional de Investigaciones 
Científicas de El Salvador (CICES), El Salvador, July 
15th-17th 2013. 

3. The development of expertise in NMR techniques 
within the group has been promoted by support-
ing a 2 months traineeship of Dr. Bruno Manta at 
the Department of Chemical Sciences, University 
of Padova, Italy (Oct.-Dec. 2013). 
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Research

Our group is interested in the influence of epigenetics on 
cell proliferation, cell senescence and cell differentiation. 
We want to understand how epigenetics impacts cell and 
tissue aging, cancer progression and response to cancer 
therapies.

1. EPIGENETICS AT THE AGING-CANCER INTERFACE
Abnormal epigenetic signaling plays a critical role in tu-
morigenesis. Epigenetic changes can also be important 
determinants of cellular senescence and organism ag-
ing. The best-defined epigenetic modifications are DNA 
methylation and histone posttranscriptional modifica-
tions. The best known examples are global loss of DNA 
methylation in aging and cancer and the promoter hyper-
methylation of genes with a dual role in tumor suppres-
sion and progeria, such as WRN and LMNA.
In particular we are interested in exploring how epigen-
etic alterations are accumulated during aging and how 
these events contribute to the cell transformation pro-
cess.

2. EPIGENETICS AND NUCLEAR MECHANICS
A-type lamins are essential components of the nuclear 
lamina. Together with B-type lamins, they are the most 
prominent intermediate filaments forming this network 
of 10-nM diameter filaments located on the inner side of 
the nuclear membrane. LMNA has been found to be hy-
permethylated in hematological tumors. Moreover LMNA 
is mutated in aging related diseases such as Hutchinson 
Guilford progeria (HGPS). By the activation of a cryptic 
donor splice site progerin is expressed in HGPS cells af-
fecting the epigenetic control of facultative and constitu-
tive heterochromatin.
We want to elucidate how these epigenetic modifications 
impact in nuclear mechanics.

3. EPIGENETIC CONTEXT OF CANCER PROGENITORS
Using tools derived from the mammalian dosage com-
pensation system are useful for defining the epigenetic 
context for Xist mediated silencing. This has led to the 
identification of an epigenetic context that is linked to the 
potential of Xist to induce chromosome-wide gene silenc-
ing in cancer progenitors.
The aim of this project is to better characterize this cel-
lular context and its components. As a consequence we 
expect to gain insight into normal cell biology and iden-
tify novel therapeutic targets in cancer.

Publications

1. Agrelo R, Kishimoto H, Novatchkova M, Peraza 
V, Paolino M, Souabni A, Wutz A. SATB1 collabo-
rates with loss of p16 in cellular transformation. 
Oncogene. 2013 Nov 28;32(48):5492-500. doi: 
10.1038/onc.2013.158. Epub 2013 May 20.

Other activities

TRAINING COURSES

1. Course “Aproximaciones modernas al estudio epi-
genético del envejecimiento y cancer”, 29th April 
to 31st May, 2013.
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Research

Dysregulation of immune responses leads to chronic 
inflammatory disorders collectively called immune-
mediated inflammatory diseases (IMIDs). More than 80 
clinically distinct diseases have been identified within 
this category, including classical autoimmune diseases, 
graft rejection and graft-versus host disease, asthma 
and atopy, psoriasis, immunodeficiencies, and chronic 
inflammatory diseases such as inflammatory nephropa-
thies and atherosclerosis (Baeten 2009). IMIDs affect ap-
proximately 10 percent of the population and, for reasons 
that are not yet clear, the prevalence of these diseases 
appears to be rising. Cancer is another pathophysiologi-
cal scenario where inflammation is part of the natural 
history of the disease. Furthermore, the biological basis 
of the effect obtained with pharmacological agents such 
as hydroxychloroquine (HCQ), currently used to impair 
immune-mediated damage, are not fully understood. 
Basic research is therefore needed to better character-
ize immunoregulatory mechanisms and new targets to 
control inflammation. 

We have recently described new physiologic mecha-
nisms which can control immune-mediated damage 
(Guillonneau et al. 2007; Hill et al. 2007a; Hill et al. 2007b; 
Hill et al. 2011). This knowledge can help to understand 
the natural history of IMIDS at the cellular and molecular 
level. Moreover, characterization of novel immunoregula-
tory mechanisms is an important issue to rationalize im-
munointerventional strategies (Hill et al. 2011) as well as 
to understand the pharmacodynamics of currently used 
anti-inflammatory drugs. 
The laboratory of immunoregulation and inflamma-
tion has been established at the IP Montevideo in Octo-
ber 2013. Our laboratory studies cellular and molecular 
mechanisms which can control inflammation and adap-
tive immune responses. We are focused on the biology of 
dendritic cells (DCs). This is a particular subset of leuko-
cytes which can trigger effector but also regulatory im-
mune responses. 

We are interested in the study of inflammasomes acti-
vation. Inflammasomes are cytoplasmic multi-protein 
complexes composed of a sensor protein (NOD-like) and 
an adaptor (ASC) which, once assembled, are able to ac-
tivate pro-caspase-1 into caspase-1. Some of the targets 
of activated caspase-1 are pro-IL-1beta and pro-IL-18. 
Proteolytical process of these precursors by caspase-1 
transforms them into active cytokines with a powerful 
pro-inflammatory action. In the last years, the cytoplas-
mic ionic composition has emerged as a one of the most 
studied mechanisms by which inflammasome activa-
tion is regulated (Latz et al. 2013). Indeed, characteriz-
ing new ion channel will certainly shed light on original 
mechanisms of inflamasomme activation. This context 
gives the main rational bases of our lines of investigation. 

1. Study of the impact of new ion channels on the ac-
tivation of inflammasomes. 

2. Analysis of novel ion channels in cancer patients 
and in tumoral experimental models. 

3. Characterization of novel anti-inflammatory 
mechanisms triggered by hydroxychloroquine 
through the inhibition of ion channels. 

4. Study of the expression of new ion channels in au-
toimmune patients. 

Baeten, D. (2009). “Memorandum of understanding for 
the implementation of a European Concerted Research 
Action designates as COST Action BM0907: European Net-
work for Translational Immunology Research and Educa-
tion (ENTIRE): From Immunomonitoring to personalized 
immunotherapy.”

Guillonneau, C., M. Hill, F. X. Hubert, E. Chiffoleau, C. Her-
vé, X.-L. Li, M. Heslan, C. Usal, L. Tesson, S. Ménoret, A. 
Saoudi, B. Le Mauff, R. Josien, M. C. Cuturi and I. Anegon 
(2007). «CD40Ig treatment results in allograft accep-
tance mediated by CD8+CD45RClow T cells, IFN-gamma 
and indoleamine 2,3-dioxygenase.» J Clin Invest 117(4): 
1096-106.

Hill, M., S. Tanguy-Royer, P. J. Royer, C. Chauveau, K. As-
ghar, L. Tesson, F. Lavainne, S. Rémy, R. Brion, F. X. Hu-
bert, M. Heslan, M. Rimbert, L. Berthelot, J. Moffett, R. 
Josien, M. Gregoire and I. Anegon (2007a). “IDO expands 
human CD4+CD25high regulatory T cells by promoting 
maturation of LPS-treated dendritic cells.” Eur J Immunol. 
37(11): 3054-62.

Hill, M., R. Zagani, C. Voisine, C. Usal and I. Anegon 
(2007b). “Nitric oxide and indoleamine 2,3-dioxygenase 
mediate CTLA4Ig-induced survival of heart allografts in 
rats.” Transplantation 84(8): 1060-3.

Hill, M., P. Thebault, M. Segovia, C. Louvet, G. Beriou, G. 
Tilly, E. Merieau, I. Anegon, E. Chiffoleau and M. C. Cuturi 
(2011). “Cell therapy with autologous tolerogenic den-
dritic cells induces allograft tolerance through interfer-
on-gamma and epstein-barr virus-induced gene 3.” Am J 
Transplant 11(10): 2036-45.

Latz, E., TS. Xiao and A. Stutz. (2013). “Activation and 
regulation of the inflammasomes”. Nat Rev Immunol 13: 
397-411
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1. Tardif V, Riquelme SA, Remy S, Carreño LJ, Cortés 
CM, Simon T, Hill M, Louvet C, Riedel CA, Blancou 
P, Bach JM, Chauveau C, Bueno SM, Anegon I, Ka-
lergis AM. Carbon monoxide decreases endosome-
lysosome fusion and inhibits soluble antigen 
presentation by dendritic cells to T cells. Eur J Im-
munol. 2013 Nov;43(11):2832-44

Other activities

Conferences and courses
2013

•	Pharmacodynamics of immunological biological 
drugs used in medicine. Post-graduate course. 
Faculty of Medicine. Coordinators: Drs Marcelo 
Hill, Caroline Agorio and Eduardo Osinaga. 

•	VIII Jornadas de la Sociedad de Bioquímica y 
Biología Molecular. Regulation of inflammation 
through ion metabolism in dendritic cells. Dr 
Marcelo Hill. Montevideo, Uruguay. 
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Publicaciones 2011-2013

2012; 60

2013; 58

2011; 41
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Courses 2011 

1. Redox Chemistry and Biology of Thiols
2. Hands on Course: Coarse grain methods for bio-

molecular simulations
3. International Course in Yeast Systems Biology
4. Functional genomics and its applications in bio-

medicne
5. Genetics of Laboratory Rodents

Courses 2012 

1. Data Analysis Using STATA
2. Generation of Libraries for Next Generation Se-

quencing
3. Molecular-based Multiscale Modeling and Simu-

lation
4. Neuron-Glia interactions in health and disease: 

from basic biology to translational neuroscience
5. Biología Molecular de Tripanosomátidos
6. Mass Spectrometry (MS) in Proteomics

Courses 2013 

1. Expression, Purification and Crystallization of Re-
combinant Proteins by High-throughput Method-
ologies

2. Aproximaciones modernas al estudio epigenético 
del envejecimiento y cáncer

3. Macromolecular Crystallography School 2013
4. Química y Biología Redox de Tioles
5. Fundamentos y aplicaciones de la Citometría de 

Flujo
6. FOCEM Course: Introduction to Structural Biol-

ogy and Bioinformatics
7. Glycobiology and Cancer: From Chemistry to 

Clinical applications

Obtained funds

2012 
6 courses
USD 223.640 2013 

7 courses
USD 140.119

2011 
5 courses
USD 227.150

2011

2012

2013

27

82

85

84

81

40

44

43

44

Participants' distribution

Local students Foreing students Invited speakers
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