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ABSTRACT

Antimicrobial resistance (AMR) is today acknowledged to be one of the most concerning threats to global human health and the
international community has now started to act concertedly to tackle this problem. AMR is not a recent problem dating back to
the discovery and first use of antibiotics. For the last 10 years, the Functional Genomics and Proteomics Unit based at the
University of Tras-os-Montes and Alto Douro, Vila Real, Portugal, has aimed to understand more about the mechanisms that
equip bacteria to survive antibiotic action by investigating the entire complement of proteins expressed by resistant strains. The
proteome can reveal the complex profiles of expressed proteins underlying phenotypic characteristics, and provide an excellent
approximation of the information contained within a microorganism’s genome. Coupled with bioinformatics, proteomics has
led to significant progress in the characterization of bacterial pathogens. From different starting points, the proteomics studies
performed have contributed to knowledge on over 2000 proteins that individually or as a complex whole participate in AMR.
Since 2009, the proteomes of different Salmonella, Enterococcus, Escherichia coli and Staphylococcus aureus strains have been
thoroughly studied with the purpose of identifying the main proteins present or those that are differentially expressed between
strains. By looking at the whole proteome or subfractions thereof, resistant strains with different levels of resistance have been
compared to related non-resistant strains both in the presence and absence of antibiotic stress. High-resolution protein
separation has been achieved with two-dimensional gel electrophoresis (2-DE) and shotgun analysis has overcome some of the
limitations related to the low solubility of membrane proteins. Comprehensive coverage of the proteins present has thus been
attained by using 2-DE followed by either matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) or liquid
chromatography (LC) coupled to tandem mass spectrometry (MS/MS) together with shotgun LC-MS/MS approaches. The study
of strains recovered from clinical human samples provided a better understanding of extended-spectrum beta-lactamase (ESBL)
producing E. coli, new insights into pleural empyema methicillin-resistant S. gureus, and an in-depth examination of the
mechanisms of quinolone resistance in Salmonella Typhimurium causing acute gastroenteritis. Other proteomes studied were
those of multidrug resistant (MDR) E. coli and ciprofloxacin resistant and vancomycin resistant enterococci recovered from pigs
slaughtered for human consumption. Also, the role of resistant bacteria as environmental reservoirs of AMR was better
elucidated through studying the proteomes of ESBL-positive E. coli, vanA-positive enterococci and MDR Salmonella recovered
from a variety of free-ranging wild animals including boars, rabbits, seagulls, red foxes, Iberian wolves and lynxes. Proteomics
techniques have considerably improved during the past decade in parallel with advances in bioinformatics, and together have
proved to be the appropriate research tool with which to tackle the major challenge that AMR poses in modern medicine.
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ABSTRACT

The species L. (L.) infantum and L. (L.) amazonensis are causative agents of visceral and cutaneous leishmaniasis, respectively.
Most proteome analyses of Leishmania have been carried out on whole-cell extracts, but this approach tends to underrepresent
membrane proteins because of their high hydrophobicity and low solubility. Due to the great importance of membrane proteins
in biological processes, including host-parasite interactions, virulence and invasiveness, this study applied label-free shotgun
proteomics to characterize and evaluate abundance levels of plasma membrane proteins of promastigotes life-stage. The total
number of proteins identified in L. (L.) infantum and L. (L.) amazonensis was 2033 and 2243, respectively, and both species
shared 1908 of these proteins quantified. After cell localization prediction of all identified proteins, 394 were described as plasma
membrane proteins and their majority (320 proteins) was shared between both species, 18 were exclusively detected in L. (L.)
infantum and 56 in L. (L.) amazonensis. Proteins with qualitative (present or absent) or quantitative (p-value < 0.05) differences
were classified as “regulated” proteins. Thus 106 regulated plasma membrane proteins were selected, being 32 from L. infantum
and 74 from L. amazonensis. These proteins were representing considerably distinct processes in the species, such as regulation
of cell communication and cell adhesion in L. (L.) infantum, and localization and transport metabolism in L. (L.) amazonensis.
The proteins involved in these processes included GP63, a well-known virulence factor, as well as members of the ABC
transporter superfamily. The identification of numerous proteins with uncharacterized roles highlights the importance of
investigating Leishmania proteins. They could contribute to better understand the parasite biology and may act as new potential
therapeutic targets.
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ABSTRACT

Bacterial cells can resist an antibiotic treatment resulting in chronic bacterial infections. To survive a lethal dose of antibiotics,
bacteria change their physiological state to a non-growing state, called dormancy. The mechanisms of entry into bacterial
dormancy are not understood. Toxin-antitoxin system (TAS) is a stress-inducible functional unit that comprises a toxin
component and a corresponding antitoxin that blocks toxin activity. In E. coli, overexpression of the toxin component leads to
cell growth defects, suggesting that bacterial TASs can be involved in development of bacteria dormancy to resist antibiotic
treatment. We are working with pathogen bacteria Staphylococcus aureus and investigating the role of an endoribonuclease
MazF toxin on bacterial dormancy. We identified genome-wide RNA targets cleaved by MazF endoribonuclease and
demonstrated that MazF overexpression causes S. aureus dormancy. To further understand MazF effect on S. aureus cell
metabolism, we applied RNA-seq, RIBO-seq (ribosome profiling) and quantitative mass spectrometry. Our results show that
activation of MazF toxin reduces ribosome biogenesis, translation, and induces formation of ribosome dimers, that decreases
cell metabolism and provokes bacterial dormancy. Thus, our data suggests that MazF toxin may be a key regulator of dormancy
and antibiotic resistance in S. aureus. To understand how MazF toxin can be activated under natural conditions, we investigated
an upstream pathway regulating MazE antitoxin degradation. Our results suggest that environmental stress, such as heat shock,
oxidative stress or high concentration of antibiotics induce aggregation of adaptor protein YjbH, that may result in activation of
MazF toxin. We proposed the model (Figure 1) where S. aureus MazEF Toxin-Antitoxin System is modulated by adaptor
proteins in response to environmental stress and regulates bacteria dormant state. Our model suggests a potential pathway to
regulate antibiotic resistance in pathogens

Free active
complex MazF Toxin

m; MazE) €— ‘Més __’EE P Dormancy
&

Figure 1 - In bacteria S.aureus MazEF Toxin-Antitoxin
System regulates cell dormancy in response to
environmental stress, such as heat shock, oxidative stress,
and presence of antibiotics.
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ABSTRACT

Technological advances now allow quantitative assessment of biochemicals in small enough samples to make possible
longitudinal studies involving multiple sample collections in rodents or small human tissue cultures. To investigate biochemical
changes caused by onset of type 1 (juvenile-onset) diabetes and identify biomarkers of islet stress, we carried out a longitudinal
metabolomics study in NOD mice, the most commonly used animal model of this diseases. Using complex LC-MS analyses for
metabolomics profiling, we were able to quantify the concentration time-profile of more than 650 biochemicals in blood and
feces [1]. In animals that became diabetic, several of them showed considerable (>4x) change, and some, such as 3-
hydroxybutyrate (BHBA), maltose, and 1,5-anhydroglucitol, changed by more than 10-fold (Figure 1). While there were no
strong differences between the metabolic signatures of progressors and non-progressors before the onset of diabetes, we found
compounds that had significantly different levels and show promise as possible early biomarkers, maybe as part of a combined
metabolic signature. In a separate study, we investigated the effects of stress factors such as inflammation and hypoxia on the
biochemical profile of isolated human islets under both basal and hyperglycemic conditions [2]. Using metabolomics profiling of
media and cell samples via the same method, we were able to identify and quantify a total of 241 and 361 biochemicals,
respectively. One of the most notable observations was the consistently large changes induced by an inflammatory milieu in
kynurenine and kynurenate, suggesting that they might serve as biomarkers of islet inflammation and that indoleamine-2,3-
dioxygenase (IDO) on the corresponding metabolic pathway could be a therapeutic target to modulate the effects of
inflammation in islets.
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ABSTRACT

Flavin monooxygenases are a large family of enzymes carrying out oxidative reactions. One of these group of enzymes, Baeyer-
Villger monooxygenases (BVMO), are wide spread in nature especially in bacteria and fungi but absent in humans. These
enzymes are of great biotechnological interest due to their stereo- and regio-specific conversion of ketones into the
corresponding esters and lactones, for green chemistry applications. Previously we have identified and cloned a BVMO (Ar-
BVMO) from the genome of Acinetobacter radioresistens and found that it is closely related not only to a medically relevant
monooxygenase (ethionamide-prodrug activator) [1] but also by itself capable of inactivating the imipenem antibiotic [2]. By
multi-alignment of several known primary sequences of BVMOs, a conserved arginine thought to be located in the active site of
these enzymes was also found to be present in Ar-BVMO. Since this conserved amino acid is crucial for the enzymatic activity of
other BVMOs, we proceeded by replacing the latter arginine, R292 in Ar-BVMO (Fig. 1), with glycine or alanine. After
expression and purification of the mutant proteins, their activities were compared to that of the wild type Ar-BVMO. As
expected, the results obtained demonstrated the drastically reduced Baeyer-Villiger activities of both mutants. But somewhat
unexpectedly and to our surprise, one of the two mutants, R292A, was still capable of heteroatom oxidation, reactions similar to
those carried out by human hepatic drug metabolizing enzymes. For example, it could convert the anti-tubercular drug
ethionamide to its corresponding S-oxide form (Fig. 1). In this way, the advantages related to stability and solubility of a
bacterial enzyme are combined with the catalytic specificity of a human membrane-bound enzyme
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Figure 1 - Left: Graph showing the difference activities of the wild type and the two
engineered mutants towards ethionamide (anti-tubercular drug); Right: 3D model of
Ar-BVMO active site with flavin cofactor in yellow and ethionamide in dark blue.
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ABSTRACT

Today, the whole genome structure and it’s most complete description, annotation, are the start points in the study of life
organisms. At the same time experimental datasets obtained on proteomic and transcriptomic level can improve the annotation,
providing evidence of new genes and correcting known ones. The aim of this study was to improve the annotation of RUS_B0
strain of M. tuberculosis Beijing BO/W148 cluster using the proteogenomic analysis. The resulting (circular) genome of RUS_B0
strain was obtained using Illumina HiSeq2500 platform and Sanger sequencing (GenBank accession number is CP030093.1). LC
-MS/MS proteome analysis of 58 Beijing BO/W148 cluster strains was performed on a Q Exacitve HF mass spectrometer
(Thermo Fisher Scientific, USA). According to proteomic data we identified 31,527 peptides corresponding to 2,782 proteins.
For Genome Search Specific Peptides (GSSPs) identification six-frame translation of RUS_BO0 genome carried out. According to
proteogenomic analysis 67 GSSPs were identified. Among them 31 GSSPs were used for translation star site (TSS) correction of
32 annotated genes; 32 GSSPs - crossed along the coordinates with annotated pseudogenes and 4 GSSPs - corresponded to new,
not annotated genes. Based on obtained data we confirmed the presence of peptides (n=32) for 8 RUS_BO pseudogenes.
Additionally cluster-specific singe amino acid polymorphism (Ala253Ser) in the oxalyl-CoA decarboxylase protein
(TBPG_RS00635) was shown (Fig. 1). For GSSPs verification independent proteome analysis of two strains in two biological
replicate was performed. According to identification of spectra obtained in targeted HR-MRM analysis performed on TripleTOF
5600+ mass-spectrometer 23 GSSPs were verified. The results allowed us to get the most complete annotation of RUS_BO strain
of Beijing BO/W148 cluster which is widespread in the Russia.
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ABSTRACT

Grapevine downy mildew is an important disease affecting crop production leading to severe yield losses. We have conducted a
leaf proteome study to identify specific adjustments on tolerant and susceptible grapevine genotypes to P. viticola (Oh, 6, 12 and
24 hpi). Leaf proteome analysis was performed using 2D difference gel electrophoresis followed by protein identification via
mass spectrometry. We have also accessed reactive oxygen species, antioxidant capacity, lipid peroxidation and gene expression.
By analyzing the constitutive differences, proteins related to photosynthesis and metabolism allowed the discrimination of
resistant and susceptible grapevine cultivars [1]. Following inoculation, increase of hydrogen peroxide levels, cellular redox
regulation, establishment of ROS signalling and plant cell death seem to be key points differentiating the resistant genotype [1].
Lipid associated signalling events, particularly related to jasmonates appear also to play a major role in the establishment of
resistance [1]. Aiming at a better understanding of the genotype-specific differences that account for a successful establishment
of a defense response to the downy mildew pathogen we have developed an apoplastic fluid extraction method through vacuum
infiltration compatible with both proteome and metabolome analysis. To perform this analysis, APF was extracted from
susceptible and tolerant cultivars/genotypes, Trincadeira and Regent, respectively. Our preliminary results show that both
genotypes are inherently different at the intracellular space composition. Label-free proteome sequencing by LC-MS approach
will be conducted at several inoculation time-points in order to define the key events associated to pathogen recognition and
signalling activation that lead to the establishment of the incompatible interaction.
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ABSTRACT

Grapevine downy mildew is an important disease affecting crop production leading to severe yield losses. We have conducted a
leaf proteome study to identify specific adjustments on tolerant and susceptible grapevine genotypes to P. viticola (Oh, 6, 12 and
24 hpi). Leaf proteome analysis was performed using 2D difference gel electrophoresis followed by protein identification via
mass spectrometry. We have also accessed reactive oxygen species, antioxidant capacity, lipid peroxidation and gene expression.
By analyzing the constitutive differences, proteins related to photosynthesis and metabolism allowed the discrimination of
resistant and susceptible grapevine cultivars [1]. Following inoculation, increase of hydrogen peroxide levels, cellular redox
regulation, establishment of ROS signalling and plant cell death seem to be key points differentiating the resistant genotype [1].
Lipid associated signalling events, particularly related to jasmonates appear also to play a major role in the establishment of
resistance [1]. Aiming at a better understanding of the genotype-specific differences that account for a successful establishment
of a defense response to the downy mildew pathogen we have developed an apoplastic fluid extraction method through vacuum
infiltration compatible with both proteome and metabolome analysis. To perform this analysis, APF was extracted from
susceptible and tolerant cultivars/genotypes, Trincadeira and Regent, respectively. Our preliminary results show that both
genotypes are inherently different at the intracellular space composition. Label-free proteome sequencing by LC-MS approach
will be conducted at several inoculation time-points in order to define the key events associated to pathogen recognition and
signalling activation that lead to the establishment of the incompatible interaction.
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ABSTRACT

Purpose: for the practical use of the International Chromosome-Centric Human Proteome Project (C-HPP) results in medicine,
it is necessary to uncover which part of the human plasma proteome could be identified and measured.

Experimental description: within the framework of the C-HPP, the Russian Consortium is developing plasma analysis
technology, which combines the chromosome-centric approach with bottom-up Selected Reaction Monitoring with Stable
Isotope-labeled peptide Standards (SRM SIS). This study was aimed to quantitatively analyze the proteins encoded by 643 genes
of the four selected chromosomes in the blood plasma of healthy, clinically well-examined people using SRM SIS technologies.
Fifty-four male subjects (age 20-47) were examined at the Institute of Medico-Biological Problems (Moscow, Russia) and
approved for space-related simulations and experiments.

Results: the concentration of 205 proteins was accurately measured with SRM SIS assay (1), while quantitative proteomic profile
of each sample was presented as personal QR-code. The concentration range covered by the SRM SIS technology was six orders
of magnitude (from 106 to 10-'! M) in case of the analysis of whole plasma, and five orders of magnitude (from 107 to 10! M) in
case of the analysis of depleted samples. Unexpectedly, from the obtained data we derived no correlation between protein
abundances and corresponding number of samples in which this protein was detected.

Conclusions: there are only about 30 proteins encoded by examined 643 protein coding genes, which abundance levels are more
or less stable (inter-individual CV <20%). It seems that those proteins could be used as a pillar for creation SRM-assays for
personal health analytics.
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