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Tolerance to caspofungin in Candida albicans is associated with at least
three distinctive mechanisms that govern expression of FKS genes and cell
wall remodeling
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ABSTRACT

Fungal infections are currently found to be a leading cause of global infectious disease, resulting in death tolls surpassing those
from such diseases as drug-resistant tuberculosis or malaria. Infections involving Candida species are responsible for most
systemic invasive fungal infections (1). Despite an increase in the diversity of Candida species isolated from clinical samples, C.
albicans is still the predominant cause of infections causing up to 50% of candidemia (2, 3). C. albicans also prevails among
isolates from blood stream, from 42% to 50.7% (4). Currently, echinocandins (ECNs) that prevent biosynthesis of cell wall are
recommended for treatment of Candida infections, as front-line drugs. Expanding echinocandin use to prevent or treat invasive
fungal infections has led to an increase in the number of breakthrough infections due to resistant Candida species. ECN
resistance is well documented for C. albicans. The genome of C. albicans contains three homologous FKS (EK506 sensitivity)
genes: FKSI (GSCI) (orfl19.2929), FKS2 (GSL2) (orf19.3269), and FKS3 (GSLI) (orfl9.2495). The only generally accepted
mechanism of C. albicans clinical resistance to ECNs involves point mutations in FKS1 (5). Such clinically resistant strains
usually exhibit high minimum inhibitory concentration (MIC) values for ECNs. However, the mutations in FKSI gene are not
sufficient to explain elevated ECN MICs that are observed in many clinically-derived C. albicans strains with no FKSI mutations
(6). A better understanding is needed to assess the cellular factors that promote decrease of susceptibility to ECNs and ultimate
breakthrough.

We find that, following direct selection on caspofungin (CAS) from the ECN class of drugs, laboratory resistance (tolerance) can
be conferred by at least three independent mechanisms: 1) reversible loss of one chromosome 5 (Ch5); 2) conversion of one Ch5
into a chromosome with two right arms, and 3) an aneuploidy-independent mechanism that downregulats 2-fold or more ~9.6%
of genes on disomic Ch5s that are also downregulated on the monosomic Ch5 (6; E. Rustchenko, unpublished RNA-seq data).
Mutants selected for CAS tolerance possessed remodeled cell walls with elevated chitin and showed overall downregulation of
FKS genes that were free of mutations (7). We also found that Ch5 carries at least three genes CSU5I (orf19.1105.2), CHT2
(0rf19.3895), and PGA4 (orf19.4035) for negative regulation of ECN susceptibility. These genes were downregulated in all kinds
of mutants irrespectively of Ch5 ploidy. The final number of genes dor negative control of ECN susceptibility is yet to be
established (8). In addition, Ch5 carries at least two genes CNBI and MIDI involved in calcineurin signaling pathway that
encode positive regulators of ECN susceptibility. These genes are expressed at the disomic level in all kinds of mutants
irrespectively of Ch5 ploidy. The final number of Ch5 genes for positive control of ECN susceptibility is also not known yet.
Apparently, multiple mechanisms can impact the relative expression of genes residing on Ch5 or outside Ch5 controlling the
genes in a similar manner. Although mutations in FKSI have previously been associated with CAS resistance, we find
mechanisms of CAS tolerance that are independent of mutations in FKSI suggesting it is an earlier event in resistance
development.
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Profiling the dynamics of the metabolism of human cells: A unique
approach to illuminating human disorders

Charles E. Schwartz !, Chin-Fu Chen !, Rini Pauly !, Luigi Boccuto !

1].C. Self Research Institute, Greenwood Genetic Center, Greenwood, S.C. USA, 29646

Available Online: 2 October 2017

ABSTRACT

We employed plates PM M1-M8 of the Phenotype MicroArrays (PM) platform from Biolog (Haywood, CA) to explore cell
utilization of single compounds as an energy source or metabolic effectors in patients with various human genetic disorders with
known gene mutations. Doing so, allowed us to generate kinetic profiles which created distinct fingerprints for some human
disorders.

We have successfully applied the PM methodology to establish: 1) Abnormal utilization of critical cytokines mediating the
immune response of both fibroblasts and lymphoblasts from patients with a duplication of MECP2 and recurrent infections; 2)
Low utilization of Krebs cycle compounds and high utilization of sugars in patients with Snyder-Robinson syndrome; 3)
Patients with the FG syndrome and with Lujan syndrome exhibited different metabolic profiles even though both have
mutations in the same gene, MEDI2; 4) Abnormal response to growth factors of fibroblasts from affected tissue from patients
with segmental overgrowth. Based on these observations we have explored the utilization of specific compounds to treat somatic
overgrowth conditions and have obtained some success in vitro.

The PM assay represents a novel approach to investigate the cellular metabolism and evaluate the functional impact of genetic
alterations on metabolic pathways. The assay does not require any prior knowledge of how a particular gene may affect a
metabolic pathway. Most importantly, the findings may point to an avenue of potential treatment otherwise not evident from
the information known on the function of the gene.

Keywords: Metabolic profiling; human genetic syndromes; Phenotype Microarray
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characterization of a/b-hydrolase domain (ABHD) containing serine
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ABSTRACT

The human metabolic serine hydrolases (mSHs) comprises a large family of enzymes and utilize a conserved serine nucleophile
to hydrolyze e.g. amide, ester and thioester bonds. The majority of mSHs contains an o/p-hydrolase domain (ABHD) fold and
use a Ser-His-Asp (SHD) triad for catalysis. Genes encoding ABHD proteins are found throughout the reported genomes and
conserved structural motifs shared by these proteins are predictive for common roles in cell signaling and lipid metabolism.
Although a handful of these enzymes are well-known, many still remain poorly characterized with respect to their physiological
substrates, products and metabolic functions. Recent research have brought mSHs such as monoacylglycerol lipase (MAGL),
acyl protein thioesterase 1 (APT1/LYPLA1) and KIAA1363 to the center stage of cancer research. Various aggressive cancer cells
show heightened serine hydrolase activity, supporting high migratory, invasive, and protumorigenic activity. Therefore, small
molecule inhibitors targeting the mSH family may open new avenues for anticancer therapies. In addition, newly discovered
inhibitors could be useful in characterizing biochemical and physiological function of unknown mSHs. Hydrolase activity can be
readily monitored using activity-based protein profiling (ABPP), a chemoproteomic approach that relies on the use of catalytic
serine-targeting fluorophosphonate probes. The ABPP requires no a priori knowledge of the identity of the target and enables
parallel activity measurement of many enzymes in complex native proteomes. In competitive ABPP, the proteome is first treated
with the inhibitor candidate after which the mSHs are labeled with the fluorescent probe. Protein bands targeted by the inhibitor
can be visualized using in gel fluorescence imaging after SDS-PAGE separation. In this presentation, I will highlight the
applicability of ABPP when combined together with natural or artificial substrate-based activity profiling in our recent efforts to
characterize human ABHD family members, such as ABHD11 [1], ABHD16A/BATS5 [2], ABHD6 and ABHDI2 [3] and the
cysteine mutants of MAGL [4].
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Coffee Consumption, Obesity and Reduced Risk of Type-2 Diabetes
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ABSTRACT

Diabesity [1] is the term used to describe the coexistence of type-2 diabetes and obesity, and it is responsible for more than 90%
of the world’s 382 million people with type-2 diabetes. Sadly, this number is set to rise beyond 592 million in less than 25 years.
Innumerous reports from epidemiological studies have been published claiming that regular coffee intake, caffeinated or
decaffeinated, averaging 3-4 cups a day, reduces significantly the risk of developing diabetes type 2 [2, 3]. Caffeine is present in
the brewed coffee on average at 0.5-2% and has well- known properties, such as thermogenesis and ergogenic properties [4] that
could be used to explain part of the effect of coffee in reducing obesity. However, coffee is a very complex mixture and the
presence of chlorogenic acids, phenolic antioxidant compounds, is found in much higher concentration than caffeine (7-12% );
depending on the beans blend (percentage of basically arabica and robusta species) and the roasting process (the higher
temperature and longer roasting process, the lower the amount of those compounds in coffee) [5]

As of today, there are mounting evidences of the reduced risk of developing type-2 diabetes by regular coffee drinkers of 3-4
cups a day. The effects are likely due to the presence of chlorogenic acids and caffeine; the two constituents of coffee in higher
concentration after the roasting process [6].
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Fluorescence lifetime based assays in drug discovery
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ABSTRACT

High-throughput assays for drug screening applications have to fulfill particular specifications. Besides the capability to identify
even compounds with low potency, one of the major issues is to minimize the number of false-positive hits in a screening
campaign in order to reduce the logistic effort for the subsequent cherry picking and confirmation procedure. In this respect,
fluorescence lifetime (FLT) appears as an ideal readout parameter that is supposed to be robust against autofluorescent and light
-absorbing compounds, the most common source of systematic false positives. The extraordinary fluorescence features of the
recently discovered [1,3]dioxolo[4,5-f][1,3] benzodioxole dyes were exploited to develop FLT-based binding assays for several
bacterial and human isoforms of the histone deacetylase (HDAC) family.[1-2]

,/ + Inhibitor

- Inhibitor

Fluorescence
Fluorescence

Time /ns Time /ns
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prospects

Jayaseelan Murugaiyan *, Uwe Roesler !

! Institute of Animal Hygiene and Environmental Health, Centre for Infectious Medicine, Freie Universitéit Berlin, Robert-von-
Ostertag-Str. 7-13, Berlin 14163, Germany

Available Online: 2 October 2017

ABSTRACT

Matrix assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS) based microbial species
identification has emerged as an important tool in modern diagnostic laboratories, due to its rapidness, easy handling, cost-
effectiveness, high-throughput analysis and reliability as that of genome-based techniques. This technique involves direct
transfer of intact microbial colonies on to a target plate, co-crystallised with UV absorbing chemicals referred to as matrix,
generation of MALDI spectra and deduction of species through pattern matching with the reference spectra library of well-
defined microorganisms. Despite the advancement over past two decades, none of the available reference databases are complete
in terms of all known genus/species of microorganisms. Therefore, the commercial software tools include a provision for
database extension by creation of additional reference spectra either to improve the identification confidence or to include
missing species information. This provision has been reported to be successful in identification of several microbial species,
higher organisms such as parasites and their biological vectors, investigation of geographical origin of food products such as
mozzarella cheese or differentiation of immune cells. In our laboratory, we extended the commercial database with reference
spectra to enable species identification up-to the genotypes of the colourless microalgae genus Prototheca, the only known plant
like infectious agent associated with rare but severe infections in humans and animals. Subsequently, MALDI based Prototheca
identification has been included as a rapid tool in our diagnostics, which was otherwise, time-consuming and tedidious [1, 2].
Furthermore, database extension resulted in enhanced identifcation confidence and differentation of the members of the
Staphylococcus intermedius-group (SIG: S. intermedius, S. pseudintermedius and S. delphini), an important opportunistic
pathogens in animals and occasionally in humans [3]. The standard formic acid/acetonitrile producure recommended for
microbial protein extraction was successfully applied to compile a reference database for different body parts of the insect Tsetse
fly (Glossina), biological vector of African sleeping sickness causing trypanosomes [4]. Our work and other recent publications
indicate the possibilities of utilising MALDI profiling towards universal identification of microorganisms, insects and other
higher organisms. In future, a single MALDI TOF MS measurement might be useful in deriving multiple informations such as
species, host or geographical specificity, antimicrobial resistance pattern and presence of pathogens within biological vectors.
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ABSTRACT

Metabolomics is one ‘omics’ approach that can be used to acquire comprehensive information on the composition of a
metabolite pool providing a functional screen of the cellular state. By quantifying the changes taking place inside cells at specific
times and under specific conditions, metabolomics offers new insight into cellular biology and a new path of research into the
development of abiotic stress tolerant crops [1-2].

Studies of the plant metabolome include the analysis of a wide range of chemical species with diverse physical properties, from
ionic inorganic compounds to biochemically derived hydrophilic sugars, organic and amino acids, and a range of hydrophobic
lipid-related compounds. Current plant metabolomics studies therefore combine robust on-line chromatographic separations
with the high sensitivity and specificity provided by mass spectrometry (e.g., LC-MS, GC-MS) in an effort to acquire more
comprehensive metabolite coverage [3].

Trehalose 6-phosphate (Tre6P), the intermediate of trehalose biosynthesis, is an essential signal metabolite in plants. Tre6P is
the phosphorylated intermediate of trehalose biosynthesis. It is a signal of Suc status in plants and influences many metabolic
and developmental processes, including responses to stress conditions [4]. However, the almost undetectable levels of T6P
together with the complex plant matrix and the presence of Tre6P isomers makes the detection of this metabolite challenging. In
this presentation, details of our highly sensitive and reliable LC-MS method to detect and quantify Tre6P in the picomole range
in Medicago truncatula roots and leaves subjected to water deficit will be discussed [5]. This new analytical tool is fully validated
and can now be used to measure low-abundant Tre6P in other biological systems to better understand the regulation of this
signaling metabolite.
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ABSTRACT

There is currently no drug to prevent of slow the progression of Alzheimer's disease (AD) pathology. Because age is the greatest
risk factor for sporadic AD, phenotypic screens based on old age-associated brain toxicities were used to develop new drug
candidates based on the natural products curcumin and fisetin (1-4). Since certain aspects of aging may be the primary cause of
AD, we hypothesized that these drug candidates would be effective in rapidly aging SAMP8 mice. These mice show a
progressive, age-associated decline in brain function similar to human AD patients. To determine if the drug candidates could
prevent the progression of age-associated declines in brain function, 8 month old SAMP8 mice were fed the drug candidates in
their diet for 4 months. At 12 months of age, changes in behavior, protein expression, the levels of metabolites and the whole
transcriptome in mice fed the drug candidates were compared to 8 month old mice and 12 month old mice fed a control diet.
Using this inclusive and integrative multi-omics approach, we identified a subset of metabolic changes associated with aging that
may be relevant to sporadic AD as well as other forms of dementia. We found that some of these changes were prevented by all
of the drug candidates. In addition, other changes were only affected by one of the drug candidates suggesting that these
compound-specific changes might be able to provide a specific fingerprint for drug efficacy in future studies.
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ABSTRACT

The search for novel compounds or new sources of bioactive compounds from plants are normally made in angiosperms not in
ferns and so their potential is not fully investigated. The genus Azolla is composed by seven species that is unique since it is the
only fern that harbours a permanent symbiosis with the cyanobacterium Anabaena azollae. The research of their natural
compounds is spread in time and possible bioactivity is sparse. These ferns have several compounds such as fatty acids [1],
phenols as luteolinidin, caffeic acid, aesculetin, chlorogenic acid [2], a-asarone and isoeugenol [3], terpenoids such as lupeol,
cholesterol [2], lycoxanthin, a-sitosterol [3], cycloartenol, campesterol, sitosterol [4], volatiles [5] and much more. Despite the
scarce data on this symbiosis, it has been indicated as having medicinal potential to cure sore throat and cough [6]. Further, the
lipophilic extract had activity against P. expansum, while the hydrophilic extract presented activity against A. vitis and the
crustacean A. salina [7]. Also, the methanolic extract of A. microphylla has antimicrobial activity against Xanthomonas sp. [8]. In
a wide survey with six Azolla species, [9] establish that organic extracts of A. caroliniana, A. rubra and A. filiculoides inhibited
the growth of B. subtilis whereas A. caroliniana and A. microphylla extracts inhibited the growth of S. aureus. Hence, this ferns
seems to have the potential to be used as antibacterial, but nothing is known about the compounds or compounds that induce
the bioactivities.
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ABSTRACT

Bacteria contact with the environment through the cell membrane lipid matrix. Compensatory changes in the fatty acid (FA)
composition and the head groups of membrane lipids during adaptation provide unique dynamic and structural properties of
the membrane that are necessary to support the ability of microorganims to live in the new conditions of existence. Probably,
the same processes can influence resistance of bacteria to antibiotics and immune system of the host organism. It is assumed that
lipid environment provides optimal conformational state of membrane proteins in the certain conditions. Therefore, changes in
the physico-chemical properties of lipids should correlate with their effects on conformation, and therefore, on functions of
membrane proteins. Thus, the understanding of the dynamic processes in membrane proteins in their native hydrophobic
environment allows for a fresh look at their functioning. OmpF porin (YOmpF) is the dominant protein of the outer membrane
(OM) of Yersinia pseudotuberculosis which performs an important role in the exchange processes between the cell and the
environment. It is known also that porins are the channels for penetration of some antibiotics into the bacterial cell, and hence
responsible for development of resistance to these drugs. Therefore, our work was aimed to study the influence of adaptive
changes in lipids of Y. pseudotuberculosis on conformation of YOmpF, as well as establishing their role in the resistance of
bacteria to antibiotic ampicillin. It was shown that stress predominantly induces accumulation of unsaturated form of
lysophosphatidylethanolamine (LPE) which unlikely saturated form increases thermal stability of YOmpF compacting protein
monomers [1]. Mostly LPE is localized in OM of Y. pseudotuberculosis, where YompF is situated too [2]. DSC and intrinsic
fluorescence were shown that total lipids from Y. pseudotuberculosis enriched with LPE increased thermal stability of the
protein, associated with the compaction of its hydrophobic region, to a greater extent than the total lipids with a low content of
LFE [3]. An adaptive changes in the level of LPE correlates with the sensitivity of bacteria to B-lactam antibiotic ampicillin. So,
the accumulation of LPE in membranes is the part of adaptive response of bacteria to stress.
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ABSTRACT

The identification of metabolite profiling of rice volatile compounds affecting flavour and taste and can be used in breeding
programs to produce locally adapted varieties that answer consumer preferences.

Six rice genotypes, including two commercial varieties, Ariete (japonica), Sprint (indica); two new Portuguese varieties,
Magarico (OP1001), Ceres (OP1203) and two advanced lines OP1109, OP140 were selected to analyse metabolite profiles and
assess the stability of detected associations in 6 environments: 3 different locations (Alcacer do Sal-AS, Salvaterra de Magos-SM
and Bico da Barca-BB) and harvested in two years. Volatile compounds were measured by GCxGC-TOF-MS, and multivariate
analysis was conducted. The resulting data were represented through Principal Components Analysis (PCA).

The volatile compounds from the rice grains led to clustering based on the growing location, which is most unusual. Generally,
the volatile compounds from grains lead to clustering based on genotype. This suggests significant genotype by environment
interactions. While there were 220 compounds in the volatile headspace of the rice varieties, only a few show discrimination that
explains the clustering. The most discriminating compounds are mainly alkanes and alcohols responsible for separating the
samples grown at AS (Figure 1, Group 1) than those grown at SM and BB

WGrouo 1

MGroun2
.G'o,o 3

(1]
R2X[1] = 0.317 R2X[2) = 0.129

Figure 1 | Volatile compounds obtained from six rice genotypes harvested in 6 environments.
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ABSTRACT

he rapid advances in experimental technologies means that we can obtain the several types of omics information as profiling
data in living cells. Those profiling data is the results of some of cell activity for surviving or adapting under several conditions,
and we can uncover the cell activity mechanism via disclosing these profile data. Among the several types of profile data, gene
expression profiles are obtained by complex functional transcriptional regulations in cells. To clarify the mechanism of those
complex regulations, inference of gene regulatory network is one of the useful approach. Actually, various algorithms including
Boolean and Bayesian networks, have been developed to infer complex gene networks [1][2]. In our previous investigation, we
developed an approach based on graphical Gaussian modeling (GGM) combined with hierarchical clustering to infer the huge
network among all of the genes [3]. Although all of these approaches are feasible for establishing relationships among genes, it is
difficult to reveal the critical interactions between genes and the other cellular components, owing to the insufficient information
about the other cellular components in the gene expression profiles. Since the underlying mechanism for transcriptional
regulation in living cells, regulations of genes and the effects from other cellular components should be considered. Estimation
of regulatory networks among genes and the other cellular components is absolutely essential to uncover the mechanism of gene
expression control, and an alternative approach is needed.

We developed a statistical approach to obtain better insights of the transcriptional regulatory mechanism from gene expression
profiles [4]. Our approach based on Structural Equation Modeling (SEM) in combination with factor analysis and new
algorithms for initial model assumption and model optimization. SEM can include the latent variables within the constructed
model and infer the relationships among the latent and observed variables, as a network model. We improved a method for
construction of initial models for SEM calculation, and applied our approach to estimate the regulatory network for several
types of gene transcriptional controls. In this new approach, we combined cross-correlation and partial correlation to
summarize the temporal information and to extract the direct interactions from gene expression profiles. This approach allowed
us to reconstruct a model of transcriptional regulation that involves protein-DNA interactions and the RNA division effects
from maternal cell to daughter cells from only the gene expression profiles, in the absence of protein information. In this
presentation, we’ll show you the details of SEM approach for detecting the causality between genes and other cellular
components
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ABSTRACT

In the past decade, novel nicotine delivery devices (e-cigarettes, heated tobacco products) have emerged as a substitute for
cigarette smoking with the potential to be significantly less harmful than combustible products [1], yet, epidemiological studies
are lacking. Due to intrinsic limitations of traditional toxicology testing, there has been a shift towards holistic alternative
systems biology approaches. The NRC’s “Toxicity Testing in the 21st Century” [2] outlines the utility of such approaches using
human tissues, high throughput profiling screens and omics to dissect the cellular-response networks to support the mechanistic
understanding of toxicity pathways. We have developed a systems toxicology strategy to assess novel nicotine delivery products
in vitro and in clinical samples. In this presentation, we outline how RNA-seq toxicogenomics is used in combination with
downstream causal reasoning to assess the effect of e-cigarette aerosols in vitro on a reconstituted human 3D airway tissue [3].
We further describe how a multiplatform metabolomics/lipidomics/lipoprotein/miRNA profiling method was applied to map
biological changes in the serum of smokers [4]. Finally, we will place those results in the context of building adverse outcome
pathways (AOPs) [5] relevant to tobacco-related diseases that can support the assessment of novel nicotine products.
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ABSTRACT

Strokes and particularly myocardial infarction (MI), as the most frequent single cause of death, are typically caused by abrupt
rupture of atherosclerotic plaques in arteries such as the coronary arteries. Despite major advances in the treatment of MI,
improvements in mortality and morbidity are substantially limited by our inability to foresee plaque rupture and the resulting
thrombotic vessel occlusion. We hypothesized that using our newly created tandem stenosis mouse model of plaque instability/
rupture we will identify new proteins that might participate in plaque progression or plaque vulnerability. Plaques samples from
120 ApoE deficient mice were collected after tandem stenosis surgery. Plaques were allocated into five segments according to the
histological evaluation of plaque stability [1]. Segment I showed thin cap fibroatheromas as typically seen in human unstable
plaque (Figure 1). Each segment was homogenized in lysis buffer and then LC-MS/MS was performed. Data analyses were
performed using Proteome Discoverer software (Thermo Scientific) and mouse Swiss-Prot database (Mus musculus, including
16.717 reviewed canonical entries). Following serial selection criteria, only the high confidence peptides were included for
further analysis. We identified multiple protein targets that had a strong correlation with plaque instability and intraplaque
hemorrhage. These newly identified proteins were validated by immunohistochemistry in tandem stenosis mouse plaques as well
as in human carotid endarterectomy plaques. Finally, these proteins belong into diverse functional categories, including cell
adhesion, protein metabolic processes and celular component morphogenesis. The gene ontology shows an association of the
integrin signalling pathway and the cytoskeletal regulation pathway with plaque instability. Overall, proteomic analysis of
unstable atherosclerotic plaques in comparison to stable atherosclerotic plaques holds promise to identify proteins involved in
plaque instability and thus to define potential novel targets for plaque stabilization.

Figure 1 | (A) Schematic drawing of each
segment. (B, C) Segment I showed thin cap
fibroatheroma and intraplaque hemorrhage
(D) Gross anatomy of TS model (E) Segment
II  showed positive outward vascular
remodelling. (F, H) Segment IIT and V showed
stable atherosclerotic plaques containing thick
caps and small necotic cores. (G) Segment IV
represented healthy vessel. L: Lumen;
FC:Fibrous  Cap;  NC:Necrotic ~ Core;
Th:Thrombus; IH: Intraplaque hemorrhage.
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ABSTRACT

Many authors consider antigenic mimicry as the main reason of autoimmune diseases. The immunodominant antigens (namely
non-specific porins) of bacteria of Yersinia species are proved to be similar to antigens of human organ tissues (including
thyroid gland (TG) tissue) that are precondition for the development of autoimmune process in the organism infected. Outer
membrane (OM) non-specific porins of Gram-negative bacteria belong to the P-structured integral membrane proteins.
Structural elements of the porins corresponding to the outer loops connecting p-strands are shown to coincide with hydrophilic
maxima and to form porin antigenic determinants. The present work is aimed to determine the role of external loops of
recombinant OmpF porin from OM of Yersinia pseudotuberculosis (YpOmpF-r) in antigenic structure of the protein. Mutant
porin monomers of YpOmpF-r with deletions of the loops L1, L4, L6 and L8 (hereinafter - dell, del4, del6 and del8) and specific
antisera to full-sized and mutant porins studied were used for immunochemical characteristic of the protein. According ELISA
results, the greatest number of B-epitopes was lost following the deletion of loops L1 and L4. Analysis of interaction between
mutant porins and the pool serum of patients with Graves' disease and monoclonal antibodies (Abs) to hormone thyrotropin
receptor (TSHR) showed that the porins without one of the outer loops (dell, d el4, del6, del8) bind to these antibodies
differently (Figure A and B).

According the data of Figure A and B, dell porin interacted very weakly with pool serum of patients with Graves' disease and did
not practically interact with mAbs to TSHR. Thus, it can be assumed that outer loop L1 of YpOmpF-r comprises the region of
amino acid (AA) sequence of the protein having a certain degree of homology with some immunodominant site(s) of TSHR
molecule. However, a comparative analysis of the AA sequences of YpOmpF and the TSHR subunit A showed not only a
sufficiently low degree of their overall homology, but also the lack of extended homologous regions in the primary structure of
both proteins. Only some motifs containing two and three AA residues corresponding to fragments of the L1 sequence were
found. In this regard, the most likely cause of cross-reactivity of YpOmpF and TSHR is the presence of the distinct segments of
AA sequence with similar spatial organization at the level of the protein tertiary structure.
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00 o Figure 1 | ELISA analysis of interaction
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ABSTRACT

Fungi and their host plants have large arsenals of secondary metabolites, many of which have designated functions during
pathogen-host interaction. For example, the fungus Fusarium graminearum produces deoxynivalenol (DON), which is an
inhibitor of protein synthesis [1] and a toxic contaminant of food and feed [2], while wheat plants synthesize secondary
metabolites to defend themselves against the pathogen (e.g. phenylpropanoids [3]).

To investigate the response of wheat plants to Fusarium infection, we have established an untargeted metabolomics workflow
designed for detecting biotransformation products of uniformly isotopically labeled tracer compounds using LC-HRMS and an
in-house developed data processing software. We have started from the aromatic amino acid phenylalanine, which is further
synthesized into many different compound classes such as courmarins, hydroxycinnamic acid amides, and flavonoids. Although
many compounds are already known, our workflow allowed probing these compounds in an untargeted manner using the
highly specific isotopolog pattern of the *C-labeled phenylalanine units. In total, we have detected 144 phenylalanine-derived
metabolites, of which around 70 could be annotated with previously known phenylpropanoids. We have then tested their
abundance levels in DON- and mock- (water) treated samples and found that these metabolites clearly separated the two
experimental groups in a multivariate statistical analysis. In a univariate comparison using t-tests (p-value < 0.05; mean-fold-
change > 2) approximately 50% of all biotransformation products had increased levels in the DON-treated samples further
suggesting their involvement in defense-related mechanisms of wheat against Fusarium graminearum.
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ABSTRACT

Previously, it was shown that monomeric form of Yersinia pseudotuberculosis OmpF porin (YpOmpFm) could interact with the
pool serum of patients with Graves' disease and with monoclonal antibodies (mAbs3B12) to thyroid-stimulating hormone
receptor (TSHR). In present work, we carried out molecular modeling of the interaction of YpOmpFm antigen epitopes with a
stimulating antibody (Abs, M22 Pdb ID 3g04) to TSHR. At the first stage of our study using different online resources and based
on the primary and spatial structure of the YpOmpFm, a set of probable antigenic B-epitopes that satisfy the requirement of
availability to the solvent was predicted. There were two small conformational epitopes: the first one was formed as a result of
the convergence of the regions comprising two outer loops L4 (D158) and L6 (246NK247), as well as two P-strands, P11
(230ETQ232) and P13 (D276). The second region was formed with the participation of loop L2 (66EDS68, 70AGD72) and
adjacent B-strands: f2 (36G, 38F) and 3 (W56). At the second stage of our study the participation of the amino acid (AA)
residues forming the predicted B-epitopes of YpOmpFm in the interaction with Abs to TSHR was confirmed by molecular
docking performed using MOE CCG® program (Fig. A). It should be noted that in the AA sequence of YpOmpFm and TSHR
there are no extended homologous regions. However, for both proteins AA residues with similar properties and position on the
binding surface in the interaction area with the Abs were revealed (Fig. B, C). According our results, E107, K209 and D232 of
TSHR were overlapped with E66 K163 and D158 of the porin with binding energy contribution -11.1, -25.86 and -7.65 kcal/mol,
respectively. Hydrophobic cluster F130, F153, 1155 of TSHR was overlapped also with W56, Y58 and F38 of porin (total
contribution -11.71 kcal/mol). Thus, a similarity of the spatial structures of YpOmpFm and TSHR that determines their cross-
interaction as antigens has been established. Consequently, antibodies to porin may interact with TSHR inducing excessive
stimulation of thyroid gland and thereby causing the autoimmune disorder with the symptoms of hyperthyroidism that is
characteristic of Graves' disease.

YpOmpFm

Figure 1 | Ribbon diagrams of:
Abs to TSHR interaction with
YpOmpFm B-epitopes (A);
superposition of complexes Abs
to TSHR with YpOmpFm and
TSHR (B) and overlapped
epitopts of YpOmpFm and
TSHR (C).
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ABSTRACT

The administration of exogenous recombinant somatotropin (rbST) in dairy cattle is used to increase the milk yield. Since its
approval in dairy production in 1993, the use of rbST has been controversial due it possible harmful effects in animal welfare
and human health. While their use is approved in countries as United States of America, Mexico or Brazil, the European Union
(EU) banned their use in 1999. In spite of this ban, in the year 2013 the illegal use of somatotropin was detected in Spain, making
the authorities aware of the need of control the illegal use of this substance in the EU. For this purpose, the development of
analytical methods to detect their fraudulent use is necessary in the EU. Analytical chemistry methods based on the direct
detection of the banned substance as Liquid Cromatography Tandem Mass Spectrometry are the first option to detect their use
[1]. However, some commercially available rbST has the same amino acid composition that the natural bST, rendering
impossible their differentiation. Therefore it is of great importance to develop indirect methods that allows detecting the use of
rbST in cattle [1]. In the last years the transcriptomic technology experiences a boom due to the development of RNA-seq,
microarrays or High-Throughput Real-Time PCR. Real-Time PCR is considered the gold standard for quantification purposes,
allowing the measurement of small differences between samples. Recently, transcriptomic has been used as a tool to detect the
use of growth promotors in beef cattle [2]. However, these studies are focused in the use of target tissues as liver or muscle
obtained post-mortem. In the case of rbST, it is key to control their misuse in vivo, during the period of lactation. Therefore,
target samples have to be easy to collect, the method of collection should be non-invasive and it has to be economically viable.
The goal of this study was to develop a transcriptomic protocol based in the combination of High-Throughput Real-Time PCR
and milk somatic cell (MSCs) to detect the ab(use) of rbST. MSCs were collected from 6 treated and 3 control cows and different
time points to analyze the expression of selected genes. To represent real conditions, cows were housed in a semi-intensive farm
and administred with 500mg of rBST every two weak (Lactotropina , Elanco’, Eli Lilly, México). The results showed that MSCs
are an optimal alternative to isolate RNA with good quality using a s1mple protocol for their collection. The use of OpenArray"
technology allowed the simultaneous analysis of 18 selected genes for 48 samples taken at different treatments points. With this
technology it was possible to stablish a transcriptomic profile of treated and control cows that could be used to detect the illegal
use of rBST in dairy cattle in EU.
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ABSTRACT

Holm oak (Quercus ilex L.) is the dominant tree species in natural forest ecosystems of the Western Mediterranean Basin. This
species is well adapted to summer droughts but may not be able to cope with future increases in drought intensity, duration,
and/or frequency as the climate becomes warmer and the water availability decreases [1]. In order to better understand the
mechanisms underlying drought tolerance in Q. ilex, a metabolite profiling analysis was performed with gas chromatography
time-of-flight mass spectrometry (GC-TOF-MS) using leaves of two-year-old Q. ilex seedlings subjected to increasing drought
severity. Leaf sampling was carried out at mild, moderate, severe and very severe water stress conditions. Primary metabolites
were extracted and analysed using a well-established protocol for metabolite profiling described by [2]. A set of 31 primary
metabolites were detected in Q. ilex leaves. Among these, amino acids and derivatives were the most abundant metabolites,
followed by sugars and sugar-alcohols and organic acids. Mild water stress caused most sugars and sugar alcohols to increase,
suggesting a role of these metabolites in stress signaling and osmoregulation. These metabolites continued to increase through
moderate to very severe water stress conditions. At very severe water stress conditions most amino acids dramatically increased,
especially y-aminobutyric acid (GABA) and proline suggesting enhanced protection against oxidative damage. These results
indicate that high drought tolerance of Q. ilex relies on early water stress signaling and osmoregulation by hexoses and polyols,
and enhanced protection against oxidative damage by amino acids at severe water stress. Q. ilex has shown mechanisms of
acclimation to drought, which can be useful for its persistence under a future drier climate.
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ABSTRACT

Growth hormone or somatotropin (ST) is a species-specific polypeptide hormone produced in the pituitary gland of vertebrates.
When administered exogenously to dairy cattle, it has galactopoietic effects and is capable of increasing the milk yield. The
commercial production of recombinant bovine ST (rbST) enabled large-scale applications in farms, enhancing significantly milk
production. While it is banned in the European Union (EU), several countries permit the trade and use of recombinant
somatotropins in animal husbandry. The literature reflects the existence of effective analytical methods to trace rbST presence in
milk and other matices [1]. However, very little effort has been invested into defining the impact this treatment may have on the
quality of the dairy products obtained. In this context, profiling and omic technologies offer a good opportunity to assess various
components simultaneously in food [2]. This study is meant to profile the measurable effects or rbST on the nutritional
properties of milk.

A group of nine cows was separated; 6 animals were treated every two weeks with a dose of Lactotropina® (i.e. 500 mg of rbST),
for a period of 8 months, while the other 3 were used as controls. Milk samples (> 400 milk samples) were collected freshly, at
different time points (first milking of the day). Fifty fatty acids were measured using GC-FID, gross composition was obtained
by infrared spectroscopy in a certified Spanish laboratory (Laboratorio Interprofesional Galego de Andlise do Leite — LIGAL) and
minerals (Ca, P, K, Na, Mg) were measured by ICP-MS.

The implementation of univariate and multivariate statistics showed a tendency towards a less saturated fatty-acidome in the
milk collected from animals treated with rbST, with higher concentrations of omega-6 and monounsaturated fatty acids.
Conversely, the short chain fatty acids and various omega-3 were higher in controls. In addition, less calcium and protein
content and more potassium was observed in milk from treated animals, in comparison to the control population. Thanks to this
multi-component profiling of milk, a clear impact of somatotropin treatment on milk qualities was observed. The obtained
results should be particularly interesting for those countries that permit the use of this hormone in dairy production.
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ABSTRACT

NMR spectroscopy is extremely powerful for the identification and monitoring of individual metabolites in complex mixtures
encountered in metabolomics.[1] It can be applied to a wide range of biological samples, such as urine, serum, tissue extracts,
cell lines, etc. Protocols will be presented for optimal sample preparation to ensure reproducible, high quality NMR data.

In order to be able to monitor a maximal number of metabolites in these samples, we use 2D NMR experiments, including 13C-
1H HSQC, 13C-1H HSQC-TOCSY, and homonuclear TOCSY. We have streamlined the analysis of these spectra by our
COLMAR suite of web servers that permit the uploading of peak lists extracted from these spectra or the entire 2D data sets for
query against the COLMAR spectral databases, which have been customized for the different types of 2D spectra. First, the
HSQC query provides a rank-ordered list of metabolite candidates along with quantitative metrics. These hits are then validated
using either one or both TOCSY-type experiments providing spin-connectivity information across the molecules. This workflow
has been implemented in COLMARmM (http://spin.ccic.ohio-state.edu/index.php/colmarm/index) alllowing the user to carry out
this process in a computer-assisted, semi-automatic fashion (Figure 1). The identification step is followed by quantification of
individual metabolites, which can be performed on a cohort of samples for profiling applications. Examples we will be provided
for selected systems.

Experiment: 2D NMR mixture peaks
Database query: database HSQC peaks
Validation: expected HSQC-TOCSY and TOCSY peaks

Figure 1 | Flow chart of the
semi-automated COLMARm
web server for metabolite
identification in a complex
mixture. COLMARm enables
high-throughput metabolomics
studies.

Metabolomics| ———
mixture 2D NMR

| —
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ABSTRACT

The matrix synthesis mechanism of transcription and translation can be originated in the defective zone of the crystalline lattice
of co-crystallizing minerals: apatite, carbonate-apatite and calcite in mutually coordinated ratio, with the assistance of the gas-
phase radicals and ions (NH;, CH, and CO,)[1]. This is the area of rhythmic changes in chemical composition, of isomorphic
substitutions and vacancies and of occurrence of significant energetic fluctuations of thermal vibrations of atoms in the structure
of this minerals. This led to the emergence of the growing center of the disorder and to appearance of the need to reset the
energy potential in the form of stratified zones. All this is implemented in the structure of the emerging organo-mineral
nucleoproteid complex. The ternary complex - DNA, RNA, protein - organized themselves in the area of apatite and carbonate-
apatite according to the principle of stereospecific complementarity “spire in the spire". The double helix of DNA is a basis of
this. Already at this stage all the necessary proteins for replication, transcription and translation related with their RNA were
present, although the ribosomal apparatus has not been yet formed. The transition from a defect-free region in the apatite crystal
to the occurrence of the disorder was realized in sizes and specificity of the genes in the DNA in the form of a gradual transition
from the satellite zone (uninformative part of the DNA in eukaryotes) to the multiple repeated zone of the pre-tDNK, the
moderately repeated zone of the pre-rDNA and the unique zone of genes of the pre-mDNK. The RNA-protein complex formed
in the area of carbonate-apatite complementary to these zones. Each pre-tRNA in the crystal matrix interacted with its protein
(aminoacyl-tRNA synthetase in future) stereospecifically. Each this protein already had amino acid and ATP in its composition.
Each pre-rRNA also was associated with its proteins which were much due to the larger length of the fragments compared with
the pre-tRNA and further which will be part of a ribosomes. Other proteins complementary associated with the first DNA- and
RNA-associated proteins followed them further. Each pre-mRNA also had its own complementarily bound proteins. In the
second stage, at occurrence water, crystal organomineral complex passed into the liquid-crystalline metastable state which could
be disrupted by the change in ion concentration, by the appearance of protocells and by the matrix mechanisms starts. DNA is a
virtual carrier of the genetic information. The true carrier of such information is the aminoacyl-tRNA-synthetase (AA-tRNA-
synthetase) which stereospecifically complementarily associated with its pre-tRNA, an amino acid and ATP and determines not
only anticodon structure in pre-tRNA (there may be up to the six of different these) but also the amino acid for its pre-tRNA
which will be presented to the codon of DNA. Various pre-tRNA structure for the same amino acids acquire a degenerate
anticodon via its synthetase via the compensatory loop in tRNA. In the unit cell of apatite structure the three base pairs (purin-
pyrimidine) are formed at a height of 0, 50, 100 (the area of Cal), wherein the third pair is always at the border of cells. In our
opinion, this area of increased energetic fluctuations is the cause of the genetic code degeneracy.
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ABSTRACT

The author discusses some principal problems of biochemistry and molecular biology concerning the origin of life on the Earth.
It is based on his theory about the origin of protocells of pro- and eukaryotic types with the assistance of gas-phase elements
(NH;, CH, and CO,), apatite matrix and its co-crystallizing minerals (carbonate apatite, calcite, mica) in mutually coordinated
ratio [1]. This theory describes in detail the possibilities of synthesis of purine-pyrimidine bases, DNA chains, RNA chains and
nucleoproteid complexes; the formation of transcription-translation apparatus and matrix mechanism, tRNA and rRNA; the
appearance of the first proteins in the ribosomes; the reason of code degeneracy according to the third nucleotide; and also
considers how the structural asymmetry of molecules could arise and other fundamental questions of organization and of
functioning of living cells.

Synthesis of protocells without violating the second law of thermodynamics. Cells forming through the transition from the
crystalline matrix to the liquid-crystalline organo-mineral matrix is accompanied by a loss of the crystal energy by changing the

bond types to hydrogen bonds and the emergence of stereospecific complementarity. Hydrogen bonds are much weaker than
covalent one and coordination bonds of the crystal lattice. As a result, a rigid system of bonds of the mineral crystal lattice
becomes modified. In general, the entropy of the new complex is much larger than the entropy of the crystal lattice.

The problem of biological asymmetry. Molecular asymmetry (chirality - right- or left-handedness) is one of the fundamental
characteristics of living matter. The question about L-amino acids and D-sugars remains unanswered rather than about their
racemic mixture [2]. In our opinion, the cause of the chirality is associated with an external asymmetrical (unidirectional from
the center of the Earth to its surface) influence of temperature on forming of the complex chiral minerals and on structures of
future protocells respectively. "When certain causes produce certain effects, the symmetry elements of the reasons should be
manifested in the consequences caused by them" [3]. Synthesis of nucleic acids and proteins on crystals proceeded
unidirectionally (upward) simultaneously by the principle "spire in the spire". This virtually excluded the possibility of racemic
mixter forming, but did not prevent the emergence of the right or left helix. Apparently this determined structural asymmetry of
monomeric units of nucleic acids and proteins.
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ABSTRACT

A previous pilot study examined if the genetic variability of caffeine metabolism could influence coffee consumption [1].
CYP1A2 is encoded by a gene located at 15924 and presents polymorphism that can determine a decrease in the enzyme
inducibility. Carriers of variant CYP1A2*1F allele are slow caffeine metabolizers, whereas individuals who are homozygous for
CYP1A2*1A allele are fast metabolizers [2, 3]. Genomic-wide association studies (GWAS) of coffee drinking suggest a strong
association with CYP1A1/CYP1A2 and AHR genes. According with their findings [4, 5], an increased intake of caffeine was
associated with having a T-allele for CYP1A1-CYP1A2-rs2472297. They also found that another intergenic loci at 7p21 that
corresponds to aryl hydrocarbon receptor (AHR), has a regulatory role in basal and substrate-induced expression of CYP1A1
and CYP1A2. The objective of the study is to examine if there is a relationship between coffee consumption and CYP1Al,
CYP1A2 and AHR genotypes in the population of our previous pilot study. Our hypothesis is that the wide variability seen in
caffeine levels between fast CYP1A2 metabolizers might have a correlation with changes in the genotype of the AHR and a
regulatory region between the genes CYP1A1 and CYP1A2.

In our previous pilot study, we found that 8 out of 11 healthy volunteers presented a fast metabolizer phenotype and showed a
large variability in their caffeine levels (0-0.67 mg/L) The objective of the present study is to examine if there is a relationship
between coffee and caffeine consumption and CYP1A1/ CYP1A2 and AHR genotypes in the same population.
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ABSTRACT

Casuarina glauca is a model actinorhizal plant characterized by its ability to establish symbiosis with nitrogen-fixing Frankia
bacteria. This plant species grows naturally in coastal zones and is able to thrive under extreme salinity environments. C. glauca
tolerance to high salinity is associated to biochemical and physiological adjustments such as low tissue dehydration, osmotic
adjustments, and high membrane integrity. Mass spectrometry (MS)-based plant metabolomics has emerged as a powerful tool
to address biological questions related to plant environment and agriculture. To date, there is almost no information on the C.
glauca metabolome. In this study, a modern metabolomics approach that combines two MS-based analytical platforms, namely
LC-QIT-MSn target analysis and GC-TOF-MS metabolite profiling, is being applied to study the impact of salt stress in
nodulated and non-nodulated C. glauca plants. Our most recent results agree with those previously obtained from morpho-
physiological analysis, and provide new knowledge on the primary metabolome of C. glauca, its symbiosis with Frankia Thr, and
its metabolic readjustments under increasing salt concentrations. Furthermore, the divergent metabolite responses particularly
found in the amino acid metabolism suggest root and root-nodule specific metabolite responses, and support the fact that from
200 mM NaCl upwards, symbiosis was turned oftf. Based on these results, a second independent biological experiment is
currently ongoing to assess, at the physiological and metabolite levels, the performance of non-nodulated C. glauca plants under
a combined salt and heat stress.

Acknowledgments: This work was supported by Fundagdo para a Ciéncia e a Tecnologia (FCT) through the project PTDC/
AGR-FOR/4218/2012, the FCT Investigator Programme (contract IF/00376/2012/CP0165/CT0003 C. Anténio), and the re-
search units UID/GEO/04035/2013 (GeoBioTec), UID/AGR/04129/2013 (LEAF), and UID/Multi/04551/2013 (ITQB NOVA
R&D unit GreenIT). T.F. Jorge further acknowledges FCT (PD/BD/113475/2015) and the ITQB NOVA International PhD
Programme ‘Plants for Life’ (PD/00035/2013) for the PhD grant.

Correspondence: Email - tiagoj@itgb.unl.pt

1-34:27



JIOMICS | VOL 7 | ISSUE 2 | DECEMBER 2017 | 1-34

# JOURNAL OF INTEGRATED OMICS
R A METHODOLOGICAL JOURNAL
HTTP:/ / WWW.JIOMICS.COM

SPECIAL ISSUE: SELECTED ABSTRACTS OF THE III INTERNATIONAL CAPARICA SYMPOSIUM ON PROFILING (ISPROF 2017)

New human plasma type 2 diabetes mellitus biomarkers

Alena Soboleva ¥, Gregory Mavropulo-Stolyarenko !, Anna Bystrova 23, Domenika Thieme 5, Wolfgang Hoehenwarter %, Vasily
Stefanov !, Tatiana Grishina '#, Tatiana Karonova 2?, Andrej Frolov ¢

! Saint-Petersburg State University, Biological Faculty, Department of Biochemistry, Russian Federation ; ? Federal Almazov
North-West Medical Research Centre, Russian Federation ; > The First Pavlov State Medical University of St. Petersburg, Russian
Federation ; 4 Saint-Petersburg State Pediatric Medical University, Russian Federation ; > Leibniz Institute of Plant Biochemistry,
Proteome Analytics Research Group ; ¢ Leibniz Institute of Plant Biochemistry, Department of Bioorganic Chemistry, Germany

Available Online: 2 October 2017

ABSTRACT

One of the central problems of modern medicine is the development of new approaches for diagnosis, treatment and monitoring
of diabetes mellitus and its complications. Glycation is a post-translational modification formed by interaction of reducing
sugars (e.g. glucose) with protein amino groups, yielding early glycation products (Amadori compounds). The latter undergo
oxidative degradation, accompanied by formation of advanced glycation end products (AGEs). The abundance of glycation
products in human plasma strongly correlates with hyperglycemia, characteristic for type 2 diabetes mellitus (T2DM).
Currently, glycated proteins (hemoglobin and albumin) are routinely employed as clinical T2DM markers. However, these
species show low sensitivity to short-term changes in blood glucose concentration.

In contrast, individual glycation sites in blood plasma proteins with different half-life time might be considered as alternative
T2DM markers [1]. To prove this concept, the patterns of potential biomarkers were compared in cohorts (n = 20) of T2DM
patients (women 45-75 years old with the HbA1C levels of 7.5-10%, not undergoing insulin therapy and not smoking) and age-
matched normoglycemic controls. Individual glycation sites were analyzed by the LC-based bottom-up proteomic approach,
including protein digestion, enrichment of early glycation products by affinity chromatography on boronic acid (BAC) and solid
phase extraction prior to RP-HPLC-QqTOF-MS. Sequence assignment of differentially abundant glycated peptides relied on RP-
HPLC-ESI-LIT-Orbitrap-MS/MS, whereas their biomarker potential was addressed by label-free relative quantification.
Statistical analysis relied on the Mann-Whitney test and linear discriminant analysis (LDA). Totally, 51 differentially glycated
protein lysine residues were identified, among them 42 individual glycation sites worked as biomarkers of type 2 diabetes.
Thereby 32 glycated peptides were characterized as new potential biomarkers of T2DM [1]. The LDA approach showed variable
set containing 12 biomarkers distinguished T2DM patients from the normoglycemic controls that might be useful for diabetes
prediction, early diabetes diagnostic, therapy control, and patient stratification according to the concept of personalized
medicine.
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ABSTRACT

After an Acute Myocardial Infarction (AMI), Ischemia-Reperfusion (I/R) injury is characterized by a substantial decrease in the
number of cardiomyocytes (CMs). Human myocardium harbors a population of endogenous cardiac stem cells (hCSCs) that is
activated upon I/R injury, contributing to myocardial repair through the establishment of an auto/paracrine crosstalk between
hCSCs and CMs in stress.

Cardiomyocytes response to I/R has been extensively studied, while CSC role in myocardial I/R is still lacking characterization.
In this study, we set up an in vitro human cellular model of myocardial I/R injury using donor derived hCSCs and CMs
differentiated from human induced pluripotent stem cells (hiPSC-CMs) to further decipher the action mechanisms of hCSCs
upon injury.

Monocultures and co-cultures of hCSCs and hiPSC-CMs were established. Ischemia was mimicked by culturing the cells at 0%
02 in Ischemia Mimetic Solution. In the reperfusion step, cells were placed back in their physiological conditions of oxygen
(3%) and nutrients. The effect of I/R injury in hCSCs was accessed by total proteome analysis at different time points using
nanoLC-MS (Eksigent LC4500 & TripleTOF 6600) and evaluated by IPA software. Growth factor secretion, cell viability, as well
as hCSC proliferation were also evaluated.

Important features of I/R injury were successfully captured, namely CM viability loss, hCSC proliferation activation upon insult
and the protective role of hCSCs on hiPSC-CMs. The culture readouts obtained together with the proteins identified in the
different time points of the insult, allowed us to propose new possible players on hCSC regeneration response upon injury
including activation of pathways related with cell proliferation, paracrine signaling, stress response and metabolism.

The human cellular model established in this work will allow further profiling and understanding on the molecular landscape of
AMI, namely regarding hCSC regenerative response. This will potentiate the development of novel cell-and/or molecular-based
therapies for myocardium regeneration.
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ABSTRACT

Keratin is a insoluble protein found in feathers, wool, horns and hair. They represent important residues in industry. Keratinases
have been described to be produced by different microorganisms and can have application in food, animal feed, leather,
detergent, pharmaceutical, cosmetic and textile industries.

The Bacillus gender has been used in different biotechnology applications, since most species are considered as GRAS (Generally
recognized as safe), been used as probiotic. Previous study from our group selected bacilli with high keratinolytic activity. One of
these strains, Bacillus subtlis AMR was isolated from agro-industrial waste of poultry industry.

In this work, the strain Bacillus subtilis AMR was mutagenized to improve the keratinolytic activity. The cells were incubated
with ethyl methanosulfonate (EMS) at a final concentration of 1%. Gelatinolytic and keratinolytic mutants were selected on
gelatin and keratin agar and compared with the activity of the wilde type.

The selected mutants were evaluated by zymography. The results showed that the mutants had a higher activity than the wilde
type strain. Detected bands on proteic substrates maintained the same molecular weight only showing variation in the intensity.
However, some differences were observed in some peptidases of these mutants. Peptidase activity was inhibited by PMSF and
EDTA and were considered to belong to serine peptidase group. Analysis of the degradation products by HPLC showed few
differences in the profiles. These mutants and its peptidases can have applications in improving the nutritional value of animal
feed, cosmetics, food, textile and leather industries. As a consequence, the degradation of poultry industries residues can reduce
the environmental impact of those industries, generating a more clean production.
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ABSTRACT

Plant roots harbor many bacterial species that are in constant competition over space and nutrients, and are frequently found to
exist as micro-colonies or biofilms. Both the Gram-positive Bacillus subtilis and Gram-negative competitors can form biofilms on
plant roots, presenting an intriguing model system to explore interspecies interaction between biofilms. During the interaction,
B. subtilis advances towardsits competitors while activating antibiotic synthesis and mining dead cell debris from the
competing colony. Following this engulfment, cell-contact on the solid surface promoted engulfment and killing of the
competitors biofilm. Our overall results indicate a mechanism that allows biofilms of B. subtilis to overcome biofilms formed by
Gram-negative bacteria during colonization of plants. Strikingly, the plant host produces secondary metabolites that influences
the efficiency of the killing by affecting the synthesis of bacterial antibiotics. Using a metabolome screening, we are now
unravelling plant secondary metabolites that specifically activate the synthesis of antibiotics in the rhizosphere community.
These results suggest that the composition of the plant microbiome can be orchestrated by higher-order interactions where the
host directly regulates bacterial antibiotic production.
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ABSTRACT

Saffron (Crocus sativus L.) is a sterile triploid (2n=3x=24), initially assumed to be of autotriploid origin, although a growing
number of evidences support alloploidy as the most probable mechanism to have occurred. The crop vegetatively multiplies year
by year by means of corms. Corm multiplication does not generate genome variations with the exception of some spontaneous
mutations that in a triploid saffron population are not easily detectable. At the present time, the real level of genetic variability
inside saffron is still debated and in literature it is possible to recover contradictory articles providing contrasting results about if
the species is monomorphic or not. In a preliminary characterisation of 50 saffron accessions of the WSCC (World Saffron and
Crocus Collection, located in the Bank of Plant Germplasm of Cuenca), characters related to phenology (date of sprouting and
flowering, duration of flowering), floral morphology (length and width of tepals, and length of stamen filaments and anthers)
and saffron production (percentage of flowering corms, number of flowers per corm, saffron spice weight per flower) were
measured and a big variation detected. This raises the question about the origin of such variability, and, considering that gene
expression can be influenced both by genetic and epigenetic changes, epigenetic variation could be a possible origin of the
alternative phenotypes. In order to have a deeper insight in the epigenetic of saftfron, the present study was devoted to the
analysis of the cytosine methylation among saffron accessions with different geographic origin and cultivated for at least three
consecutive years in the same conditions inside the saffron “CrocusBank” collection. The analysis of the methylation was carried
out by using the High C+G Patch (HCGP) Filtration method coupled with high throughput sequencing. The accessions have
been selected based on geographic origin, different phenotypes, and different agronomic characters and were characterized by
high or low saffron production, early and late flowering time. The presence of high epigenetic variability in DNA regions
associated with gene expression was detected. Finally, in order to gain information on the stability along the years of the
epigenetic in a vegetatively propagated plant, saffron epigenetics of 17 different accessions stored in the “CrocusBank” collection
was analysed in 4 consecutive years from 2013 to 2016. Each accession, despite the cultivation in proximity in the same field and
despite the presence of intra- and inter-accession variability, tended to maintain a proper epigenotype clearly different from the
other accessions.
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ABSTRACT

The KIX domain, important for protein-protein interaction, was first discovered as a part of the large multidomain
transcriptional activator histone acetyltransferase p300/CBP. Later on, this domain was identified in Mediator subunit MED15.
We found that in CBP, disorder region following the KIX domain has evolved from Med15 KIX domain. In both of these
proteins, the KIX domain has been shown to be a target of activation domains of diverse transcription activators and found to be
essential in several specific gene-activation pathways in fungi and metazoans. However, not much is known about KIX domain
proteins in plants. We made an attempt to characterize all the KIX domain proteins coded by Arabidopsis and rice genomes.
Interestingly, KIX domain was found not only in p300/CBP- and MED15-like plant proteins as known earlier, but also in F-box
containing proteins in rice and DNA helicase in Arabidopsis. These findings suggest new roles of KIX domain in ubiquitin
mediated proteasomal degradation of protein and genome stability. In Arabidopsis, we have found more than twenty proteins
interacting with the KIX domain of MEDI15. In rice, expression analysis revealed overlapping expression of OsKIX_3, OsKIX_5
and OsKIX_7 in seeds of different stages of development, suggesting their individual or combined role during rice seed
development. Moreover, the association analysis using the genotyping data of 136 in silico mined SNP loci in 23 contrasting rice
genotypes and their grain length-specific phenotypic information identified three non-synonymous SNP loci in these three rice
genes showing strong association with long- and short-grain differentiation. Interestingly, these SNPs are located within KIX
domain encoding genomic regions. It, thus, indicates the additional importance of novel SNP loci/alleles identified in KIX
domain containing genes for determining seed size in rice.
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ABSTRACT

The Estrogen Receptor beta (ERB) is a member of the nuclear receptor superfamily of transcriptional regulators endowed with
oncosuppressive activities, antagonizing estrogen-induced carcinogenesis and inhibiting growth and oncogenic functions in
luminal-like breast cancers (BCs), where its expression correlates with a better prognosis of the disease. By systematically
applying interaction proteomics coupled to mass spectrometry (MS) to characterize factors acting in concert with ERp for
regulation of BC cell activity [1], among >300 interacting proteins we identified Argonaute 2 (AGO?2) as a novel partner of this
receptor in human BC cells. ERB-AGO?2 association was confirmed ‘in vitro’ and ‘in vivo’ both in the nucleus and cytoplasm,
and was found to be RNA-mediated. AGO2 is an RNA-binding protein acting as a key effector of RNA-silencing pathways, due
to its direct involvement in microRNA maturation and activity, that are both controlled also by ERp [2], able to modulate
chromatin remodeling, gene transcription and RNA splicing. Functional genomics was applied to investigate the biological roles
of the ERB-AGO2 complex in luminal-like BC cells expressing human ERP. ChIP-Seq analyses demonstrated co-association of
AGO2 with ERp in a large number of chromatin binding sites of the receptor, and total and nascent RNA-Seq in ERB+ vs ERB-
cells, and before and after AGO2 knock-down in ERP+ cells, revealed a widespread involvement of this factor in the well known
effects of ERP on gene transcription rate and RNA splicing [3]. Many genes directly targeted by the ERB-AGO2 complex are
involved, among others, in growth-inhibitory and oncosuppressive pathways, indicating that AGO2 plays an active part in the
antioncogenic activity of ERP. Moreover, RIP-Seq demonstrated involvement of the receptor in RISC loading via interaction
with AGO2. These results demonstrate that AGO?2 is a pleiotropic functional partner of ERP in BC cells, indicating that both
factors are endowed with multiple roles for control of BC cell functions.
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