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Alzheimer’s disease (AD) is a progressive, chronic and neurodegenerative disease, and the most 

common form of dementia worldwide [1]. Because the mechanisms underlying the disease are not well 

known, it would be of interest the study of proteins involved in its pathogenesis to get further insights 

into the disease and to identify new markers for the early diagnosis or as therapeutic targets of AD [2]. 

Here, we aimed to analyze protein dysregulation in brain tissue samples of AD patients by quantitative 

proteomics to identify proteins that might be key proteins in AD [3,4]. 

10-Plex TMT (Tandem Mass Tags)-based quantitative proteomics experiments were performed using 

frozen tissue samples from the left prefrontal cortex of AD patients at Braak IV to VI, and healthy 

individuals and patients with other dementias as controls. LC-MS/MS analyses were performed using a 

Q-Exactive, and proteins were identified and quantified with MaxQuant. Next, statistical analysis for 

the identification of proteins differentially expressed in AD patients in comparison to controls was 

performed with Perseus.  

In total, 3281 proteins were identified and quantified. Of them, 36 and 235 proteins were statistically 

upregulated and downregulated, respectively, in AD patients, with a fold change higher than 1.5. 

Bioinformatics analysis of the 281 proteins statistically dysregulated at different Braak stages of AD 

was performed, and then 10 proteins dysregulated in AD were selected for validation by means of 

orthogonal techniques (qPCR, WB, IHC and ELISA), using either tissue or serum samples of AD 

patients and healthy individuals. Dysregulation at mRNA and protein level was confirmed for 5 of these 

candidate proteins. In addition, some of these proteins were found altered in the sera of AD patients in 

comparison with controls. 

TMT-based quantitative proteomic experiments allowed us the identification of proteins altered in AD 

previously and non-previously related to the disease. Selected proteins were further validated as altered 

at mRNA and protein level in AD patients brain tissues and blood, highlighting a major role of these 

proteins in the development of the disease and as biomarkers or/and therapeutic targets of intervention. 

However, further in vitro and in vivo functional assays will be performed to determine whether these 

proteins could play a major role in the disease or become therapeutic targets of intervention. 
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Alzheimer’s disease (AD) is a progressive and chronic neurodegenerative disorder, and the 
most common cause of dementia worldwide [1,2]. Since the definitive diagnosis of AD 
requires post-mortem verification, new approaches are necessary to identify new diagnostic 
biomarkers and therapeutic targets of AD [3]. 

Here, we aimed to identify AD-specific autoantibodies and autoantigens as blood-based 
biomarkers of the disease [4] using microarrays and mass spectrometry-based methods for 
their identification. ELISA, Luminescence assays, WB and/or Immunohistochemistry were 
used for validation.  

High-density (42,100) and low-density (384) protein-epitope signature tag (PrEST) planar 
arrays together with an immunoprecipitation protocol coupled to mass spectrometry (LC-
MS/MS) analysis using either frozen brain tissue or serum samples from AD patients and 
healthy individuals were utilized for serum AD-related autoantibody and autoantigen 
identification.  

A candidate PrEST was found with a statistically significant higher seroreactivity in AD 
patients than in controls. Besides, two out of the identified autoantigens by 
immunoprecipitation and the candidate PrEST were validated as full-length recombinant 
proteins. The three targets of autoantibodies showed significant higher seroreactivity and 
altered protein levels in AD patients than controls. 

Our results suggest that the combination of microarrays and mass spectrometry-based 
methods is useful for the identification of potential biomarkers related to AD. 
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Abstract: The most common form of mixed dementia (MixD) is constituted by abnormal protein 

deposits associated with Alzheimer´s disease (AD) that coexist with vascular disease. Although 

olfactory dysfunction is considered a clinical sign of AD-related dementias, little is known about 

the impact of this sensorial impairment in MixD at molecular level. To address this gap in 

knowledge, we have assessed olfactory bulb (OB) proteome-wide expression in MixD subjects 

(n=6) respect to neurologically intact controls (n=7). Around 9% of the quantified proteins were 

differentially expressed, pinpointing aberrant proteostasis involved in synaptic transmission, 

nucleoside monophosphate and carbohydrate metabolisms and neuron projection 

regeneration. In addition, net-work-driven proteomics revealed a modulation in cell-survival 

related pathways such as ERK, AKT and PDK1-PKC axis. Part of the differential OB protein set was 

not specific of MixD, being also deregulated across different tauopathies, synucleinopathies and 

tardopathies. However, the comparative functional analysis of OB proteome data between MixD 

and pure AD pathologies deciphered commonalities and differences between both related 

phenotypes. Finally, olfactory proteomics allowed to propose serum Prolow-density lipoprotein 

receptor-related protein 1 (LRP1) as a candidate marker to differentiate AD from MixD phe-

notypes. 
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Plants have evolved sophisticated adaptive mechanisms to withstand environmental stresses and 

chloroplast signaling has been revealed as crucial element to stress response and memory (1, 2). Pine 

response to several stresses has been well characterized at physiological (3), nuclear proteomic (4, 5), and 

metabolomic levels (3, 6) in the last years, but the dynamics of chloroplast proteome triggered by stressful 

situations, as well as its role mediating stress response modulation and memory effects, remain unknown. 

Are there chloroplast proteins or pathways which act as key elements in both stress response and 

transgenerational memory?  

In this context, we have carried out a transgenerational cross-stress memory study using two different 

provenances of Pinus radiata seedlings exposed to UV-B radiation: seeds whose parents were grown in 

field under controlled conditions (Provenance E) or under natural environmental conditions (“mild stress” 

events) (Provenance T). Photosynthetic activity was measured using a pulse-amplitude modulation 

fluorimeter and metabolism biomarkers were analyzed according to López-Hidalgo et al (2021) (7). 

Chloroplast proteome fraction was isolated and purified following the protocol described by Lamelas et al 

(2020) (8) and proteins were analyzed by nUPLC-Orbitrap/MS (Orbitrap fusion). Proteome Discoverer 

software, six independent plant-specific subcellular location tools, pRocessomics and agricolae packages 

(RStudio) were employed to analyze data.  

Results showed clear differences between provenances at both physiological and proteomic levels along 

stress. Physiological measurements and heatmap clustering analysis according to Mapman functional 

classification showed that redox homeostasis was one of the main differential pathways: provenance E 

showed enhanced malondialdehyde levels at short-term, as well as a reduction of its protein abundance, 

while provenance T “a priori” exhibited less cellular damage and a progressive increase in proteins linked 

to this category. Furthermore, secondary metabolism was also an important pathway, highlighting its 

protective role in provenance T response. PCA analysis did not supposed a clear separation among 

treatments in provenance E since the beginning of the stress, showing lots of biological variability among 

samples, whereas different treatments of provenance T were clearly separated once stress began, 

including proteins related to photosynthetic pigments, redox state of cells, proteome remodeling, and 

secondary metabolism as relevant loadings. Biological differences among samples were reduced in this 

provenance, which hinted at a more uniform response. In addition, k-means analysis showed interesting 

clusters that suggested a better response in provenance T than E related to earlier or stronger changes 

under UV-B stress in this provenance. Finally, sPLS-based multivariate analysis considering proteomics 

as predictor matrix for physiology allowed to pinpoint a more specialized response to the stress in 

provenance T than E, displaying redox and secondary metabolism as main nodes.  

With hindsight, this study sheds light on the dynamics of chloroplast proteome under UV-B stress and 

results support transgenerational cross-stress memory hypothesis, where cellular homeostasis, protein 

remodeling, and secondary metabolism seem to be essential to notice and face a new stress event.  
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Microplastic pollution of aquatic environments has been a growing concern in the last years. 
Bisphenol A (BPA, 2,2-bis(4-hydroxydiphenyl) propane), is one of the most commonly 
worldwide produced plastic components, as it is present in epoxy and phenolic resins, 
polycarbonate plastics, and food lacquer coatings (Naveira et al., 2021). This compound is 
gaining attention for its toxicity as endocrine disruptor, representing a risk for the environment 
and human health (Hu et al., 2019). Thus, understanding how BPA affects to biologic systems 
and how to remove this compound from the nature is a must. One of the most promising 
strategies to carry out the last is phytoremediation, as plants can also produce high value 
biomolecules since conversing pollutants in non-toxic products. In this line, the potential of 
microalgae to produce biomolecules of interest and bioremediation at the same time make 
them the target organisms to work with. 

In order to understand microalgae response to BPA stress and its potential for the dual role of 
bioremediation and biomolecules of interest accumulation, we have described the proteomic 
response of Chlamydomonas reinhardtii (CC1690) against 40 mg/L BPA during a time course 
of 72 h. Chlamydomonas cells were sampled in both control and BPA treated cultures a 0, 24 
and 72 h. Proteins were extracted following Valledor et al. (2014), digested in solution with 
trypsin, and analyzed in a LC-Orbitrap/MS instrument (Thermo Q-Exactive HF). Six replicates 
of each treatment and condition were analyzed. 

The addition of BPA decreased the microalgae growth rate and photosynthesis after 24 h, 
although both processes recovered after 72 h showing that either the cultures degraded the 
BPA or adapted to the xenobiotic. Proteomic characterization also reflected physiological 
results, as PCA analysis of the samples demonstrated the effect of BPA after 24 h. 
Furthermore a functional enrichment following MapMan classification demonstrated the 
enrichment of protein biosynthesis and photosynthesis related categories in this samples. This 
analysis also showed an early accumulation of proteins related to stress response, repair and 
transport as well as the microalgae fast recovery to a control-like status 72 h after BPA 
addition. Interestingly iron acquisition and metabolism related proteins are accumulated under 
stress the first 24 h and recuperates control levels at 72 h. 

Overall we conclude that performed proteomics and physiological analysis allow to describe 
several fast changes in cell metabolism as a response of BPA stress and to propose a 
tolerance mechanism not exhibited by other microorganisms that can be directly employed in 
phytoremediation strategies. Furthermore, the definition of the key players in BPA tolerance 
and metabolism provide a set of candidates for bioengineering. 
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Abstract: 

Tannins constitute a large family of polyphenols and are associated to astringency  
(Mateus, Pinto, Rua, & Freitas, 2004). This organoleptic sensation is accompanied by a 

shrinking or drawing feeling in the mouth, is characteristic of some products, such as red 

wine.(Rinaldi & Moio, 2020) (ISO 5492:2008). 

Astringency can lead to rejection of the wine, being economically important, but not fully 

understood. It is usually accessed through taste panels, which involves subjectivity, 

representing a great analytical challenge in wine industry (Rinaldi & Moio, 2020). To 

give answers to these aspects and create value for the business market, we are developing 

an entrepreneurship project that aims to develop a test to quantify the astringency of 

wines, in vitro, “outside the mouth”. Wines have levels of tannins that can lead to different 

perceptions of astringency by different consumers. This is particularly due to the 

differences in salivary proteome, among individuals. Based on this knowledge, we are 

developing a test, which is based on the salivary proteins*wine interactions. This 

technology will provide a quantifiable result of the perceived intensity of astringency, 

more precise than the solutions currently available. By knowing the salivary proteins 

mostly involved in the astringency process, an artificial saliva is being developed. The 

interaction between the proteins present in this artificial saliva with wine will mimic in 

vitro what happens in the mouth and can be monitored through in-gel proteomics-based 

approaches. We will present our preliminary results, showing that this test can be a very 

useful tool to evaluate wine astringency, complementing sensory evaluation and/or wine 

chemistry analysis. Moreover, this test can be done with individual saliva and wine, 

allowing to predict the level of astringency perception by individual consumers, helping 

in tailored wine choices. 
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Coronavirus disease 2019 (COVID-19) is a disease caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), whose outbreak in 2019 led to an ongoing pandemic with 

devastating consequences for the global economy and human health1. According to World 

Health Organization, COVID-19 has affected more than 162 million people worldwide, with 3,37 

million confirmed deaths2. The joint efforts of the scientific community have undoubtedly 

increased the pace of production of COVID-19 vaccines3, but there is so much uncharted ground 

still to cover regarding the mechanisms of SARS-CoV-2 infection and replication. In this 

perspective, proteomics could help to study these mechanisms1,4. In this preliminary study, 

changes in proteome and phosphoproteome of A549 pulmonary epithelial cells transfected with 

the ACE2 (A549-ACE2) were analyzed 24h after the infection with SARS-CoV-2. Using a TMT-

based proteomics quantitative approach, a total of 4304 protein groups were identified 

(FDR<1%), of which 121 (70 up- and 51 down-, q-value<0.05) were found differentially regulated 

in the SARS-CoV2 compared to MOCK-infected cells. Label-free quantitative analysis after TiO2 

enrichment allowed the identification of 2458 protein groups (more than 5000 phosphorylation 

sites), of which 309 (250 up- and 51 down-, q-value <0.05) were found differentially regulated, 

including SARS-CoV-2 proteins. In addition to the coronavirus-related pathways, cellular 

processes such as phagosome maturation, glucocorticoid receptor signaling, inflammation 

signaling, and innate immunity were found altered according to IPA analysis. Some of them 

were found related to upstream regulators such as transcriptional factors (PPARA), 

inflammatory regulators (TNF, IFNG, CSF1), proliferation factors (MAPK), and cholesterol 

biosynthesis regulators (INSIG1, SCAP, SREBF2). On other hand, phosphorylated proteins were 

found mainly associated with mRNA translation and splicing, cell proliferation and apoptosis 

(HIPPO Signaling), cell cycle regulation, protein ubiquitination, among others. Estrogen 

receptor, heat shock factors (HSF1), transcriptional factors (E2F4, YAP1, CEBPB), and tumor 

suppressor gene (MLH1) were found as potential upstream regulators. Although these data are 

preliminary, these results clearly explain some of the mechanisms associated with infection of 

human cells by SARS-COV2. 
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With a growing prevalence in an increasingly elder population, the aortic stenosis (AS) imposes a great burden to 

healthcare. Aortic valve replacement (AVR) remains the only effective therapeutic option for AS patients, which aims 

at instantly relieving the pressure afterload caused by the aortic valve’s limited opening capacity1. AVR is expected to 

trigger myocardial reverse remodeling (RR), i.e., the regression of hypertrophy, the normalization of chamber 

dimensions and of diastolic function, addressing the pernicious consequences of AS2. However, not all patients show 

a complete RR, being at higher risk for adverse outcomes, such as heart failure and death3. The current 

comprehension of the biological mechanisms underlying an incomplete RR is far from complete. Furthermore, 

definitive prognostic tools and ancillary therapies to improve the outcome of the patients undergoing AVR are 

missing. To help bridging these gaps, we aimed at characterizing the myocardial proteome and phosphoproteome of 

AS patients, taking advantage of human biopsies collected during surgery, to uncover molecular pathways associated 

with an incomplete RR, as well as potential biomarkers and therapeutic targets. 

AS patients were classified into two groups according to the left ventricle mass (LVM) regression, a direct measure of 

hypertrophy. Patients showing a regression ≥ 15% were labeled as complete RR (n = 4), whilst those with a regression 

≤ 5% were labeled as incomplete RR (n = 4). Myocardial biopsies were homogenized with zirconium oxide beads in 

the presence of a lysis buffer (7.1M urea, 45 mM HEPES pH 8.0), supplemented with protease and phosphatase 

inhibitors. 500 µg of protein was digested and the phosphopeptides enriched with TiO2 columns. 

Peptides/phosphopeptides were analyzed using an Orbitrap Fusion Lumos in DDA mode. Identification and 

quantification of peptides was performed with MaxQuant. A 1% FDR was set and only proteins identified with ≥2 

peptides were considered. Bioinformatics analysis included gene ontology enrichment analysis (GOEA) for 

identification of pathways associated with incomplete RR, partial least square discriminant analysis (PLS-DA) for 

detection of the most important proteins explaining phenotypical divergence and kinase prediction with Group-based 

Prediction System (GPS). Validation of proteins was performed with western blot (WB, n = 14). To evaluate the 

functional role of the dual-specificity Tyr-phosphorylation regulated kinase 1A (DYRK1A), one of the kinases found 

associated with RR, the passive tension-sarcomere length relationship and myofilamentary Ca2+ sensitivity were 

studied in permeabilized cardiomyocytes isolated from a DYRK1A+/- murine model.  

From >1800 identified in the myocardium of AS patients, a total of 90 dysregulated proteins were detected. GOEA, 

together with PLS-DA, are compatible with a scenario of increased pro-hypertrophic gene expression and protein 

synthesis, defective ubiquitin-proteasome system activity, proclivity to cell death (potentially fed by complement 

activity), acute-phase response, immune system activation and fibrosis. Specific validation of some targets through 

WB and correlation with clinical data pointed to complement C3 β chain and DYRK1A as potential markers of an 

incomplete response. In addition, kinase prediction from phosphoproteome data suggests that the modulation of 

casein kinase 2, the family of IκB kinases, glycogen synthase kinase 3 and DYRK1A may help improve the outcome of 

patients undergoing AVR. Particularly, functional studies with DYRK1A+/- cardiomyocytes show that this kinase may 

be an important target to treat cardiac dysfunction, provided the differences in response to stretch of mutant cells 

(higher passive tension at higher sarcomere lengths) and their reduced ability to develop force (17.1±10.4 kN.m-2 as 

opposed to 23.0±11.8 kN.m-2 in wild-type littermates). 

This study opens many avenues in post-AVR RR research. In the future, gain-of-function and/or loss-of-function 

studies with isolated cardiomyocytes or with animal models of aortic banding-debanding will help disclose the efficacy 

of targeting the surrogate therapeutic targets. Besides, clinical studies in larger cohorts will bring definitive proof of 

complement C3 and DYRK1A prognostic value. 
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Pancreatic ductal adenocarcinoma (PDAC) late diagnosis is primarily attributed to its asymptomatic 

progression combined with absence of any reliable screening markers. This leads to one of the deadliest 

cancer with a 5-years survival rate less than 10%1. Diagnosis is provided by endoscopy-guided fine-

needle biopsy (EGFNB) only, which is invasive, risky and with a poor level of negative predictive value 

(NPV). Nevertheless, EGFNB remains the gold standard for diagnosing PDAC and enabling the right 

treatment for the patients. 

In this proof-of-concept study we developed a novel proteomic approach which recovers the soluble 

proteins in the EGFNB that remains a rich source of potential biomarkers 2. Proteomic analysis of the 

soluble proteins led to over 2500 identifications, which were subjected to subsequent statistical 

analysis. To build the subsequent protein signature score (PSS), we used several resampling methods 3–

6 at different steps of the analysis and an algorithm derived from microarray analysis techniques7,8. 

We followed 58 patients that underwent pancreatic EGFNB, of which 43 were diagnosed as PDAC while 

15 had non-cancerous lesions. The PSS achieved 0.917 and 0.853 of sensitivity and specificity rates 

respectively. We then linked the PSS with clinical data to provide a decision algorithm achieving 100% 

of positive predictive value and 92.3% of NPV. 

Due to their soluble nature, the newly discovered protein biomarkers bare the potential to be detected 

in the patient serum. This will enable the development of non-invasive blood-sample based assays to a 

larger patient cohort, leading to the hope of promoting a population-based screening test, allowing for 

quicker management at an earlier stage. 

Key words: Pancreatic cancer; biomarkers; Statistical learning 

1. Neoptolemos, J. P. et al. Therapeutic developments in pancreatic cancer: current and future perspectives. Nature Reviews 
Gastroenterology & Hepatology 15, 333–348 (2018). 

2. Gromov, P. et al. Tumor interstitial fluid - a treasure trove of cancer biomarkers. Biochim Biophys Acta 1834, 2259–2270 
(2013). 

3. Antal, E. & Tillé, Y. A new resampling method for sampling designs without replacement: the doubled half bootstrap. 
Comput Stat 29, 1345–1363 (2014). 

4. Bin, R. D., Janitza, S., Sauerbrei, W. & Boulesteix, A.-L. Subsampling versus bootstrapping in resampling-based model 
selection for multivariable regression. Biometrics 72, 272–280 (2016). 

5. Bischl, B., Mersmann, O., Trautmann, H. & Weihs, C. Resampling Methods for Meta-Model Validation with 
Recommendations for Evolutionary Computation. Evolutionary Computation 20, 249–275 (2012). 

6. Efron, B., Tibshirani, R., Storey, J. D. & Tusher, V. Empirical Bayes Analysis of a Microarray Experiment. Journal of the 
American Statistical Association 96, 1151–1160 (2001). 

7. Pavelka, N. et al. Statistical Similarities between Transcriptomics and Quantitative Shotgun Proteomics Data. Molecular & 
Cellular Proteomics 7, 631–644 (2008). 

8. Tusher, V. G., Tibshirani, R. & Chu, G. Significance analysis of microarrays applied to the ionizing radiation response. 
Proceedings of the National Academy of Sciences 98, 5116–5121 (2001). 

 



Development of a standardized MRM targeted proteomics method for monitoring 

One-carbon metabolism enzymes in hepatocellular carcinoma and cirrhosis 

Laura Guerrero, Alberto Paradela, Fernando J. Corrales 

Centro Nacional de Biotecnología –CSIC. C/Darwin 3, 20849, Madrid, Spain 

Liver cancer has an increasing incidence over the last few decades. It represents one of the most frequent 

causes of death by cancer worldwide, being the sixth most prevalent and the fourth with a highest 

lethality: it entails 8.2% of all deaths by cancer (1). Hepatocellular carcinoma (HCC) is the predominant 

type of liver cancer and risk factors for HCC include, among others, viral infections (HVB, HVC), 

genetic determinants, DNA damage induced by toxins (e.g. Aflatoxin), steatosis caused by obesity, or 

diabetes, and steatosis, fibrosis and cirrhosis associated to chronic alcohol consumption (2). The elevated 

mortality of HCC is partially due to late diagnosis and 5-years survival can exceed 70% with an early 

diagnosis (3). Therefore, there is a need of biomarkers for the early diagnosis of HCC, especially in 

patients with cirrhosis, who are at higher risk of developing HCC.  

Here, we have developed a targeted proteomics MRM (multiple reaction monitoring) method for robust 

detection and quantification in human liver tissue samples of 13 enzymes involved in one-carbon 

metabolism (1CM) pathway: GNMT, AHCY, CGL, CBS, DHFR, MAT1A, MAT2A, MAT2B, MTAP, 

BHMT, SHMT1, SHMT2, METH. It has been previously described that the expression levels of these 

enzymes change in mouse HCC showing different profiles associated to different aetiologies (4). 

The MRM method to monitor 1CM enzymes in humans has been standardized according to CPTAC 

criteria (5). Proteotypic peptides selected to monitor each protein show a signal intensity in a QTRAP 

5500 (Sciex) that is concentration-dependant (linear) and stable over time. Standardization process was 

developed using both light and heavy synthetic peptides quantified by amino acid analysis and spiked in a 

tryptic digest of Huh7 HCC cell line proteome as background proteome. Heavy peptides included N-term 

K+8 Da or R+10 Da.  

The performance of the method was tested in 63 human liver samples classified in 3 clinical groups 

(cirrhosis, HCC and control). Proteins obtained after mechanical disruption of liver samples were 

precipitated and digested with trypsin. Heavy synthetic peptides were spiked into the samples in a fixed 

and known quantity to assist in the correct chromatographic peak selection in Skyline (6) as well as to 

improve peptide quantification. Statistical analysis was performed considering the light/heavy peptide 

ratio and revealed significant differences in expression levels of GNMT, AHCY, CBS, MAT1A, 

MAT2A, BHMT, SHMT1 and SHMT2 between groups. Machine learning analysis revealed that the 

systematic quantification of 1CM enzymes allowed stratification of liver disease patients with more than 

80% accuracy. 

 

In conclusion, the targeted proteomics (MRM) based method described here allow the robust and 

systematic quantification of 13 enzymes related to the functional pathway one-carbon metabolism and its 

clinical application could be useful for a better stratification of cirrhosis and HCC patients.  

(1) Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal, A. (2018). Global cancer statistics 2018: 

GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA: a cancer journal for 

clinicians, 68(6), 394-424.  
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In eukaryotes, mature mRNA has for long been considered monocistronic, meaning that a mRNA molecule 
only contains a single open reading frame (ORF) leading to the translation of a single, unique reference protein 
(RefProt). This ORF is known as the reference ORF (RefORF) and is defined as the longest sequence framed on 
each side by a start and a stop codon. Mass spectrometry (MS)-based large-scale proteomic analyses rely on 
the interrogation of these databases for protein identification. In shotgun proteomics, it is frequently observed 
that a non-neglectable fraction (10%) of good quality MS/MS spectra does not match in the databases. These 
can be attributed to proteoforms or post-translational modifications though many of them cannot be 
attributed to natural variants. This challenges the assumption of monocistronic mRNA. Using ribosome 
profiling studies, the potential of encoding a ghost proteome was displayed1.  OpenProt2, a new human protein 
database, predict proteins translated from alternative ORFs (AltORFs). These include long non-coding RNA 
(lncRNA) and AltORFs from different start codons within mRNA molecules i.e. translation in the 5'-UTR, 3'-UTR, 
or in frameshift (+2, +3), all named Alternative Proteins (AltProts)3. As there is no extensive knowledge on 
AltProt, crosslinking-MS (XL-MS) is an interesting technique to identify, in a large-scale approach, the protein-
protein interactions (PPI) of the AltProts and infer their activity. For this, a bi or tri functional crosslinker 
allowing the binding of two proteins close in space (few Angstrom) is used, the crosslinked peptides are then 
analyzed by nLC-MS/MS making it possible to identify the two partners of the inetarction. Finally, the 
interactions identified between AltProt and RefProt in cells make it possible to propose an involvement in a 
signaling pathway by analysis of the onthology gene of RefProt. This approach, although if it suffers of several 
limitations is the only large-scale technique which allows global annotation of signaling pathways for AltProt. 
My work is to characterize the AltProt in ovarian cancer, by a shotgun approach making it possible to highlight 
the proteome (AltProt and RefProt) specific to different tumor types. Likewise, the quantitative variation of 
proteins common to different cell types describes the variations in pathology-specific signaling pathways. In 
addition, the use of the XL-MS approach allows me to monitor the AltProt identify interacting in the proteomic 
landscape of the cells and propose functions and involvement in the development of the pathology. 
A total of 7512 RefProt and 539 AltProt are identified combining two extraction methods (RIPA & SDS 1%). For 
RIPA extraction the ratio of AltProt for RefProt is 8.9% while in SDS 1% is lower (5.9%) but containing AltProt 
not identified in the RIPA extraction. For PEO-4 (89), SKOV-3 (104), and healthy cells (128) AltProts were 
identified using RIPA extraction. Additionally, for SDS 1% 98, 83, and 109 AltProts were determined, 
respectively. With these data, we conclude that both extraction methods are complementary. Using principal 
component analysis (PCA) AltProts show a clear separation between healthy and ovarian cancer cells as well 
as between the two kind of cancer, these results are consistent with those obtained with the RefProt. 
Moreover, the heatmaps show a significant variation of AltProt and RefProt expression on cancer and healthy 
cells. To identify PPI a methodology using CID cleavable crosslinkers is performed using two crosslinkers: DSSO 
a bifunctional crosslinker targeting the lysine of the protein and CBDPS a trifunctional that allow an enrichment 
thank’s to the integrated biotin. Also to increase the crosslink peptide identification nucleus and organelles 
are separating from the cytoplasm.  
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Breast cancer (BC) is a heterogeneous disease that presents a wide 
variety of molecular and clinical characteristics, as well as variability in clinical 
progression [1]. BC is a molecularly heterogeneous disease that encompasses 
five major molecular subtypes (luminal A (LA), luminal B HER2 negative (LB-), 
luminal B HER2 positive (LB+), HER2 positive (HER2+), the triple negative breast 
cancer (TNBC)). BC treatment mainly depends on the identification of the specific 
subtype. Classification of BC might be markedly improved if new biomarkers 
identified with the use of high-throughput “omics” approaches could support 
diagnosis based on histopathological patterns [2].  

Nanomaterials have been introduced into the field of proteomics to 
establish a new and rapidly evolving research area termed nanoproteomics [3]. 
Despite the correct identification, therapies could fail in some patients. Thus, 
further insights into the genetic and molecular status of the different BC subtypes 
could be especially useful to improve the response of BC patients to the range of 
available therapies.  

In the present work, gold nanoparticles (AuNPs) were used as an 
scavenging tool in combination with mass spectrometry to qualitative and 
quantitative analyse the serum proteome alterations in the different breast cancer 
intrinsic subtypes. The differentially regulated proteins specific of each subtype 
were further analysed with the bioinformatic tools STRING and PANTHER to 
identify the major molecular function, biological processes, cellular origin, protein 
class and biological pathways altered due to the heterogeneity in proteome of the 
different BC subtypes.  
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Context 
Glycation corresponds to the non-enzymatic covalent bonding between reducing sugars and amino 
groups, leading to the formation of Amadori compounds and Advanced Glycation End-Products 
(AGEs)1. Abnormal glycation levels, e.g. when glycaemia is high, promotes various disorders, and 
ultimately ageing. Birds generally exhibit slow ageing rates and they are often presented as the animals 
with the highest blood glucose levels among vertebrates. To better understand this bird paradox, our 
ultimate goal is to determine whether they are protected against the adverse effects of glycation 
through particular mechanisms. Using LC-MS analysis, we determine here the relative abundance of 
the glycated forms of the major proteins in zebra finch plasma and red blood cells. 
 
Experiment 
Human and bird plasma samples and red blood cells (RBC) were diluted in acidified water and injected 
on an Agilent 1200 Series Gradient HPLC system equipped with a C8 column (vydac, GE Healthcare), 
and  coupled to a Maxis II Q-TOF (Bruker). Data were treated using Data Analysis (v4.3). Glycation rates 
for bird plasma albumin, carbonic anhydrase, and serotransferrin and for bird and human haemoglobin 
in RBC were evaluated from the extracted ion chromatograms of the 10 most intense ions of the intact, 
both native and glycated, forms. Glycation rates of intact bird and human haemoglobin was also 
assessed from RBC incubated in vitro for 3 days in a 30mM glucose solution.  
 
Results 
In birds, several forms of the three plasma proteins we followed were detected, from non-glycated to 
triply glycated forms. Glycation rates ranged from 11% to 50%. In human RBC, haemoglobin glycation 
rate ranged from 5% to 12%. Conversely, no glycated form of bird haemoglobin was detected (Fig 1).  

 
Fig 1: Deconvoluted spectra of the haemoglobin β-chain in humans and zebra finches 

 
After incubation of RBC under forced glycation conditions, we could see that haemoglobin glycation 
rates quickly and gradually increased for human samples, whereas glycation of the bird protein was 
delayed and less pronounced. 
 
Discussion 
Our method has successfully allowed the glycation rates of different plasma proteins to be estimated. 

To obtain information about glycation sites, further analyses are needed to localise them on multiple 

proteins, and to quantify the relative levels of peptides bearing glucose molecules.  

The absence of any glycated form for bird haemoglobin in vivo may reflect protection mechanisms 

specific to nucleated bird RBC. Delayed glycation and the low glycation rates of bird compared to 

human haemoglobin in vitro may reflect peculiar structural features of the bird protein that would be 

worth to analyse in the future studies. 

1. Soboleva, A., et al., Maillard Proteomics: Opening New Pages. International Journal of 

Molecular Sciences, 2017. 18(12): p. 2677. 



Salivary proteome of patients with dry mouth syndrome- a pilot study evaluating 
the effect of pilocarpine  

Carreira, L1, 4, Zamora, J2, Nunes, J2,Coromina, J2 , Cordeiro, C3 Lamy, E4 

1 Biochemistry PhD student, Chemistry department, University of Évora, 7002-554 Portugal, 2 Dry mouth 
institute, Teknon Hospital, 08022 Spain; 3 FT-IRC and Structural Mass Spectrometry Laboratory, Faculty of 
Science, University of Lisbon, Campo Grande 1749-016, Lisbon, Portugal  4 MED- Mediterranean Institute 

for Agriculture, Environment and Development; University of Évora, 7002-554 Portugal 

Email address: lrec@uevora.pt 

 

Saliva is a biological fluid composed of water, electrolytes and organic compounds (e.g. 
proteins), which constitution will vary depending on factors as age, sex, the use of drugs, eating 
habits, pathologies, among others. It has important roles in health and systemic maintenance, 
contributing also to oral digestion and oral food perception. Changes in the proteome of this 
fluid can affect these functions.  

Dry mouth syndrome can have variable origins, being the most common autoimmune 

diseases (e.g. Sjogrens’ syndrome), poly-medication, radiotherapy in the head and neck area 

or can be even idiopathic. This syndrome causes oral discomfort, burning sensation, loss of 
taste, difficulties in chewing, among others. One of the most common treatments for dry mouth 
syndrome is pilocarpine, which induces increased flow of water and electrolytes to saliva. 
However, and although dry mouth feeling can be associated with a real reduction in saliva 
production (xerostomia), the existence of changes in saliva protein composition cannot be 
excluded. 

Our objective is to assess how saliva protein profile relates with dry mouth syndrome and 
at which level treatment with pilocarpine affects the salivary proteome of these patients.  

To achieve this objective, a gel-based proteomics approach was used, where 
electrophoretic separation by SDS-PAGE in 14% polyacrylamide mini-gels was used. Saliva 
samples were collected to patients with dry mouth syndrome attending the speciality 
consultation (N=11). Collections were made in two different days: 1) control situation, before 
treatment, when attending the clinic for the first time; 2) after a minimum of two months with 
pilocarpine treatment, through the administration of Salagen 5mg, three to five times a day, 
according to the severity of each patient symptoms. In all cases, saliva was collected by the 
passive droll method, to a tube maintained on ice and immediately frozen after collection, until 
laboratory analysis. 

The first results of this study will be presented and discussed and suggest that, in opposition 

to some thoughts about pilocarpine as a drug inducing only changes in flow rate, this treatment 
can also change the protein composition of this fluid. This potential association, between the 
pathology and the salivary proteome, reinforces the relevance of continuing to explore saliva 
composition for a better understanding and treatment of dry mouth syndrome. 
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Mass spectrometry-based proteomics is becoming the mainstream technique for the 
identification of proteins in cultural heritage samples. In archaeology, human habits and 
commercial exchanges from the past are revealed; information on extinct species and 
evolutionary links are drawn; and ancient pathologies and pathogens are studied [1]. 
Considering ancient bones, collagens are the main target proteins, and proteomics studies 
are broadly covering protein sequence variations. Despite collagen’s major role in the 
extracellular matrix structure, only a few structural analyses of collagen and its crosslinking 
based on mass spectrometry are available. One reason is that covalent intermolecular cross-
linking is challenging to study due to the many variations of the cross-link structures [2], and 
thereby the complexity of the associated data processing.  

This work focuses on the structural analysis of collagen crosslinking both in fresh and ancient 
bones using an optimized proteomics workflow. In the case of forensic samples, we are 
studying how cross-links (and other associated modifications) can be related to the post-
mortem interval. The analysis of cross-linking in archaeological bones targets a more 
comprehensive identification of proteinaceous compounds, by identifying peptides that are 
undetected with a classical bottom-up approach due structural modifications. New 
information considering conservation states of the studied samples are also linked to this 
information. 

Among the challenges of this study can be cited the very low abundance of the crosslinked 
peptides and the lack of bioinformatics tools to assign three peptides linked by a crosslink. 
Another challenge is the reduced amount of starting material, especially considering ancient 
samples. The analytical workflow will be presented, including workflow miniaturization and 
simplification of sample preparation, by integrating different chemical treatments into fewer 
steps. Such an approach contributes to minimizing the amount of starting material needed 
for analysis. The presentation will also detail and discuss the identified crosslinked structures. 
It can be pointed out, this work represents the first characterization of crosslinked sequences 
in ancient bones. Along with the structural information several cross-linking chemical markers 
(e.g. hydroxylysine, glycosylation) that have been detected in collagen 1α(i) and α(ii) in 
ancient bones will also be discussed. The overall discussion will be integrated in the context 
of research on Palaeoproteomics to Unleash the Study of Human History (PUSHH Marie 
Skłodowska-Curie network). 

[1] Dallongeville S., Garnier N., Rolando C., Tokarski C. Proteins in Art, Archaeology, and Paleontology: From 
Detection to Identification. Chem. Rev. 2016, 116, 1, 2–79. [2] Gaar J, Naffa R, Brimble M. Enzymatic and non-
enzymatic crosslinks found in collagen and elastin and their chemical synthesis. Org. Chem. Front., 2020, 7, 2789 
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Heart failure with preserved ejection fraction (HFpEF) impacts approximately half of the HF 

cases and presents a high mortality rate (30-60% at 5 years)
1,2

. Its prevalence is increasing with 

population aging and comorbidities accumulation
2,3

. Sixty percent of HFpEF patients are 

postmenopausal women
4
; however, the molecular mechanisms associated with such sex 

predominance remain poorly comprehended. Thus, aiming to understand the sex-related 

mechanisms in HFpEF, urine samples were collected from men and women with HFpEF and 

control individuals without HF and matched for body mass index, diabetes mellitus and 

dyslipidemia (approximately 50% of women in all experimental groups), for proteome 

characterization using a mass spectrometry-based approach (GeLC-MS/MS).  

Urine proteomics allowed the identification of 832 distinct proteins. Using the software 

MetaboAnalyst
5
, three proteins, present in all samples, were found in higher levels in HFpEF 

patients in comparison with control individuals, namely retinol binding protein 4 (RBP4), 

ceruloplasmin (CP), and alpha-2-HS-glycoprotein (AHSG). Of these proteins, RBP4 and CP 

were upregulated in HFpEF men in comparison with HFpEF women. Also, higher levels of 

immunoglobulins IGLC2, IGHG2, and IGA2 were found in women with HFpEF in comparison 

with control women. The results highlight the relevance of inflammatory and immune processes 

in women with HFpEF. Future work includes the validation of these proteins.  
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Tuberculosis (TB) is an infectious disease with worldwide presence, with 10 million estimated 
infected people in 2019. Moreover, TB is one of the 10 leading causes of death around the world1. 

A prompt and accurate diagnosis is crucial to prevent its transmission2. The progress of mass 
spectrometry methodologies made proteomics a promising tool for the discovery of diagnosis 
biomarkers3. Therewith, this work sought to discover and validate new serum biomarkers that 
could potentially contribute to improve the diagnosis of tuberculosis. To this end, two 
independent cohorts were used for discovery and validation. A total of 29 and 34 subjects were 
included, respectively, divided into 3 experimental groups - healthy individuals, individuals with 
latent TB (LTBI) and patients with pulmonary and extra-pulmonary TB. The experimental workflow 
consisted of immunodepletion of high-abundant serum proteins, tryptic digestion of the depleted 
serum, MS/MS based identification and MS quantification of proteins. LC-MS/MS method allowed 
the identification of 149 proteins in the discovery set and 79 proteins in the validation set (both 
with at least 2 non-ambiguous peptides). Four proteins were found to be differentially abundant 
in both cohorts when comparing controls with TB patients (p>0,05; FC±1,5). The AUC, specificity 
and sensitivity determine by ROC statistical analysis for the discovery and validation sets were 
0,93; 86% and 100%; and 0,99; 100% and 85%, respectively. These results will be integrated with 
metabolomic data obtained for the same cohorts. 
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