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 Objectives 

The main objective of this project is to upgrade, encourage, develop, and enlarge the capacities 

for research and improve research performance in molecular veterinary medicine at the Faculty 

of Veterinary Medicine University of Zagreb with an emphasis on proteomics and genomics, to 

be more successful in obtaining competitive funding, to develop collaborations with academia 

and industry and to enable better integration into European Research Area and the global 

veterinary science community. The laboratory specializes in the applications of proteomics and 

genomics in veterinary science. The focus and specialization on proteomics in animals (domestic 

and wild) is a unique feature of the laboratory which is not encountered elsewhere.  Expertise has 

be built up in analyzing samples from species such as cattle, sheep, chicken, cats, dogs and 

Atlantic salmon and the facilities and knowledge of the staff of the laboratory is open for 

academic or industrial collaborations. 

 

 Facility for Collaborative Research 

Proteomics platform 

Proteins are biomolecules of structural and functional importance for every living organism. The 

emerging list of completely genome sequences of eukaryotic and prokaryotic species has 

directed the focus to identification, characterization and quantification of gene products 

expressed in cells, tissues, organs or even in a given organism. In order to manage the huge 

amounts of samples and data produced, high-throughput methodologies such as LC-MS and 

bioinformatics have been applied in the field of proteomics. 

 

Sample preparation: Depletion & Enrichment 

Most samples of biofluids (such as blood plasma) contain high abundance proteins, such as 

albumin and immunoglobulins (IgGs), which can mask the presence of low-abundant proteins 

and therefore make their detection difficult. Therefore, depletion and enrichment of protein 

samples is a necessary procedure in biofluid proteomics workflow prior to digestion and 

separation of proteins. We provide the service of albumin and IgG depletion of biofluid samples, 

and also enrichment and depletion with commercial kits.  However many depletion kits are based 

on antibody to human proteins with variable application in animal species.  Our experience of 

dealing with samples from species such as dog, cat, cattle and chicken is available to devise 

appropriate sample preparation strategies. 

 

Protein identification and quantification by LC-MS/MS 

Protein identification is conducted via nano-flow liquid chromatography system, coupled to a 

tandem mass spectrometer
1
 (nLC-MS/MS) using peptide mass fingerprinting. In short, 

depending on experimental design, complex protein mixtures are resolved prior to analysis, 
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usually by electrophoretic (gel electrophoresis) or chromatographic (ion exchange, affinity or 

reverse phase chromatography) methods. Proteins are digested in solution or in gel using trypsin 

and resulting peptides are resolved by nLC-MS/MS. The masses of the parent ions and their 

fragments are used for database search of known protein sequences to match to in silico 

digestion patterns of the proteins for obtaining protein identities. Matches are made using search 

algorithms and scoring system. 

 

For quantification purposes, peptides are spiked with an internal standard to ensure no 

chromatographic drift during the run. Isobaric labeling-based relative quantification provides the 

information about deregulated peptides and obtained data are then converted to deregulation 

pattern at the protein level. 

 

Bioinformatics and Statistics 

Bioinformatics and statistics are now essential parts of omics research, as experiments generate 

large amount of data. Such a quantity of data should be rigorously analyzed to generate useful 

knowledge, both for researchers (hypothesis making and/or validation) and veterinarians 

(proposal of new therapies / diagnostics). Bioinformatics also has great value for data-mining 

into existing worldwide databases and provide support for ongoing researches. 

Such “in silico department” has been constituted in the laboratory to fully exploit and explore 

data generated by experiments and prepare projects. Utilization of software such as R (statistics) 

and Cytoscape (bioinformatics) allow the laboratory to be adaptable to different research projects 

and aims. 

VetMedZg has also consulting activities for partners who require bioinformatics / statistics 

analyses in their projects. 

Genomics platform 

Genotyping 
Genotyping consists of determining the genetic variation at a given position in the DNA that an 

individual possesses. Genotyping is used for: Association studies, Paternity testing, Forensic 

sciences, Haplotyping, Prediction from DNA profiles, Molecular epidemiology. 

 

Genotyping can be done with PCR reactions for which we use the HRM (High Resolution 

Melting) technique. HRM genotyping consists of a PCR reaction of DNA fragments to genotype 

using a HRM fluorescent dye. As the melting temperature of DNA depend on its nucleotide 

composition, DNA samples can be classified in different groups, depending on their melting 

temperature. Then groups are identified according to their profile, to find what genetic variant 

they are carrying. 

 

RT-PCR 
RT-PCR transcribes RNA into DNA. As it is an exponential amplification it can specifically 

detect very small quantities of RNA in samples with a RT-PCR for qualitative studies. It is the 

method of choice for RNA detection (with applications in virus/cells detection). RT-PCR is used 

for converting a specific RNA into DNA, and amply it and detecting a specific RNA from cell, 

tissue or the environment.  



 

 

Adding a real time quantitative step, RT-PCR becomes a qRT-PCR, which allows monitoring in 

real time the DNA synthesis in your samples and determining the quantity of RNA in each 

sample before the amplification. qRT-PCR are often used to validate the most important results 

of DNA array, as this technique is more specific and introduce less false positives. qRT-PCR is 

used for quantifying RNA in samples for quantitative studies and validating other 

transcriptomics results 

 

Molecular cloning 

Molecular cloning consists of assembling recombinant DNA and replicates it within a host 

organism. Molecular cloning is used for: recombinant protein production and DNA library 

building. Using the FASTA sequence of a DNA fragment the final cloned DNA (quantified and 

purified), as well as the purified fragment and vector separately can be provided along with the 

sequencing data to demonstrate that the construction conforms to the request. The VetMedZg 

laboratory is fully equipped for molecular cloning. 

 

Plasmid design 

For molecular cloning, a DNA plasmid is needed to capture the recombinant DNA and replicate 

it in a host. The plasmid should have special properties and plasmid design when the plasmid 

you need does not exist and needed to be synthetized. The purified and quantified plasmid will 

be provided along with a plasmid map. The VetMedZg laboratory can also transform cells for 

your experiment. 

 

Primer design 

PCRs are probably the most useful experiments in molecular genetics today. A good PCR 

reaction requires notably well-designed primers. A well-designed primer will make a clear and 

specific PCR reaction, avoiding false-positive and false-negative. But also, if many PCR 

reactions are required with different primers, well-designed primers could allow you to run those 

different reactions at the same time.  The VetMedZg laboratory will provide the sequences of the 

best primers in FASTA format. 

 

VetMedZg Current Projects 

ERA Chair team of the VetMedZg project has a wide network of collaborators, including those 

from Croatia and all over the Europe, as well as outside of Europe (Brazil, Malaysia). Our 

collaborating projects include different types of samples (serum, plasma, saliva, milk, urine, 

CSF, faeces and tissues) from different species (dog, cattle, buffalo, chicken, sheep, fish). These 

studies cover different infectious diseases (hemorrhagic septicemia in buffaloes, babesiosis and 

theileriosis in cattle, sheep and buffaloes, chicken response to bacterial endotoxin, vector borne 

zoonosis in dogs and cattle), farm production and herd health (milk proteomics at dry off period 

and in the mastitis), and other conditions (diarrhea in dogs). These studies aimed to identify and 

quantify protein changes using bottom-up proteomic approaches. We are also studying exosomes 

isolated from serum and urine of cattle, buffaloes and dogs. 

Examples of projects being undertaken by VetMedZg: 

 Investigation of blood miRNA related with babesiosis infection in dog (canis familiaris) 

 Establishing a PCR-based diagnostic tool for parasitic diseases from dog blood samples  



 

 

 Proteomic and bioinformatics analyses of dog cardiomyopathy protein markers 

 Pathogen surface membrane proteomics of serum and urinary proteomics in Babesia-

infected dogs 

 Serum proteome of dogs with cardiac diseases (idiopathic dilated cardiomyopathy and 

chronic valve disease) in order to investigate their pathophysiology and for biomarker 

discovery 

 Identification and quantification of changes in canine babesiosis using proteomic and 

immunochemical methods 

 Optimization of pretreatment for different sample types (serum, urine, saliva, CSF, 

tissues) of different species for high-resolution quantitative shotgun proteomics 

 Characterization of dog serum phosphoproteome  

 Search for biomarkers in canine infection 

 Proteomic characterization of extracellular vesicles of bovine follicular fluid 

 

Examples of projects of VetMedZg in collaboration with external researchers: 

 Targeted gene expression quantification in dog skin tumors 

 Proteomics/ bioinformatics/ statistics analyses of dogs obesity protein markers 

 Proteomics/ bioinformatics / statistics analyses of cat cardiomyopathy protein markers 

 Bioinformatics analyses of snake blood protein markers 

 Lysosomal proteome identification 

 Saliva proteomics in vector borne diseases in dogs 

 Impaired vasorelaxation and endothelial leukocyte interaction (ELI) in development of 

atherosclerotic lesions (vascular proteomics) 

 Proteomic investigation of milk during bovine mastitis 

 Biomarker discovery in chicken in response to bacterial endotoxin 

 Fecal markers of intestinal disease in dogs 
 

 Personnel of VetMdZg 

David Eckersall, BSC, PhD, FRCPath, FRSB, MAE 

Professor David Eckersall graduated from the University of Liverpool with a BSc in 

Biochemistry (1973) and a PhD in Biochemistry from University of Edinburgh (1977). Prof 

Eckersall is the Professor of Veterinary Biochemistry at the School of Veterinary Medicine, 

University of Glasgow.  His research has been focused on the diagnostic applications of protein 

analysis in veterinary medicine and has published over 200 peer reviewed papers, holds 4 patents 

and co-edited the first book on animal proteomics (Methods in Animal Proteomics, Wiley).   He 

was the Chair of the COST Action for Farm Animal Proteomics (2011-14).  He was awarded the 

Heiner Sommer Prize of the International Society for Animal Clinical Pathology for Lifetime 

Contribution to Animal Clinical Biochemistry in 2008, the Siemens Prize of the Division of 

Animal Clinical Chemistry of the American Association of Clinical Chemistry for Contributions 

to Animal Clinical Chemistry in 2010 and the Lifetime Achievement Award of the Comparative 

Clinical Pathology Association in May 2016.  His university spinout company ReactivLab Ltd 

was acquired by Avacta Group Ltd in 2010. He is a Fellow of the Royal College of Pathologists, 

a Fellow of the Royal Society of Biology and a Member of the Academia Europaea.   

 



 

 

Vladimir Mrljak, PhD            

Professor Vladimir Mrljak gained PhD in veterinary medicine (1995) from the Faculty of 

Veterinary Medicine University of Zagreb. Professor Mrljak is the Professor of Internal Diseases 

at the Faculty of Veterinary Medicine University of Zagreb. His research has been aimed on the 

investigation of protozoan diseases, especially babesiosis in dogs. In recent years his research 

has focused on the application of proteomic research in veterinary medicine. Professor Mrljak 

has published over 80 peer reviewed papers, and coauthor on 4 books. He is the coordinator of 

FP7 ERA Chair project (www.vetmedzg.eu) and Croatian Science Foundation project 

(www.biodog.hr). 

 

Anita Horvatić, PhD Chemistry  
Anita Horvatić gained her PhD in Chemistry (2014) from the Faculty of Science, University of 

Zagreb. From 2005 to 2009 she was employed in Pliva R&D in Laboratory for Liquid 

Chromatography and Mass Spectrometry. From 2009 to 2014 she was working as a research 

assistant at the Ruđer Bošković Institute, Division of Molecular Medicine, and Laboratory for 

Systems Biomedicine and from 2015 as a postdoctoral researcher. Her scientific work has been 

focused on biomarker discovery, pathogen diagnostics and protein stability using high-

throughput proteomic methods and mass spectrometry. In 2015 Dr. Horvatić joined the ERA 

Chair team at the Faculty of Veterinary Medicine, Zagreb. Her current scientific interest is 

focused to vector borne diseases and protein-protein interactions. She is author of over 15 papers 

in peer-reviewed journals, dozen conference proceedings and the US patent. In 2012 she was 

honoured for the second place in Alltech Young Scientists competition (Eastern Europe Region). 

In 2013 she obtained the L'Oréal-UNESCO Award for Women in Science. 

 

Asier Galan , PhD Biochemistry  
Asier Galan gained his master (Biochemistry and Molecular Biology) from the University of the 

Basque country, Leioa (Spain) and in 2003 he obtained his PhD in Biochemistry and Molecular 

Biology from the same university, Department of Biochemistry Biophysics unit CSIC-

UPV/EHU. In 2003 to 2004 he was a postdoctoral Marie Curie network (SMASHYBIO) fellow 

at the Technische Universität München, Munich (Germany). From 2005 to 2011 he worked as 

Head of Proteomics Department at OWL Metabolomics SL, a biotechnological company in 

Derio, Basque country (Spain), developing diagnostic procedures for liver metabolic disorders. 

Dr. Galan has followed up his career as senior postdoctoral fellow in diverse areas of proteomics 

at Palacky University Olomouc (Czech Republic) and recently at Ruđer Bošković Institute 

Zagreb (Croatia). He is author of more than 15 papers in peer-reviewed journals, a patent, 

delivered dozens of oral presentations at national and international conferences and his work has 

been cited around 275 times. 

 

Josipa Kuleš, MSc. Med. Biochem, PhD 

Josipa Kuleš holds an MSc in Biochemistry by the Faculty of Pharmacy and Biochemistry of the 

University of Zagreb (2008) and a PhD in Veterinary Medicine by the Faculty of Veterinary 

Medicine of the University of Zagreb (2014). From 2008 to 2014 she was employed as assistant 

– scientific researcher at the Department of Chemistry and Biochemistry, Faculty of Veterinary 

Medicine of the University of Zagreb, and from 2014 as a postdoctoral researcher. In July 2015 

Dr Kuleš joined the ERA Chair team at the Faculty of Veterinary Medicine of Zagreb. Her major 

research interests are vector borne diseases and clinical laboratory diagnostics in veterinary 

http://www.vetmedzg.eu/
http://www.biodog.hr/


 

 

medicine. Dr Kuleš was awarded as the best young scientist in 2014 and 2016 by the Croatian 

society of medical biochemistry and laboratory medicine. 

 

Nicolas Guillemin, PhD Mol Physio and Genetics 
Nicolas Guillemin obtained a PhD in molecular physiology and genetics at the National Institute 

for Agricutural Researches (INRA) in 2010, about beef meat tenderness. He set up a new Dot-

Blot technique for fast protein quantification. He completed a post-doctoral fellowship at the 

University Laval, Canada, in 2013. He set up a new methodology for SNP markers detection. He 

identified unknown SNPs related with fertility, and made genetic prediction models. Dr. 

Guillemin integrated the ERA Chair team at the Faculty of Veterinary Medicine of Zagreb in 

July 2015. He was rewarded by a prize during the International Symposium for Young Scientist 

in Poland in 2008, and a Post-doctoral excellence scholarship at the University Laval in 2012  
 

Petra Bilić, MSc. Biol. Mol. 

Petra Bilić holds an MSc in Molecular biology (2013) by the Faculty of Science in Zagreb, 

Croatia. Currently, she is enrolled in the Biology PhD programme at the same Faculty, with a 

position of Research Assistant at the Faculty of Veterinary medicine in Zagreb (2015 - ). During 

her studies she was awarded several scholarships for excellence, as well as Zagreb University 

Rector’s Award for Student research paper (2012). Her major research interest is biomarker 

discovery in canine kidney and cardiac diseases using proteomics approach. She performed a 

part of her research during scientific visits at the University of Veterinary Medicine and 

Pharmacy in Košice, Slovakia in 2015 and Institute of Biodiversity, Animal Health and 

Comparative Medicine, University of Glasgow, UK in 2016. 
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proteins identified by proteomics - 11
th

 Central and Eastern European Proteomic 
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th 
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 Appendix: Research Facilities and Methodologies 

Biochemistry Laboratory 

Sample preparation (biofluids, cells, tissues) 

Depletion and enrichment of samples 

SDS-PAGE electrophoresis 

Western blot 

Dot-blot 

 

Proteomics platform 

Q Exactive Plus Orbitrap LC-MS/MS 

Identification of proteins separated by 1D/2D-PAGE 

Protein identification by LC-MS/MS 

Protein quantification by LC-MS/MS 

Identification of specific post-translational modifications (e.g. phosphorylation) 

 

Genomics platform 

Piko Real Real-Time PCR machine, Thermo Piko-96well PCR machine Genotyping 

Biorad T-100 thermocycler 

Molecular cloning 

Plasmid design 

Primer design 

DNA/RNA/protein isolation 

DNA sequencing samples preparation 

Nanodrop One
C
 

Antigen production 
 

Bioinformatics tools 

GenBank: http://www.ncbi.nlm.nih.gov/genbank/ 

Geneious: https://www.geneious.com/ 

Cytoscape: http://www.cytoscape.org/ 

GenBank BLAST: http://www.ncbi.nlm.nih.gov/BLAST.cgi 

Ensembl: http://www.ensembl.org/index.html 

Uniprot: http://www.uniprot.org 

PeptIdent: http://www.pdg.cnb.uam.es/cursos/BioInfo2004/pages/visualizacion/programas_manu

ales/spdbv_userguide/us.expasy.org/tools/peptident.html 

MultIident: http://web.expasy.org/multiident/ 

Mascot: http://www.matrixscience.com 

ProFound: http://prowl.rockefeller.edu/prowl-cgi/profound.exe 

ProteinProspector: http://prospector.ucsf.edu/prospector/mshome.htm 

FindPept: http://web.expasy.org/findpept/ 
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