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Abstract 

Eukaryotic Signature Proteins (ESPs) are proteins that delineate the eukaryotes from the 

archaea and bacteria. They have no homologues in any prokaryotic genome, but their 

homologues are present in all main branches of eukaryotes. ESPs are thus likely to have 

descended from ancient proteins that have existed since the first eukaryotic cell. This 

project looks at ESPs of some eukaryotic parasites and human (Homo sapiens) as their 

host organism and focuses on Giardia lamblia, a fresh water pathogenic basal 

eukaryote. The ESP datasets from Giardia and two other parasites, Trichomonas 

vaginalis and Plasmodium falciparum, as well as the host human were calculated in 

light of available genomic data and the datasets contained a range of proteins associated 

with membrane, cytoskeleton, nucleus and protein synthesis.  

ESPs have great potential in phylogenetic studies since these proteins are present in all 

eukaryotes and are expected to have a slow and constant rate of evolution. Phylogenetic 

analyses were performed on the 18 eukaryotic organisms including some basal 

eukaryotes, and also for mammals, using orthologues of the all ESPs from these 

organisms. Strategies such as concatenating sequences and constructing consensus 

networks were tested to evaluate their potential with large numbers of ESP alignments. 

The results were promising, and ESPs hold great potential for their use in future 

phylogenetic analyses of eukaryotes.  

RNA interference is hypothesised to be an ancient mechanism for gene regulation and 

like the ESPs, it is typically found in all main branches of eukaryotes. High throughput 

sequencing data from Giardia and Trichomonas small RNAs (15-29mers) were re-

analysed showing two length peaks for Giardia RNAs: a “larger peak” and an “ultra 

small peak”, the former of which is likely to be the product of the enzyme Dicer, which 

processes miRNA. The “ultra small peak” but not the “larger peak” was also found in 

Trichomonas. The two peaks possibly represent two different mechanisms of RNA 

interference (RNAi) in these parasites, but analysis of potential target sites from the 

Dicer-processed RNAs has not yet shown any indication that ESPs are regulated any 

differently from other parasite proteins. 

Sugar metabolic pathways including glycolysis and citric acid cycle were searched for 

ESPs, this was done to determine the relationship between the conservation of 
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eukaryotic metabolic pathways and conservation of individual proteins. However no 

ESPs were identified from these pathways because Giardia has enzymes that show 

more similarity to those from prokaryotes than eukaryotes. These enzymes are 

significantly different from that of the host’s, and these alternative enzymes offer 

potential as novel drug targets. In addition, ESPs that are present from host but lost in 

some parasites were analysed, and these ESPs are involved in many understudied 

pathways. It is these differences which can provide a guide in determining which 

pathways we should examine when designing drug targets. 

Overall, numerous proteomic similarities and differences in ESPs were identified 

between host and parasite. These proteins show potential for future evolutionary studies, 

and will guide future directions in ancestral eukaryotic regulation and metabolism. 
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Terminology 

3’UTR (three prime untranslated region): Region of mRNA downstream of the 

termination codon. In metazoans this region is where miRNA binds to regulate gene 

expression. 

5’UTR (five prime untranslated region): Region of mRNA upstream of the starting 

codon that often contain regulatory elements such as ribosome binding sites. 

Akaike Information Criterion (AIC): Measure used in model testing based on the 

goodness of fit to a statistical model 

Basal Eukaryote: A unicellular eukaryotic which is believed to have diverged early 

during the evolution of eukaryotes, e.g. Giardia lamblia. 

Bayesian inference: A tree searching method which is statistically similar to maximum 

likelihood, the aim is to find the tree with maximum posterior probability; can allow 

complex models of evolution to be implemented. 

BLAST (Basic Local Alignment Search Tool): Software which enables comparison of 

amino acid or nucleotide sequences. 

Blastp: A BLAST program which compares protein queries with protein databases. 

Cellular signature structure (CSS): Cell organelles or complex found in eukaryotes 

but not prokaryotes, e.g. mitochondria, Golgi apparatus, spliceosome. 

Excavata: A eukaryotic supergroup that contains the morphological feature of a ventral 

feeding groove. This supergroup includes Diplomonads (Giardia lamblia) and 

Parabasalia (Trichomonas vaginalis). 

Eukaryotic Signature Protein (ESP): A protein with no homologues in prokaryotic 

(archaea and bacteria) genomes, but it has homologues which are present in all the 

major branches of eukaryotes. 

Gene Ontology (GO): A project aimed to unify the representation of gene attributes 

across all species by using a controlled vocabulary to assign their functions. Website: 

http://www.geneontology.org. 

Long branch attraction (LBA): A phenomenon observed when highly divergent 

lineages are grouped together, regardless of their true evolutionary relationships. The 

long branches of a tree will group together regardless of the true tree topology. 

Maximum likelihood (ML) inference: A tree searching method which aims to find the 

tree with highest probability to produce the observed data. 



xvi 

 

Messenger RNA (mRNA): RNA transcribed from DNA, after mRNA processing (e.g. 

Capping, intron splicing) the mature mRNA is translated into protein by the ribosome. 

Micro RNA (miRNA): ~21-22 base pair (bp) single stranded RNA processed by the 

Dicer or Drosha proteins, which regulates gene expression by means of complimentary 

binding to the target mRNA. 

Non-coding RNA (ncRNA): RNA that does not code for proteins, but may have a 

function such as regulating, modifying or processing other RNAs. 

Perl: A dynamic programming language. Able to perform various bioinformatic tasks 

especially data mining and can connect with MySQL databases to enable fast and 

automated database management and queries. 

Small interfering RNA (siRNA): ~21-26 bp double stranded RNA processed by Dicer 

which regulates gene expression by means of complimentary binding to the target 

mRNAs. 

 


