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ABSTRACT

Homology modeling of a query sequence on a homologue was the task presented to us. PSI-BLAST was used to find distant relatives to the project sequence, and also to find the identity of the protein for which the protein sequence encodes. The project sequence was found in the TrEMBLE and GenBank databases, and there was no evidence that the project sequence even was a protein. The protein showed good similarity to 5’-nucleotidases and contains the domain 5-nucleotidase. Homology modeling requires a good homologue (with a known structure). This was found through the Meta-Server and several models were made from the same server. In the end a really good model was not possible to create.

INTRODUCTION

The aim of this project is to make a structural model on a sequence, which has no known structure, and to evaluate the quality of the model. It was also requested that some additional information concerning the protein was to be presented.  The model is to be done by a homology-modeling program, using as a template a homologue. It turned out to be very important that the alignment between the homologue and the project sequence demonstrated a high similarity, that is to say a high sequence similarity. To reach the goal of a good structural model many different databases and programs were used. As different databases and programs have different strengths and weaknesses it was sometimes necessary to use several different programs together. 

MATERIALS AND METHODS

We ran a PSI-BLAST (at web page http://workbench.sdsc.edu/) on our project sequence just to see if we could find any distant relatives (3). PSI-BLAST was used because in comparison to FASTA and BLAST it find more distant relatives through using the BLAST found homologues and looking at their mutual features in the next iteration. This searched was carried out with the following settings: expectation value 1e-5, with the database SwissProt, default expectation value and BLOSUM62 matrix default. 

    To see how the structure for our unknown sequence could look like we ran a PhD and a SOPM (Self Optimized Prediction Method) (PhD at web page http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_phd.html and SOPM at web page http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopm.html) (6,7). PhD is a prediction method for water-soluble proteins, which use neural networks for prediction of secondary structures. The accuracy of PhD seems to be higher than for SOPM according to the authors of the programs web pages as well as our own experiences. Because of this we only used PhD in the future predictions. 

   We also ran our project sequence and our nearest relative in Pfam to find the domains (http://www.sanger.ac.uk/Software/Pfam/) (4). The program is especially useful because you also get to know the potential structure of the domain as well as some other information like the EC number. We searched the web site entertained by the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology for the EC number that was found in Pfam to find out some more information about the function of the protein. 

   To find even more distant relatives to our protein sequence we ran a PSI-BLAST for the nearest relative that was previously found. We used the same settings and database as before except for the expectation value, which were 10 (default). 

   Pfam was also used for the distant relatives we found through PSI-BLAST. After these stages we wanted to get a prediction of the structure of the interesting sequences we found in all of the searches. The prediction method we used were PhD. To rule out the possibility of our structure being a membrane protein we did a membrane protein prediction in PhD TM. Just like the regular PhD this is system built on neural networks and a dynamic programming-like algorithm refines the final prediction. We used Entrez to find some information concerning the nearest relative to our project sequence. This search engine is very useful because it can give you a lot of different kinds of information like for example, protein information, structure and PubMed information. 

   To find the conserved parts of our project sequence and its nearest relative we looked at their Logo chart (5). This far we had only located homologues and not the actual project sequence. To locate the project sequence and maybe find some more information concerning it we did two more PSI-BLAST with the project sequence, one in the database TreEMBL1 and one in the database GenBank Primate. Except for the changes in databases we used the same settings as in the first run. We located the project sequence and ran a search in Entrez for it. 

   To be able to find a good homologue that we could do a homology model on, we ran both our project sequence, as well as the domain Pfam suggested that our project sequence contained, in the Meta-Server (http://bioinfo.pl/Meta/) (8). The Meta-Server contains a lot of alignment programs and each program pick out the according to them best alignment and homologues. Therefore you get a lot of information and can easily pick the best alignments to use for the homology modeling.      

   We tested the meta-server found homologue in SCOP and in Superfamily to find some more information concerning the family they belong to and its fold and functions. From a homologue found by the Meta-Server we did a homology modeling, and to be able to compare it we did the same for a couple of less compatible homologues. We also did a homology modeling of our domain only to see if that would present a better model of that part of the protein in comparison to the model of the entire protein. To find some more information concerning the homologue and the close relative we searched PubMed and Science Direct. 

RESULT AND DISCUSSION

The first PSI-BLAST run on our project sequence revealed only one hit with the following data: Id: 5NTC_HUMAN (P49902) Name: Cytosolic purine 5’-nucleotidase (EC 3.1.3.5)(5’-nucleotidase cytosolic II) (Homo Sapiens) Score: 531 E-value: e-151. Length 561. Identities= 255/390 (65%), Positives= 307/390 (78%), Gaps= 4/390 (1%). The 5NTC_HUMAN is the protein that we referred to as the nearest relative in the method part. From this point forward it will be referred to 5NTC_HUMAN.

   The structure prediction for our unknown project sequence that was carried out in the PhD gave a result, which you can see in table 1.
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Table 1.

In table 2 we can see the SOPM (Self Optimized Prediction Method) result.
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Table 2.

The search in Pfam for the project sequence and the 5NTC_HUMAN both gave one and the same domain: the 5_nucleotide domain. With the domain we got some additional data: for the project sequence the first residual domain is 97 and the last one is 417, the E-value was 1,8e-109. For the 5NTC_HUMAN the data was: start point 110 and end point 493, the E-value was 2,2e-235. According to Pfam there is no known structure of the 5-nucleotide domain in PDB. 

   The EC number, which was obtained from Pfam for both sequences, was EC 3.1.3.5. When we searched for this EC number we found a lot of information like the reaction mechanism (see figure 1). According to KEGG (http://www.genome.jp/kegg/) the enzymes with EC 3.1.3.5 are involved in three different pathways: purine metabolism, pyrimidine metabolism and nicotinate and nicotinamide metabolism (10). All these pathways exist in the human body.  
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Figure 1.

The PSI-BLAST search for the 5NTC_HUMAN gave the following result: two iterations with the total of nine proteins found, including the 5NTC_HUMAN. Except for 5NTC_HUMAN two proteins with an E-value lower than 1 was found, CAL1_PARTE and F16P_SOYBN. These two had very high E-values for the 5NTC_HUMAN and was not found during searches for the project sequence. Because of this the sequences were not used later on. 

   Both of the sequences contained domain C1 according to Pfam. When the PhD was done you could see some similarity in the prediction between the project sequence and the 5NTC_HUMAN (see table 3). Since the two other sequences were not used their secondary structure prediction will not be presented here.
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Table 3.

   The PhD TM did not show any sign of our protein being a membrane protein, only one possible membrane helix was found. The Entrez search for the 5NTC_HUMAN resulted in the revelation of the same protein but from different species, unfortunately none of them had been structurally determined. Nor was it possible to find any article concerning this protein.  

   The Logo chart described some very conserved residues throughout the entire domain. This would later on help to determine how correct the model from the homology-modelling program was.  The TreEMBL1 and GenBank Primate searches with PSI-BLAST both found one sequence with very high similarity to the project sequence. The result of this search was the same from both databases: Name: Similar to RIKEN cDNA 2010002I23 gene (Fragment) [Homo sapiens]. Score: 922 E-value: 0,0. Length 445. Identities = 432/433 (99%), Positives = 432/433 (99%). The 5NTC_HUMAN was also found in the GenBank search.

   Entrez did not give any protein hits on the name but the sequence was found and it turned out to be a direct submission, which means that there is no literature on this sequence, nor is it certain that it codes for a protein. Although it seems very likely that it would. 

   The hits in the Meta-Server for the project sequence seemed to suggest that the best homologue would be a protein with the SCOP classification c.108.1. This classification stands for the superfamily HAD-like proteins. This was even more obvious when only the separated domain was submitted. Almost all algorithms gave this SCOP classification. When the sequence was run in the Superfamily program the same classification, the HAD-like superfamily was found. This family belongs to the class alpha/beta and the fold: HAD-like.   
   The best homologue was chosen on the reason of its score and on our reasoning concerning the quality of the alignments, also by taking into account the secondary structure prediction at the Meta-Server. The models were made by the [proq] link on the Meta-Server web page. The models of the whole protein were made from the Pdb structure d1zrn, 1aq6_a and 1ek1_b. 

   The correctness of the models was evaluated with ProQ-Protein Quality Predictor. This program gives the cuttoffs, which allows you to evaluate the model. The higher the value, the better model and the cut-offs are: ProQ-LG>1.5 ProQ-MX>0.1. The values for our first model was: d1zrn: ProQ-LG is 3.877 and ProQ-MX is 0.353. The values for the second model was: 1aq6_a: ProQ-LG is 1.661 and ProQ-MX is 0.152. The values for the third model was: 1ek1_b: ProQ-LG is 1.160 and ProQ-MX is 0.044. The last model as you can see did not give good ProQ values and the model was indeed quite bad and will therefore not be regarded further in this paper. 

   d1zrn is a Haloacid dehalogenase (see picture 1), which degrades environmentally dangerous halogenated organic compounds and it acts both on short carbons in aqueous solution and also on long carbon chains in organic solvent. In its original form it is an alpha/beta secondary structure with two domains. The subdomain has a distorted four-helix bundle structure with four alpha helices packed in an antiparallel way, and it kind of looks like an elephant head with a long trunk. The core domain has five helices and a beta sheet containing six parallel beta strands. This domain looks like the body of an elephant and it comprises a number of residues that stands for 65% of all the enzymes residues.    
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Picture 1. d1zrn, native protein.

 Two smaller beta strands attaches the two domains of the structure and this make the neck of the elephant. Between the domains there is a large cavity and when the cavity becomes narrower you get the active site. Crystallographic studies have shown that the amino acids: Asp-10, Thr-14, Lys-151, Tyr-157, Ser-175, Asn-177 and Asp-180 all are present in the core domain. They seem to assemble in a cluster at the bottom of the cleft between the core- and subdomains. At this area there are also nine water molecules, which makes up a hydrogen bond network with the present amino acids. The fact that the cleft is open at its entrance indicates that the bottom of the cleft provides the active site of the enzyme. The original structure of 1aq6_a is very similar to the structure of d1zrn except for a couple of helices, which have been detached from the rest of the structure. (1)

   Swiss-PdbViewer was the program used when the homology models were viewed (9). The model of d1zrn looked quite similar to its template (see picture 2), the four helices on the top are somewhat shorter and a giant loop is also located there. The two small attaching beta strands do not exist in this model, and only five beta strands remain in the sheet of the bottom part of the structure. Even though five helices were predicted in the bottom part, they were much shorter than in the original template. One gigantic loop was found from residue 249 to 307 in the bottom part of the structure. 
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Picture 2. d1zrn model, whole protein
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   The model of 1aq6_a also contains the four helices on the top and a big loop (approximately 40 residues long) connecting them (see picture 3). One difference to its original template is the number of beta strands this model only has five. The bottom part otherwise looks the same as the template, except for the detached helices, which are attached in this model. The model also contains a lot more loops, of which one has 65 residues.
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Picture 3. 1aq6_a,  whole protein.

 The large amount of extra loops in the two models leads us to believe that they do not 100% describe the correct structure of our protein. Especially the loops that are between 40 and 60 residues are not believed to be found in the original protein. 

   On the model d1zrn of the whole protein, which gave the best ProQ-LG and ProQ-MX values, the conserved residues were marked using the Logo chart. This showed that most of the conserved residues were found in the protein interior, although some examples of conserved residues were found in loops. This again suggests that the loops might not be correct in the model; probably there should be an alpha helix or a beta-strand there instead. The same Logo prediction was made on the 1aq6_a model and the result was the same as for d1zrn. 

   The homology modelling of only the domain (see picture 4) gave the ProQ values: ProQ-LG is 4.223 and ProQ-MX is 0.469. Here the d1zrn structure was used as well as in one of the previous model. As you can see, the ProQ values suggest that you get a better model when you use the domain only. This could however not be confirmed in the SwissPdbViewer where the models were very similar and when superimposed they were a perfect match, even in the loop area. Both models started and finished at the same residues but these were not the same residues as suggested by Pfam. 
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Picture 4. d1zrn domain only.

   Comparing the two structures, d1zrn with the structure 1aq6_a, which also had ProQ values over the cuttoffs, showed great differences. Even though al models had good ProQ values the residues predicted to participate in the different secondary structures were very different. The overall folds are quite similar but the predicted loops, helices and sheets were not always at the same positions in the sequence. This indicates that prediction of which model that is the right one, if any, is very hard to do. In some parts of the protein exactly the same residues were predicted to have the same secondary structure, but some loops are extended longer or shorter and for this reason some other parts of the protein has a completely unlike structure. Another difference between the models was the number of residues involved in the modelling. 1aq6_a had approximately 60 residues more than the other two models. 

   The searches in PubMed and Science direct did not give much information on the 5NTC_HUMAN. Since the nearest match to our project sequence, Similar to RIKEN cDNA was a direct submission and no articles had been written about it, we had to find information about its function via the homologue 5NTC_HUMAN, or other 5’-nucleotidases. Eventually with the help of information from KEGG it was possible to find an article that was actually available. 

   5’-nucleotidases are generally involved in purine and pyrimidine metabolism and the article that was found treats adenosine. A cytosolic 5’-nucleotidase partakes in the catabolism of adenine, a purine, in human erythrocytes (red blood cells). The pathway of degradation of adenosine nucleotides commences from AMP and can take two different enzyme paths (see figure 2), both, which includes 5’-nucleotidase. In one the dephosphorylation of AMP by 5’-nucleotidase to adenosine (ADO) is followed by the deamidation by adenosine deamidase to form inosine (INO). In the other path the deamidation is made first by AMP deamidase, followed by the dephospholrylation by 5’-nucleotidase to form INO. INO is then (for both paths) converted to hypoxanthine (HX), which is another purine.  
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Figure 2. The pathway of the degradation of adenine nucleotides in human erythrocytes: (1) AMP deaminase, (2) 5'-nucleotidase, (3) adenosine deaminase, (4) nucleoside phosphorylase, (5) adenosine kinase. ADO, adenosine; HX, hypoxanthine; INO, inosine. (2).
This degradation is controlled by the limitation of the AMP-degrading enzymes, of which only 5’-nucleotidase will be of further consideration here. The concentration of AMP is the strongest regulator of 5’-nucleotidase. Intra-erythrocytic inorganic phosphate (Pi) is an inhibitor of 5’-nucleotidase that gives an inhibitory effect while the AMP concentration is low. At higher AMP concentrations however the inhibitory effect of Pi is not noticeable. (2) 

   The path, which is initiated by dephosphorylation of AMP by 5’-nucleotidase to adenosine is also involved in a substrate cycle, were adenosine is reconverted by adenosine kinase to AMP. This cycle has been observed in rats, and although both the enzymes were found in the human erythrocyte cells, no evidence for the operation of this cycle in these cells was found. (2)

   Looking at the results from the homology modelling, the model cannot be said to have a good quality. The loops, which were very long indicated that the protein had not been, modelled the correct way. Especially when the two “good” models had different secondary structure in some parts of the sequence, and that the Logo showed some conserved residues way out in the loops. Maybe it would be an idea to compare the sequence to other sequences with similar functions, an analogue, since there is no closely related homologue. This could present a way to see which conserved residues, which might partake in the active site. After this maybe a better model could be constructed.
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A5’-ribonucleotide + H2O = a ribonucleoside + phosphate


Figure 1.
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