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Abstract

A region of the conjugative transposon-like element R391, involved in a unique UV sensitising function, was cloned and sequenced. Bioinformatic examination of this sequence was carried out in an attempt to determine the location and function of putative genes associated with this UV function.

 Analysis revealed that a hypothetical Open Reading Frame exists in this region and the putative gene was termed orfC. The length of orfC was found to be 160 amino acids and it exhibited 30% identity and 50% homology to orf1, an unknown ORF associated with a hypothetical PSTS gene in Synechococcus WH7803. Orf1 is a 157 amino acid protein, possessing homology to the periplasmic phosphate-binding protein of Escherichia coli. Its homology to OrfC existed over a 111 amino acid range. A promoter and Ribosome Binding Site were found to precede orfC. Blocks analysis revealed the presence of a potential exonuclease block.

The rumAB genes were found to be located upstream of orfC. Their proximity suggests a possible role for the latter in UV sensitisation, due to rumAB’s proposed involvement in the process. Characterisation of OrfC yielded a protein of 19.48 kDa with a predominantly alpha helical structure. GC content analysis returned a value typical of Escherichia sp. genes, which suggests that this protein may be expressed in E.coli.

This, in conjunction with the amino acid homology has led to the proposal that such a protein could be involved in the process of increased UV sensitivity, possibly in the structural modification or the complementing of the gene products of rumAB. It may be that the molecule RumA’B may complex with OrfC, in a similar manner to the formation of UmuD’(2)C. This may explain in part, the increased susceptibility to increased UV mutagenesis of R391 hosts.
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1.

Introduction

1. Introduction

1.1. The Nature and Properties of R391

The sequence under analysis was generated from a double stranded 7.6kb DNA insert from R391, which had been cloned into a pUC18 vector. R391 is plasmid, which exhibits conjugative properties and is approximately 93.1kb in length. It is a mobile element of DNA that usually exists in bacterial cells integrated into the host genome. It was first isolated from Proteus rettgeri in Pretoria, South Africa, in 1972 [11].  On its discovery, it was classified as a plasmid, a replicon that is maintained as a discrete, extra chromosomal genetic element within the host bacteria. Closely related or identical plasmids demonstrate incompatibility and cannot be stably maintained in the same bacterial host [31]. R391 was assigned to the incompatibility group J (IncJ).

Six other related elements were also discovered at that time. Two of these, R392 and R397, were isolated from the same organism and a further two, R705 and R706, were found in Proteus Vulgaris. Providencia species was also found to contain R708 and R709 [27].  In addition, these were placed into the IncJ group. Globally only three other examples of IncJ elements have been discovered. These are R997 from Proteus mirabilis [38], pJY1 from Vibrio cholerae [82] and pMERPH from Pseudomonas putrefaciens [51], which occurred in India, the Philippines and Great Britain respectively. Since its initial categorization, R391 has come under increasing scrutiny as subsequent isolation of extra chromosomal DNA has proved difficult [50,51]. It has also made difficult the classification of R391 as either a plasmid or a conjugative transposon.

Recent research suggests that its nature is typical of a conjugative transposon [41,42]. Transposons are segments of DNA that can move from one site in a DNA molecule to other target sites in the same or a different DNA molecule [31]. They must integrate into other replicons to be maintained stably in bacterial genomes.  This would explain the difficulty in isolating extra chromosomal DNA from R391 [41,42]. R391’s conjugative nature promotes the transfer of the plasmid from a donor bacterium to another recipient bacterium via the establishment of a cytoplasmic bridge between the pair. Its properties make it a fascinating case study for all related elements.

R391’s known properties include kanamycin resistance, mercuric resistance and an unusual UV sensitisation factor. The nature of the kanamycin resistance has not yet been characterised. The mercury resistance determinant (mer) has been cloned and shown not to conform to any other known mer operons. This suggests a unique evolutionary pathway [51]. Its UV sensitisation factor [50] is particularly interesting as it makes the host more susceptible to genetic damage. This appears to conflict with the “survival of the fittest” philosophy that is normally employed by DNA in nature, which causes the shedding of unbeneficial traits. Central to this property are the mutagenesis-enhancing genes (rumAB) present on R391, that complement the umuDC genes of Esherichia coli [30].

1.2. Increased Susceptibility to UV Mutagenesis

UV radiation behaves as a mutagenic agent and causes lesions in strands of DNA. Adjacent pyrimidines become covalently linked. This occurs by the formation of a four-membered ring structure resulting from saturation of their respective 5,6 double bond [17, 35, 39, 64, 65, 67, 75, 76, 77, 78]. The structure formed by this photochemical cycloaddition is referred to as a cyclobutane dipyrimidine or pyrimidine dimer. 

The effect of such bulky lesions is generally to distort the helical structure of the DNA strand, hence causing the obligatory arrest of replication as no base can be inserted which can form hydrogen bonds of reasonable stability [10,17,26,80]. This mutational process can be reversed by photo reactivation [18].

Alternatively, certain factors within the cell can force DNA polymerase to drive through the damaged lesion, resulting in an error prone replication process. This mechanism is known as SOS mutagenesis.

1.2.1. SOS Mutagenesis

In studies of this mutational process, Escherichia coli has been most commonly used as a prototype. Exposure of Escherichia coli to a variety of DNA-damaging agents results in the induction of the global 'SOS response' and involves a series of various genes primarily located on the host genome as the umuDC genes. Expression of many of the genes in this response is under the control of the LexA protein. LexA acts as a transcriptional repressor of these unlinked genes by binding to specific sequences (LexA boxes) located within the promoter region of each LexA-regulated gene. An early event in the induction of the SOS system of Escherichia coli is RecA-mediated cleavage of the LexA repressor. RecA acts indirectly as a coprotease to stimulate repressor self-cleavage, most likely by forming a complex with LexA [43].  The general process is as follows [19]:

1. Mutagenic lesions on the DNA strand stall the DNA polymerase, inhibiting replication and inducing an intracellular signal for SOS induction. This signal consists of regions of single stranded DNA that are generated when a cell attempts to replicate a damaged template.

2. RecA binds to this single stranded DNA and becomes active. This nucleoprotein complex then catalyses the autodigestion of LexA, which is constitutively expressed at low levels within the cell.

3. The cleavage of LexA causes the transcription of genes associated with the SOS response. These genes had previously been inhibited by LexA.

4. The products of the genomically located umuDC force the DNA polymerase to carry out translesional replication. The mutational aspect of this process occurs when DNA polymerase adds incorrect bases to the growing DNA strand at the position corresponding to the site of the mutation.

Recent research indicates that a newly discovered bacterial DNA polymerase, Escherichia coli Pol V, acting in conjunction with the RecA protein, is exchanged for the stalled replicative Polymerase core and catalyses 'error-prone' translesion synthesis [25,37]. This Pol V is believed to consist of the heterotrimeric UmuD'(2)C complex, a combined form of the umuDC gene products which have undergone posttranslational processing [16,20]. As part of this process the UmuD’(2)C complex is thought to interact with RecA and inhibit homologous recombination.

R391’s UV sensitising function is thought to be due to the processing of UV-induced damage by mechanisms other than photoreactivation [47] and it is likely that the rumAB genes function in a process similar to the one outlined above.

1.2.2. R391’s UV Sensitisation Function – the rumAB genes

The rumAB genes have been shown to promote mutagenesis to a greater extent than the structurally and functionally homologous Escherichia coli umuDC operon. They are expressed from a natural LexA-regulated promoter. A complex mechanism is proposed, involving the RumA and RumB proteins, in addition to RumA’ and RumA'B proteins. This latter pair is designated prime due to having undergone posttranslational processing. The RumA’ form is known to be mutagenically active and can be formed by autocatalytic cleavage by RecA. It is thought that it complexes with RumB in a similar manner to umuD’(2)C. Compared to umuDC, the chief effect of rumAB is the increased efficiency of translesional synthesis [34].

Differences in the process by which the gene products of rumAB and umuDC function have been observed. In contrast to the umuDC gene product, RumAB appears to favour the induction of 3' T→C mutations rather than a 3' T→A mutations when presented with a T-T cyclobutane dimer [74]. This is also the case for mucAB, another plasmid-encoded gene involved in enhanced mutagenesis, to which rumAB exhibits structural and functional homology. The rumAB genes appear to exhibit a level of activity intermediate between mucAB and umuDC levels and the observed phenotype is dependent on the RecA strain present.

The most contradicting property of rumAB’s UV sensitising function is its mutagenesis inhibiting effect when present in a host separate from R391. This can be observed by the comparison of E.coli survival rates when subjected to increasing doses of radiation as shown in figure1.1 By comparison, when integrated into R391, the rumAB genes actually reduce the hosts survival rate with respect to increasing dose. Wild type E.coli exhibits a survival rate intermediate between the two (see Figure 1.1).

Figure 1.1 Survival Rate Vs. UV Dose for  E.coli
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1.3. Sequence Determination

The generation of sequence data was carried out in conjunction with Claire MacMahon. By taking a host E.coli AB1157 containing R391 integrated into the bacterial genome, chromosomal DNA was isolated and digested with the restriction enzyme EcoRI. A double stranded 7.6kb insert relating to R391’s UV sensitising region was then cloned into a pUC18 vector and transformed into XL1 Blue. The resulting vector was termed pCM01 and its sequence was extrapolated via the Sanger technique.

1.3.1. Sanger Sequencing Theory

A modified version of the Sanger method was used. It involved the synthesis of small DNA fragments from a double stranded DNA template by a Taq polymerase. Dideoxy nucleotides (ddNTP’s) were incorporated into the growing strands by DNA polymerase in the same way as the NTP’s. As ddNTP’s lack 3’OH groups chain elongation terminates. Hence, incorporation of ddNTP’s caused termination in a random way and through use of the proper ratio of ddNTP’s and NTP’s, a population of different chain lengths was formed, each different fragment being initiated at a primer.

This population was then separated on a gel using electrophoresis and a series of bands were formed in which the distance from the origin travelled by a fragment corresponded to its molecular mass and in turn its position in the original sequence. The location of the bands was by an argon laser, which detected the fluorescent labels integrated into the sequencing primers. 

In addition, cycle sequencing was incorporated into the process in which the elongation reaction was subjected to PCR amplification 25 times via a thermocycler resulting in more and better sequence data with fewer templates. This helped improve the reliability and efficiency of the sequence determinations. Base image analysis software was used to convert the data obtained by the laser directly into a nucleotide sequence [5,32,48,62,68,79].

1.4. Computational analysis of sequence

Once the sequence had been obtained and verified the next stage was its analysis. Different packages located on different servers worldwide were used. Such software was used to determine homologies and identities between a sequence under analysis (Query) and a sequence in the database (Subject) [24]. In addition, software was used in order to separate protein-coding regions from noncoding regions and to help predict molecular structure and function. Their power lies in their ability to compare an unknown sequence to the vast amounts of genomic data and other biological information stored in the various databases around the world. The three main databases worldwide of genomic information are shown in Table 1.1.

Table 1.1 Worldwide Repositories of Sequential Data

Description
Web Address

Genbank (National Centre for Biotechnology Information, U.S.A.)[22]
http://www.ncbi.nlm.nih.gov

EBI (European Bioinformatics Institute) [14]
http://www.ebi.ac.uk

DDBJ (DNA Databank of Japan) [12]
http://www.ddbj.nig.ac.jp

These databases exchange information daily, the searching of one is equivalent to the examination of all three. Internet based search engines incorporating heuristic algorithms were used. These employ various comparison techniques such as sequence gaps, weighting, substitution matrices and other mathematical techniques to correlate relationships between sequences and construct alignments. For a full listing of the search tools used see section 2.2 of Materials and Methods.

1.4.1. Overall Bioinformatic Method

Generally, a flexible approach is taken during bioinformatic analysis with the next step depending very much on the previous step in a logical progression [24] as in Figure 1.2.

Figure 1.2 Bioinformatic Approach
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1.4.1.1.  Nucleotide Level Homology Searching

These searches look homology between a given nucleotide sequence and nucleotide sequences in the databases and can be carried out by programs such as BLAST(n) or FASTA3 . A measure of homology is available, with an e value being returned. The lower this e value the greater the homology between the hit (Subject) and the sequence under analysis (Query). If strong homologies exist at this level, it is often the case that the Query sequence and the Subject sequence are evolutionarily related. 

1.4.1.2.  Homological Comparison of Amino Acids 

Degeneracy of the nucleotide code can often mask the structural relatedness of two proteins when direct nucleotide comparisons are made. To counter this, BLAST(x) [3, 4] or FASTA3Y [45, 46] analysis can be carried out. This translates a given nucleotide sequence in all three reading frames and looks for homologically related proteins in the protein databases. FASTA3Y is widely regarded as the more useful of the two programs due to its greater sensitivity and more intricate scoring data.

1.4.1.3. Sequence Alignments

In the event of hits of a reasonable score or greater being obtained, the sequences of those hits can be retrieved using SRS (Sequence Retrieval Service) [13,70]. They can then be aligned simultaneously using CLUSTALW [29]. When used in conjunction with a presentation package, continuous blocks of homology are revealed. These blocks then form the basis of more detailed investigation. When using CLUSTALW the output parameter is often changed from the default setting to “gcg”. This allows the results to be viewed in Genedoc [23], a multiple sequence alignment viewer.

1.4.1.4.  Breakdown Analysis of Gene Structure

Often to when initially locating genes a given sequence can be can be scrutinised for three specific components, a promoter, a Ribosome Binding Site (RBS) and an Open Reading Frame (ORF), in order. Orfinder [44] is a program for determining where potential Open Reading Frames may exist. The results can be cross checked against Genefinder [7], another program that identifies potential coding regions. The resultant ORFs are taken and examined to see if potential Ribosome Binding Sites precede any of the potential ORFs, just before the start codon. An RBS always precedes a valid ORF and the finding of an RBS is essential. The procedure has to be carried out by physically looking at the given nucleotide sequence, and trying to identify conserved RBS signatures within that sequence. 

For any particular organism, its typical RBS signature can be determined by retrieving the sequence of a number of genes from that particular organism using the Sequence Retrieval Service (SRS) at the EBI [14] or Entrez [63] at the NCBI [22]. The retrieved sequence files will contain the desired RBS sequence, which is usually conserved. For example, if one took five different gene sequences from E. coli they should all have, more or less, the same RBS signature, GAGG. 

In turn, a promoter usually precedes an RBS and can be searched for using Promoter Finder [54] at TIGEM. It usually consists of typical signature sequence such as a TAATA box in prokaryotes. A promoter may not always be found. For example, in the case of a gene being part of an operon, one promoter would serve multiple genes. In addition, an operator or repressor may be controlling the transcription of a gene. This would mean that a promoter would be further upstream than expected.

Any regions containing a promoter, an RBS and an ORF in that order are candidates for potential genes. Such regions can then be examined for other indicators, such as if to see if BLAST(x) hits coincide with these potential ORFs. An area satisfying those criteria can be focused upon and investigated in depth.

1.4.1.5.  Patterns and Signature Sequences

Often instead of the direct comparison of full gene or protein sequences (global alignment) smaller stretches of residues can that looked for. These are known as Blocks [28] and have been derived from alignments of sequences that share a similar biological function. e.g. phosphate binding domains, or exonuclease blocks. Motifs [1,2,6] differ from blocks in that the consensus sequences may not necessarily have been taken from proteins of related families. Motif hits however, do imply a functional relatedness. It is useful to try to group Motif hits into distinct categories. 

1.4.1.6.  Protein Precursors

Many proteins undergo posttranslational processing such as the cleavage of signal sequences. There presence can confuse the issue of what forms that actual structural protein. SignalP [66] is a program which checks for signal sequences. It reveals if a cleavage site exists within the amino acid sequence that defines the ORF. If one is found it can be analysed using PSORT [57], which identifies where the mature protein would be localised within a cell.

1.4.1.7.  Properties of the Gene Product

Once a region defining a potential gene has been established, further investigation can be carried out of as to the nature of the protein that would be expressed. The bulk of such analysis can be carried out by Predict Protein [59] which routes the amino acid sequence through various servers including. The most useful servers and databases employed by Predict Protein are ProDom [69], Blocks [28], Prosite [6], PHD [61], COILS [36] and GLOBE [60]. BioEdit [8] can also be used to help determine protein characteristics such as amino acid content and molecular weight. Programs such as Protoparam [56], available on Expasy’s server in Switzerland, can detail a proteins isoelectric point, molecular formula, etc. on the basis of its amino acid sequence.

1.4.1.8.  Secondary Structural Analysis

Reliable bioinformatic facilities for predicting three-dimensional protein are still lacking, however two-dimensional can be well documented. GOR [21] and PHD Prediction [61] are used to determine the secondary structure of a given protein. They provide information as to the number of beta sheets and alpha helicases are present in a protein. 

2.

Materials and Methods

2.  Materials and Methods

2.1 Sequence Determination

The generation of sequence data was carried out according to the following procedures-

2.1.1. Plasmid preparation 

This was carried out in accordance with the protocols associated with “Wizard Plus SV Miniprep DNA Purification System” by Promega.
–    additional materials    ▫ culture of XL1 Blue containing  pCM01

        recombinant plasmid

2.1.2. Amplification 

This was carried out in accordance with the protocols associated with “SequiTherm EXCEL II DNA Sequencing Kit” by Epicentre Technology.

additional materials  ▫ MWG Biotech M13 Universal Primers

▫ MWG Biotech Customised Primers (designed by Claire MacMahon)

2.1.3. Sequencing 

This was carried out in accordance with the Standard Operating Procedures associated with MWG Biotech LiCor DNA Sequencer 4200.

specification   ▫ Gel used: 66cm Rapid Gel XL 0.25 mm

2.1.4. Base Image Analysis

This was carried out in accordance with the protocols outlined in the “Base ImageIR Reference Manual, For LiCor DNA Sequencers, Version 4” by LiCor.

Additional materials  ▫ Base ImagIR Software by LiCor

2.2. Bioinformatic Analysis

This was carried out adhering to the general method outlined in Section 1.4.1.  The procedural steps that were listed are not intended as a stringent set of protocols, rather as a concise, general outline of the overall method. Table 2.1 offers a comprehensive list of the packages used with a detailed overview in Appendix 1. 
Table 2.1 List of Bioinformatic Servers

Program
URL

BCM Genefinder [7]
http://dot.imgen.bcm.tmc.edu:9331/gene-finder/gf.html

BLAST [4]
http://www.ncbi.nlm.nih.gov/BLAST/

BLAST(2 seqs) [9]
http://www.ncbi.nlm.nih.gov/gorf/bl2.html

Blocks [28]
http://www.blocks.fhcrc.org/

BioEdit [8]
http://www.mbio.ncsu.edu/RNaseP/info/programs/BIOEDIT/bioedit.html

CLUSTALW [29]
http://www2.ebi.ac.uk/clustalw/

FASTA [45]
http://www2.ebi.ac.uk/fasta3/

Genedoc  [23]
http://www.cris.com/~ketchup/genedoc.shtml

GOR [21]
http://pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html

Medline [40]
http://www.ncbi.nlm.nih.gov/PubMed/

Motif [6]
http://www.motif.genome.ad.jp/

Orfinder [44]
http://www.ncbi.nlm.nih.gov/gorf/gorf.html

Phosphobase [52]
http://www.cbs.dtu.dk/databases/PhosphoBase/

Predict Protein [59]
http://cubic.bioc.columbia.edu/predictprotein/

Promoter Finder [54]
http://www.tigem.it/TIGEM/HTML/prompred.html

Protein Engine [55]
http://www2.ebi.ac.uk/translate/

Protparam [56]
http://www.expasy.ch/tools/protparam.html

PSORT [57]
http://psort.nibb.ac.jp/

ReadSeq [58]
http://bimas.dcrt.nih.gov/molbio/readseq/

SignalP [66]
http://www.cbs.dtu.dk/services/SignalP/#submission

SRS [13]
http://srs.ebi.ac.uk/

SwissModel [72]
http://www.expasy.ch/swissmod/SWISS-MODEL.html

UL’s Bioinformatics [49]
http://www.ul.ie/~ces/Bioinfo.html

3.

Results and Discussion

3.  Results and Discussion

3.1. Sequencing Results

The sequencing step resulted in the generation of two separate sequences pCM01t and pCM01b. The former is the initial 1931 bps sequenced from the top strand of pCM01 and the latter is the initial 2486 bps sequenced from the bottom strand. The designations top and bottom are arbitrary and were chosen to avoid confusion. 

The designation –1 refers to the first series of sequencing reactions carried out on pCM01, whereas the designation –2 refers to a further sequencing reaction carried out at a later date. The sequencing had to be carried out in multiple steps as the band quality deteriorates with increasing fragment size. Typically, the resulting sequence data is 500-700 base pairs in length.

3.2. Bioinformatic Analysis Results

Only pCM01t underwent bioinformatic analysis, as it is the region of pCM01 associated the UV sensitisation function. The sequence was verified prior to the application of the overall Bioinformatic methodology outlined earlier. To form a continuous sequence pCM01t-1 and -2 were grafted together. This was done using the BLAST(2 Seqs) [9] program and the resulting sequence pCM01t was generated. This sequence was then analysed.

3.2.1. Establishing Potential Genes

3.2.1.1.  BLAST(n)
Firstly, BLAST(n) was carried out on the given sequence against the EMBL database [71] in order to investigate homology at the nucleotide level. If a high level of homology is found to exist at this level, it can be said that a strong relationship, often evolutionary, exists between the query and the hit. This is because if a similar protein is found in two evolutionarily unrelated organisms, the degeneracy of the nucleotide code means that there is much less homology apparent at this level as their DNA would not have originated from a common ancestor. In an evolutionarily related case, a common ancestor existed hence there would be homology, not only at the amino acid level, but also at the nucleotide level. No parameters were changed on the BLAST(n) input window prior to execution of this search.

Table 3.1 BLAST(n) Analysis of pCM01t

Accession no.
Description
Score
P(N)

   AGU13633


U13633 INCJ PLASMID R391 RUMA(R391) AND 

RUMB(R391) GENES,

COMPLETE CDS.            Length = 2481


   1290
4.8e-52

Minus Strand HSPs:

Score = 1290 (199.6 bits), Expect = 4.8e-52, P = 4.8e-52

Identities = 258/258 (100%), Positives = 258/258 (100%), Strand = Minus / Plus

The results showed perfect homology with rumAB over 258 nucleotides (see Table 3.1). The regions of RumAB present on ppCM01t were determined from the relevant EMBL file. This was retrieved by entering RumAB’s accession number into the Sequence Retrieval Service at EBI. The regions present include the promoter and the Ribosome Binding Site. The orientation of the segment homologous to RumAB is opposite to that which was chosen for pCM01, i.e. it is in a negative reading frame. It must be borne in mind however that the directionality of pCM01 was chosen arbitrarily and is dependent on the direction that the insert was cloned into pUC18. It could just have easily been inserted in the other direction. It would be expected to find RumAB as the sequence we are investigating concerns the UV sensitisation function and is downstream of those genes.  

The perfect homology shows us that the DNA has been accurately sequenced and is valid and useable. It also illustrates the proximity of pCM01t to rumAB and suggesting that they may be involved in a mutual biological process.

3.2.1.2.  BLAST(x)

BLAST(x) analysis was carried out on pCM01t against the SWALL database. The resultant hits shown in Table 3.2 are from the BLAST(x) analysis of the whole pCM01t sequence (i.e. all 1931 bps):

Table 3.2 BLAST(x) Analysis of pCM01t

Accession no.
Description
Score
P(N)      

Q55334     
DPO3_BACSU    BAA87194

O21967     
CP81_BP186 
YEN1_SCHPO 
PSTS GENE.

DNA POLYMERASE III, ALPHA CHAIN

HYPOTHETICAL PROTEIN (FRAGMENT)

DNQ PROTEIN.

HYPOTHETICAL 21.5 KD PROTEIN 

HYPOTHETICAL 52.9 KD SERINE..
131

87

67

64

65

90


8.9e-07   

0.73      

0.97      

0.99     

0.99      

0.9999    



Table 3.3 Detailed Output of Syne. PSTS gene
Accession no.
Description
Score
P(N)      

Q55334 Q55334


PSTS GENE.

Length = 157


131


8.9e-07



Plus Strand HSPs:

Score = 131 (51.2 bits), Expect = 8.9e-07, P = 8.9e-07

Identities = 34/111 (30%), Positives = 56/111 (50%), Frame = +3


Query:  1125 WACSASGIDWKALGFESRKLEYLL-LRLGW---FYEGHRAATDCLAMAWLFQLLPESVAN 1292

             W C+   + W     +S     ++ L L +    +  HRA TDC+ +A +FQ   + +  

Sbjct:    33 WLCTLEDVRWPEEAQQSASQASVIDLALAYGIPVWSAHRALTDCMYLAEVFQRC-DDLER 91

Query:  1293 LLSEADRRTVLVRAFGAPFDVKDYLKERGYRWHDGVKGANKHWWREISEDE 1445

             L++ A     LVRA    +D +   ++ G+RW+D +KGA   W R +SE E

Sbjct:    92 LIAHALEPRRLVRA-QVSYDQRHLARDAGFRWNDPIKGA---WARRLSERE 138

Only the detailed output from the first hit has been included (see Table 3.3) as the remainder were unlikely to be worth investigating through examination of the BLAST output. The first hit was to a hypothetical PSTS gene from Synechococcus WH7803, and had a reasonable e value of  8.09e-07. The lower this value the more confidence one can have that the Query sequence exhibits a sufficiently high level of homology to the Subject sequence to be considered a valid hit. The maximum threshold value (i.e. The value below which it is worth carrying out further investigation on a hit) is approximately 0.03 or lower. However, it is sometimes possible to extrapolate some useful data from poorer hits if the correct procedures are adhered to. A segmented BLAST(x) was also carried out, in which the 1931 base pairs of pCM01t was divided into 7 different segments, each approximately 400 bps in length with a 150 bp overlap between each other. This was done to try and increase the sensitivity of the BLAST(x) search by providing a smaller “surface area” and hence a better score(.i.e.10 / 100 = 0.1, 10 / 20 = 0.5, ↓size, ↑sensitivity). The results agreed with the above data however, and no greater homologous matches or extra hits were obtained.

Further investigation of the BLAST(X) output revealed that the hit with the Synechococcus protein occurred between the1125 bp and 1445 bp regions of pCM01t. It was also found to exhibit 30% identity and 50% homology over a 111 amino acid within that range. The homologous region does not include the first 33 amino acids or the latter 19 amino acids of the Subject sequence. This poses the question of why homology is not exhibited in these regions. This could be due to the presence of a signal sequence or some other cleavage site. It could be that both proteins are similar but are localised to different cellular compartments. In that case, the number of amino acids at the start of each protein would differ. Alternatively, the absent regions may code for domains that would not be coded for by the proposed gene in the query sequence.

3.2.1.3. FASTAY/3

FASTA/Y analysis was carried out on pCM01t against the SWALL database and the results are shown in Table 3.3.

Table 3.3 FASTAY/3 analysis on pCM01t
Accession no.
Description
initn
init1
opt
E

Q55334  Q55334
DPO3_BACSU P13267
CAB75090 CAB75090
DPO3_THEMA Q9ZHF6
DPO3_STAAU Q53665
DP3A_RHOCA O68045
AAF41810 AAF41810
CAB84893 CAB84893
DPO3_MYCPU P47729
P89491 P89491
YBC9_YEAST P38201
DPO3_MYCPN P75080
YEN1_SCHPO O13695

PSTS GENE.

DNA POLYMERAS

EXONUCLEASE,

DNA POLYMERAS

DNA POLYMERAS

DNA POLYMERAS

DNA POLYMERAS

PUTATIVE DNA

DNA POLYMERAS

ORF YBL029W

HYPOTHETICAL*

DNA POLYMERAS

HYPOTHETICAL**
121

121

150

165

53

107

150

150

51

44

44

45

90
68

57

71

62

53

74

77

77

51

44

44

45

90
173

186

162

160

159

149

145

145

150

139

139

142

135
0.012

0.014

0.073

0.38

0.45

0.9

1.1

1.1

1.4

1.8

1.9

4

4.3

*HYPOTHETICAL 42.6 KD PROTEIN IN AAC2-RPL19B INTERGENIC REGION

** HYPOTHETICAL 52.9 KD SERINE-RICH PROTEIN C11G7.01 IN CHROMOSOME I
The highest scoring FASTA hits are listed below in detail:

Q55334 Q55334 PSTS GENE.                          

30.631% identity in 111 aa overlap (1125-1445:33-138)

DPO3_BACSU P13267 DNA POLYMERASE III, ALPHA CHAIN

33.511% identity in 188 aa overlap (783-1310:417-594)

CAB75090 CAB75090 EXONUCLEASE, POSSIBLY DNA POLY 

39.267% identity in 191 aa overlap (801-1344:74-249)

DPO3_THEMA Q9ZHF6 DNA POLYMERASE III, ALPHA CHAIN

27.778% identity in 270 aa overlap (421-1222:242-491)

The FASTA hit to the PSTS gene is in the same location as given by the BLAST(X) output, and also returns the hit to DNA polymerase ( Acc. No. P13267). However, the e value for this DNA polymerase hit is much closer to the PSTS hit than was dictated by BLAST(X) and strengthens the potential relationship between it and the query sequence. The majority of remaining hits are to DNA polymerases or exonucleases. At first glance, their poor e values suggest that they are of little investigative use, however the interrelationship between the different numbers in the FASTA output can be used to extrapolate useful data. Firstly, the init1 score is calculated using an algorithm that does not use gaps. The opt score (Smith-Waterman algorithm) however does allow gaps when making its calculations. Often when examining marginal similarity scores it is observed that there is a 2-3 fold increase when going from init1 to opt scores. One typically looks for an init1 score of 40-60 for less obvious hits and observes to see if the opt score is greater than approximately 150 [45]. This would be the case for all the marginal hits (with e values greater than 0.073, taken as an arbitrary threshold value) in the above table with the exception of ORF YBL029W, Hypothetical 42.6KD* and the Hypothetical 52.9KD**. It can therefore be said that all hits other than these exhibit a degree of homology to pCM01t with the PSTS gene, DNA polymerase (P13267) and the Exonuclease hits exhibiting a relatively high level of homology to regions of pCM01t. This suggests that any ORFs lying in that region may carry out a function similar to that of those homologous proteins.

The high number of relevant hits to DNA polymerases and exonucleases gives an early indication that any genes that may lie on pCM01t may play a role in the processing of DNA. An alignment of all the DNA polymerase hits against pCM01t (translated in all three reading frames) was carried out and can be seen in section 3.2.10.1, where the results are discussed in conjunction with data gathered in the following sections.

3.2.1.4. PSTS Medline Report

The Medline [40] report Q55334 and EMBL source file X71359  on the PSTS hit was examined (see Table 3.4) in order to investigate the biological properties of the Synechococcus sp. gene. The EMBL file contained the original sequence data and contained all ORFs related to the PSTS gene as well as more detailed information on control regions. It was discovered that the Subject gene is involved in the response of the picoplanktonic marine cyanobacterium Synechococcus species WH7803 to phosphate starvation and codes for a protein homologous to the periplasmic phosphate-binding protein of Escherichia coli. It is interesting that the Subject gene coded for a phosphate-binding region. If ORFs are found in the corresponding homologous region of pCM01t, it could be possible that they are involved in the processing of DNA. This would be in agreement with the proposed biological function of genes in such a region. From the EMBL report it was found that the proposed gene on pCM01t bore homology not to the actual PSTS gene itself but in fact to an unknown ORF associated with it, termed Orf1, further upstream. An excerpt from this file is shown in table 3.4.

Table 3.4 Medline Report on  Syne. sp. PSTS gene 

FEATURES        Location/Qualifiers

source          1..2258

                /organism="Synechococcus sp."

                /sub_strain="WH7803"

gene            9..482

                /gene="orf1"

CDS             9..482

                /gene="orf1"

                /codon_start=1

                /transl_table=11
                /protein_id="CAA50496.1"

                /db_xref="GI:861144"

                /db_xref="SPTREMBL:Q55334"

                     translation="MMARVADYLVAHKQPLIANGSVAGRCQKQQRPWLCTLE

DVRWPEEAQQSASQASVIDLALAYGIPVWSAHRALTDCMYLAEVFQRCDDL

ERLIAHALEPRRLVRAQVSYDQRHLARDAGFRWNDPIKGAWAERELPFRVV

PVEAALPQAS"


3.2.1.5. Orfinder - Locating ORFs

The next step was to see if an ORF existed in the same region as the BLAST(x) hit. The entire pCM01t sequence was run through Orfinder. The output is shown in Figure 3.1

Figure 3.1Orfinder results for pCM01t
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It can be seen from the output, that a potential ORF, designated orfA, exists in the region established by the BLAST(x) hit, between 1068 and 1550. The BLAST(x) hit itself was between nucleotides 1125 and 1445 and thus is in good agreement with the location of the proposed ORF. This ORF may therefore carry out a function similar to Syne. Orf1 to which it shows homology. The actual sequence for OrfA can be seen in table 3.5.

Table 3.5 OrfA – Amino Acid Range as Defined by Orfinder

OrfA

MRSFDRPFFEKRFAIRHLSWACSASGIDWKALGFESRKLEYLLLRLGWFYEGHRAATDCLAMAWLFQLLPESVANLLSEADRRTVLVRAFGAPFDVKDYLKERGYRWHDGVKGANKHWWREISEDELPQNKLTWMICIIVASGHATYAYKDAAIDLKLCQ*



The underlined regions indicate where BLAST(x) or FASTA Y failed to reveal any significant homology.



It must be borne in mind that there was a 33 amino acid region on the Syne. sp. hit not accounted for in the BLAST(x) defined region, as well as 19 amino acids at the end. The range defined by Orfinder seems to agree better with the range that should exist, i.e. if the two proteins were identical, OrfA would start at position 1026 (1125-(33x3)). The “unaccounted for” regions on pCM01t were translated to see if they resembled the corresponding regions on Syne sp. ORF1 to any degree. This shall be discussed later in section 3.2.1.11 “Alternative Start Codons”.

3.2.1.6. BCM Genefinder 

To confirm the presence of the ORF as given by Orfinder, the sequence was run through BCM Genefinder. The FGENES algorithm was used and is the default selection on the input window. Despite being trained on human networks, this algorithm is adept at locating bacterial genes. The results are shown in table 3.6.

Table 3.6 BCM Genefinder Results for pCM01t

Length of sequence:    1932 

Positions of predicted genes and exons:

Feature

ORF-start

ORF-end 

Coding

Region

1068

1550



Predicted AA seq:

MRSFDRPFFEKRFAIRHLSWACSASGIDWKALGFESRKLEYLLLRLGWFYEGHRAATDCLAMAWLFQLLPESVANLLSEADRRTVLVRAFGAPFDVKDYLKERGYRWHDGVKGANKHWWREISEDELPQNKLTWMICIIVASGHATYAYKDAAIDLKLCQ

This result is in perfect agreement with the Orfinder output. It was the only hit returned and defined the same nucleotide range, i.e. 1068 – 1550. This result increases our confidence that OrfA may represent a valid ORF, as this was the only hit returned using Genefinder. It excluded the other hits given by Orfinder suggesting that those hits may be less relevant, at least by the calculations of the FGENES algorithm.

3.2.1.7. Promoters, Ribosome Binding Sites and Signal Sequences

3.2.1.7.1.  Promoters

Two important indicators of a gene were screened for, Promoters and Ribosome Binding Sites. The complete pCM01t sequence was submitted to the Promoter Finder at TIGEM. The resulting output showed one promoter that occurred near orfA. The sequence can be seen in table 3.7.

Table 3.7 Putative Promoter Associated with orfA

Start     End       Score   Sequence

902       947      0.84     tgtcgattgttgatgtgatcagcctgtatgatgatcccggCaagc

The first thing that is apparent is that there is a significant gap between the end of the promoter and the proposed ORF start. This is not of major concern as in modern bioinformatics, it has been found that there is a large amount of proteins in existence that don’t use the standard start codons. The score value however for the promoter is lower than expected, at 0.84. Usually when dealing with valid promoters, scores in excess 0.95 are obtained. However, it must be noted that the sequence under analysis is derived from R391, an element that little is known about. It is difficult to determine what organism R391 primarily evolved in. Despite the fact that the earliest isolation of R391 was from Proteus rettgeri, it cannot be concluded that this is the organism of origin. It is therefore logical that a valid promoter in this case does not necessarily match the appearance of a standard promoter, such as that from E. coli. This would explain the low score value obtained for the promoter. 

In order to investigate this further the sequence of a number of examples of typical E. coli promoters and Proteus promoters were taken and aligned using CLUSTALW. Ideally, Proteus Rettgeri promoters would have been used in the alignment because, as already stated, this was the organism in which R391 was discovered. This could not be done however, due to lack of sequential data on P.retgerri in the sequence databases. Instead, Proteus vulgaris promoters were used. The -35 and -10 region sequence data was only available separately for P. vulgaris. They have been designated as such in the alignment carried out in CLUSTALW. The resulting data was then viewed in Genedoc and is shown in figure 3.2.

Figure 3.2 Alignment of Putative Promoter vs. E.coli and P. vulgaris Promoters
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P.v -35=Proteus vulgaris –35 region.

P.v -10=Proteus vulgaris –10 region.

The first thing to note is that the potential promoter discovered in pCM01t shows a good degree of homology to both E. coli and P. vulgaris promoters at the -35 region as can be seen from the red block. However, at the -10 region it appears to more resemble an E.coli promoter due to the presence of the somewhat consensus yellow block. However, in all cases this region seems to be quite variable. For example, comparing “g” and “h” with each other, there would appear to be a good consensus alignment, which would suggest that the two promoters are almost identical at this region. Then if either of these were compared with “c” little similarity would be apparent, even though they all represent E.coli promoters. This makes it hard to extrapolate much concrete data from this alignment, however it is reasonable to suggest that our promoter does exhibit some similarity to both sets of promoters, particularly to the -35 region and particularly to E.coli.

One thing that is apparent is that the proposed promoter exhibits no significant bias towards an E.coli promoter over a P. vulgaris promoter or vice versa. This suggests that if the associated gene was expressed in P. vulgaris it is likely that it could also be expressed in E.coli. In this way, it could cross the species barrier.

Could orfA be part of an operon?

On checking the embl flat file on the overall PSTS region of Syne. sp., comprising of Orf1, Orf2 and PSTS, it was found that no promoter data was present. It could be that Syne. Orf1 is part of an operon. The same model could be the proposed for orfA. 

In the event of orfA being part of an operon, two criteria would have to be satisfied. Firstly, orfA would have to be preceded closely by a gene or genes for whom there was a promoter. Secondly, it would have to have the same directionality as those genes. The rumAB genes are the nearest known genes to orfA.  However, they are too far upstream of orfA to be part of an operon with orfA, with at least 800 nucleotides between them. They are also pointing in the opposite direction. No other genes appear to be present between rumAB and orfA, unless such a gene was radically different from all known genes in the sequence databases. Hence, the only possibility of orfA being part of an operon is with genes that may lie downstream of it. Such genes would have to point downstream for such an operon to exist. 

3.2.1.7.2.  Ribosome Binding Sites

A set of potential Ribosome Binding sites were found and their location can be seen in table 3.9. One potential RBS, starting at position 932, has the sequence GatG. A sequence similar to GAGG would be expected. This is the typical RBS of E.coli genes, as well as the RumAB genes just upstream of orfA. However, in this case the RBS would coincide with the -13 region of the proposed promoter and would either overlap or precede the -10 region making this an unlikely candidate for a valid RBS. A more likely RBS appears to exist at position 1055 about 10 bps upstream of the ORF start as defined by Orfinder. This has the sequence GTGG and would make a more likely candidate for a promoter due to its position. It is not uncommon to find a “T” substituted for an “A” in an RBS sequence as the substituted “T” participates in a double hydrogen bond in the same manner as “A” and hence is a less radical substitution than “C” or “G” which partake in triple hydrogen bonding.

3.2.1.7.3.  Signal sequences:

SignalP was used to analyse OrfA and investigate if any signal sequences were present. This is particularly relevant to the characteristics of the gene product, as it would change its structural characteristics as well as its cellular location. A signal sequence ranging from the end of the promoter to the start of the homologous region as defined BLAST(x) could strengthen the direct relationship between orfA and Syne. orf1 by explaining the lack of homology between the initial portion of both of their gene products. In addition, it may be possible to establish a start codon further upstream closer to the end of the proposed promoter, which could explain in part the distance between the end of the promoter and the start of orfA. The results are shown in table 3.8.
Table 3.8 SigP Analysis on OrfA

Measure
Position
Value
Cutoff
Conclusion 

Max. C

max. Y

max. S

mean S
21

63

51

1-62
0.229

0.223

0.926

0.226
0.49

0.36

0.88

0.54
NO

NO

YES

NO

Most likely cleavage site between pos. 62 and 63: ASG-ID



This position occurs at 1137 at the nucleotide level, which is at the start of the region that was defined by BLAST(x) approximately five amino acids into that region. To further investigate the significance of this signal sequence, OrfA was run through the PSORT program (See section 3.2.24). The above findings were summarised in table 3.9.

Table 3.9 Standard Control Regions on orfA

orfA (nucleotide sequence)
Index

gTGTCGATTGTTGATGTGATCAgCCTGTATGatGATCCCGGCAAGCCAAT

CCCCGaGCTGaTTACCgAATTAACCGGTATCACTgaTGaGATggTGCAAG

GcCAGCGCATTtATGATGCTCTGGTAGcGaGTTgGTTATCCgaTGaTCCg

CTTGGTGGTTGcACACAATGCGCAGTTTtGATCGTCCTTTCTTTGAAAAG

CGGTTTGCGATTAGgCATCTATCTTGGGCCTGTTCAGCTAGCGGCATAGA

TTGGAAAGCACTGGGCTTTGAAAGTCGGAAACTTGAGTACCTGCTGCTTC

GCTTAGGTTGGTTCTATGAAGGACACCGAGCTGCAACCGATTGTTTGGCG

ATGGCCTGGTTGTTTCAATTGTTGCCCGAGTCCGTTGCAAACTTGTTGTC

TGAAGCAGACAGGCGAACTGTGTTAGTTCGTGCGTTTGGTGCGCCGTTTG

ACGTAAAGGACTATTTAAAAGAGCGTGGTTACCGCTGGCATGACGGTGTT

AAAGGTGCCAACAAACATTGGTGGCGCGAAATCAGCGAAGACGAGTTGCC

GCAGAACAAACTTACCTGGATGATTTGTAtCaTCGtgGCtTCAGgtCAtG

CCACCTATGCtTACAAaGATGCCgcAATCGATTTaAAGCTTTGtCAaTAG
950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550

Key to orfA:

       Bold =   Potential promoter.

       Blue =    Potential RBS’s.

       Red =     Potential Start/Stop codons.

       Purple = Potential cleavage site as defined by Sig P.



3.2.1.8. Alignment of the DNA polymerase hits

The second BLAST(X) hit showed a low level of homology to a DNA polymerase alpha chain, returning a poor e value of 0.73. The FASTA algorithm also returned the same hit however it calculated an e value, which differed by only 0.002 from the Syne. PSTS gene, which had already been allocated a low e value of e by BLAST. In addition, FASTA returned hits to numerous other DNA polymerases as well as an exonuclease, all of which can be deemed valid by observing their init1 and opt scores. 

This therefore suggests that there may be consensus regions between the DNA polymerases, exonucleases and translated regions of pCM01t. There is also consistency of biological function between the DNA polymerase gene products and the proposed biological function of OrfA. .i.e. processing ofDNA. It could be that orfA is significantly larger than has been hypothesised by Orfinder, incorporating a region common with the DNA polymerase alpha chain. 

To investigate this further pCM01t was translated in all three reading frames, which were then compared with the DNA polymerases and the exonuclease through use of a CLUSTALW alignment. In addition, present in the alignment is OrfC, which is simply a modified version of OrfA (see section 3.2.1.12). Its inclusion is to facilitate the correlation of regions of interest within the alignment with the putative protein under analysis. The results were viewed in Genedoc as in figures 3.1.1 and 3.1.2.

Figure 3.3.1 Alignment of Valid FASTA hits to pCM01t translated in all three reading frames – Part 1
[image: image5.wmf] 
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For Key: Reference Table 3.2

Figure 3.3.2 Alignment of Valid FASTA hits to pCM01t translated in all three reading frames – Part 2
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For Key: Reference Table 3.2

From Figure 3.3.1 and Figure 3.3.2 , it can be seen that a consensus block exists between many of the DNA polymerases and pCM01t (in reading frame +3) between positions 266 to 278. Blocks analysis was carried out on this region and the results can be viewed in the section 3.2.1.10.1. Also from position 420 to 520 there appears to be sporadic homology prevalent over the whole pCM01t sequence. Again, this appears to be occurring in frame +3. This suggests  that any proteins encoded within any portion of pCM01t may exhibit three-dimensional homology with DNA polymerase. Therefore, an association of between regions of pCM01t and DNA Polymerase alpha chain is theoretically possible.

3.2.1.9. Extending ORFs

Simply analysing the amino acid range defined by the Orfinder output could result in the omission of data upstream, as there is the region of 33 amino acids present on the Syne. Orf1 amino acid sequence, which is absent from the ORF as given by Orfinder. It has been shown by modern bioinformatic methods that the start codon, usually taken as Methionine, can be a poor indicator of the start of an ORF. 

To investigate further two approaches were followed. Firstly, all nucleotides between the end of the promoter and the start of orfA were taken and translated in the same reading frame as OrfA (i.e. was dictated by the Orfinder output). This resulted in a single continuous sequence, OrfB, including both OrfA plus the extra data and is shown in table 3.10.

Table 3.10 OrfB – Amino Acid Range from Promoter End to OrfA End
OrfB

NPRADYRINRYH**DGARPAHL*CSGSELVIR*SAWWLHTMRSFDRPFFEKRFAIRHLSWACSASGIDWKALGFESRKLEYLLLRLGWFYEGHRAATDCLAMAWLFQLLPESVANLLSEADRRTVLVRAFGAPFDVKDYLKERGYRWHDGVKGANKHWWREISEDELPQNKLTWMICIIVASGHATYAYKDAAIDLKLCQ*


The sequence of OrfB and Orf1 was then aligned through CLUSTALW and viewed in Genedoc to see if the extra region on OrfB bore any homology to Orf1. The output is shown in figure 3.4.

Figure 3.4 Alignment of Orf1 and OrfB

[image: image7.wmf] 
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As can be seen from the above data there is a small amount of homology between the extra sequential data and Syne. Orf1, however there is a large gap between 25 and 44. It is possible that OrfB originally existed in a similar form to Syne. Orf1 but later in time a portion of DNA was inserted which we see as a gapped region above. Alternatively, it may be that a gene similar to orfB once existed in Syne. sp. and over time it was “trimmed down” into its present form. 

However, this would only be an accurate model if the proposed frameshift occurred near the “newly defined start codon”. The second approach taken was to translate just the position between the end of the promoter and the new start codon in all reading frames. These fragments were designated PreOrf fragments in the appropriate reading frame. In this way all reading frames could be checked for homology, even if the proposed frameshift occurred near the end of this region. The alignments were again viewed using Genedoc below:

Figure 3.5 Alignment of of PreOrf Fragments vs. Orf1
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As can been seen from the alignment there is little extra homology present due to the translation of the extra nucleotide sequence prior to the given start codon of OrfA. The translation in each of the three reading frames exhibits the same level of homology to Orf1. There is no evidence to suggest that this region is related to the Orf1 as the BLAST(x) analysis carried out earlier ran this part of the sequence against all protein databases and returned no hits. Neither is there evidence to suggest that there are any other known sequences that exhibit homology to this region. Therefore, it cannot be said that nucleotide code of this region would form part of the coding region of the putative ORF at this time.

Could there be an operator/repressor mechanism at work?

There is also a possibility that one of the PreOrf fragments is a region that functions as an operator or a repressor. These are control regions that help regulate the transcription of a gene. If this region contained either, it may show homology to a sequence in the nucleotide databases such as embl or embl new. This analysis must be carried out at the nucleotide level as an operator or a repressor would not be translated. Therefore BLAST(n) was applied to this region to see if any homology became apparent. No hit was obtained. Therefore, no operator or repressor in the sequence databases bears any homology to that region. However, as there are many operators and repressors that remain bioinformatically uncharacterised the possibility of an operator/repressor mechanism at work cannot be abandoned.

3.2.1.10.  Blocks Analysis

3.2.1.10.1. Blocks from the pCM01t Vs. DNA Polymerase and Exonuclease Alignments

A number of different blocks were selected from the CLUSTALW alignments thus far. The first was taken from the alignment of the DNA polymerases with the exonuclease (Figure 3.3.1). Its sequence was “VLLDTETTGLSA” and the results are shown in table 3.11.

Table 3.11 Blocks Analysis on “VLLDTETTGLSA” taken from Figure 3.3.1

Accession no.
Family
Strand
Blocks
Anchor

E-value
Combined

E-value

PF00929
Exonuclease
1
1 of  3
0.0035
0.0021

>PF00929 1/3 blocks Combined E-value=  0.0021: Exonuclease

Block    Frame    Location (aa)      Block E-value

PF00929A    0          1-11              0.0035



PF00929A                                   (6,510):0  

DP3A_RHOCA|O68045  511        VVFDTETTGLF

                                                       |      |   | | |  |  | | 

Query                                             VlLDTETTGLS



A generic form of the block was also submitted for analysis, the sequence of which was  “ETYVVVDLESTGLSA”. This sequence was formed from the compilation of all consensus sequences in that region, the final combination of amino acids being based on human judgment. This was done to see if a lower e value would be returned for known polymerases in this region and formed a primitive method of calibration against the previous result. A higher e value was returned for this block than the block taken directly from pCM01 (Frame+3) and hence reduces the likelihood that the previous result was due to a random match. The results are shown in table 3.12.

Table 3.12 Blocks Analysis on generic region from Figure 3.3.1

Family
Description
Strand
Blocks
Anchor

E-value
Combined

E-value

PF00929
Exonuclease
1
1 of  3
0.0059
0.0037

Block     Frame    Location (aa)      Block E-value
PF00929A    0          4-14              0.0059



3.2.1.10.2. Blocks from Syne. ORF1-OrfB Alignments
Blocks analysis was also carried out on the main consensus region highlighted in Genedoc in the Syne. Orf1-OrfB comparison from Figure 3.4. This segment had the sequence “hraatdclamawlfq. A reasonable hit was obtained to an exonuclease in Bacillus and is shown in Table 3.13. Despite the fact that the score value was only average, this hit would be in accordance with the proposed biological function of the putative ORF. 

Table 3.13 Blocks analysis on “hraatdclamawlfq taken from Figure 3.4

Family
Description
Strand
Blocks
Anchor

E-value
Combined

E-value

PF00929
Exonuclease


1


1 of 3


0.047


0.033



Block    Frame    Location (aa)      Block E-value
PF00929C    0          1-14               0.047



PF00929C           

DPO3_BACSU|P13267     HRAIYDTEATAYLL

                                            |  |  |      |       |     |     |   

                                           HRAatDCLAmAwLF

The reoccurance of exonuclease blocks on pCM01t prompted a comprehensive Blocks analysis of the full sequence. A complete Blocks analysis was carried out on OrfA in a similar method to the complete BLAST(x) analysis earlier. Smaller overlapping portions were used in order to improve sensitivity. Thirty amino acid segments at a time were taken, with a 10 amino acid overlap between each segment. The same process was carried out on the Synechococcus unknown ORF. No other significant hits were obtained in either case.

An overall Block analysis on pCM01t was also carried out. This revealed the presence of other exonuclease blocks as well as a flocculin repeat hit. The presence of these extra exonuclease blocks served to reduce the combimed e value of the exonuclease hit as can be seen in table 3.14.

Table 3.14 Overall Blocks Analysis on pCM01t
Family
Description
Blocks
Anchor E-value
Combined

E-value

PF00929

PF00624

BL00859

PR00234

BL00956

PR00632

DM00895

PR01084

BL01120


Exonuclease

Flocculin repeat

GTP cyclohydrolase I proteins.

HIV-1 matrix protein signature

Fungal hydrophobins proteins.

Sonic hedgehog protein sig.

7 kw Rev. Trans. RNA POLY

Na+/H+ exchanger signature

Urease nickel ligands protein


3 of 3

1 of 14

1 of 3

1 of 5

1 of 3

1 of 9

1 of 8

1 of 4

1 of 9


0.19

0.094

0.97

1.7

2.6

2.8

3.1

4.2

4.4


0.0005

0.092

0.94

1.7

2.5

2.7

3

4.1

4.4



Block     Frame    Location (bp)      Block E-value
PF00929A    3        798-828               0.19

PF00929B    2       1055-1100           4.9e+02

PF00929C    3       1224-1263               2.3

PF00929A           

DP3A_RHOCA|O68045   VVFDTETTG LF

                                             |      |  | |  |  |  |  | 

ppCM01t,                            VlLDTETTGLS

PF00929B           

DPO3_BACSU|P13267     LVAHNASFDMGFLNVA

                                              |   |  |  |  |    |         |  |       |

ppCM01t,                          VVAHNAq F *sSFL* KA

PF00929C           

DPO3_BACSU|P13267    HRAIYDTEATAYLL

                                          |  |   |     |        |     |    | 

ppCM01t,                         HRAatDCL AmAwLF

The exonuclease block is the only one of interest as it has the only acceptable e value and would be expected to be found in light of the ORFs potential biological function. Its proposed location is in good agreement with the BLAST(x) hit where the nucleotide block would just precede the BLAST(x) defined range. When compared with the Orfinder output it is apparent that the given start codon would occur in the middle of such a block. Hence the question of valid start codons and of what range most likely defines the ORF had to be answered, before a particular putative protein could be defined for subsequent analysis and characterisation.

3.2.1.11. Alternative Start and Stop Codons:

3.2.1.11.1. Start Codons

As already stated the start codon designated by Orfinder may not be the actual start codon for the protein. Orfinder typically looks for Methionine as the start codon.. One reason for the variation in start codons is that many proteins are derived from precursors that contain a signal sequence, which is later cleaved. In such a case while the precursor may well have started with a typical start codon, its biologically active form would not. It may also be that the organism simply does not use Methionine as a start codon. For example, the RECA protein of E.coli (SWISSPROT:RECA_ECOLI ) starts with Alanine, the Thymidine Phosphorylase of E.coli K-12 (REMTREMBL:E1011031) starts with Leucine and the Leucine Regulatory protein of E.coli (SWISSPROT:LRP_ECOLI ) starts with Valine. Alanine appears to be the most regularly occurring alternative stop codon from scanning all the protein databases in SRS. Therefore, as start codons are poor markers, positions occurring earlier or later than the given start codon must be looked for.

When doing this one must keep track of what reading frame analysis is being carried out in. If other potential start codons are found to occur in alternative reading frames to the one defined by Orfinder it could be that these are still valid. Such an occurrence could be explained by a frameshift mutation in the sequence. For example, from table 3.15 it is possible that there are two potential start codons, both “atg” , at positions 986-988 and 992-994, however these occur in frames  -1 and -2 relative to the defined frame for orfA. There is also an “atc” (valine) start codon in the same reading frame as orfA at position 1038-1040 preceded by an alternative Ribosome Binding Site. Bearing in mind the common occurrence of Alanine as an alternative start codon, the “gct” at position 1050-1052 could potentially function as a start codon for the putative ORF.

3.2.1.11.2. Stop Codons

A gene often codes for, not one, but two stop codons at the end of the region that codes for the structural protein. This is to ensure that translation is definitely stopped at that point to avoid errors in the expression process. Such a finding would strengthen the argument that the given stop codon is a valid stop codon. No such double stop was present in the nucleotide sequence after the end of orfA. Despite this, orfA can still be investigated as a valid ORF as any indication of a stop codon is a more reliable indication of an ORF than a start codon. A summary of the control regions to date is illustrated in table 3.15. 

Table 3.15 Alternative Control Regions on orfA 
orfA

triple codons staggered in the same Reading Frame as OrfA


Nucleotide Sequence
Index

gTGTCGATTGTTGATGTGATCAgCCTGTATGatGATCCCGGCAAGCC AAT

CCC CGa GCT GaT TAC CgA ATT AAC CGG TAT CAC Tga TGa GAT ggT GCA AG

G cCA GCG CAT TtA TGA TGC TCT GGT AGc GaG TTg GTT ATC Cga TGa TCC g

CT TGG TGG TTG* cAC ACA ATG CGC AGT TTt GAT CGT CCT TTC TTT GAA AAG

CGG TTT GCG ATT AGg CAT CTA TCT TGG GCC TGT TCA GCT AGC GGC_ATA GA

T TGG AAA GCA CTG GGC TTT GAA AGT CGG AAA CTT GAG TAC CTG CTG CTT C

GC TTA GGT TGG TTC TAT GAA GGA CAC CGA GCT GCA ACC GAT TGT TTG GCG

ATG GCC TGG TTG TTT CAA TTG TTG CCC GAG TCC GTT GCA AAC TTG TTG TC

T GAA GCA GAC AGG CGA ACT GTG TTA GTT CGT GCG TTT GGT GCG CCG TTT G

AC GTA AAG GAC TAT TTA AAA GAG CGT GGT TAC CGC TGG CAT GAC GGT GTT

AAA GGT GCC AAC AAA CAT TGG TGG CGC GAA ATC AGC GAA GAC GAG TTG CC

G CAG AAC AAA CTT ACC TGG ATG ATT TGT AtC aTC Gtg GCt TCA Ggt Cat G

CC ACC TAT GCt TAC Aaa GAT GCC gcA ATC GAT Tta AAG CTT TGt Caa TAG
GCC CTT GCA aTA TTT GaA AAC CTC TgG AAA ATG GaA Agt Gaa CC TTA tt g


950

1000

1050

1100

1150

1200

1250

1300

1350

1400

1450

1500

1550
1600



Key to orfA:

             Bold, black =  Potential promoter.

             Blue =              Standard RBS.

             Red =               Standard Start/Stop codons (as defined by Orfinder).

             Orange =         Alternative Start codons.

             Purple =          Potential cleavage site as defined by Sig P.

             Underlined =    Alternative RBS’s

3.2.1.12. Gene Product Definition

As the putative protein is believed to be involved in the processing of DNA, it would be likely to contain an exonuclease-like block. Therefore, the start codon as originally defined by Orfinder would not suffice. As a result, the “GCT” codon that codes for Alanine was taken as ORF start. This codon occurs at position 1050-1052, and coincides with the start of the putative exonuclease block that starts at 1055. The GATG that precedes it shall be taken as the RBS. The range shall be referred to as orfC and is illustrated in table 3.16. The start of this range also coincides more closely with the start of the Syne Orf1. Therefore, this range also forms a good basis for the comparison of secondary structure as part of the characterisation of the gene product. Despite the lack of a double stop for the stop codon, no alteration of the stop codon position was undertaken. 

This is because:

1. OrfA retained homology with Syne. Orf1 up until the end of the formers sequence 

2. No stop codons exist earlier in the orfA sequence

3. No stop codons can be looked for after the given stop codon as DNA polymerase activity would terminate at the given stop codon.

Table 3.16 OrfC – Finalised Amino Acid Range for Putative ORF

OrfC

AWWLHTMRSFDRPFFEKRFAIRHLSWACSASGIDWKALGFESRKLEYLLLRLGWFYEGHRAATDCLAMAWLFQLLPESVANLLSEADRRTVLVRAFGAPFDVKDYLKERGYRWHDGVKGANKHWWREISEDELPQNKLTWMICIIVASGHATYAYKDAAIDLKLCQ*



The underlined regions indicate where BLAST(x) or FASTA Y failed to reveal any significant homology.



3.2.2. Characterisation of the Gene Product

There is sufficient evidence present to justify further characterisation of OrfC. When doing this the comparison to Syne. Orf1 was regularly invoked.

3.2.2.1.  FASTA3 on OrfC

A preliminary FASTA3 search was carried out on OrfC to see if the newly defined amino acid sequence returned any extra valid hits. The sequence was compared to the SWALL database and the resulting output is shown below. No extra matches were found. Even the comparison of the init1 and opt scores fails to produce evidence that it may be possible to extrapolate any more useful data from this search.
3.2.2.2. Predict Protein analysis

The amino acid sequences of OrfC and Syne. Orf1 were submitted to Predict Protein. This facility rerouted the sequences through a number of servers, as listed in section 1.4.1.7. The output includes the two ORFs contrasted at each step

3.2.2.2.1.   PROSITE motif search 
Table 3.17 PROSITE Search Results on OrfC

OrfC
Syne. ORF1

PS00005 PDOC00005

Pattern-ID:PKC_PHOSPHO_SITE (2)

PS00006 PDOC00006
Pattern-ID:CK2_PHOSPHO_SITE (3)

PS00008 PDOC00008
Pattern-ID:MYRISTYL (1)


PS00001 PDOC00001
Pattern-ID:ASN_GLYCOSYLATION(1)

PS00004 PDOC00004
Pattern-ID:CAMP_PHOSPHO_SITE(1)

PS00005 PDOC00005
Pattern-ID: PKC_PHOSPHO_SITE (1)

PS00006 PDOC00006
Pattern-ID: CK2_PHOSPHO_SITE(3)
PS00007 PDOC00007

Pattern-ID: TYR_PHOSPHO_SITE(1)

PS00008 PDOC00008
Pattern-ID: MYRISTYL (1)

A potential Protein Kinase C binding site and a Casein kinase II phosphorylation site was found in both cases. A putative N-myristoylation site was also found in both cases. The myristoyl group is found as an N-terminal modification of a large number of membrane-associated proteins and some cytoplasmic proteins [33]. For many proteins, the addition of the myristoyl group is essential for membrane association. It is unlikely that this motif is valid bearing in mind the proposed biological function of OrfC and in light of the other traits that it has exhibited thus far. The finding of the protein kinase sites suggest that such protein kinases may be the stimulators of protein activation. A more in depth analysis of potential phosphorylation sites was carried out using Phosphobase (see section 3.2.2.5)  
3.2.2.2.2. ProDom domain search
Table 3.18 ProDom Search Results on OrfC

 Most frequent protein names 
Q55334_BBBBB 
PSAB(21) PSAA(20) Q46137(1) PF00223  PDOC00347

 Description 
PSTS GENE 
TRANSMEMBRANE PHOTOSYSTEM I P700 CHLOROPHYLL A APOPROTEIN ELECTRON TRANSPORT PHOTOSYNTHESIS 

 Alignment length 
157 
643

 Number of sequences in family 
1 
 44

Table 3.19 ProDom Search Results on Syne. ORF1

 Most frequent protein names 
Q55334_BBBBB

 Description
PSTS GENE

 Alignment length 
157

 Number of sequences in family 
1

These results confirm the homology between OrfC and Syne. ORF1 as the hit to the hypothetical PSTS gene resurfaced once again in the ProDom search. In addition, a further hit was returned for Orf C, to a domain of the Photosystem I Transmembrane P700 Chlorophyll a apoprotein complex. This is an integral membrane protein complex that uses light energy to mediate electron transfer from plastocyanin to ferredoxin. It is unclear as to how this would relate to OrfC.


3.2.2.2.3.  COILS 

Table 3.20 Coiled Coil Analysis Results

OrfC
Syne. Orf1

No coiled-coil above probability 0.5
No coiled-coil above probability 0.5

A coiled coil is a bundle of several helices that interact at an angle of approximately +20°, and assume a side-chain packing geometry termed knobs-in-holes [36] in which, at the helix interface, a side chain of one helix (knob) packs into a space surrounded by four side chains of the facing helix (hole). Supercoiling is evident and the net result is that every seventh residue occupies an equivalent position on the helix surface, and therefore the sequence shows a heptad periodicity in the chemical nature of the side chains. Neither protein showed a significant coiled-coil probability (see table 3.20) when analysised using COILS, therefore this result did not call the relationship between both proteins at a secondary structural level into doubt.

3.2.2.2.4.   GLOBE – Tertiary Structure Analysis

Table 3.21 GLOBE Analysis Results

Parameter
OrfC
Syne ORF1

Number of predicted exposed residues

Number of expected exposed residues

Difference (nexp-nfit)
67
77
-10.00
82
74

8.00

Prediction
Compact, globular domain
Compact, globular domain

Globe predicted that in both cases a compact, globular conformation would be adopted (see table 3.21). This is consistent with proteins bearing enzymatic properties.

3.2.2.2.5.  PHD Secondary Structure Prediction 

Table 3.22 Predicted secondary structure composition
OrfC
Syne. Orf1

%H: 85.5
%E: 1.2
%L:13.2
 %H: 67.5
%E: 6.4
%L: 26.1

►              all-alpha


►               mixed class

OrfC had a significantly higher proportion (18% difference) of alpha helicases in its structure relative to the Syne. Orf1 as can be seen from table 3.22. The latter had 5.2% more extended beta sheets and 12.9% more loops. The former appeared to have a secondary structure dominated by alpha helicases. Orf1, by comparison, appeared to include a greater number of beta sheets and loops in its secondary structure and was assigned a mixed class designation. This result suggests that Orf1 has a significantly greater number of amino acids containing small R groups that offer little steric hindrance. This suggests Orf1 may be more compact a protein than OrfC as the latter contains a higher proportion of alpha helicases. It has already been determined by Globe analysis however that OrfC is likely to occupy a compact, globular structure.

Predicted Accuracy:

Usually expected accuracy for PHD prediction is about 72% if, and only if, the alignment contained sufficient information.  For both sequences there was no homologue in Swissprot detected.  This implies that the expected accuracy is about

6-10 percentage points lower. Therefore accuracy is 62-66%. 

3.2.2.3. GOR Structural Analysis 

To attempt to visually contrast OrfC and Syne. ORF1 at the level of secondary structure GOR analysis was employed. The resulting data was then visually correlated in the diagram below. Similar regions are related to each other by the black blocks in the below diagram. This diagram also illustrates the relative length of OrfC compared with Syne. Orf1.

Figure 3.6 GOR Secondary Structure Comparison – OrfC Vs. Syne. Orf1

[image: image9.png]ORF dmg on top.; Syme Oxfon Bottom
arfc AAACCTTTTTCCCAAAAAAAAATTTTTTTTTTTTAAAAAAAAAAAAAARR

V & 4

Syne ORFT  AAAAAAAAAAAAABEBBBTTCCTTTTTTTTCTTCBECTTCCCAAAAAAAAAABBBEBEEB

T
QrfC  ACTCCCTTTTAAAAAAAAAAAAACCCTAAAAAAAAAAAAABEBBBTCCCTAAAAAAATTT

Syne ORF1  BTCCBTBAAATTTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAABBERCTTREBEBTTTTT

QrfC TITCTTCCCCCCCCACCCCTTAAAAAAATABBBBBBCCCCCAAAAAAAAAAAAAAL

Syne ORF1  TTCCCTCCTAAACC CCAAAAAAATARBBAAAAAAAAA



Key:
A–ALPHA,
 B –BETA,
C – COIL,
T   -    TURN
From figure 3.6, it can be seen that there are significant continuous stretches of amino acids, which exhibit structural relatedness between the two proteins. The most useful data that can be extrapolated from the overall analysis is that OrfC appears to contain a lower proportion of beat sheets than Orf1. Its secondary structure is dominated by alpha helicases.
3.2.2.4. PSORT

Table 3.23 PSORT Results

Cellular Location
   OrfC
Syne. ORF1

Bacterial cytoplasm

Bacterial periplasmic space

Bacterial outer membrane

Bacterial inner membrane


Affirmative

Unknown

Unknown

Unknown


Affirmative

Unknown


Unknown


Unknown




The results of PSORT suggest that in both OrfC and Orf1 would be located in the cytoplasm. From the Medline report it is known that the PSTS gene product, with which Syne. Orf1 is associated, is a periplasmic phosphate binding protein. It would hence be expected that Syne. Orf1 would have returned a positive result for the category “bacterial periplasmic space”. It did not however rule out such a possibility, therefore whilst no great data can be extrapolated from these results it can be said that OrfC most likely exists in the cytoplasm. If so it would be consistent with the proposed biological function of OrfC, as the site of action would be at the bacterial DNA, most likely during the replication step. Hence, the protein would have to be located in the bacterial cytoplasm.

The PSORT was also carried out on the original OrfA. This is because a signal sequence may be present as can be seen from Table 3.15. This could be affected by the addition of extra translated nucleotides, forming OrfC. Therefore, OrfA was run through and the results obtained are shown below. The results were found not to differ from the analysis of OrfC.

3.2.2.5. Phosphobase

The two sequences were then examined using Phosphobase, which predicts potential phosphorylation sites on proteins. The prediction is based on the consensus sequence motifs. The output is shown in table 3.24.

Table 3.24 Phosphobase Results 

OrfC
Syne ORF1

protein kinase CaMII (3)
protein kinase CKI (3)
protein kinase CKII(3)
protein kinase GSK3 (1)
protein kinase PKA (4)
protein kinase PKC (2)

protein kinase CaMII (2)
protein kinase CKI (1)
protein kinase CKII (3)
protein kinase PKA (2)
protein kinase PKC (1)
protein kinase PKG (1)

From the table 3.24 it can be seen that both OrfC and Syne ORF1 have potential phosphorylation sites for protein kinase CaMIII, CKI , CKII, PKA and PKC. In addition, OrfC has a putative protein kinase GSK3 site. It must be born in mind that many false hits can be expected from Phosphobase as is described in Appendix 1 (section 4.1.13). A protein kinase PKC site and a protein kinase CKII had already been predicted for OrfC using the PROSITE Motif Searcher as part of the Predict Protein suite of programs (3.2.2.1.1). 

The selective activation of OrfC and Orf1 may be possible in vitro through addition or inhibition of such kinases. 

3.2.2.6. Further Alignments

As a role in a process similar to the SOS response is possible for OrfC, the putative protein was compared to the UmuDC proteins from E.coli. A homological comparison between the two was carried out via CLUSTALW. Due to its intermediate phenotype between UmuDC and MucAB, the latter protein was also included in the comparison. Furthermore, the sequences of other proteins generally related to SOS, such as RecA were retrieved and an overall alignment carried out. The results were viewed in Genedoc.

Figure 3.7 Alignment of Mutagenesis Enhancing genes

[image: image10.wmf] 
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From the resulting alignment it is clear that little homology exists between orfC and and of the proteins listed. However this result is not conclusive on its own. True homology only becomes apparent at tertiary and quaternary levels and requires three-dimensional modeling. This result, however, suggests that OrfCs mechanism of action is likely to diverge from the proposed models for the proteins listed.

3.2.2.7.  SWISSMODEL

Generation of a three dimensional model by SwissModel could not be carried out for either OrfC or Syne. Orf1. This is because they did not meet the required criteria, as no homologue existed in the Protein Database (PDB) for either protein.

Table 3.25 SwissModel Requirements

SwissModel Criteria

BLAST search P value 
< 0.00001

Global degree of sequence identity (SIM)
> 25 %

Minimal projected model length
25 aa.

3.2.2.8.  Protparam 
A list of predicted physiochemical properties for OrfC are listed in Table 3.26.

Table 3.26 OrfC’s Physiochemical Properties

Total number of negatively charged residues (Asp + Glu): 20

Total number of positively charged residues (Arg + Lys): 23

Atomic composition

Carbon      C
       897

Hydrogen    H
      1345

Nitrogen    N
       243

Oxygen      O
       233

Sulfur      S
         7
Estimated half-life:

10 hours (Escherichia coli,

in vivo).



Formula: C897H1345N243O233S7
Total number of atoms: 2725


Theoretical pI: 8.69

3.2.2.9. BioEdit Compositional Analysis:

Analysis of both genes using BioEdit resulted in the generation of two sets of data, amino acid based and nucleotide based. Four graphs were generated and are as follows:

Figure 3.8 OrfC Analysis
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Molecular Weight: 19484.35 Daltons 
Length 166 amino acids

Figure 3.9 Orf1 Analysis
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Molecular Weight: 17945.53 Daltons 
Length 157 amino acids

Table 3.27 BioEdit Nucleotide Analysis

Gene
orfC
orf1

G+C content:
47.9%
60.03%

A+C content
52.81%
37.97%

Mol. wt
166290 Daltons
144100 Daltons

3.2.2.9.1.  Amino Acid Analysis – Its Relation to Secondary Structure

From figures 3.8 and 3.9, it is observed that there are an increased percentage of Proline residues in Orf 1, relative to OrfC. Such residues consist of a rigid ring structure and are strong breakers of alpha helical structures in proteins.  This partially explains the lower alpha helical percentage in Orf1 (see section 3.2.2.2.5). Similarly, they inhibit backbone hydrogen bonding thus inhibiting the formation of Beta sheets.

 There are also higher levels of Valine, Leucine and Lysine in Orf C. These tend to result in the formation of alpha helicases whilst interrupting beta sheet structure [48]. These results point towards a greater tendency for OrfC to adopt a secondary structure dominated by alpha helicases and is consistent with the PHD Prediction output.

A molecular weight of  19.48 kDa was obtained for OrfC. This is slightly higher than the value of 17.95 kDa obtained for Orf1 and can be explained in part by its longer amino acid sequence.

3.2.2.9.2.  Nucleotide Analysis - % GC Content

The typical percentage GC range for Escherichia sp. is 48-52 whilst for Proteus sp.it is 38-41 [53] The GC content for orfC (see table 3.27) was found to be 47.9%, which exactly coincides with the formers range. This suggests that there may a relationship between this putative gene and E.coli, which may be of an evolutionary nature. More importantly it strengthens the likelihood that if this is a valid gene it may well be expressed in E.coli.

 The higher the percentage GC content the greater the number of hyrdrogen bonds holding a given piece of DNA together (three hydrogen bonds stabilize a GC bond whereas two stabilize an AT bond). This force determines the melting temperature of a given piece of DNA. Organisms evolve polymerases and other cellular components to manipulate DNA within certain GC conditions. The location of orfC’s percentage GC content within Escherichia’s range means that there is no opposition to the expression of orfC by this factor. 

The percentage GC content for orf1 is 60.03%, which is quite high see (table 3.27). It reduces the possibility of evolutionary relatedness between orfC and orf1. As a member of the cyanobacteria, a group of photosynthetic bacteria, Synechococcus has a wide-ranging percentageGC content. That of the group varies between 35 and 75%. [53]

3.3. How may the orfC gene be involved with RumAB?

A strong argument has been established for the presence of a potential gene, orfC, on the sequence pCM01t. A promoter, Ribosome Binding Site and Open Reading Frame are associated with it in the correct order. All three exhibit characteristics typical of E.coli. The BLAST(x) hit to Orf1 of  Synechococcus sp. may indicate a phosphate binding ability. The presence of a potential exonuclease block at the start of the ORF may be indicative of a role in the excision of damaged DNA during a repair/mutagenesis process. Such a claim is strengthened by the proximity of orfC to the rumAB genes, which are close upstream. They are believed to play a role in the biological function of increased UV sensitivity. It may be that orfC play an auxiliary role. 

Physical characterisation of the gene product, OrfC, yielded a protein of 19.48 kDa with a predominantly alpha helical structure. It may be that it complexes with one or both the rumAB gene products, possibly being associated with RumA’B in a similar process to the formation of the UmuD’(2)C complex. Alternatively, it is possible that it is a separate gene, which is not directly related to the rumAB genes. A role in an operon is viable, with other genes that may be located further downstream, in the unsequenced region adjacent to pCM01t. It is unlikely however, in light of its properties, that it is not involved in a process related enhanced mutagenesis at all. The only other possible role would be with respect to membrane associated function. A few marginal results, such as the hit to an N-myristalation motif in section 3.2.2.2.1 when using scanning PROSITE and the hit to Transmembrane Photosystem I P700 Chlorophyll A Apoprotein in section 3.2.2.2.2 when searching ProDom. Otherwise, however the evidence is heavily biased away from this role.

Figure 3.29 Schematic View of the Characterisation of pCM01
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To determine whether it may have an individual effect, orfC could be cloned could be investigated in vitro by sub-cloning into pUC18 transformation into a range of host bacteria, in particular E. coli, to which it displayed a GC content of high similarity. Alternatively, an attempt to purify the gene product could be carried out making used of physiochemical data such as the protein mass and isoeletric point.   Activation of such a protein may be inducible using one of a range of kinases including Protein Kinase C and Casein kinase II. Experiments to characterise the activity of such a protein could take the form of an enzyme assay, using linearised, single stranded DNA as a substrate. Alternatively, gene knockout techniques could be employed on orfC in order to observe the effects on deficient individuals in vitro. It may be that in the absence of the proposed orfC, R391 may exhibit a phenotype that resembles the rumAB genes in isolation from the plasmid, i.e. Increased host survival rates with respect to increasing UV dose.

4.

Appendices

4.  Appendices

4.1. Appendix 1: Commonly Used Tools in bioinformatic analysis
4.1.1. BLAST

BLAST stands for Basic Local Alignment Search Tool and is probably one of the most used services in bioinformatic analysis, due to its power and flexibility. BLAST emphasizes regions of local alignment to detect relationships among sequences which share only isolated regions of similarity [3, 4]. Therefore, BLAST is more than a tool to view sequences aligned with each other or to calculate percent homology, but a program to locate regions of sequence similarity with a view to comparing structure and function. The are different types of BLAST programs available depending on the type of data you are working with, and also the type of output that you want to obtain. They are summarised in the table 4.1.

Table 4.1 Varieties of BLAST Searches

Program 
Description

Blastp
Compares an amino acid query sequence against a protein sequence database.

Blastn
Compares a nucleotide query sequence against a nucleotide sequence database.

Blastx
Compares a nucleotide query sequence translated in all reading frames against a protein sequence database. You could use this option to find potential translation products of an unknown nucleotide sequence.

Tblastn
Compares a protein query sequence against a nucleotide sequence database dynamically translated in all reading frames.

Tblastx
Compares the six-frame translations of a nucleotide query sequence against the six-frame translations of a nucleotide sequence database. Please note that the tblastx program cannot be used with the nr database on the BLAST Web page because it is computationally intensive.

BLAST allows a given sequence to be compared to any of a range of sequence databases. The can be nucleotide or amino acid in nature. The main nucleotide database is EMBL [15]. Protein databases include SwissProt and TrEMBL [73]. For convenience, combinational databases such as SWALL exist, which includes the both of the latter pair.

One problem with searching biological databases, particularly nucleotide databases are the presence of regions of low complexity such as satellite DNA and ALU repeats. Filters such as the ALU and DUST filters for nucleotide sequences and GNU and SEG filters for proteins have been designed in order to mask these regions and improve the sensitivity of homology searches [81].

4.1.2. BLAST Two Sequences:

Often one has to deal, not just with a single nucleotide sequence, but a series of smaller sequences. These smaller usually arise from the fact that a continuous sequence of greater than 600 to 1000 bps cannot be carried out in one step. Smaller portions with overlapping regions have to be sequenced and the resulting data combined. The “Blast Two Sequences” facility [9] at the EBI is the one method of achieving this. It works in a similar manner to the BLAST(n) program except instead of looking for homologies between one sequence and the sequences in the database; it looks for homologies between two user supplied sequences. It gives both text and graphic output so that the region of overlap can be easily established. The complete sequence can then be arranged using simple cut and paste techniques.

4.1.3. FASTA3

Like BLAST, the FASTA3 [45, 46] program is used in order to carry out the homological comparison of a given sequence to the sequences in the nucleotide and amino acid databases worldwide. It searches the same databases as BLAST however it uses a different algorithm to BLAST and, in many cases, can yield more useful results. This is in part to the increased statistical information such as the init1 and opt scores offered by FASTA in conjunction with its search results. These can be used to discriminate between valid and random matches. Like FASTA, it is available in different implementations depending on whether a nucleotide or amino acid sequence is being analysed and to what databases it is being compared. The different versions are shown in table 4.2.

Table 4.2 FASTA Search Types

PROGRAM
FUNCTION
SUBMISSION TYPE

fasta3
scan a protein or DNA sequence library for similar sequences
interactive/email

fastx/y3
Compare a DNA sequence to a protein sequence database,
comparing the translated DNA sequence in forward and reverse frames.
interactive/email

tfastx/y3
compares a protein to a translated DNA data bank
interactive/email

fasts3
compares linked peptides to a protein databank
interactive/email

fastf3
compares mixed peptides to a protein databank
interactive/email

4.1.4. Orfinder

 Orfinder [44] identifies all possible ORFs in a DNA sequence by locating the stop and start codons. The deduced amino acid sequences can then be used to BLAST against GenBank. This tool identifies all open reading frames using the standard or alternative genetic codes. ORF finder can be configured to use different start or stop codons. For example, it can look for such codons from “Yeast, Bacteria, etc.”. However, when unsure of the origins of the sequence, the standard codon table is used. 

4.1.5. Promoter Finder
This server relies on Neural Network Promoter Prediction (NNPP) [54], which finds eukaryotic and prokaryotic promoters in a DNA sequence. The function of the promoter as an initiator for transcription is one of the most complex processes in molecular biology. It has been shown that multiple functional sites in the primary DNA are involved in the polymerase binding process. These elements, such as the TATA-box comprising the -35 and -10 regions, are involved in the transcription initiation process. These promoter elements are present in various combinations separated by various distances in the sequence.

4.1.6. Blocks

Blocks Searcher [28] is a homology searching system that is based on a database of protein family representations rather than sequences. These representations consist of blocks of aligned segments derived from the most highly conserved region of proteins. In comparison with sequence databases, because the number of protein families is increasing relatively slowly to the number of sequences, this system does not become substantially more complex with time, rather the families become more informative.

4.1.7. Motifs

Most protein families can be characterized by sets of locally similar sequence segments, typically referred to as motifs [1, 2, 6]. Within a single sequence, a motif consists of a contiguous stretch of amino acids shared by a group of proteins and conserved for function. This definition includes motifs found in families of related proteins as well as in collections of unrelated proteins that share a common structural feature. The terms signature and pattern are often used as synonyms for motif. Motifs represent local as opposed to global features of a protein, and a protein sequence can include multiple motifs.

4.1.8. BioEdit

Initially designed as a standalone alignment viewer BioEdit [8] is useful for calculating potential AA content and mass. It is capable of interconversion between different file formats from a mainframe computer.

4.1.9. CLUSTALW 

The simultaneous alignment of many nucleotide or amino acid sequences is one of the most fundamental operations carried out in computational biology. It forms the basis for much phylogentic analysis, secondary structure prediction and other bioinformatic tasks. CLUSTALW [29] carries out this task efficiently using a biologically based heuristic algorithm (one that is based on exploring possibilities rather than relying on a stringent set of rules). Initially it makes a number of “guesses” as to where alignments may occur and then fine tunes the alignment through a series of reiterations termed progressive alignments. One problem associated with this is that if the first of the progressive alignments were inaccurate then the overall process would be unreliable. The latest implementation of the algorithm called CLUSTALW uses weighting techniques and position specific gap penalties to give much more accurate alignments. These alignments can then be exported in the form of an alignment file (.aln) that can then be viewed in Genedoc or other software packages. 

. 

4.1.10. Genedoc

Genedoc [23] is in effect a presentation package. It allows one to visualise alignments such as those generated by CLUSTALW. A range of parameters can then be varied in to order highlight consensus regions above a certain threshold value. In this way, it provides a vital insight in determining the direction in which future analysis lies during the course of a project and is often used to detect regions where blocks may lie.

4.1.11. Protein Engine

Protein Engine [55] is a resource available at the EBI that translates a given nucleotide sequence to an amino acid sequence using the appropriate codon table in the desired reading frame. Hence, one can determine the potential gene product of a nucleotide sequence and use this as a basis for further analysis.

4.1.12. Predict Protein

Predict Protein [59] is unlike most other programs encountered as it is not a single tool in its own right, rather a redirectional facility that routes a given amino acid sequence through a range of servers listed below. It is invaluable in its efficiency and time saving nature. It also reduces the likelihood of human error. Its only drawback is that each server to which a sequence is submitted cannot be configured to a particular specification. In most cases however, the default parameters are sufficient making this drawback irrelevant.

4.1.13. Phosphobase

Phosphobase [52] predicts potential phosphorylation sites on a given protein. The "prediction algorithm" implemented in Phosphobase is based on substrate consensus sequence (defined as set of necessary and sufficient primary structure elements in proximity of phosphoacceptor residue common for all the substrates of that kinase) of some more popular protein kinases. In this model, a more "loose" algorithm has been chosen which predicts many "false-positives" rather than risk missing a potential site due overly strict rules. This must be borne in mind when interpreting the prediction results. 
4.1.14. PSORT

PSORT [57] is a computer program for the prediction of protein localization sites in cells. It receives the information of an amino acid sequence and its source origin, e.g., Gram-negative bacteria, as inputs. Then, it analyses the input sequence by applying the stored rules for various sequence features of known protein sorting signals. Finally, it reports the possibility for the input protein to be localized at each candidate site with additional information.

4.1.15. ReadSeq

With the shear number a different sequence formats currently used in bioinformatics a sequence conversion tool is a valuable aid. One such tool is ReadSeq [58], which simply and efficiently interconverts between different formats.

4.1.16. Protparam

This is a collection of algorithms that facilitate the prediction of physiochemical properties on a given amino acid sequence. These include the predicted pI, predicted molecular formula, atomic composition and estimated half-life. Protparam [56] can be accessed from the Expasy Server located in Switzerland. 
4.2. Appendix2:Bioinformatic Limitations:

There are a number of limitations to the bioinformatic method that must be borne in mind in order to ensure the correct interpretation of results [48].

1. At present, too many false hits are returned when trying to identify gene-coding sequences. This is due to the use of “loose fit” type heuristic algorithms which are designed to avoid the omission of valid hits at the expense of including unreliable hits. Filters such as GNU and Seg serve to exclude low complexity regions from protein-based homology searches and such are used. ALU and dust filters perform the same operation on DNA sequences prior to search execution.

2. Consensus regulatory regions are often difficult to obtain for diverse organisms in which little related sequence data is available in the genomic databases.

3. Start codons prove to be a notoriously unreliable indicator of the gene sequence corresponding to the structural protein. This partially due to the presence of signal sequences, which are incorporated into precursor proteins and dictate the final location of the mature protein. These can be simply screened for using signal sequence detectors. However it is becoming increasingly apparent that many organisms use non-standard start codons to a greater degree than had been previously predicted. More recent bioinformatic software has exhibited a trend towards predicting Open Reading Frames using Stop codons only. Modern techniques also provide greater statistical data to improve the likelihood of detecting valid Open Reading Frames. Such software is available as part of the Staden packages which forms part of the GCG (Genetics Computer Group) software suite.

4. Greater knowledge of protein secondary structure and fold recognition must be elucidated in order to improve current modelling techniques. Current three-dimensional techniques such as those employed by SwissModel are somewhat primitive, relying on taking existing template protein from the PDB and modifying it to the specification of the protein undergoing modelling. This results in inaccuracies and inflexibility, as there is a lack of sequences in the PDB compared with the total number of known proteins.

5. Currently, there is a bias towards generating gross volumes of sequence data at the expense of proteonomics. There is a great requirement for biochemical analysis on sequenced data. This is evident from the regular reoccurrence of hits to hypothetical ORFs and unknown ORFs during the course of a biochemical analysis on a given sequence, i.e. How much can one learn from a hit, about which itself, little is known?

4.3. Appendix 3: Generated Sequences

4.3.1. pCM01t

>pCM01t, 1932 bases

TGACGAACCTCGAAAAAATAGAATTAATACTGTTTGTTTATACAGTATCT

AATGCTATGCTGATTTCTACAAGTAAAATTGTAGGTAAAACTGGTGTTGT

TCGAGTAAGACGCTGTGTTGTCGGTGATTTATTTTTTGTGTTGAAAAACT

AGATGTGGGGATAGCTCGCCCTCGTCAAAGCCTGCAAGGCTTGGACAATA

CTGCTTCTGCCTACTGCTCTTGTTTCTGTTACTGATCCTGTTACTGCTAC

TGGTTAACGCATGGGTCAAGTAACCGTCAGACAAGGCTTGTTGAACCCTT

TGCAAAGGGTTTAAAAACAGTTAGTAAAATTCTGCTTCGTATTGAATTTA

CTGGCTTAAAGCGAAGTCAGGAGCATCTTTAAAATGCTCAGTCGAACTCA

GTTCAAGCCTTTTTCAACCGTTTGAAAAGGGGTTGGCTAAGCCATACGTA

AAGGGTATCGGTAAGGGTTACCTAAACGGTTTGGCTAAGGCTTTCTGAAA

GGCTTAGCCAAAGCCTTCATACATGGGTTCACCCAGTAGAAAGATTAAAA

AAACGCTGAGGTATCCAAGGTGCATTTTGTACAACCTGTGGCACAGTGAA

ATAACCCAAAGCGAACAACAGAATTGAAGAGGAACCATCAATGACAAGAG

CCCCTGCGCCATTTCCGCTAGAGCGCCTCGCGGaATATCCCAGAAAGACC

AGAAGATTTTAGATTgCTGGAACGcATTCCTTTAACGcGTGAGCCGCAGT

CCTGGcCACTTGAACTTTCTCCTATGGTCGGTGATGAACAGCCGATGGTG

CTGCTCGATACAGAGACAACCGGACTGTCTGCCGATGACGAGTCCATTAT

TgAGCTTGGTATGGTTAADgaTGCTTTACAGCCCCTCTGCTCAGCGGATT

GTGTCGATTGTTGATGTGATCAgCCTGTATGatGATCCCGGCAAGCCAAT

cCCCGaGCTGaTTACCgAATTAACCGGTATCACTgaTGaGATggTGCAAG

GcCAGCGCATTtATGATGCTCTGGTAGcGaGTTgGTTATCCgaTGaTCCg

cTTGGTGGTTGcACACAATGCGCAGTTTtGATCGTCCTTTCTTTGAAAAG

CGGTTTGCGATTAGgCATCTATCTTGGGCCTGTTCAGCTAGCGGCATAGA

TTGGAAAGCACTGGGCTTTGAAAGTCGGAAACTTGAGTACCTGCTGCTTC

GCTTAGGTTGGTTCTATGAAGGACACCGAGCTGCAACCGATTGTTTGGCG

ATGGCCTGGTTGTTTCAATTGTTGCCCGAGTCCGTTGCAAACTTGTTGTC

TGAAGCAGACAGGCGAACTGTGTTAGTTCGTGCGTTTGGTGCGCCGTTTG

ACGTAAAGGACTATTTAAAAGAGCGTGGTTACCGCTGGCATGACGGTGTT

AAAGGTGCCAACAAACATTGGTGGCGCGAAATCAGCGAAGACGAGTTGCC

GCAGAACAAACTTACCTGGATGATTTGTAtCaTCGtgGCtTCAGgtCAtG

CCACCTATGCtTACAAaGATGCCgcAATCGATTTaAAGCTTTGtCAaTAG

gCCCTTGCAaTATTTGaAAACCTCTgGAAAATGGaAAGtGAaCCTTAttg

GTTTAACCAACcAAGAGGaATCTTTCCaatGTTAcCAAtGACAACCtACA

ATTTAATTACTgGggCGAAATcCTTCgtCtCTTgcCCcgcAAtCAaTTga

ATTTTgCAatCAaCGttCcgAgCgcttTcttAAAgaaCcAtggaAgCAtt

ttAAtGTCcttGGCCAAGAgtctgcCCCAgACtGcGAttcctGAAaGAat

gCtCCCAtttCtAAcCAAcCCAagGAgAAtGttCtAAGCgtGttCgAgtc

AgtAAtAActtttcagCAAtAtgcAAttCAgCggACAtCtAttCtAAtCA

tAAAtaAACtAAtCtaACtAatACtAAtCAAt

4.3.2. pCM01b

>pCM01b , 2486 bases

TGTTAAGGATCAACTCACAGGcTTGGTCAATCGTTCGcTTAACCGCTGGC

TCCAAAAAGCTTTCAATCGGTGCGTAGAAACTATAAAACGGGATTAACAC

ATCAAGGCCAGAGTCCTTCATCTGTTTTGCAGCTGATTGGAAAGCATCAA

GTAATGAACGCTCACCCATGGCTAAGTGCTTACCCGTCGCGCCTTTTGTT

CGAATTGACTcAAACACTTTTTGAACCAGCGTGTAGTGGTAAGGCACAAA

CGGATAGTTGTCCACGaAAGaCGGaGCGTCGGTGTAGCCCTTTAGAGACG

CGGTTGTCGTTTTATCAAATGTCAGCTGGTTACGaAGAATGTCGCCCTTT

TCAGCAAAGACATCGaTGaGGTATGTACGaGCTTCTTCCGTTTTGGaCAA

CAATCGCTTTTGaATAACTTCCGAGGTATTCGaGCTCGaCAGCTGTAAGc

agGTACTAAAACGcccTTGaaTTTTaaGaGaaGTcCTCGcCATCACTCTT

ATCCaTaCCACCAaTRGcAGCATcAATRTCTGCCTGaVAgDHAACAACGA

CCCAAGCTCTGCCACCACAaTaTGTGCCAaGaTCTTCaGTAaTGGTCTGa

aGCTTCAaCATCATTTGTGTGTTCTTACCGaTAaaCTGaCCGaCTTCATC

GaCTAAGaAAaGAaGGTTACGaTCCCCAGTGCGaTCTAAGTaTTCATTAa

CCCACTTACAGAAGTTTCGGaTATCTaGCGGGaAATTGTTTTCAaCCTGC

TCAaCCCACGCTTtGGCAGaCTCTAATGaTTGCTCACTGGCATGaGCGaG

TGCTTCTGAAGTTCGtCTCGaTAGAaGtCATAGGCGtCACGCTCCttTTC

CCAAGTTGaTGaGTCAACTCAGCAAATTTGTCCTtGAAAGatGCGtATTG

ATTACGgtTATCAaGCTCGCGttCTAAGtGCGCAATAtGaGAGaGGtCAG

CGCAGTATCCTACACGCTCATTAAAGACTTTGAGGgAAACCttAAGaGTG

GCATTggCTCGGtCGtCCGtATTGGCTCGCGaatCGatGttAAAaAGaAT

AaCATCAGtGtCTttGGtAACCGCttttttGGatGtCCGCCAACAGCATG

GCGtCGTTGATTTtGTCTTTGAAAAACTCAAACGcTTgtCGGCCttGGCC

ATCTTTTTCAACAGATTTAggCtCAAGCAAATAaGgtaaaaccccCAGGA

AGTGCGaTtgACCCgaGCCAaAGaAGcCAGAAATCCACACACCAATttTA

CCcgACATATCACCGtGGctttgcGtCACcgaTggggcCGgAAGCCTCAa

cccacgCACGAAGGTCTATCTAACTCTCGGGTAACAACATACTCATCAAG

CTCGACATACACACTGTCATTGTCTTTTTGTTCCGCTTTAACAACGCCAT

TAATGTCACGCGTCAACTTCTTGGAAAAAATCTGTTCAATTTTCATTCGG

GAGGCTCCCTGCTCTTAAATTTTTTTACCGTCTTCAGGCACAAGTTTGAA

GGCGCGATAGTAGTTTTTAGATTCGATCATGCCAAAAGGATGCAAATCCC

TTCCGCTATATTCACCCGGATAGAAAAGCACTAATGGCGTGCTCCCCATC

ACGTCTTGCAGAGCACTAAGTAACTCATGTCCTCGGACAAGAGGCCACGC

ACTGCCTAAGCCTGACAGCAACACAAACTCAAGTTCTGATGGCTTATATT

TGTCCGCGATATACCTTGCCACTTTCTCTTGGcTcAGAGGCcGgCTAGTG

TTTTTcGAAGACCATCAACAcCGACTtGCAATTCACGcTGGCAAGTCGGt

CGAAAAGGcCTCGCTCCTCAAGCATATCTATCAAGACTtCAAAAAtATTG

AGAtGGACAAAGCGGtAACCACGcTtGtTGAGTTtttCGtCAACGTGCTT

AAGGTGCTCTCGtACAAGCAGttCATACTtGGCTGGATAGTCAAATACCC

AAAATCCAATTtCATTGCCCAAGCCATCGTTtttCAAAAACTTAGGGCTT

TCAATTCGTTCCTGTATAAGATCAAGCCtGGTCTGGAGAGCCttCATATT

GTGCACTCCAtGACCtCAAtCAAAtCttCCCGGCCCAGACGAACTAACCA

GTCTTTAACTTCTGGCATTAGGTAAACAGGTTGTATTTTcTTTGTCCTGC

TATCACTCAGGTAGCCACTATCAACCAATGCCTTAATTGCGTTGTTACCC

ATTTTTTTGACAGTTcgAGTCAGAAAAACCGcCAAGTTCGGCATATGCCC

GCACTCTCGTGTCATAAAACTCAGACCATGCATCAGCgGTTAAaGCGgGT

TTATtAGGTGCGACGAGCCTCGGCTAAGGTATGttCGCATAtcATCAGCG

aCAACCggAGAATgActtGAGtgAAgttCAtCATCATCAtttgCATATTC

ACGtTCACTCTCGGTtAAAATtCAGTCATAaCTCATCACCCATTCCttCA

AtACTCAACTTtatGtCcggCAtAACTtATATCCTc

5.
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