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The sequence shall, from now on, be referred to as TR-5.  Translation from DNA to protein was done using the computer program DNAMAN (ver 4.11, Lynnon BioSoft, 1994).  TR-5 is a 1292 bp sequence with a base composition of 26%A, 33%C, 23%G, and 18%T (Appendix A).  The sequence was translated by DNAMAN (1994), in three frames giving the largest ORF in the plus 1 frame (Fig. 1). 

Fig 1 – Translational overview of TR-5 in all three frames in both directions.  The plus 1 strand has the largest ORF.

The potential ORF (+1 reading frame) encodes a protein that is 329 amino acids in length, a pI of 8.22, and with a calculated molecular weight of 35012 Daltons (Appendix B). Using ProtParam tool from the ExPASy web-site (expasy.nhri.org.tw), the pI was calculated as 8.56 and the MW was 35065.6 Da (Appendix C). The results from ExPASy were similar to DNAMAN.  The slight differences seen are probably due to the number of significant figures each tool uses in their calculations.

Figure 2 shows the cDNA sequence of TR-5 and the deduced amino acid sequence given a plus 1 reading frame.  There is a polyadenylation (AATAAA) signal at 1239bp (Takagaki, et al. 1988).  There is also a CAAT box at 18bp that represents a DNA transcription factor CTF/NF1 binding site, but no TATAA box in the sequence (Muller, et al. 1988). 

A BLASTX search was done using the nucleotide sequence of TR-5 translated into all reading frames (Appendix D).  The search revealed significant homology to a human hepatocellular carcinoma sequence that can transform rat liver cells and NIH3T3 fibroblasts (Yang et al., 1990).  The protein was translated in the +3 frame, which is not in the +1 frame of the largest ORF predicted by DNAMAN.  The protein translated by Yang et al., (1990) was 467 amino acids in length (52 kDa).  They found a TATAA box, but did not show if there was a polyadenylation signal or if there were any other regulatory sequences. The next two protein matches of TR-5 were in the +1 frame, but were not significant according to the BLAST search engine.  These sequences had a low identity with TR-5.

1         AATTGCGCGCTCTAGGACCAATGCAGCACCCCGGCAAGAACAAGAACGGACAGCGTCGCA

1          N  C  A  L  *  D  Q  C  S  T  P  A  R  T  R  T  D  S  V  A  

61        AGACTCGCGGCAGGCGTTACTGTGCATATGCAAGTTACAGCCCTCAAGAAGCTCAGCTGC
21         R  L  A  A  G  V  T  V  H  M  Q  V  T  A  L  K  K  L  S  C  

121       CCGCGGTACCTCAGCATCGCCGTACCGTGCAGCCAGACTGCACGAGCGCCTTACCTGCTT
41         P  R  Y  L  S  I  A  V  P  C  S  Q  T  A  R  A  P  Y  L  L  

181       ACACCACACCACACGCAGCACCAAGTCTCTGCCATCTCTACAGCGAGTGCACCACTGCCT
61         T  P  H  H  T  Q  H  Q  V  S  A  I  S  T  A  S  A  P  L  P  

241       GCTAACGACACGCCTTACGCTGCCGCGTCACCGGGACACCCCGCCTACTACACCGATCAT
81         A  N  D  T  P  Y  A  A  A  S  P  G  H  P  A  Y  Y  T  D  H  

301       TTACTTATCAGCAAGGAGATCGACAGCCTACCACAGGGGGAGCCTCCACCCATAGTCAGT
101        L  L  I  S  K  E  I  D  S  L  P  Q  G  E  P  P  P  I  V  S  

361       GTCTGCGCCACGGTGGAGCCTGCAATAGCAATAAGGACGCACAACACCGAAAGGGATCTC
121        V  C  A  T  V  E  P  A  I  A  I  R  T  H  N  T  E  R  D  L  

421       GTCTCTGAGATCAGATACCCGATGACCGAGAGGTCCTTGGCCATCAGCTCACGGCTCGGT
141        V  S  E  I  R  Y  P  M  T  E  R  S  L  A  I  S  S  R  L  G  

481       TACTCTCCACATCTTCCATCATCACTCAAGAGTAACGGAGAGGCAGCAAGTGTCAGCATC
161        Y  S  P  H  L  P  S  S  L  K  S  N  G  E  A  A  S  V  S  I  

541       GTGACATCCGTAGCGGCAGGCTTCTTAGATGCCCCACTTAGGCCCTCGGCCCGCTCAGGA
181        V  T  S  V  A  A  G  F  L  D  A  P  L  R  P  S  A  R  S  G  

601       ACTTACGATTGCGCTCCATCGTGTCAGTCCCTCCTGACCGTCTGCCACACTCCCGACCGC
201        T  Y  D  C  A  P  S  C  Q  S  L  L  T  V  C  H  T  P  D  R  

661       ATGAACGTAAGGTGCGCCTCGCTGGGCTCGACTATCAGTCACCAGGTGGGATCTACCTCC
221        M  N  V  R  C  A  S  L  G  S  T  I  S  H  Q  V  G  S  T  S  

721       ACCGAGACGTGCGCGTCACCTGCATACCCGCTGAAGTCCACCTTGAGCCATGCAAGACAG
241        T  E  T  C  A  S  P  A  Y  P  L  K  S  T  L  S  H  A  R  Q  

781       AGCAGCCCTGGAAGCCACAGCCTCTGCAGGTTCCACTCCACTTGCAACATACGCCCAACC
261        S  S  P  G  S  H  S  L  C  R  F  H  S  T  C  N  I  R  P  T  

841       ACATCGCTTGCTGCCCTCCGGTCACAAAACTACAGCATTCTCCATACCACTTGCCTAGCC
281        T  S  L  A  A  L  R  S  Q  N  Y  S  I  L  H  T  T  C  L  A  

901       CACAGAGTCTCACAACATTCCCTCCAGTCACGCCCAGGACACAATCCAGAGGAGCCTCTC
301        H  R  V  S  Q  H  S  L  Q  S  R  P  G  H  N  P  E  E  P  L  

961       GCTGAGCAAGGAAGCTGGCGCTCAGTACCAGCCAGTCCAGAGCCGACGCTGAGGGGGCTC
321        A  E  Q  G  S  W  R  S  V  P  A  S  P  E  P  T  L  R  G  L  

1021      ATCAACATCTCCAGCAGTCCGGTCATGCTTATCATAAGCCCTCCAGTCCACTCTTGAGAT

341        I  N  I  S  S  S  P  V  M  L  I  I  S  P  P  V  H  S  *  D  

1081      CCATGGCTGTACCCTCCAGTCGGCTGACCAAGTGCGGCTTGCAGCAGGGCCCGCCGCCCC

361        P  W  L  Y  P  P  V  G  *  P  S  A  A  C  S  R  A  R  R  P  

1141      AGCAGCAGCCAGCAGAATTTTACAGCATCGACACTGCTCACCAGGATTAAGCAGTCTCTG

381        S  S  S  Q  Q  N  F  T  A  S  T  L  L  T  R  I  K  Q  S  L  

1201      GCTTTCCAAAAAGGAGAACGGGCCTAAAAAGGGAAAGATTTATTATGGCAGTTGTCCAAT

401        A  F  Q  K  G  E  R  A  *  K  G  K  D  L  L  W  Q  L  S  N  

1261      TTGATTTGATAAAAAAAAAAAAAAAAAAAAAA

421 L  I  *  *  K  K  K  K  K  K
Fig 2 – cDNA and amino acid sequence in the +1 frame. The largest ORF is in an outlined box. In boldface is a potential CAAT box. In Italics is the polyadenylation signal.  And underlined are the start and stop codons.  

Using the tools available at the ExPASy web-site, some of the protein characteristics were predicted.  Primary structural analysis did not reveal much using ExPASy. There were no repeats identified using the REP tool (Andrade et al., 2000).  No repeats may rule out the possibility of hypervariability and that TR-5 is not the product of DNA rearrangement.  No coiled coils were predicted using the Paircoil preogram (Berger et al., 1995).  The Kyte and Doolittle plot did not reveal any stretches of hydrophobicity or hydrophilicity (Appendix E).  As well, the sequence was not a transmembrane protein as predicted by the HMMTOP tool (Appendix F). 

Secondary structure analysis, like primary structure analysis, did not reveal any notable characteristics.  Using the GOR IV and SOPMA (Appendix G), the protein seemed to be mostly random coils with some extended strands and alpha helices.  GOR IV and SOPMA predict secondary structure of a protein sequence based on sequence characteristics and multiple alignments with known sequences. The PSORT II tool uses several subprograms and tools to predict some interesting characteristics of the protein (Appendix H).  PSORT II says that the protein has a mitochondrial origin based on multiple alignments of the TR-5 sequence with other known sequences.  As well, there was no N-terminal signal peptide and there is a possible cleavage site between the 27 and 28th amino acid (ARA_PYL).  The fact that the PSORT II does not tell us anything about the protein is a result in itself.  We have eliminated what TR-5 might do, but until it is expressed or knocked-out, we cannot be sure of its function.  

Tertiary structure analysis was done using the SWISS-PROT tool.  This tool compares an unknown sequence to known protein structure.  If there is a significant match, then we have a clue as to the structure of our unknown protein.  To be expected, there were no matches of TR-5 with other known proteins.  Therefore, we cannot make any predictions about the tertiary structure of TR-5.
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Assignment # 2
>TR-5

1
AATTGCGCGC TCTAGGACCA ATGCAGCACC CCGGCAAGAA CAAGAACGGA CAGCGTCGCA

61
AGACTCGCGG CAGGCGTTAC TGTGCATATG CAAGTTACAG CCCTCAAGAA GCTCAGCTGC

121
CCGCGGTACC TCAGCATCGC CGTACCGTGC AGCCAGACTG CACGAGCGCC TTACCTGCTT

181
ACACCACACC ACACGCAGCA CCAAGTCTCT GCCATCTCTA CAGCGAGTGC ACCACTGCCT

241
GCTAACGACA CGCCTTACGC TGCCGCGTCA CCGGGACACC CCGCCTACTA CACCGATCAT

301
TTACTTATCA GCAAGGAGAT CGACAGCCTA CCACAGGGGG AGCCTCCACC CATAGTCAGT

361
GTCTGCGCCA CGGTGGAGCC TGCAATAGCA ATAAGGACGC ACAACACCGA AAGGGATCTC

421
GTCTCTGAGA TCAGATACCC GATGACCGAG AGGTCCTTGG CCATCAGCTC ACGGCTCGGT

481
TACTCTCCAC ATCTTCCATC ATCACTCAAG AGTAACGGAG AGGCAGCAAG TGTCAGCATC

541
GTGACATCCG TAGCGGCAGG CTTCTTAGAT GCCCCACTTA GGCCCTCGGC CCGCTCAGGA

601
ACTTACGATT GCGCTCCATC GTGTCAGTCC CTCCTGACCG TCTGCCACAC TCCCGACCGC

661
ATGAACGTAA GGTGCGCCTC GCTGGGCTCG ACTATCAGTC ACCAGGTGGG ATCTACCTCC

721
ACCGAGACGT GCGCGTCACC TGCATACCCG CTGAAGTCCA CCTTGAGCCA TGCAAGACAG

781
AGCAGCCCTG GAAGCCACAG CCTCTGCAGG TTCCACTCCA CTTGCAACAT ACGCCCAACC

841
ACATCGCTTG CTGCCCTCCG GTCACAAAAC TACAGCATTC TCCATACCAC TTGCCTAGCC

901
CACAGAGTCT CACAACATTC CCTCCAGTCA CGCCCAGGAC ACAATCCAGA GGAGCCTCTC

961
GCTGAGCAAG GAAGCTGGCG CTCAGTACCA GCCAGTCCAG AGCCGACGCT GAGGGGGCTC

1021
ATCAACATCT CCAGCAGTCC GGTCATGCTT ATCATAAGCC CTCCAGTCCA CTCTTGAGAT

1081
CCATGGCTGT ACCCTCCAGT CGGCTGACCA AGTGCGGCTT GCAGCAGGGC CCGCCGCCCC

1141
AGCAGCAGCC AGCAGAATTT TACAGCATCG ACACTGCTCA CCAGGATTAA GCAGTCTCTG

1201
GCTTTCCAAA AAGGAGAACG GGCCTAAAAA GGGAAAGATT TATTATGGCA GTTGTCCAAT

1261
TTGATTTGAT AAAAAAAAAA AAAAAAAAAA AA
