Assignment 5: Protein Expression
BCH3356: Molecular Biology Laboratory
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1. Below is the amino acid sequence for T7 bacteriophage T7 RNA polymerase obtained using NCBI Protein database with ID UniProtKB/Swiss-Prot: P00573.2.
MNTINIAKNDFSDIELAAIPFNTLADHYGERLAREQLALEHESYEMGEARFRKMFERQLKAGEVADNAAAKPLITTLLPKMIARINDWFEEVKAKRGKRPTAFQFLQEIKPEAVAYITIKTTLACLTSADNTTVQAVASAIGRAIEDEARFGRIRDLEAKHFKKNVEEQLNKRVGHVYKKAFMQVVEADMLSKGLLGGEAWSSWHKEDSIHVGVRCIEMLIESTGMVSLHRQNAGVVGQDSETIELAPEYAEAIATRAGALAGISPMFQPCVVPPKPWTGITGGGYWANGRRPLALVRTHSKKALMRYEDVYMPEVYKAINIAQNTAWKINKKVLAVANVITKWKHCPVEDIPAIEREELPMKPEDIDMNPEALTAWKRAAAAVYRKDKARKSRRISLEFMLEQANKFANHKAIWFPYNMDWRGRVYAVSMFNPQGNDMTKGLLTLAKGKPIGKEGYYWLKIHGANCAGVDKVPFPERIKFIEENHENIMACAKSPLENTWWAEQDSPFCFLAFCFEYAGVQHHGLSYNCSLPLAFDGSCSGIQHFSAMLRDEVGGRAVNLLPSETVQDIYGIVAKKVNEILQADAINGTDNEVVTVTDENTGEISEKVKLGTKALAGQWLAYGVTRSVTKRSVMTLAYGSKEFGFRQQVLEDTIQPAIDSGKGLMFTQPNQAAGYMAKLIWESVSVTVVAAVEAMNWLKSAAKLLAAEVKDKKTGEILRKRCAVHWVTPDGFPVWQEYKKPIQTRLNLMFLGQFRLQPTINTNKDSEIDAHKQESGIAPNFVHSQDGSHLRKTVVWAHEKYGIESFALIHDSFGTIPADAANLFKAVRETMVDTYESCDVLADFYDQFADQLHESQLDKMPALPAKGNLNLRDILESDFAFA

The area of overlap of the mutant sequence is highlighted. The mutant contains the following sequence of amino acids in the N-terminal: Met A H N H R H K H K L in addition to the existing sequence.

Below is the mutant sequence that was obtained using Expasy Server containing mutant sequence derived from a sample F1, F2 and our own experimental F3, F4. F5 was not integrated resulting in a partial assembly:

Met A H N H R H K H K L Met N T I N I A K N D F S D I E L A A I P F N T L A D H Y G E R L A R E Q L A L E H E S Y E Met G E A R F R K Met F E R Q L K A G E V A D N A A A K P L I T T L L P K Met I A R I N D W F E E V K A K R G K R P T A F Q F L Q E I K P E A V A Y I T I K T T L A C L T S A D N T T V Q A V A S A I G R A I E D E A R F G R I R D L E A K H F K K N V E E Q L N K R V G H V Y K K A F Met Q V V E A D Met L S K G L L G G E A W S S W H K E D S I H V G V R C I E Met L I E S T G Met V S L H R Q N A G V V G Q D S E T I E L A P E Y A E A I A T R A G A L A G I S P Met F Q P C V V P P K P W T G I T G G G Y W A N G R R P L A L V R T H S K K A L Met R Y E D V Y Met P E V Y K A I N I A Q N T A W K I N K K V L A V A N V I T K W K H C P V E D I P A I E R E E L P Met K P E D I D Met N P E A L T A W K R A A A A V Y R K D K A R K S R R I S L E F Met L E Q A N K F A N H K A I W F P Y N Met D W R G R V Y A V S Met F N P Q G N D Met T K G L L T L A K G K P I G K E G Y Y W L K I H G A N C A G V D K V P F P E R I K F I E E N H E N I Met A C A K S P L E N T W W A E Q D S P F C F L A F C F E Y A G V Q H H G L S Y N C S L P L A F D G S C S G I Q H F S A Met L R D E V G G R A V N L L P S E T V A D I Y G I V A K K V N E I L Q A D A I N G T D N E V V T V T D E N T G E I S E K V K L G T K A L A G Q W L A Y G V T S S V T K R S V Met T L A Y G S K E F G F R Q Q V L E D T I Q P A I D S G K G L Met F T Q P N Q A A G Y Met A K L I R E S V S V T V V A A V E A Met N W L K S A A K L L A A E V K D K X X G E I L R K R C A V H W V T

The highlighted sequence is in addition to the wildtype sequence.

The sequence entered into the ProtPram Tool is as below, including the additional sequence in the mutant, and the C-terminal portion in WT:
MAHNHRHKHKLMNTINIAKNDFSDIELAAIPFNTLADHYGERLAREQLALEHESYEMGEARFRKMFERQLKAGEVADNAAAKPLITTLLPKMIARINDWFEEVKAKRGKRPTAFQFLQEIKPEAVAYITIKTTLACLTSADNTTVQAVASAIGRAIEDEARFGRIRDLEAKHFKKNVEEQLNKRVGHVYKKAFMQVVEADMLSKGLLGGEAWSSWHKEDSIHVGVRCIEMLIESTGMVSLHRQNAGVVGQDSETIELAPEYAEAIATRAGALAGISPMFQPCVVPPKPWTGITGGGYWANGRRPLALVRTHSKKALMRYEDVYMPEVYKAINIAQNTAWKINKKVLAVANVITKWKHCPVEDIPAIEREELPMKPEDIDMNPEALTAWKRAAAAVYRKDKARKSRRISLEFMLEQANKFANHKAIWFPYNMDWRGRVYAVSMFNPQGNDMTKGLLTLAKGKPIGKEGYYWLKIHGANCAGVDKVPFPERIKFIEENHENIMACAKSPLENTWWAEQDSPFCFLAFCFEYAGVQHHGLSYNCSLPLAFDGSCSGIQHFSAMLRDEVGGRAVNLLPSETVQDIYGIVAKKVNEILQADAINGTDNEVVTVTDENTGEISEKVKLGTKALAGQWLAYGVTRSVTKRSVMTLAYGSKEFGFRQQVLEDTIQPAIDSGKGLMFTQPNQAAGYMAKLIWESVSVTVVAAVEAMNWLKSAAKLLAAEVKDKKTGEILRKRCAVHWVTPDGFPVWQEYKKPIQTRLNLMFLGQFRLQPTINTNKDSEIDAHKQESGIAPNFVHSQDGSHLRKTVVWAHEKYGIESFALIHDSFGTIPADAANLFKAVRETMVDTYESCDVLADFYDQFADQLHESQLDKMPALPAKGNLNLRDILESDFAFA

The extinction coefficient, assuming all cysteines have been reduced, is 140260 at an absorbance of 0.1% = 1 g/L = 1.399 at 280 nM.





















2. Coefficient of extinction of a mixture of E.coli proteins
































3a) Below are the FASTA sequences for the following protein sequences using the NCBI Protein Database.

T7 RNA polymerase: Accession – AC057213.1
MNTINIAKNDFSDIELAAIPFNTLADHYGERLAREQLALEHESYEMGEARFRKMFERQLKAGEVADNAAAKPLITTLLPKMIARINDWFEEVKAKRGKRPTAFQFLQEIKPEAVAYITIKTTLACLTSADNTTVQAVASAIGRAIEDEARFGRIRDLEAKHFKKNVEEQLNKRVGHVYKKAFMQVVEADMLSKGLLGGEAWSSWHKEDSIHVGVRCIEMLIESTGMVSLHRQNAGVVGQDSETIELAPEYAEAIATRAGALAGISPMFQPCVVPPKPWTGITGGGYWANGRRPLALVRTHSKKALMRYEDVYMPEVYKAINIAQNTAWKINKKVLAVANVITKWKHCPVEDIPAIEREELPMKPEDIDMNPEALTAWKRAAAAVYRKDKARKSRRISLEFMLEQANKFANHKAIWFPYNMDWRGRVYAVSMFNPQGNDMTKGLLTLAKGKPIGKEGYYWLKIHGANCAGVDKVPFPERIKFIEENHENIMACAKSPLENTWWAEQDSPFCFLAFCFEYAGVQHHGLSYNCSLPLAFDGSCSGIQHFSAMLRDEVGGRAVNLLPSETVQDIYGIVAKKVNEILQADAINGTDNEVVTVTDENTGEISEKVKLGTKALAGQWLAYGVTRSVTKRSVMTLAYGSKEFGFRQQVLEDTIQPAIDSGKGLMFTQPNQAAGYMAKLIWESVSVTVVAAVEAMNWLKSAAKLLAAEVKDKKTGEILRKRCAVHWVTPDGFPVWQEYKKPIQTRLNLMFLGQFRLQPTINTNKDSEIDAHKQESGIAPNFVHSQDGSHLRKTVVWAHEKYGIESFALIHDSFGTIPADAANLFKAVRETMVDTYESCDVLADFYDQFADQLHESQLDKMPALPAKGNLNLRDILESDFAFA

T3 RNA polymerase :Accession – CAC86264.1
MNIIENIEKNDFSEIELAAIPFNTLADHYGSALAKEQLALEHESYELGERRFLKMLERQAKAGEIADNAAAKPLLATLLPKLTTRIVEWLEEYASKKGRKPSAYAPLQLLKPEASAFITLKVILASLTSTNMTTIQAAAGMLGKAIEDEARFGRIRDLEAKHFKKHVEEQLNKRHGQVYKKAFMQVVEADMIGRGLLGGEAWSSWDKETTMHVGIRLIEMLIESTGLVELQRHNAGNAGSDHEALQLAQEYVDVLAKRAGALAGISPMFQPCVVPPKPWVAITGGGYWANGRRPLALVRTHSKKGLMRYEDVYMPEVYKAVNLAQNTAWKINKKVLAVVNEIVNWKNCPVADIPSLERQELPPKPDDIDTNEAALKEWKKAAAGIYRLDKARVSRRISLEFMLEQANKFASKKAIWFPYNMDWRGRVYAVPMFNPQGNDMTKGLLTLAKGKPIGEEGFYWLKIHGANCAGVDKVPFPERIAFIEKHVDDILACAKDPINNTWWAEQDSPFCFLAFCFEYAGVTHHGLSYNCSLPLAFDGSCSGIQHFSAMLRDEVGGRAVNLLPSETVQDIYGIVAQKVNEILKQDAINGTPNEMITVTDKDTGEISEKLKLGTSTLAQQWLAYGVTRSVTKRSVMTLAYGSKEFGFRQQVLDDTIQPAIDSGKGLMFTQPNQAAGYMAKLIWDAVSVTVVAAVEAMNWLKSAAKLLAAEVKDKKTKEILRHRCAVHWTTPDGFPVWQEYRKPLQKRLDMIFLGQFRLQPTINTLKDSGIDAHKQESGIAPNFVHSQDGSHLRMTVVYAHEKYGIESFALIHDSFGTIPADAGKLFKAVRETMVITYENNDVLADFYSQFADQLHETQLDKMPPLPKKGNLNLQDILKSDFAFA

K11 RNA polymerase :Accession – CAA37330
MNALNIGRNDFSEIELAAIPYNILSEHYGDQAAREQLALEHEAYELGRQRFLKMLERQVKAGEFADNAAAKPLVLTLHPQLTKRIDDWKEEQANARGKKPRAYYPIKHGVASELAVSMGAEVLKEKRGVSSEAIALLTIKVVLGNAHRPLKGHNPAVSSQLGKALEDEARFGRIREQEAAYFKKNVADQLDKRVGHVYKKAFMQVVEADMISKGMLGGDNWASWKTDEQMHVGTKLLELLIEGTGLVEMTKNKMADGSDDVTSMQMVQLAPAFVELLSKRAGALAGISPMHQPCVVPPKPWVETVGGGYWSVGRRPLALVRTHSKKALRRYADVHMPEVYKAVNLAQNTPWKVNKKVLAVVNEIVNWKHCPVGDVPAIEREELPPRPDDIDTNEVARKAWRKEAAAVYRKDKARQSRRCRCEFMVAQANKFANHKAIWFPYNMDWRGRVYAVSMFNPQGNDMTKGSLTLAKGKPIGLDGFYWLKIHGANCAGVDKVPFPERIKFIEENEGNILASAADPLNNTWWTQQDSPFCFLAFCFEYAGVKHHGLNYNCSLPLAFDGSCSGIQHFSAMLRDSIGGRAVNLLPSDTVQDIYKIVADKVNEVLHQHAVNGSQTVVEQIADKETGEFHEKVTLGESVLAAQWLQYGVTRKVTKRSVMTLAYGSKESLVRQQVLEDTIQPAIDNGEGLMFTHPNQAAGYMAKLIWDAVTVTVVAAVEAMNWLKSAAKLLAAEVKDKKTKEVLRKRCAIHWVTPDGFPVWQEYRKQNQARLKLVFLGQANVKMTYNTGKDSEIDAHKQESGIAPNFVHSQDGSHLRMTVVHANEVYGIDSFALIHDSSGTIPADAGNLFKAVRETMVKTYEDNDVIADFYDQFADQLHESQLDKMPAVPAKGDLNLRDILESDFAFA

SP6 RNA polymerase: Accession – AAR90000
MQDLHAIQLQLEEEMFNGGIRRFEADQQRQIAAGSESDTAWNRRLLSELIAPMAEGIQAYKEEYEGKKGRAPRALAFLQCVENEVAAYITMKVVMDMLNTDATLQAIAMSVAERIEDQVRFSKLEGHAAKYFEKVKKSLKASRTKSYRHAHNVAVVAEKSVAEKDADFDRWEAWPKETQLQIGTTLLEILEGSVFYNGEPVFMRAMRTYGGKTIYYLQTSESVGQWISAFKEHVAQLSPAYAPCVIPPRPWRTPFNGGFHTEKVASRIRLVKGNREHVRKLTQKQMPKVYKAINALQNTQWQINKDVLAVIEEVIRLDLGYGVPSFKPLIDKENKPANPVPVEFQHLRGRELKEMLSPEQWQQFINWKGECARLYTAETKRGSKSAAVVRMVGQARKYSAFESIYFVYAMDSRSRVYVQSSTLSPQSNDLGKALLRFTEGRPVNGVEALKWFCINGANLWGWDKKTFDVRVSNVLDEEFQDMCRDIAADPLTFTQWAKADAPYEFLAWCFEYAQYLDLVDEGRADEFRTHLPVHQDGSCSGIQHYSAMLRDEVGAKAVNLKPSDAPQDIYGAVAQVVIKKNALYMDADDATTFTSGSVTLSGTELRAMASAWDSIGITRSLTKKPVMTLPYGSTRLTCRESVIDYIVDLEEKEAQKAVAEGRTANKVHPFEDDRQDYLTPGAAYNYMTALIWPSISEVVKAPIVAMKMIRQLARFAAKRNEGLMYTLPTGFILEQKIMATEMLRVRTCLMGDIKMSLQVETDIVDEAAMMGAAAPNFVHGHDASHLILTVCELVDKGVTSIAVIHDSFGTHADNTLTLRVALKGQMVAMYIDGNALQKLLEEHEERWMVDTGIEVPEQGEFDLNEIMDSEYVFA

3b.  Speculation on the impact of the following mutations on the function of the T7 RNA Polymerase using ClustalW2:
1) T7 RNA Polymerase A83V (substitution of an alanine to a valine at position 83)
a. The alanine at position 83 is not conserved according to the ClustaW2 alignment, and due to the structural similarities of alanine and valine, in that they do not differ in their properties (both are chain amino acids, with valine more hydrophobic than alanine, and pKa of 2.32, and alanine at 2.35) – there should be no impact on function with this mutation. This is further supported by the fact that for the mutants analyzed, the protein at this position differs for every single mutant.

Structure of Alanine			Structure of Valine
[image: ] [image: ]

2) T7 RNA Polymerase T636A
The threonine at position 636 in the T7 RNA polymerase is fully conserved. Threonine, which is a neutral amino acid due to the balancing polar groups, when substituted by a hydrophobic alanine will result in a strong impact on function.

Structure of Threonine			Structure of Alanine
[image: ][image: ]

3) T7 RNA Polymerase V554L
The function of valine at position 554 is conserved between groups of similar properties. Valine and leucine are both hydrophobic, and therefore this mutation will have medium impact on function. This is further supported by the fact that K11 RNA Polymerase contains an Isoleucine at position 554, which is extremely similar to leucine (leucine with iso group).

Structure of Valine			Structure of Leucine
[image: ]          [image: ]







3c.  The sequence for human mitochondrial RNA polymerase as obtained from NCBI Protein Database is as follows:

Human mitochondrial (HS) RNA polymerase
MSALCWGRGAAGLKRALRPCGRPGLPGKEGTAGGVCGPRRSSSASPQEQDQDRRKDWGHVELLEVLQARVRQLQAESVSEVVVNRVDVARLPECGSGDGSLQPPRKVQMGAKDATPVPCGRWAKILEKDKRTQQMRMQRLKAKLQMPFQSGEFKALTRRLQVEPRLLSKQMAGCLEDCTRQAPESPWEEQLARLLQEAPGKLSLDVEQAPSGQHSQAQLSGQQQRLLAFFKCCLLTDQLPLAHHLLVVHHGQRQKRKLLTLDMYNAVMLGWARQGAFKELVYVLFMVKDAGLTPDLLSYAAALQCMGRQDQDAGTIERCLEQMSQEGLKLQALFTAVLLSEEDRATVLKAVHKVKPTFSLPPQLPPPVNTSKLLRDVYAKDGRVSYPKLHLPLKTLQCFFEKQLHMELASRVCVVSVEKPTLPSKEVKHARKTLKTLRDQWEKALCRALRETKNRLEREVYEGRFSLYPFLCLLDEREVVRMLLQVLQALPAQGESFTTLARELSARTFSRHVVQRQRVSGQVQALQNHYRKYLCLLASDAEVPEPCLPRQYWEELGAPEALREQPWPLPVQMELGKLLAEMLVQATQMPCSLDKPHRSSRLVPVLYHVYSFRNVQQIGILKPHPAYVQLLEKAAEPTLTFEAVDVPMLCPPLPWTSPHSGAFLLSPTKLMRTVEGATQHQELLETCPPTALHGALDALTQLGNCAWRVNGRVLDLVLQLFQAKGCPQLGVPAPPSEAPQPPEAHLPHSAAPARKAELRRELAHCQKVAREMHSLRAEALYRLSLAQHLRDRVFWLPHNMDFRGRTYPCPPHFNHLGSDVARALLEFAQGRPLGPHGLDWLKIHLVNLTGLKKREPLRKRLAFAEEVMDDILDSADQPLTGRKWWMGAEEPWQTLACCMEVANAVRASDPAAYVSHLPVHQDGSCNGLQHYAALGRDSVGAASVNLEPSDVPQDVYSGVAAQVEVFRRQDAQRGMRVAQVLESFITRKVVKQTVMTVVYGVTRYGGRLQIEKRLRELSDFPQEFVWEASHYLVRQVFKSLQEMFSGTRAIQHWLTESARLISHMGSVVEWVTPLGVPVIQPYRLDSKVKQIGGGIQSITYTHNGDISRKPNTRKQKNGFPPNFIHSLDSSHMMLTALHCYRKGLTFVSVHDCYWTHAADVSVMNQVCREQFVRLHSEPILQDLSRFLVKRFCSEPQKILEASQLKETLQAVPKPGAFDLEQVKRSTYFFS

1) Motif A: DG is found at D537G538 of T7 RNA Polymerase
2) Motif B: RxxxKxxVMTxxYG is found at R627xxxK631xxxV634M635T636xxxY637G640.
3) Motif C: DC
a. There is no completely conserved DS motif across the five mutants.
b. However, the sequence DS at D812S813 is conserved completely at D812 and conserved with weakly similar properties at position S813 with the human mitochondrial  (HS) RNA polymerase containing a cysteine instead of a serine even though the serine is conserved in all other four mutants.
c. There are no other places in the sequences where the D and the S are conserved to the same extent at once (for example, though DS is conserved for three mutants at position D506S507, CLUSTAW2 indicates only conservation between groups of strongly similar properties for D506 and no conservation for S507.) 
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