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Answers	to	exercises	in	MBV‐INF4410	‐	Sequence	alignment	
and	searching	

Exercise	1	
 

a) 

The E.coli Nth protein was found by searching the NCBI protein database for (“Escherichia coli” AND 

“Endonuclease III”) using NCBI Entrez, and filtering for RefSeq proteins and for the K‐12 MG1655 

strain. 

b) 

Here is the entry for the E.coli Nth protein in FASTA format: 

>gi|16129591|ref|NP_416150.1| DNA glycosylase and apyrimidinic (AP) lyase 
(endonuclease III) [Escherichia coli str. K-12 substr. MG1655] 
MNKAKRLEILTRLRENNPHPTTELNFSSPFELLIAVLLSAQATDVSVNKATAKLYPVANTPAAMLELGVE 
GVKTYIKTIGLYNSKAENIIKTCRILLEQHNGEVPEDRAALEALPGVGRKTANVVLNTAFGWPTIAVDTH 
IFRVCNRTQFAPGKNVEQVEEKLLKVVPAEFKVDCHHWLILHGRYTCIARKPRCGSCIIEDLCEYKEKVD 
I 

 
 
c) 
 
The Nth protein sequences were found by searching NCBI Entrez with the gi numbers. Here are the 

entries for the other Nth proteins: 

>gi|57117142|ref|NP_218191.2| endonuclease III [Mycobacterium tuberculosis H37Rv] 
MPGRWSAETRLALVRRARRMNRALAQAFPHVYCELDFTTPLELAVATILSAQSTDKRVNLTTPALFARYR 
TARDYAQADRTELESLIRPTGFYRNKAASLIGLGQALVERFGGEVPATMDKLVTLPGVGRKTANVILGNA 
FGIPGITVDTHFGRLVRRWRWTTAEDPVKVEQAVGELIERKEWTLLSHRVIFHGRRVCHARRPACGVCVL 
AKDCPSFGLGPTEPLLAAPLVQGPETDHLLALAGL 
 
>gi|30261643|ref|NP_844020.1| endonuclease III [Bacillus anthracis str. Ames] 
MLNKTQIRYCLDTMADMYPEAHCELIHDNPFELVIAVALSAQCTDALVNKVTKNLFQKYKTPEDYLSVSL 
EELQQDIRSIGLYRNKAKNIQKLCRMLLDDYNGEVPKDRDELTKLPGVGRKTANVVVSVAFGIPAIAVDT 
HVERVSKRLAICRWKDSVLEVEKTLMKKIPMDEWSVTHHRMIFFGRYHCKAQRPQCEECPLLEVCREGKK 
RMKGK 
 
>gi|15676439|ref|NP_273578.1| endonuclease III [Neisseria meningitidis MC58] 
MNRHIRQEIFERFRAANPHPTTELNFNSPFELLIAVLLSAQATDVGVNKATAKLFPVADTPQAMLDLGLD 
GVMEYTKTIGLYKTKSKHIMQTCRILLEKYNGEVPEDREALESLPGVGRKTANVVLNTAFGHPVMAVDTH 
IFRVSNRTKIAPGKDVREVEDKLMRFIPKEFLMDAHHWLILHGRYTCKALKPQCQTCIINDLCEYPAKA 
 
>gi|15903200|ref|NP_358750.1| endonuclease III [Streptococcus pneumoniae R6] 
MVLSKKRARKVLEEIIALFPDAKPSLDFTNHFELLVAVMLSAQTTDAAVNKATPGLFVAFPTPQAMSVAT 
ESEIASHISRLGLYRNKAKFLKKCAQQLLDDFDGQVPQTREELESLAGVGRKTANVVMSVGFGIPAFAVD 
THVERICKHHDIVKKSATPLEVEKRVMDILPPEQWLAAHQAMIYFGRAICHPKNPECDQYPQLYDFSNL 
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d) 

Here are all five entries for Nth proteins with shortened descriptions: 
 
>Escherichia_coli 
MNKAKRLEILTRLRENNPHPTTELNFSSPFELLIAVLLSAQATDVSVNKATAKLYPVANTPAAMLELGVE 
GVKTYIKTIGLYNSKAENIIKTCRILLEQHNGEVPEDRAALEALPGVGRKTANVVLNTAFGWPTIAVDTH 
IFRVCNRTQFAPGKNVEQVEEKLLKVVPAEFKVDCHHWLILHGRYTCIARKPRCGSCIIEDLCEYKEKVD 
I 
>Mycobacterium_tuberculosis 
MPGRWSAETRLALVRRARRMNRALAQAFPHVYCELDFTTPLELAVATILSAQSTDKRVNLTTPALFARYR 
TARDYAQADRTELESLIRPTGFYRNKAASLIGLGQALVERFGGEVPATMDKLVTLPGVGRKTANVILGNA 
FGIPGITVDTHFGRLVRRWRWTTAEDPVKVEQAVGELIERKEWTLLSHRVIFHGRRVCHARRPACGVCVL 
AKDCPSFGLGPTEPLLAAPLVQGPETDHLLALAGL 
>Bacillus_anthracis 
MLNKTQIRYCLDTMADMYPEAHCELIHDNPFELVIAVALSAQCTDALVNKVTKNLFQKYKTPEDYLSVSL 
EELQQDIRSIGLYRNKAKNIQKLCRMLLDDYNGEVPKDRDELTKLPGVGRKTANVVVSVAFGIPAIAVDT 
HVERVSKRLAICRWKDSVLEVEKTLMKKIPMDEWSVTHHRMIFFGRYHCKAQRPQCEECPLLEVCREGKK 
RMKGK 
>Neisseria_meningitidis 
MNRHIRQEIFERFRAANPHPTTELNFNSPFELLIAVLLSAQATDVGVNKATAKLFPVADTPQAMLDLGLD 
GVMEYTKTIGLYKTKSKHIMQTCRILLEKYNGEVPEDREALESLPGVGRKTANVVLNTAFGHPVMAVDTH 
IFRVSNRTKIAPGKDVREVEDKLMRFIPKEFLMDAHHWLILHGRYTCKALKPQCQTCIINDLCEYPAKA 
>Streptococcus_pneumoniae 
MVLSKKRARKVLEEIIALFPDAKPSLDFTNHFELLVAVMLSAQTTDAAVNKATPGLFVAFPTPQAMSVAT 
ESEIASHISRLGLYRNKAKFLKKCAQQLLDDFDGQVPQTREELESLAGVGRKTANVVMSVGFGIPAFAVD 
THVERICKHHDIVKKSATPLEVEKRVMDILPPEQWLAAHQAMIYFGRAICHPKNPECDQYPQLYDFSNL 

 

e) 

Below is a screenshot from Jalview with the input sequences 
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f) 

Below is the multiple alignment of the bacterial Nth sequences as produced by MUSCLE. The Helix‐

hairpin‐helix (HhH) and the [4Fe‐4S] cluster motif are indicated. The HhH motif is fully conserved in 

all species, while the [4Fe‐4S] cluster is conserved in all but the Streptococcus species, which lack the 

two last cysteines. 

 

	

Exercise	2	
a) 

Vertebrate sequences in Refseq were searched with BLAST using E.coli Nth as a query. 

b) 

Here are the entries for the Nth and MutY proteins in the selected organisms identified using BLAST 

using E. coli Nth as the query: 

>gi|4505471|ref|NP_002519.1| endonuclease III-like protein 1 [Homo sapiens] 
MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRLRVAYEG 
SDSEKGEGAEPLKVPVWEPQDWQQQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS 
QTKDQVTAGAMQRLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILQQHYGGDIPASVAE 
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING 
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL 
>gi|6912520|ref|NP_036354.1| A/G-specific adenine DNA glycosylase isoform 1 [Homo 
sapiens] 
MTPLVSRLSRLWAIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE 
EVVLQASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA 
TVINYYTGWMQKWPTLQDLASASLEEVNQLWAGLGYYSRGRRLQEGARKVVEELGGHMPRTAETLQQLLP 
GVGRYTAGAIASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQLWGLAQQLVDPARPGDFNQAAM 
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL 
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE 
LQRWAGPLPATHLRHLGEVVHTFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV 
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ 
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>gi|227908769|ref|NP_032769.2| endonuclease III-like protein 1 [Mus musculus] 
MNSGVRMVTRSRSRATRIASEGCREELAPREAAAEGRKSHRPVRHPRRTQKTHVAYEAANGEEGEDAEPL 
KVPVWEPQNWQQQLANIRIMRSKKDAPVDQLGAEHCYDASASPKVRRYQVLLSLMLSSQTKDQVTAGAMQ 
RLRARGLTVESILQTDDDTLGRLIYPVGFWRNKVKYIKQTTAILQQRYEGDIPASVAELVALPGVGPKMA 
HLAMAVAWGTISGIAVDTHVHRIANRLRWTKKMTKTPEETRKNLEEWLPRVLWSEVNGLLVGFGQQICLP 
VHPRCQACLNKALCPAAQDL 
>gi|227330621|ref|NP_573513.2| A/G-specific adenine DNA glycosylase [Mus musculus] 
MKKLQASVRSHKKQPANHKRRRTRALSSSQAKPSSLDGLAKQKREELLQASVSPYHLFSDVADVTAFRSN 
LLSWYDQEKRDLPWRNLAKEEANSDRRAYAVWVSEVMLQQTQVATVIDYYTRWMQKWPKLQDLASASLEE 
VNQLWSGLGYYSRGRRLQEGARKVVEELGGHMPRTAETLQQLLPGVGRYTAGAIASIAFDQVTGVVDGNV 
LRVLCRVRAIGADPTSTLVSHHLWNLAQQLVDPARPGDFNQAAMELGATVCTPQRPLCSHCPVQSLCRAY 
QRVQRGQLSALPGRPDIEECALNTRQCQLCLTSSSPWDPSMGVANFPRKASRRPPREEYSATCVVEQPGA 
IGGPLVLLVQRPDSGLLAGLWEFPSVTLEPSEQHQHKALLQELQRWCGPLPAIRLQHLGEVIHIFSHIKL 
TYQVYSLALDQAPASTAPPGARWLTWEEFCNAAVSTAMKKVFRMYEDHRQGTRKGSKRSQVCPPSSRKKP 
SLGQQVLDTFFQRHIPTDKPNSTTQ 
>gi|114051958|ref|NP_001039862.1| endonuclease III-like protein 1 [Bos taurus] 
MNAAGVRMVVTRARSRGTGASLRRRGEKAAPLRSGEAAAEERKSYSPVKRRRKAQRLSVAYEASEGEGGE 
GAEHLQAPSWQPQDWRQQLDNIRTMRSGKDAPVDQLGAEHCFDPSASPKVRRYQVLLSLMLSSQTKDQVT 
AGAMQRLRARGLTVDSILQTDDSTLGALIYPVGFWRSKVKYIKQTSAILQQRYDGDIPASVAELVALPGV 
GPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRRALEEWLPRELWSEINGLLVGFGQ 
QTCLPIRPRCQACLNRALCPAARGL 
>gi|281485563|ref|NP_001039600.2| A/G-specific adenine DNA glycosylase [Bos taurus] 
MKKSRAAVGNRSGRRKQASSQEGKEKCAFGSSQAKPSAPSAGPARQQKALLQASVSPYHLFRDVAEVTAL 
QESLLDWYDRKKRDLPWRRLVEDEVDLDRRAYAVWVAEVMLQQTQVATVINYYTRWMQKWPTLQDLASAS 
LEEVNQLWAGLGYYSRGRWLQEGARKVVEELGGHMPRTAETLQQFLPGVGRYTAGAIASIAFGQAAGVVD 
GNVIRVLCRVRAIGADSSSTLVSQHLWSLAQQLVDPARPGDFNQAAMELGAIVCTPKRPLCSHCPVQNLC 
RARQRVEREQLSASQSLPGNCDVEECAPNTGQCPLCAPPTEPWDQTLGVTNFPRKASRKPPREECSAICV 
LEQPKALGGAHILLVQRPNSGLLAGLWEFPSVSVNAEASGQHQRAALLQELQSWVGPLPDTRLQHLGQVV 
HTFSHIKMTYQVYSLALEEHTPVTIVPPGARWLTREDFHTAAVSTAMKKVFRMYEGQQPGTCKGSKRSQV 
ATLSKRKKPSPGQQVLESFFWPHVPTDAPSLNTAAQ 
>gi|118601744|ref|NP_001073043.1| endonuclease III-like protein 1 [Gallus gallus] 
MCAAAPRGGGRAARRLGAATAGSRVPSAAPRYSRRTRRVPIAYEAEPKPESPGPKWEPENWQQQLERIRE 
MRRHRDAPVDEMGVDKCYDTSAPPQVMRYQVLLSLMLSSQTKDQVTSAAMLRLRQRGLTVDSILQMDDAT 
LGQIIYPVGFWRNKVKYIKQTTAILKQKYGGDIPGTVEELVKLPGVGPKMAHLAMNIAWNSVSGIAVDTH 
VHRITNRLKWVKKETRYPEETRVALEDWLPRDLWREINWLLVGFGQQTCLPVNPRCKECLNQDICPAAKR 
F 
>gi|118094461|ref|XP_422433.2| PREDICTED: A/G-specific adenine DNA glycosylase 
[Gallus gallus] 
MSRLRAAAVRGLRRQRRGSGSAAPNGRSSSKGASLREGAPARPHALHLFGDPVEIDALRGRLLAWYDKSR 
RDLPWRTLAAAELDADRRAYAVWVSEIMLQQTQVATVIDYYNRWMQKWPTLQALAAASLEEVNELWAGLG 
YYSRGKRLQEAARKVVSELAGRMPRTAEDLQRLLPGVGRYTAGAIASISFGQATGVVDGNVIRVLCRLRC 
IGADTSSLAVIDCLWDMANTLVDRSRPGDFNQALMELGATVCTPKSPLCRECPVKEHCHAWRRVEKELAS 
ASQKLFGKTTLVPDVEDCGPGGCPLCLPAAEPWDSSLGVTNFPRKAAKKQPRVEWTATCVLERRGRLGAP 
EYLIVQRPSSGLLAGLWEFPSLPLAPGLQEEQQKEVLADHLRAWTRQPVQTQSLCFIGEVVHIFSHIHQT 
YVVYSLCLDGDVALDAASSPSRWVTEEEFRASAVSTAMKKVLKARETQRGVQSGRAKGSKRKRESKLGAA 
GSTPTGMQLSLRAFLRAQPPP 
>gi|113205550|ref|NP_001037884.1| nth endonuclease III-like 1 [Xenopus (Silurana) 
tropicalis] 
MSGSLRPLGRRGRRGVLKAVGGKDQQDGTSKGQVIDDSEDEKPSSPKERSKRRVSVEYEQAASETVAKRP 
KWQPKNWAQHLENIRQMRSRRDAPVDQMGAEKCYDQNAAPEVMRYQILLSLMLSSQTKDQVTSAAMCRLR 
QHGLTVSRILETDDGTLGKLIYPVGFWKNKVKYIKQTTEILQEKYGGDIPDNVTDLVKLPGVGPKMAHLV 
MDIAWNNVSGIGVDTHVHRISNRLKWVRKETKTPEETRVAMEDWMPRELWSEINWLLVGFGQQVCLPVSP 
RCSECLNKDICPGAKKKKPR 
>gi|118403607|ref|NP_001072831.1| mutY homolog [Xenopus (Silurana) tropicalis] 
MPPPRTKTSLGRSAAASGKRKSPKQAFPKREEHVLQSSIYHSFTSQETEIIRDKLLAWYDKSKRDLPWRT 
MACTEPDLDRKAYAVWVSEVMLQQTQVATVIDYYNKWMKVWPTMEDLARSSLEEVNEMWSGLGYYSRGRR 
LQEGAKKVVLELGGSMPRSADELQKLLPGVGRYTAGAIASISYGQVTGVVDGNVIRVLSRLRCIGADSST 
LAVSDKLWNLANALVDPDRPGDFNQGMMELGATVCTPKKPLCTACPLQGQCKAYLKVIAEKESAVKTLIK 
KQASPIAKDVGDIEDCDLGPGLCALCVPTSDPWDSSLGVANFPRKSAKKPSRMEQTAICVWEKCGDHGEL 
EYLIVQRPSSGLLAGLWEFPSILLDEKFTEQNRQHSLLGLLQDLSGHAVPLQKLQYKGEVVHIFSHIHQT 
YVVYFLSLNTTENCSVKTEETERPLTRWVTKKEFLNSAVPTAMKKIMKLCESHGSSCTAVNTSKKRKGDL 
AKVQLPSGRIKTEKGKQQSIQSFFKLATEK 
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Here are the entries for the Nth and MutY proteins in selected organisms, with short titles: 

>Nth_Homo_sapiens 
MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRLRVAYEG 
SDSEKGEGAEPLKVPVWEPQDWQQQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS 
QTKDQVTAGAMQRLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILQQHYGGDIPASVAE 
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING 
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL 
>MutY_Homo_sapiens 
MTPLVSRLSRLWAIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE 
EVVLQASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA 
TVINYYTGWMQKWPTLQDLASASLEEVNQLWAGLGYYSRGRRLQEGARKVVEELGGHMPRTAETLQQLLP 
GVGRYTAGAIASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQLWGLAQQLVDPARPGDFNQAAM 
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL 
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE 
LQRWAGPLPATHLRHLGEVVHTFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV 
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ 
>Nth_Mus_musculus 
MNSGVRMVTRSRSRATRIASEGCREELAPREAAAEGRKSHRPVRHPRRTQKTHVAYEAANGEEGEDAEPL 
KVPVWEPQNWQQQLANIRIMRSKKDAPVDQLGAEHCYDASASPKVRRYQVLLSLMLSSQTKDQVTAGAMQ 
RLRARGLTVESILQTDDDTLGRLIYPVGFWRNKVKYIKQTTAILQQRYEGDIPASVAELVALPGVGPKMA 
HLAMAVAWGTISGIAVDTHVHRIANRLRWTKKMTKTPEETRKNLEEWLPRVLWSEVNGLLVGFGQQICLP 
VHPRCQACLNKALCPAAQDL 
>MutY_Mus_musculus 
MKKLQASVRSHKKQPANHKRRRTRALSSSQAKPSSLDGLAKQKREELLQASVSPYHLFSDVADVTAFRSN 
LLSWYDQEKRDLPWRNLAKEEANSDRRAYAVWVSEVMLQQTQVATVIDYYTRWMQKWPKLQDLASASLEE 
VNQLWSGLGYYSRGRRLQEGARKVVEELGGHMPRTAETLQQLLPGVGRYTAGAIASIAFDQVTGVVDGNV 
LRVLCRVRAIGADPTSTLVSHHLWNLAQQLVDPARPGDFNQAAMELGATVCTPQRPLCSHCPVQSLCRAY 
QRVQRGQLSALPGRPDIEECALNTRQCQLCLTSSSPWDPSMGVANFPRKASRRPPREEYSATCVVEQPGA 
IGGPLVLLVQRPDSGLLAGLWEFPSVTLEPSEQHQHKALLQELQRWCGPLPAIRLQHLGEVIHIFSHIKL 
TYQVYSLALDQAPASTAPPGARWLTWEEFCNAAVSTAMKKVFRMYEDHRQGTRKGSKRSQVCPPSSRKKP 
SLGQQVLDTFFQRHIPTDKPNSTTQ 
>Nth_Bos_taurus 
MNAAGVRMVVTRARSRGTGASLRRRGEKAAPLRSGEAAAEERKSYSPVKRRRKAQRLSVAYEASEGEGGE 
GAEHLQAPSWQPQDWRQQLDNIRTMRSGKDAPVDQLGAEHCFDPSASPKVRRYQVLLSLMLSSQTKDQVT 
AGAMQRLRARGLTVDSILQTDDSTLGALIYPVGFWRSKVKYIKQTSAILQQRYDGDIPASVAELVALPGV 
GPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRRALEEWLPRELWSEINGLLVGFGQ 
QTCLPIRPRCQACLNRALCPAARGL 
>MutY_Bos_taurus 
MKKSRAAVGNRSGRRKQASSQEGKEKCAFGSSQAKPSAPSAGPARQQKALLQASVSPYHLFRDVAEVTAL 
QESLLDWYDRKKRDLPWRRLVEDEVDLDRRAYAVWVAEVMLQQTQVATVINYYTRWMQKWPTLQDLASAS 
LEEVNQLWAGLGYYSRGRWLQEGARKVVEELGGHMPRTAETLQQFLPGVGRYTAGAIASIAFGQAAGVVD 
GNVIRVLCRVRAIGADSSSTLVSQHLWSLAQQLVDPARPGDFNQAAMELGAIVCTPKRPLCSHCPVQNLC 
RARQRVEREQLSASQSLPGNCDVEECAPNTGQCPLCAPPTEPWDQTLGVTNFPRKASRKPPREECSAICV 
LEQPKALGGAHILLVQRPNSGLLAGLWEFPSVSVNAEASGQHQRAALLQELQSWVGPLPDTRLQHLGQVV 
HTFSHIKMTYQVYSLALEEHTPVTIVPPGARWLTREDFHTAAVSTAMKKVFRMYEGQQPGTCKGSKRSQV 
ATLSKRKKPSPGQQVLESFFWPHVPTDAPSLNTAAQ 
>Nth_Gallus_gallus 
MCAAAPRGGGRAARRLGAATAGSRVPSAAPRYSRRTRRVPIAYEAEPKPESPGPKWEPENWQQQLERIRE 
MRRHRDAPVDEMGVDKCYDTSAPPQVMRYQVLLSLMLSSQTKDQVTSAAMLRLRQRGLTVDSILQMDDAT 
LGQIIYPVGFWRNKVKYIKQTTAILKQKYGGDIPGTVEELVKLPGVGPKMAHLAMNIAWNSVSGIAVDTH 
VHRITNRLKWVKKETRYPEETRVALEDWLPRDLWREINWLLVGFGQQTCLPVNPRCKECLNQDICPAAKR 
F 
>MutY_Gallus_gallus 
MSRLRAAAVRGLRRQRRGSGSAAPNGRSSSKGASLREGAPARPHALHLFGDPVEIDALRGRLLAWYDKSR 
RDLPWRTLAAAELDADRRAYAVWVSEIMLQQTQVATVIDYYNRWMQKWPTLQALAAASLEEVNELWAGLG 
YYSRGKRLQEAARKVVSELAGRMPRTAEDLQRLLPGVGRYTAGAIASISFGQATGVVDGNVIRVLCRLRC 
IGADTSSLAVIDCLWDMANTLVDRSRPGDFNQALMELGATVCTPKSPLCRECPVKEHCHAWRRVEKELAS 
ASQKLFGKTTLVPDVEDCGPGGCPLCLPAAEPWDSSLGVTNFPRKAAKKQPRVEWTATCVLERRGRLGAP 
EYLIVQRPSSGLLAGLWEFPSLPLAPGLQEEQQKEVLADHLRAWTRQPVQTQSLCFIGEVVHIFSHIHQT 
YVVYSLCLDGDVALDAASSPSRWVTEEEFRASAVSTAMKKVLKARETQRGVQSGRAKGSKRKRESKLGAA 
GSTPTGMQLSLRAFLRAQPPP 
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c) 
 
Below is a multiple alignment of the vertebrate Nth and MutY homologs, as produced by MAFFT. The 
Helix‐hairpin‐Helix motif and the [4Fe‐4S] cluster motif are indicated. The [4Fe‐4S] cluster is fully 
conserved in all sequences, as well as the Helix‐hairpin‐helix motif, except for the final K in the HhH‐
motif which is not conserved in the MutY sequences. 
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d) 
 
 

 
Based on the phylogenetic tree above, it is clear that human Nth and chicken Nth are more similar 
than human Nth and human MutY, because Nth and MutY forms seperate lineages near the root of 
the tree. 
 

Exercise	3	
a) 

Here are the human NTHL1, MUTYH, OGG1 and MBD4 proteins found by the PSI‐BLAST search: 
 
>gi|4505471|ref|NP_002519.1| endonuclease III-like protein 1 [Homo sapiens] 
MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRLRVAYEG 
SDSEKGEGAEPLKVPVWEPQDWQQQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS 
QTKDQVTAGAMQRLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILQQHYGGDIPASVAE 
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING 
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL 
 
>gi|6912520|ref|NP_036354.1| A/G-specific adenine DNA glycosylase isoform 1 [Homo 
sapiens] 
MTPLVSRLSRLWAIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE 
EVVLQASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA 
TVINYYTGWMQKWPTLQDLASASLEEVNQLWAGLGYYSRGRRLQEGARKVVEELGGHMPRTAETLQQLLP 
GVGRYTAGAIASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQLWGLAQQLVDPARPGDFNQAAM 
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL 
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE 
LQRWAGPLPATHLRHLGEVVHTFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV 
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ 
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>gi|4505495|ref|NP_002533.1| N-glycosylase/DNA lyase isoform 1a [Homo sapiens] 
MPARALLPRRMGHRTLASTPALWASIPCPRSELRLDLVLPSGQSFRWREQSPAHWSGVLADQVWTLTQTE 
EQLHCTVYRGDKSQASRPTPDELEAVRKYFQLDVTLAQLYHHWGSVDSHFQEVAQKFQGVRLLRQDPIEC 
LFSFICSSNNNIARITGMVERLCQAFGPRLIQLDDVTYHGFPSLQALAGPEVEAHLRKLGLGYRARYVSA 
SARAILEEQGGLAWLQQLRESSYEEAHKALCILPGVGTKVADCICLMALDKPQAVPVDVHMWHIAQRDYS 
WHPTTSQAKGPSPQTNKELGNFFRSLWGPYAGWAQAVLFSADLRQSRHAQEPPAKRRKGSKGPEG 
 
>gi|4505121|ref|NP_003916.1| methyl-CpG-binding domain protein 4 [Homo sapiens] 
MGTTGLESLSLGDRGAAPTVTSSERLVPDPPNDLRKEDVAMELERVGEDEEQMMIKRSSECNPLLQEPIA 
SAQFGATAGTECRKSVPCGWERVVKQRLFGKTAGRFDVYFISPQGLKFRSKSSLANYLHKNGETSLKPED 
FDFTVLSKRGIKSRYKDCSMAALTSHLQNQSNNSNWNLRTRSKCKKDVFMPPSSSSELQESRGLSNFTST 
HLLLKEDEGVDDVNFRKVRKPKGKVTILKGIPIKKTKKGCRKSCSGFVQSDSKRESVCNKADAESEPVAQ 
KSQLDRTVCISDAGACGETLSVTSEENSLVKKKERSLSSGSNFCSEQKTSGIINKFCSAKDSEHNEKYED 
TFLESEEIGTKVEVVERKEHLHTDILKRGSEMDNNCSPTRKDFTGEKIFQEDTIPRTQIERRKTSLYFSS 
KYNKEALSPPRRKAFKKWTPPRSPFNLVQETLFHDPWKLLIATIFLNRTSGKMAIPVLWKFLEKYPSAEV 
ARTADWRDVSELLKPLGLYDLRAKTIVKFSDEYLTKQWKYPIELHGIGKYGNDSYRIFCVNEWKQVHPED 
HKLNKYHDWLWENHEKLSLS 
 

 

Here are the same sequences with short descriptions: 
 
>NTHL1_Homo_sapiens 
MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRLRVAYEG 
SDSEKGEGAEPLKVPVWEPQDWQQQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS 
QTKDQVTAGAMQRLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILQQHYGGDIPASVAE 
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING 
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL 
>MUTYH_Homo_sapiens 
MTPLVSRLSRLWAIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE 
EVVLQASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA 
TVINYYTGWMQKWPTLQDLASASLEEVNQLWAGLGYYSRGRRLQEGARKVVEELGGHMPRTAETLQQLLP 
GVGRYTAGAIASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQLWGLAQQLVDPARPGDFNQAAM 
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL 
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE 
LQRWAGPLPATHLRHLGEVVHTFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV 
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ 
>OGG1_Homo_sapiens 
MPARALLPRRMGHRTLASTPALWASIPCPRSELRLDLVLPSGQSFRWREQSPAHWSGVLADQVWTLTQTE 
EQLHCTVYRGDKSQASRPTPDELEAVRKYFQLDVTLAQLYHHWGSVDSHFQEVAQKFQGVRLLRQDPIEC 
LFSFICSSNNNIARITGMVERLCQAFGPRLIQLDDVTYHGFPSLQALAGPEVEAHLRKLGLGYRARYVSA 
SARAILEEQGGLAWLQQLRESSYEEAHKALCILPGVGTKVADCICLMALDKPQAVPVDVHMWHIAQRDYS 
WHPTTSQAKGPSPQTNKELGNFFRSLWGPYAGWAQAVLFSADLRQSRHAQEPPAKRRKGSKGPEG 
>MBD4_Homo_sapiens 
MGTTGLESLSLGDRGAAPTVTSSERLVPDPPNDLRKEDVAMELERVGEDEEQMMIKRSSECNPLLQEPIA 
SAQFGATAGTECRKSVPCGWERVVKQRLFGKTAGRFDVYFISPQGLKFRSKSSLANYLHKNGETSLKPED 
FDFTVLSKRGIKSRYKDCSMAALTSHLQNQSNNSNWNLRTRSKCKKDVFMPPSSSSELQESRGLSNFTST 
HLLLKEDEGVDDVNFRKVRKPKGKVTILKGIPIKKTKKGCRKSCSGFVQSDSKRESVCNKADAESEPVAQ 
KSQLDRTVCISDAGACGETLSVTSEENSLVKKKERSLSSGSNFCSEQKTSGIINKFCSAKDSEHNEKYED 
TFLESEEIGTKVEVVERKEHLHTDILKRGSEMDNNCSPTRKDFTGEKIFQEDTIPRTQIERRKTSLYFSS 
KYNKEALSPPRRKAFKKWTPPRSPFNLVQETLFHDPWKLLIATIFLNRTSGKMAIPVLWKFLEKYPSAEV 
ARTADWRDVSELLKPLGLYDLRAKTIVKFSDEYLTKQWKYPIELHGIGKYGNDSYRIFCVNEWKQVHPED 
HKLNKYHDWLWENHEKLSLS 
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b) 
 
MUSCLE alignment of the human proteins: 
 

 
 
 

MAFFT alignment: 
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Clustal W alignment: 
 

 
 

 
c) 
 
The HhH motif is well conserved in NTHL1, MUTYH and OGG1. However, ClustalW does not align the 
initial L and P correctly for NTHL1. 
 
The [4Fe‐4S] cluster motif is fully conserved in NTHL1 and MUTYH. 
 
MBD4 is also aligned to the these motifs and residues with both programs, but to the wrong part of 
MBD4. 
 
 
d) 
 
The Clustal W program seemed to produce the worst alignment, as the HhH motif was not well 
aligned in NTHL1. 
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e) Here is the MUSCLE alignment with all sequences: 

 
 
And here is the MAFFT alignment with all sequences: 

 
 
MAFFT was able to correctly align the HhH motif of MBD4 when all sequences are included, but not 
MUSCLE. MAFFT performed best. 


