Answers to exercises in MBV-INF4410 - Sequence alighment
and searching

Exercise 1

a)

The E.coli Nth protein was found by searching the NCBI protein database for (“Escherichia coli” AND
“Endonuclease IlI”) 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
EELQODIRSIGLYRNKAKNIQKLCRMLLDDYNGEVPKDRDELTKLPGVGRKTANVVVSVAFGIPAIAVDT
HVERVSKRLAICRWKDSVLEVEKTLMKKIPMDEWSVTHHRMIFFGRYHCKAQRPQCEECPLLEVCREGKK

RMKGK

>gi|15676439|ref NP _273578.1| endonuclease III [Neisseria meningitidis MC58]
MNRHIRQEIFERFRAANPHPTTELNENSPFELLIAVLLSAQATDVGVNKATAKLFPVADTPQAMLDLGLD
GVMEYTKTIGLYKTKSKHIMQOQTCRILLEKYNGEVPEDREALESLPGVGRKTANVVLNTAFGHPVMAVDTH
IFRVSNRTKIAPGKDVREVEDKLMRFIPKEFLMDAHHWLILHGRYTCKALKPQCQTCIINDLCEYPAKA

>gi]15903200|ref|NP_358750.1] endonuclease III [Streptococcus pneumoniae R6]
MVLSKKRARKVLEEIIALFPDAKPSLDFTNHFELLVAVMLSAQTTDAAVNKATPGLEVAFPTPQAMSVAT
ESEIASHISRLGLYRNKAKFLKKCAQQLLDDEFDGQVPQTREELESLAGVGRKTANVVMSVGEFGIPAFAVD
THVERICKHHDIVKKSATPLEVEKRVMDILPPEQWLAAHQAMIYFGRAICHPKNPECDQYPQLYDFSNL



d)
Here are all five entries for Nth proteins with shortened descriptions:

>Escherichia coli
MNKAKRLEILTRLRENNPHPTTELNFSSPFELLIAVLLSAQATDVSVNKATAKLYPVANTPAAMLELGVE
GVKTYIKTIGLYNSKAENIIKTCRILLEQHNGEVPEDRAALEALPGVGRKTANVVLNTAFGWPTIAVDTH
IFRVCNRTQFAPGKNVEQVEEKLLKVVPAEFKVDCHHWLILHGRYTCIARKPRCGSCIIEDLCEYKEKVD
I

>Mycobacterium tuberculosis
MPGRWSAETRLALVRRARRMNRALAQAFPHVYCELDFTTPLELAVATILSAQSTDKRVNLTTPALFARYR
TARDYAQADRTELESLIRPTGEFYRNKAASLIGLGQALVERFGGEVPATMDKLVTLPGVGRKTANVILGNA
FGIPGITVDTHFGRLVRRWRWTTAEDPVKVEQAVGELIERKEWTLLSHRVIFHGRRVCHARRPACGVCVL
AKDCPSFGLGPTEPLLAAPLVQGPETDHLLALAGL

>Bacillus_anthracis
MLNKTQIRYCLDTMADMYPEAHCELIHDNPFELVIAVALSAQCTDALVNKVTKNLFQKYKTPEDYLSVSL
EELQODIRSIGLYRNKAKNIQKLCRMLLDDYNGEVPKDRDELTKLPGVGRKTANVVVSVAFGIPAIAVDT
HVERVSKRLAICRWKDSVLEVEKTLMKKIPMDEWSVTHHRMIFFGRYHCKAQRPQCEECPLLEVCREGKK
RMKGK

>Neisseria meningitidis
MNRHIRQEIFERFRAANPHPTTELNENSPFELLIAVLLSAQATDVGVNKATAKLFPVADTPQAMLDLGLD
GVMEYTKTIGLYKTKSKHIMQTCRILLEKYNGEVPEDREALESLPGVGRKTANVVLNTAFGHPVMAVDTH
IFRVSNRTKIAPGKDVREVEDKLMREFIPKEFLMDAHHWLILHGRYTCKALKPQCQTCIINDLCEYPAKA
>Streptococcus pneumoniae
MVLSKKRARKVLEEITALFPDAKPSLDFTNHFELLVAVMLSAQTTDAAVNKATPGLEFVAFPTPQAMSVAT
ESEIASHISRLGLYRNKAKFLKKCAQQLLDDFDGQVPQTREELESLAGVGRKTANVVMSVGFGIPAFAVD
THVERICKHHDIVKKSATPLEVEKRVMDILPPEQWLAAHQAMIYFGRAICHPKNPECDQYPQLYDEFSNL

e)

Below is a screenshot from Jalview with the input sequences
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>Escherichia coli
MNERKRLEILTRLRENNFHFTTELNFSSEFELLIAVLLSAQATDVSVNEATAKLY FVANT FARMLELGVE
GVETYIKTIGLYNSERENT IKTCRILLEQHNGEVFEDRAALEAL.PGVGRET ANVVINIAFGWET IAVDTH
IFRVCNRIQFAPGENVEOVEEKLLEVVEAEFKVDCHHWLILHGRYTCIARKFRCGSCIIEDLCEYRKERVD
I

>Mycobacterium tuberculosis
MEGRWSAETRLALVERARRMNRALAQRFPHVYCELDFITPLELAVAT ILSAQSTOEEVNLTTPALFARYR
TARDYAQADRTELESLIRFIGFYRNERASLIGLGOALVERFGGEVEATMDKLVILPGVERETANVILGNA
FGIPGITVDTHFGRLVRRWEWI TAEDFVEVEQAVGELIERKEWT LLSHRVI FHGRRVCHARRPACGVCVL
AKDCPSFGLGFTEFLLARFLVOGFETDHLLALAGL

>Bacillus_anthracis
MLNKTQIRYCLODTMADMY PERHCELIHDNFFELVIAVALSAQCT DALVNEVTENLFOKYKT PEDYLSVSL
EELOQODIRSIGLYRNERKNIQKLCRMLLDDYNGEVPKDRDE LTKLPGVGERET ANVVVSVAFGIFAIAVDT
HVERVSERLAICRWEDSVLEVEKT LMEKT FMDEWSVI HHRMI FFGRYHCERORPOCEECFLLEVCREGEK
RMEGE

>Neisseria_meningitidis
MHRHIRQEIFERFRARNFHFT TELNFNSPFELLIAVLLSAQAT DVEVNEAT AKLFFVADT PFORMLDLGLD
GVMEYTKTIGLYKTKSKHIMOTCRILLEKYNGEVFEDREALESLEGVGRET ANVVINTAFGHFVMAVDTH
IFRVSNRIKIAPGEDVREVEDKIMRF I PKEFLMDAHHWLILHGRYTCEALKPQCOTCIINDLCEYPAKR
>Streptococcus_pneumoniae
MVLSKERARKVIEEI TALFFDAKFSLDFTHHFELLVAVELSAQTTDARVNER T FGLEVAFFTFQRMSVAT
ESEIASHISRLGLYRNERKFLEKCAOOLLDDFDGOVPOTREELE SLAGVGRET ANVVMSVEFGIFAFAVD
THVERICKHHDIVEKSAT PLEVEKRVMD I LEPEQWLARHQAMT YFGRATCHPENPECDOY POLYDFSHL
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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.

Escherichia_coli/1-211 L MNKAKRLEILTRLRENNBHPTT P F VS
Mycobacterum_tuberculosis/1-245 1MPGRWSAETRLALVRRARRMNRALAQAFBHVYC KR
Bacillus_anthracis/1-215 L I N MLNKTQIRYCLD TMADMYBEAHC AL
Neisseria_meningitidis/1-209 Toseerrennns MNRHIRQEIFERFRAANBHPTT VG

Streptococcus_pneumoniae/1-209 L MVLSKKRARKVLEE | |ALFRDAKPS F AA

Escherichia_coli/1-211 52 AKBYPVAN AAMLELGVEGVKTYILKTI ENIIKTCRI EQHN EDEAJ\
Mycobacterum_tub losis/1-245 63 PA ARYRMARDYAQADRTELESLURPT ASLIGLGQABVERFG ATMDK
Bacillus_anthracis/1-215 53 KN QKYK EDYLSVSLEELQQDRS I KNIQKLCRM DDYN KDRDERTK
Neissera_meningitidis/1-209 52 AK PVAD QAMLDLGLDGVMEYTKT | @L] SKHIMQTCR | EKYN EDREARBES
Streptococcus_pneumoniae/1-209 54 PG VAFP QAMSVATESE IJ\SHmSRL L KFLKKCAQQ DDFDEQ QTREERES

Escherichia_coli/1-211 114 BN T TI VCNRTQF APGKN - VEQ EKLLKVVEAEF KVD
Mycobacterum_tuberculosis’1-245 125 ILGN GIT LVR RWTTAED - PVKMBQAVGEL | ERKEWTL
Bacillus_anthracis/1-215 115 VSV Al VSKRLAICRWKDSVLE KTLMKKIPMDEWSV
Neissera_meningitidis/1-209 114 LNT VM VSNRTKIAPGKD - VRE DKLMRF IPKEF LMD
Strept D iae/1-209 116 A MSVG AF VERICKHHD IVKKSATPLE KRVMD | LEPEQWL A
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Escherichia_coli/1-211 175 C LIELH
Mycobact: _tub is/1-245 RVINF H
Bacillus_anthracis/1-215 RMMF F
Neisseria_meningitidis/1-209 76 AHHWLIILH
Streptococcus_pneumoniae/1-209 8 AHQAMNYF

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
SDSEKGEGAEPLKVPVWEPQDWQOQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS
QTKDQVTAGAMQRLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILQQHYGGDIPASVAE
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL

>gi1]6912520 | ref |[NP_036354.1| A/G-specific adenine DNA glycosylase isoform 1 [Homo
sapiens]
MTPLVSRLSRLWAIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE
EVVLQASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA
TVINYYTGWMOKWPTLQODLASASLEEVNQLWAGLGYYSRGRRLOQEGARKVVEELGGHMPRTAETLQQLLP
GVGRYTAGATIASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQLWGLAQQLVDPARPGDEFNQAAM
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE
LORWAGPLPATHLRHLGEVVHTFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ
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>gi 227908769 |ref|NP_032769.2| endonuclease III-like protein 1 [Mus musculus]

MNSGVRMVTRSRSRATRIASEGCREELAPREAAAEGRKSHRPVRHPRRTOKTHVAYEAANGEEGEDAEPL
KVPVWEPONWQQQLANIRIMRSKKDAPVDQLGAEHCYDASASPKVRRYQVLLSLMLS SQTKDQVTAGAMOQ
RLRARGLTVESILQTDDDTLGRLIYPVGFWRNKVKYIKQTTAILQQRYEGDIPASVAELVALPGVGPKMA
HLAMAVAWGTISGIAVDTHVHRIANRLRWTKKMTKTPEETRKNLEEWLPRVLWSEVNGLLVGFGQQICLP
VHPRCQACLNKALCPAAQDL

>gi 227330621 |ref NP _573513.2| A/G-specific adenine DNA glycosylase [Mus musculus]

MKKLOASVRSHKKQPANHKRRRTRALSSSQAKPSSLDGLAKQKREELLOASVSPYHLESDVADVTAFRSN
LLSWYDQEKRDLPWRNLAKEEANSDRRAYAVWVSEVMLQQTQVATVIDYYTRWMOKWPKLODLASASLEE
VNOLWSGLGYYSRGRRLOQEGARKVVEELGGHMPRTAETLQOLLPGVGRYTAGAIASIAFDQVTGVVDGNV
LRVLCRVRAIGADPTSTLVSHHLWNLAQQLVDPARPGDFNQAAMELGATVCTPQRPLCSHCPVQSLCRAY
QRVORGQLSALPGRPDIEECALNTRQCQLCLTSSSPWDPSMGVANFPRKASRRPPREEYSATCVVEQPGA
IGGPLVLLVQRPDSGLLAGLWEFPSVTLEPSEQHQHKALLOELQRWCGPLPATRLQHLGEVIHIFSHIKL
TYQVYSLALDQAPASTAPPGARWLTWEEFCNAAVSTAMKKVFRMYEDHRQGTRKGSKRSQVCPPSSRKKP
SLGQQOVLDTFFQRHIPTDKPNSTTQ

>gi]114051958|ref|NP_001039862.1| endonuclease III-like protein 1 [Bos
MNAAGVRMVVTRARSRGTGASLRRRGEKAAPLRSGEAAAEERKSYSPVKRRRKAQRLSVAYEASEGEGGE
GAEHLOQAPSWQPODWRQOLDNIRTMRSGKDAPVDQLGAEHCFDPSASPKVRRYQVLLSLMLSSQTKDQVT
AGAMQOQRLRARGLTVDSILOTDDSTLGALIYPVGFWRSKVKYIKQTSAILQQORYDGDIPASVAELVALPGV
GPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRRALEEWLPRELWSEINGLLVGFGQ
QTCLPIRPRCQACLNRALCPAARGL

>g11281485563 |ref|NP_001039600.2| A/G-specific adenine DNA glycosylase
MKKSRAAVGNRSGRRKQOASSQEGKEKCAFGSSQAKPSAPSAGPARQOKALLQASVSPYHLFRDVAEVTAL
QESLLDWYDRKKRDLPWRRLVEDEVDLDRRAYAVWVAEVMLQOTQVATVINYYTRWMOQKWPTLQODLASAS
LEEVNQLWAGLGYYSRGRWLQEGARKVVEELGGHMPRTAETLQQFLPGVGRYTAGATASIAFGQAAGVVD
GNVIRVLCRVRAIGADSSSTLVSQHLWSLAQQLVDPARPGDEFNQAAMELGAIVCTPKRPLCSHCPVQONLC
RARQRVEREQLSASQSLPGNCDVEECAPNTGQCPLCAPPTEPWDQTLGVTNFPRKASRKPPREECSAICV
LEQPKALGGAHILLVQRPNSGLLAGLWEFPSVSVNAEASGQHORAALLQELQSWVGPLPDTRLQHLGQVV
HTFSHIKMTYQVYSLALEEHTPVTIVPPGARWLTREDFHTAAVSTAMKKVFRMYEGQQPGTCKGSKRSQV
ATLSKRKKPSPGQQVLESFFWPHVPTDAPSLNTAAQ

taurus]

[Bos taurus]

>gi]118601744|ref|NP _001073043.1| endonuclease III-like protein 1 [Gallus gallus]

MCAAAPRGGGRAARRLGAATAGSRVPSAAPRYSRRTRRVPIAYEAEPKPESPGPKWEPENWQOQOLERIRE
MRRHRDAPVDEMGVDKCYDTSAPPQVMRYQVLLSLMLSSQTKDQVTSAAMLRLRQRGLTVDSILOMDDAT
LGOIIYPVGEWRNKVKYIKQTTAILKQKYGGDIPGTVEELVKLPGVGPKMAHLAMNIAWNSVSGIAVDTH
VHRITNRLKWVKKETRYPEETRVALEDWLPRDLWREINWLLVGEFGQQTCLPVNPRCKECLNQDICPAAKR
F

>gi]118094461 |ref|XP_422433.2| PREDICTED: A/G-specific adenine DNA glycosylase

[Gallus gallus]
MSRLRAAAVRGLRRQRRGSGSAAPNGRSSSKGASLREGAPARPHALHLFGDPVEIDALRGRLLAWYDKSR
RDLPWRTLAAAELDADRRAYAVWVSEIMLOQTQVATVIDYYNRWMOKWPTLOALAAASLEEVNELWAGLG
YYSRGKRLQEAARKVVSELAGRMPRTAEDLQRLLPGVGRYTAGAIASISFGQATGVVDGNVIRVLCRLRC
IGADTSSLAVIDCLWDMANTLVDRSRPGDFNQALMELGATVCTPKSPLCRECPVKEHCHAWRRVEKELAS
ASQKLFGKTTLVPDVEDCGPGGCPLCLPAAEPWDSSLGVTNFPRKAAKKQPRVEWTATCVLERRGRLGAP
EYLIVQRPSSGLLAGLWEFPSLPLAPGLQEEQQKEVLADHLRAWTRQPVQTQSLCFIGEVVHIFSHIHQT
YVVYSLCLDGDVALDAASSPSRWVTEEEFRASAVSTAMKKVLKARETQRGVQSGRAKGSKRKRESKLGAA
GSTPTGMQLSLRAFLRAQPPP

>gi 113205550 |ref|[NP_001037884.1| nth endonuclease III-like 1 [Xenopus
tropicalis]
MSGSLRPLGRRGRRGVLKAVGGKDQQODGTSKGQVIDDSEDEKPSSPKERSKRRVSVEYEQAASETVAKRP
KWQPKNWAQHLENIRQMRSRRDAPVDQMGAEKCYDONAAPEVMRYQILLSLMLSSQTKDQVTSAAMCRLR
QHGLTVSRILETDDGTLGKLIYPVGFWKNKVKYIKQTTEILQEKYGGDIPDNVTDLVKLPGVGPKMAHLV
MDIAWNNVSGIGVDTHVHRISNRLKWVRKETKTPEETRVAMEDWMPRELWSEINWLLVGEFGQQVCLPVSP
RCSECLNKDICPGAKKKKPR

(Silurana)

>gi|118403607|ref|NP_001072831.1| mutY homolog [Xenopus (Silurana) tropicalis]

MPPPRTKTSLGRSAAASGKRKSPKQAFPKREEHVLOSSIYHSFTSQETEI IRDKLLAWYDKSKRDLPWRT
MACTEPDLDRKAYAVWVSEVMLOQTQVATVIDYYNKWMKVWPTMEDLARSSLEEVNEMWSGLGYYSRGRR
LOEGAKKVVLELGGSMPRSADELQKLLPGVGRYTAGAIASISYGQOVTGVVDGNVIRVLSRLRCIGADSST
LAVSDKLWNLANALVDPDRPGDFNQGMMELGATVCTPKKPLCTACPLQGQCKAYLKVIAEKESAVKTLIK
KQASPIAKDVGDIEDCDLGPGLCALCVPTSDPWDSSLGVANFPRKSAKKPSRMEQTAICVWEKCGDHGEL
EYLIVORPSSGLLAGLWEFPSILLDEKFTEQNRQHSLLGLLQDLSGHAVPLOKLQYKGEVVHIFSHIHQT
YVVYFLSLNTTENCSVKTEETERPLTRWVTKKEFLNSAVPTAMKK IMKLCESHGSSCTAVNT SKKRKGDL
AKVQLPSGRIKTEKGKQQSIQSFFKLATEK



Here are the entries for the Nth and MutY proteins in selected organisms, with short titles:

>Nth Homo sapiens
MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRLRVAYEG
SDSEKGEGAEPLKVPVWEPQDWQOQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS
QTKDQVTAGAMQRLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKY IKQTSATILQQHYGGDIPASVAE
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL

>MutY Homo sapiens
MTPLVSRLSRLWATIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE
EVVLQASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA
TVINYYTGWMQKWPTLODLASASLEEVNQLWAGLGYYSRGRRLOQEGARKVVEELGGHMPRTAETLQQLLP
GVGRYTAGATIASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQLWGLAQQLVDPARPGDENQAAM
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE
LORWAGPLPATHLRHLGEVVHTFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ

>Nth Mus musculus
MNSGVRMVTRSRSRATRIASEGCREELAPREAAAEGRKSHRPVRHPRRTQKTHVAYEAANGEEGEDAEPL
KVPVWEPQNWQQOLANTRIMRSKKDAPVDQLGAEHCYDASASPKVRRYQVLLSLMLSSQTKDQVTAGAMOQ
RLRARGLTVESILQTDDDTLGRLIYPVGFWRNKVKY IKQTTAILQORYEGDIPASVAELVALPGVGPKMA
HLAMAVAWGTISGIAVDTHVHRIANRLRWTKKMTKTPEETRKNLEEWLPRVLWSEVNGLLVGFGQQICLP
VHPRCQACLNKALCPAAQDL

>MutY Mus musculus
MKKLQASVRSHKKQPANHKRRRTRALSSSQAKPSSLDGLAKQKREELLQASVSPYHLFSDVADVTAFRSN
LLSWYDQEKRDLPWRNLAKEEANSDRRAYAVWVSEVMLQQTQVATVIDYYTRWMOKWPKLODLASASLEE
VNQLWSGLGYYSRGRRLQEGARKVVEELGGHMPRTAETLOQLLPGVGRYTAGATIASTIAFDQVTGVVDGNV
LRVLCRVRAIGADPTSTLVSHHLWNLAQQLVDPARPGDENQAAMELGATVCTPQRPLCSHCPVQSLCRAY
QRVQORGOLSALPGRPDIEECALNTRQCQLCLTSSSPWDPSMGVANFPRKASRRPPREEYSATCVVEQPGA
IGGPLVLLVQRPDSGLLAGLWEFPSVTLEPSEQHQHKALLQELQRWCGPLPAIRLQHLGEVIHIFSHIKL
TYQVYSLALDQAPASTAPPGARWLTWEEFCNAAVSTAMKKVFRMYEDHRQGTRKGSKRSQVCPPSSRKKP
SLGQQVLDTFFQRHIPTDKPNSTTQ

>Nth Bos taurus
MNAAGVRMVVTRARSRGTGASLRRRGEKAAPLRSGEAAAEERKSYSPVKRRRKAQRLSVAYEASEGEGGE
GAEHLOAPSWQPQODWRQOLDNIRTMRSGKDAPVDQLGAEHCFDPSASPKVRRYQVLLSLMLSSQTKDQVT
AGAMQRLRARGLTVDSILQTDDSTLGALIYPVGFWRSKVKYIKQTSAILQQRYDGDIPASVAELVALPGV
GPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRRALEEWLPRELWSEINGLLVGEFGQ
QTCLPIRPRCQACLNRALCPAARGL

>MutY Bos taurus
MKKSRAAVGNRSGRRKQASSQEGKEKCAFGSSQAKPSAPSAGPARQOKALLOASVSPYHLFRDVAEVTAL
QESLLDWYDRKKRDLPWRRLVEDEVDLDRRAYAVWVAEVMLQQTQVATVINYYTRWMOKWPTLODLASAS
LEEVNQLWAGLGYYSRGRWLOQEGARKVVEELGGHMPRTAETLQQFLPGVGRYTAGAIASTIAFGQAAGVVD
GNVIRVLCRVRAIGADSSSTLVSQHLWSLAQQLVDPARPGDFNQAAMELGAIVCTPKRPLCSHCPVQNLC
RARQRVEREQLSASQSLPGNCDVEECAPNTGQCPLCAPPTEPWDQTLGVTNFPRKASRKPPREECSAICV
LEQPKALGGAHILLVQRPNSGLLAGLWEFPSVSVNAEASGQHQRAALLOQELOQSWVGPLPDTRLOHLGQVV
HTFSHIKMTYQVYSLALEEHTPVTIVPPGARWLTREDFHTAAVSTAMKKVFRMYEGQQPGTCKGSKRSQV
ATLSKRKKPSPGQQVLESFFWPHVPTDAPSLNTAAQ

>Nth Gallus gallus
MCAAAPRGGGRAARRLGAATAGSRVPSAAPRYSRRTRRVPIAYEAEPKPESPGPKWEPENWQQQLERIRE
MRRHRDAPVDEMGVDKCYDTSAPPQVMRYQVLLSLMLSSQTKDQVTSAAMLRLROQRGLTVDSILOMDDAT
LGQIIYPVGFWRNKVKYIKQTTAILKQKYGGDIPGTVEELVKLPGVGPKMAHLAMNIAWNSVSGIAVDTH
VHRITNRLKWVKKETRYPEETRVALEDWLPRDLWREINWLLVGFGQQTCLPVNPRCKECLNQDICPAAKR
F

>MutY Gallus gallus
MSRLRAAAVRGLRRQRRGSGSAAPNGRSSSKGASLREGAPARPHALHLFGDPVEIDALRGRLLAWYDKSR
RDLPWRTLAAAELDADRRAYAVWVSEIMLOQTQVATVIDYYNRWMOKWPTLQALAAASLEEVNELWAGLG
YYSRGKRLQEAARKVVSELAGRMPRTAEDLQRLLPGVGRYTAGAIASISFGQATGVVDGNVIRVLCRLRC
IGADTSSLAVIDCLWDMANTLVDRSRPGDENQALMELGATVCTPKSPLCRECPVKEHCHAWRRVEKELAS
ASQKLFGKTTLVPDVEDCGPGGCPLCLPAAEPWDSSLGVTNFPRKAAKKQPRVEWTATCVLERRGRLGAP
EYLIVORPSSGLLAGLWEFPSLPLAPGLOEEQQKEVLADHLRAWTRQPVQTQSLCFIGEVVHIFSHIHQT
YVVYSLCLDGDVALDAASSPSRWVTEEEFRASAVSTAMKKVLKARETQRGVQSGRAKGSKRKRESKLGAA
GSTPTGMQLSLRAFLRAQPPP



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.

ASh_Moms_sapieny -390 TMCSPOESOMTALSARM: |.tll=l!|.onuorrcl"!orl.lllla cnlalus KRPEKACQRLEVAYE SMHOIZMPFVM'I’: -« OWOR0 o
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A Mo x_masralen’1- 300 1 Thi AS(. lill_.p, ~REA EGRKE W RHPRRTOKTHY EAANGEEONOAEPHN VP VINE -« NWOQ0 B
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An_Bos_tawess'1-308

AN E_m pele 1300
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[4Fc—4S] cluster motif  Helix-hairpin-Helix motif



d)

74583 Muty_Gallus_gallus
1165.23
415.25 Muty_Mus_musculus
331.58
34550 Muty_Bos_taurus
GETS
345.50 Muty_Homo_sapiens
N
G45.00 Mth_Homo_sapiens
J125
G45.00 Mth_Bos_taurus
191.92 T
107380 G657 .25 Mth_Mus_musculus
8309.17

Mth_Gallus_gallus

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
SDSEKGEGAEPLKVPVWEPQDWOQQQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS
QOTKDQVTAGAMQORLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILOQHYGGDIPASVAE
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL

>gi1]6912520 | ref |[NP_036354.1| A/G-specific adenine DNA glycosylase isoform 1 [Homo
sapiens]

MTPLVSRLSRLWAIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE
EVVLQASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA
TVINYYTGWMOKWPTLQODLASASLEEVNQLWAGLGYYSRGRRLOQEGARKVVEELGGHMPRTAETLQQLLP
GVGRYTAGAIASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQOLWGLAQQLVDPARPGDEFNQAAM
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE
LORWAGPLPATHLRHLGEVVHTEFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ



>gi]4505495|ref [INP_002533.1| N-glycosylase/DNA lyase isoform la [Homo sapiens]

MPARALLPRRMGHRTLASTPALWASIPCPRSELRLDLVLPSGQSFRWREQSPAHWSGVLADQVWTLTQTE
EQLHCTVYRGDKSQASRPTPDELEAVRKYFQLDVTLAQLYHHWGSVDSHFQEVAQKFQGVRLLRQDPIEC
LEFSFICSSNNNIARITGMVERLCQAFGPRLIQLDDVTYHGFPSLOALAGPEVEAHLRKLGLGYRARYVSA
SARAILEEQGGLAWLQQLRESSYEEAHKALCILPGVGTKVADCICLMALDKPQAVPVDVHMWHIAQRDYS
WHPTTSQAKGPSPQTNKELGNFFRSLWGPYAGWAQAVLFSADLRQSRHAQEPPAKRRKGSKGPEG

>gi|4505121 |ref|NP_003916.1| methyl-CpG-binding domain protein 4 [Homo
MGTTGLESLSLGDRGAAPTVTSSERLVPDPPNDLRKEDVAMELERVGEDEEQMMIKRSSECNPLLQEPIA
SAQFGATAGTECRKSVPCGWERVVKQRLEFGKTAGREFDVYFISPQGLKFRSKSSLANYLHKNGETSLKPED
FDFTVLSKRGIKSRYKDCSMAALTSHLONQSNNSNWNLRTRSKCKKDVFMPPSSSSELQESRGLSNFTST
HLLLKEDEGVDDVNFRKVRKPKGKVTILKGIPIKKTKKGCRKSCSGFVQSDSKRESVCNKADAESEPVAQ
KSQLDRTVCISDAGACGETLSVTSEENSLVKKKERSLSSGSNFCSEQKTSGIINKFCSAKDSEHNEKYED
TFLESEEIGTKVEVVERKEHLHTDILKRGSEMDNNCSPTRKDFTGEKIFQEDTIPRTQIERRKTSLYFESS
KYNKEALSPPRRKAFKKWTPPRSPENLVOQETLFHDPWKLLIATIFLNRTSGKMAIPVLWKFLEKYPSAEV
ARTADWRDVSELLKPLGLYDLRAKTIVKEFSDEYLTKQWKYPIELHGIGKYGNDSYRIFCVNEWKQVHPED
HKLNKYHDWLWENHEKLSLS

Here are the same sequences with short descriptions:

>NTHL1 Homo_ sapiens
MCSPQESGMTALSARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPVKRPRKAQRLRVAYEG
SDSEKGEGAEPLKVPVWEPQDWQOQLVNIRAMRNKKDAPVDHLGTEHCYDSSAPPKVRRYQVLLSLMLSS
QTKDQVTAGAMQRLRARGLTVDSILQTDDATLGKLIYPVGFWRSKVKYIKQTSAILQOHYGGDIPASVAE
LVALPGVGPKMAHLAMAVAWGTVSGIAVDTHVHRIANRLRWTKKATKSPEETRAALEEWLPRELWHEING
LLVGFGQQTCLPVHPRCHACLNQALCPAAQGL

>MUTYH Homo_ sapiens
MTPLVSRLSRLWAIMRKPRAAVGSGHRKQAASQEGRQKHAKNNSQAKPSACDGMIAECPGAPAGLARQPE
EVVLOASVSSYHLFRDVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWVSEVMLQQTQVA
TVINYYTGWMOQKWPTLODLASASLEEVNQLWAGLGYYSRGRRLOQEGARKVVEELGGHMPRTAETLQQLLP
GVGRYTAGATASIAFGQATGVVDGNVARVLCRVRAIGADPSSTLVSQQLWGLAQQLVDPARPGDENQAAM
ELGATVCTPQRPLCSQCPVESLCRARQRVEQEQLLASGSLSGSPDVEECAPNTGQCHLCLPPSEPWDQTL
GVVNFPRKASRKPPREESSATCVLEQPGALGAQILLVQRPNSGLLAGLWEFPSVTWEPSEQLQRKALLQE
LORWAGPLPATHLRHLGEVVHTFSHIKLTYQVYGLALEGQTPVTTVPPGARWLTQEEFHTAAVSTAMKKV
FRVYQGQQPGTCMGSKRSQVSSPCSRKKPRMGQQVLDNFFRSHISTDAHSLNSAAQ

>0GGl _Homo sapiens
MPARALLPRRMGHRTLASTPALWASIPCPRSELRLDLVLPSGQSFRWREQSPAHWSGVLADQVWTLTQTE
EQLHCTVYRGDKSQASRPTPDELEAVRKYFQLDVTLAQLYHHWGSVDSHFQEVAQKFQGVRLLRQDPIEC
LFSFICSSNNNIARITGMVERLCQAFGPRLIQLDDVTYHGFPSLQALAGPEVEAHLRKLGLGYRARYVSA
SARAILEEQGGLAWLOQLRESSYEEAHKALCILPGVGTKVADCICLMALDKPQAVPVDVHMWHIAQRDYS
WHPTTSQAKGPSPQTNKELGNFFRSLWGPYAGWAQAVLFSADLRQSRHAQEPPAKRRKGSKGPEG
>MBD4 Homo_sapiens
MGTTGLESLSLGDRGAAPTVTSSERLVPDPPNDLRKEDVAMELERVGEDEEQMMIKRSSECNPLLQEPTA
SAQFGATAGTECRKSVPCGWERVVKQRLFGKTAGRFDVYFISPOGLKFRSKSSLANYLHKNGETSLKPED
FDFTVLSKRGIKSRYKDCSMAALTSHLONQSNNSNWNLRTRSKCKKDVFMPPSSSSELQESRGLSNETST
HLLLKEDEGVDDVNFRKVRKPKGKVTILKGIPIKKTKKGCRKSCSGEFVQSDSKRESVCNKADAESEPVAQ
KSQLDRTVCISDAGACGETLSVTSEENSLVKKKERSLSSGSNFCSEQKTSGIINKFCSAKDSEHNEKYED
TFLESEEIGTKVEVVERKEHLHTDILKRGSEMDNNCSPTRKDFTGEKIFQEDTIPRTQIERRKTSLYFSS
KYNKEALSPPRRKAFKKWTPPRSPENLVQETLFHDPWKLLIATIFLNRTSGKMAIPVLWKFLEKYPSAEV
ARTADWRDVSELLKPLGLYDLRAKTIVKESDEYLTKOWKYPIELHGIGKYGNDSYRIFCVNEWKQVHPED
HKLNKYHDWLWENHEKLSLS

sapiens]



b)

MUSCLE alignment of the human proteins:

NTHL1_Homa_sapiens/1-312
MUTYH_Homo_sapiena/1-548
OGE1_Homa_sapiens/1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homa_sapiens/1-312
MUTYH_Homa_sapiens/1-548
OG5 1_Homa_sapiens/1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homo_sapiens/1-312
MUTYH_Homa_sapiens/1-548
OG5 1_Homa_sapiens/1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homo_sapiens/1-312
MUTYH Homo_sapiens’1-546
QGG1_Homo_sapiens 1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homo_sapiens/1-312
MUTYH Homo_sapiens/1-546
QGG1_Homo_sapiens 1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homo_sapiens/1-312
MUTYH_Homo_sapiens/1-546
QGG I_Homo_sapiens1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homo_sapiens/1-312
MUTYH_Homo_sapiens/1-546
QGG I_Homo_sapiens1-345
MBD4_Homo_sapiens/1-580

T MCSPQESGMTARSARMLT - -RSRSLGPGAGPRGCREEPGPLRR - - - - - - - - - - v oo e oo e o REAAAEARKSHS 53
T oo MTRPLWSRLSR AIMREK- -PRAAVGESGH- - - - - - - - - - - - RK - e e e QAASQEGRQKHA 40
1----MPARALLPRRMGHRTLASTP A ASIPC--PRSELRLDL- - - -WLPSGQSFRW- - - - - - - - - - oo e m e e e s REQSPAHWSGWL 58
TMGTTGLESLSLGDRGAAPTYTSSEREVPDPPNDLRKEDYAMELERYVGEDEEQMM I KRSSECNPLLOQEP | ASAQFGATAGTECRKSYPCGWERY Y 94
54 PVK-RPRKAQRLRWAYEGSDSEKGEGAEPLKWPY - - - - - - - WEPQDWIQQLWNIRAMRNK - - - - - - - - KDAPVDHLGTEHCYDSSAPPKY- - - - 127
4 KNNSQAKPSACDGM| AECPGAPAGLARQPEEVVL - - - -0ASYSSYHLFROWVAEVTAFRGS - - - - - - - - LLEWYDQEKRDLPWRRRAEDEMDLDR 122
G0 ADOQVWTLTQTEEQLHCTYYRGDKSQASRRTPDEL- - - -EAVRKYFQLDYTLAQLYHHWES - - - - - - - - VDSHFQEVAQKFQGVRLLRQDP- - - - 137
95 KQRLFGKTAGRFDWYF | SPOQGLKEFRSKSSLANYLHKNGETSLKPERDFDF TVLSKRG | KSRYKDPCSMAALTSHLOQNGSNNSNWNLRTRSKC - - - - 184
128 RRY¥QWLLSLMLSSQTKDOQVTAGAMORLRA- - - -RGLTVDSILQTDDATLGKLIYP - - - - - - - - - - VEFWRSKVEY | KQTSAILQQHYS@D | PAS 207
123 RAY AMWYSEVMLOQTAVATY I NYYTGWME - - - - KWPTLODLASASLEEVNQLWAG - - - - - - - - - - L&YY - SRGRRLOEGARKVVEELSSHMPRT 201
138 - - |[ECLFSF ICSSNNNIARI TEMVERLCQAFGPRLIQLDPDYTYHGFPSLOQALAGPEVEAHLRKLGLEY - - -RARYWVSASARAILEEQGELAWLD 226
185 - KKDMFMPPSSSSELQESRGLSNFTSTHL- - - -LLKEDEGWDDWNFREKVRKPKGK - - - - - - - - - - WTIL--K&IPIKKTEKKGCRKSCS@FWVASD 261
208 V- - - - - - e - AELVALPGWGPKMAHLAMAVAWE TV - 56 | AMDTHVHR | ANR - LRWTKKATKSPEETRAALEEW- - LPRELW- - - - HEINGLL - 232
202 AE- - --- - - - - TLOQLLPGWGRYTAGA|AS |AFBOA-TEY-MDGHVARYLCR- - - - VRAIGADPSSTLYSQQALW-GLAQQLY - - -DFARFPGDFN 278
22T QLRESSYEEAHEKALC ILPEWETEVADC ICLMALDKP - QAWVPMDWVHMWH | AQRDY SWHPTTSQAKGPSPQTHNKELGNFFRSLW- - - - - - - - GFY- 310
262 SKRESWCNKA-DAESEPVAQKSQLDRTVE | SDABACGETLSMTSEENSLVKK- - - - - KERSLSSGSHNFCSEQKTSG | INKFCSAKDSEHNEKYE 348
283 - - - - - - VeFBQQTELPWH- - - - - - - - FPROHACLNOQALCPAADGL - - - - - - - - - o oo e o e e ot e e e e e e e e e e e e e e e e e 312
27T QAA- - -MELBATMCTPQR- - - - - - - - FPLCSQCPWESLCRARORWEQEQLLASGSLSGSPDWVEECAPNTGQCHLCLPPSEPWDQTLGWVWNFPREKA 358
3 - AGWAQAMLF SAD- - - - - - - - LREQSRHAQEPPAKRRKGSKGPEG - - - - - - - - - o v oo e e e e e e e e e e e 345
350 DTFLESEEIGTKMEVVERKEHLHTD ILKRGSEMDNNCSPTREKDF TGEK | FQEDPTIPRT - - - -QIERRKTSLYFSSKYNKEALSPPRRKAF KKWT 438
360 SREPPREESSATCWLEQPGALGAQ | LLVARPNSGLLAGLWEFPSYTWEPSEQLOQRKALLQELQRWAGPLPATHLRHLGEVWVHTFSHIKLTYQWY 453

MAFFT alignment:

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens/1-345
MBOA_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH _Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homo_sapiens/1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBOA_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBOA_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens/1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens/1-345
MBOA_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens/1-580

NTHL1_Homo_sapiens/1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBOA_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBOA_Homo_sapiens’1-580

TMCSPOESGMTA- - - - - - - - - - - SARMLTRSRS- - - - - - LGPGAGPRGCREEPGPLRRREAMA - - - - - - - - - - - - - - AEARKSHSPWVK S8
1 -MTRLYSRLSR- - - - - - .- .- AIMRKPRAA - - - - - - VESGH- - - - - - - - KOAAS . - -« - oo oo e QEGROKHA- - - 40
1 --MPARALLPRRMGHRTLASTPA AS|IPCPRSELRLDLYLPSGQSFRW- - - - - - - - EQSPAHWSGWVLADOWVWTLTATEEQLHCTWY 78
TMGTTGLESLS - - - - - - - - - -« GDRGAARTWT - - - - - -« - - - SSERLVPDPPNDLRIKEDWA- - - - - - - - - - - - - - MELERW - - - - - 48
57 RPRKAGRLRVAYEGSDSE- - - - - KGEGAEPLKWPMWEPQDWG - - - - - - - - - gaL----VNIRAMR- - - ----- - NKKDAP - - - - - WDH 112
41 -KNNEQAKPSACDEM | AECPGAPAGLARQPEEW - MLOASWES- - - - - - - - - YHLFRDWVAEWTAFRGELLEWYDQEKRDLPWRRRAEDRE 117
79 RGDKS@ASRPTPDELEAV - - - - - - - - - REYFOQLDMTLAQLYHHWGSVDSHFAEVAQKFQGWRLLR - - - -QDP 137
T R - = 1 = = R R QMMIKRSSECNPLL ----QEPB&8
13 AGAMARLRARGLTVDSILQTDDATLGKL I YP -WEFW- - 182
118 MDLDR - - - - - - - - - - RAYAVWVSEVMLQAT - - VATV I NYYTEWMAKWP - - - - TLODLASASLEEVNQLWAG SLGYY - - 17T
138 |- - - - v e e e ECLFSFICSSHN- -NIARITGMVERLCAAFGPRL IQLDDYVTYHGFPSLOALAGPFEVEAHLRKLGLEY - - - 203
B9 |ASAQFGATAGTECRKSVPCGWERVWYKORLFGKTA- - - - - - - - - - GRFDWYF I SPOQGLKFRSEKSSLANYLHKNGETSLKPEDFDF TWL 146
183 - - -RSEKVKY |KQTSAILQQHYGGD | - PASVAERWA- - - - - -« - oo o oo
178 - -SRGRRLOEGARKWVEELGGHM- FRTAETEQ@OQL
204 - --RARYVYSASARAILEEQBG - - - - - - - - - -« v o v o oo m o LAWMEQQLRESS -YEEAHKA 230
147 SKRG | KSRYKDCSMAALTSHLONQSNNSNWNLRTRSKCKKDVFMPRSSSSERQESRGLSNF TSTHLLLKEDEGWDDWNF RKWRKP KG K 234
214 - - -BPBYGFK- - - - - - - - - MAHLAMAVAWG TVSGE | AMBITHVHR | ANR - - - - - LRWTKKATKSPEETRAALEEW- LFRELWH- - - - - El 278
200 - - -BPBYGRY - - - - - - - - - TAGAIAS |AFGOATEY - MBIGNVARVLCR- - - - - VR---AIGADPSSTLYWSQQLWGLAQOLYDPARPGDF 275
240 LC IBPEYGTK- - - - - - - - - VADCICLMALDKPOQAWPMBVHMWH | AQRDYSWHP TTSOAKGPSPOTNK- - -ELGNFFRSLWGP - - - - - - 309
235 VT | EK 312
27O NGLLYWGFGOQOATELPWVHPRCHACLNOQALEPAAD 310
276 NOAAMELGATYVETPAQRPLCSQCPYESLERARD 307
B0 - - e e 322
313 KERSLSSGSNFEBSEQK- - - TSG | INKFEBSAKDSEHNEKYEDTFLESEEIGTKVEVYERKEHLHTD ILKRGSEMDNNCSPTRIKDF TGEK 387

308 IFQEDT IPRTQ IERRKTSLYFSSKYNKEALSPPRREKA - « « « <« <« =« e v o e oo FKKWTPPRSPFNLVQETLFHDPWKLL | AT IFLN 467
T T T T GL--mmmmme e 31z
382 QRPNSGLLAGLWEFPSYTWEPSEQLORKALLQELQRWAGPLPATHLRHLGEVVHTFSH IKLTYQVYGLALEGQTPYTTVPPGARWLTQ 475
458 RTSGKMA | PVLWKF - - LEKYPSAEVARTADWRDVSELLKPLGLYDLRAKT IMKFSDEYL - - = - -« oo o v mv e oo e me e ie oo s 524
476 EEFHTAAVSTAMKKVFRYYQGQQPGTCMGSKRSOVSSPCSRKKPRMGQQVLDNFFRSH I STDAHSLNSAAQ - - 545
323 - LRGSRHAQEPPAKRRKGSKGPEG - - - 345
525 - TKAQWKYP IELHG | GKYGNDSYR I FCVNEWKQVHPEDHKLNKYHDWLWENHEKLSLS 530




Clustal W alignment:

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

NTHL1_Homo_sapiens1-312
MUTYH_Homo_sapiens/1-546
OGG1_Homo_sapiens’1-345
MBD4_Homo_sapiens’1-580

c)

&8
&
T
a7

R

147
142
155
173

212
208
240
253
202
280
326
330
375

425

4E1

506

MCSPQESGMTA

-------------- SARMLTRSRSLGPGAGPRGCREEPGPLRRREAAAEARKSHSPWYKRPRE
MTRLWSRLSR AIMRKPRAAVGS GHRKOAASOQEGROKHAKNNSOQAKPSACDGM- - |AECPGA G
----MPARALLPRRMGHRTLASTPARWAS IPCPRSELRLD- - - -LWLPSGOSFRWREQSPAHWSGWVLADQWVWTL - --TQTEEQL 73

MGTTGLESLSLGDRGAARTWTSSEREYVPDPPNDLRKEDVAMELERYVGEDEEQMM I KRSSECNPLLOER | ASAQFGATAGTECRKSY 86

AQRLRVA G7

YEBSDS- EKGEGAEPLKWVPVWEFRQD

----- WOQOALWNIR- AMRNKKDAPYVDHLGTEHCYDSSAPPKVRRYQWVLLSLMLESATKDOY
PAGLAR-QPEEVVLOASWSSYHLFR DVAEVTAFRGSLLSWYDQEKRDLPWRRRAEDEMDLDRRAYAVWYSEVMLOQTOVAT
HCTWYRGDKSQASRPTPDELEAVRK YFALDWTLAQLYHHWG SWDSHFOEVAQKFOQGWRLLRODP IECLFSF ICSSNNNIAR

PCEWERYVVKEORLFGKTAGRFDWYF | SPOGLKFRSKSSLANYLHKNGETSLKPEDFDF TYLSKRG IKSRYKDCSMAALTSHLONOSN

148
141
154
172

TAGAMOQRLRARG LTWDSILOQTDDATLGKL IYPVEGFWRSKVKY IKQTSAILQOHYEG - --DIPASVAEL
VINYYTEWMOKW- - - - - - - - - - - - PTLODLASASLEEVNOQLWAGLGYY - SRGRRLOEGARKVVEELGEG - - -HMPRTAETL
I TGMYERLCOQAFGPRL IQLDDYTYHGFPSLOALAGPEVEAHLRKLGLG - YRARYWVSASARA I LEEQEBGLAWLOQLRESSYEEAHKA
NSHNWNLRTRSKCK KDWFMPPSSSSELQESRGLSNFTSTHLLLKEDEGVDDWYNFREVRKPKBKVT ILKG IPIKKTKKGCREK

21

WALP - GWGP KMAHL AMAY
QOLLPGWGRYTAGAI|ASI
LCILPEWGTKVADCICLM
SCSGFVOSDSKRESWVENEK

GTWSGE | AMDTHVHR | ANRLRWT - - - KKATKSPEETRAALEEWLPRELWHE IN- -GLLWGFGQQTEL
FGOQATG - VWDGNVARVLCRVRAIGADPSSTLYVSOOQLWGLAQQLYDPARPGDFN- - QAAMELGATVIET
LDKPOQAWPMDYHMWVH | AQRDY SWHPTTSQAKGPSPOTNKELGNFFRSLWGPYAGWAQAVLF SADLRQ
DAESEPVWAQKSOLDRTWYE | SDAGACGETLSVTSEENSLVKKKERSLSSGSNFCSEQKTSGE | INKFES

PVHPRCHACLNQALCPAAQGL
PORPLCSOCPVESLCRARORVEQEQLLASGSLSGSPDVEECAPNTGOCHLCLPPSEPWDOTLGWVNFPRKASRKPPREESSATCWL
SRHAQEPPAKRRKGSKGPEG
AKDSEHNEKYEDTFLESEEIGTKVEYVERKEHLHTD ILKRGSEMDNNCSPTRKDF TGEKIFQEDTIPRTQIERRKTSLYFSSKYNK

LGLYDLRAKT IVKFSDEYLTKQWKYP IELHG IGKYGNDSYRIFCVNEWKOQVHPEDHKLNKYHDWLWENHEKLSLS -

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

MBDA4.

d)

The Clustal W program seemed to produce the worst alignment, as the HhH motif was not well
aligned in NTHL1.

10



e) Here is the MUSCLE alignment with all sequences:

Escherichia_colifr1-211 B2 LLIAVLLSABATDVSYNKATAKLYP - - - - oo - v oo o - VANTFPAAMLELGVEGWKETYIKTI - - - -BLYNSKAENI IKTCR I 25
Neisseia_meningitidis/1-209 B2 LLIAVLLEARATDVGWNKATAKLFP - - - - - - - - - - - - VADTPOQAMLDLGLDGWMEYTKTI - - - -BLYKTKSEKHIMQTCR | 95
Bacillus_anthracia’1-215 BBLVIAVALSABCTDALVNKYTKNLF@ - - - - v - oo v v - KYKTPEDYLSWSLEELQQDIRS ! - - - -@LYRNKAKNIQKLCRM 98
Streptococcus_pneumoniae/1-209 34 LLVAVMLSARTTDAAVNKATPGLFY - - - - - - - - oo - - AFPTPOAMSWVATESEIASHISRL- - - -BLYRNKAKFLKKCAQOQ 97
Mycobacterium_tuberculosis/1-245 43 LAVAT ILSABSTDKRWNLTTRPALF A - - - o000 oot RYRTARDYAQADRTELESLIRPT- - - -@F¥RNKAASL IGLGOA 108
Mth_Bos_taurus/1-305 125 VLLSLMLSS@TKPQVTAGAMORLRA - - - - - - - - - - - - RGLTVDSILQTDDSTLGALIYPW- - - -@BFWRSKVKY | KQTSA 188
NTHL1_Homo_sapiens/1-312 132 WLLELMLEE@TKRPQVTAGAMORLRA - - - - - - - - - - - - RGLTVDESILQTDDATLGKLIYPW- - - -@FWRSKVKY | KQTSA| 105
Nith_Gallus_gallus/1-281 101 WLLSLMLSS@TKDAYTSAAMLRLRG - - - - - - - o v v - - RGLTVDSILOMDDATLGQI IYPV- - - -@FWRNKVEY |KQTTA | 184
Mih_Mus_musculus/1-300 120 VLLSLMLSS@TKRPQVTAGAMORLRA - - - - - - - - - - - - RGLTVESILQTDDDTLGRLIYPW- - - -@FWRNKVKEY |KQTTA 183
MUTYH_Homo_sapiens/1-546 127 VWWEEVMLOBTOVATWV I NYYTGWMO - - - - - o - v v - KWPTLODLASASLEEWNOLWAGL - - - - @YY - SRGRRLOEGARK 180
MutY_Bos_taurus/1-528 104 VWWVAEVMLOBTOVATY I NYYTRWMG - - - - - - - - - - - - KWPTLUDLASASLEEWNQLWAGL - - - -@YY - SRGRWLQEGARK 166
Muty_Gallus_gallus/1-511 G2 VWWEE IMLQBITQVATN I DYYNRWMS - - - - - - - - - - - - KWPTLOALAAASLEEWVNELWAGL - - - - @YY - SRGKRLQEAARK 154
MutY_Mus_musculus1-515 101 VWYVSEVMLOETOVATY IDYYTRWME - - - - - - - 0 v o - - KWPKLADLASASLEEVNQLWSGL- - - -@YY-SRGRRLOEGARK 163
OGG1_Homo_sapiens 1-345 140 CLFSF ICSSNHN IAR | TGMVERLCOQAFGPRLIQLDDYVTYHGFPSLOALAGPEVEAHLRKL- - - -@LG-YRARYWVSASARA 214
MEDS_Homo_sapiens/1-580 145 VLEKRG I KERYKDCEMAALTSHLON - - - - - o o v v o - QSHNNENWNLRTREKCKKDVFMPPSSSSELQESRGLENFTSTHL 212
Escherichia_colif1-211 96 LLEQHNG- - - - - - - - - - EVIREDRAAREA - BB - - - - - - RETENY - - - - - - - - - WLNTEFS - WP T I A THIFRWVCNR - 147
Neigseia_meningitidis/1-209 96 LLEKYN@- - - - - - - - - EVIEDREABES - R - - - - - - RETENV- - - - -« VLNTHAFG- HPWVMANBITH | FRWVSNR - 147
Bacillus_anthracis/1-215 97 LLDDYMN@- - - - - - - - - - EVIRKDRDERTE - BB - - - - - - RETENY - - - - - - - - - WVSVEBFS - | PALA THWERY S KR - 143
Streptococeus_pneumonias/1-209 92 LLDDFD@&- - - - - - - - .- QVIRQTREERES - BA - - - - - - RETENW - - - - - - - -« WMEWVGFG - | PAF A THWER | CKH- 140
Mycobactedum_tuberculosis/1-245 107 LVERFGE- - - - - - - - - - EVRATMD KEVT - IBR- - - - - - RETENV- - - - -« ILGNBFG- IPGIT THFGRLWVRR - 158
Mth_Bos_tauus/1-305 189 LQQRYD&- - - - - - - - - - DIRASYAERVA - BB - - - - - - PEM&HL - - - - - - - - - AMAN BTWVSE | A THWHR | ANR - 241
NTHL 1_Homo_sapiens/1-312 198 LOQOHYGE - - - - - - - - - - DIRASVAERVA . BB . - - . - - PRMBHL - - - - - - - - - AMAN BTWVEG | A THWHR | ANR - 248
Mek_Gallus_gallus/i-281 185 LKQKYG®- - - - - - - - - - DIRGTYEERVE - BB - - - - - - PEM&HL - - - - - - - - - AMN | NSWVSGE | A THWHRE | TNR - 217
Nth_Mus_musculus/1-300 184 LQQRYE®- - - - - - - - - - DIRASVAERVA - BB - - - - - - PEMEHL - - - - - - - - - AMAN ETISG | A THWHR | ANR - 236
MUTYH_Homo_sapiens/1-548 190 VWEELGE- - - - ---- - - HMBRTAETECOLER- - - - - - RYTHEGA- - - - - - - .- IAS |BFGOATEY - GNWARWVLCR - 242
MutY_Bos_taurus/1-526 187 VWEELG®- - - ------ - HMBRTAETEQQF BB - - - - - - RYTHEGA - - - - - - - - - IAS |RFGQAAGY - GNA I RWVLCR - 219
Muty_Gallus_gallus/1-511 1588 WWVESELAG- - - - - - - - - RMBRTAEDBCORLIER.- - - - - - RYTHEGA - - - - - - - -« IAS I SFEQATGY - G N IR L CR - 207
Mt y_Mus_musculus/1-515 184 VWEELG®- - ------- - HMERTAETEQQLER- - - - - - RYTHEGA - - - - - - - - - IAS ITRFDQVTGEY - GNWLEWYLCR- 216
OGG1_Homo_sapiens/1-345 215 ILEEQG@LAWLOQLRESSYEEAHKARC ! - R - - - - - - TEVEDC - - - - - - - - - ICLMELDKPQAVP WVHWMWH | AQIRD 278
MBD4_Homo_sapiens/1-580 213 LLKEDE -VDDVNFRKVRK.KGKVTILKG |KKTKKBICRKSCSGFVOSDSKRESYCNK D;\ESEPVAQKSQLD.T\.’CISZN
Escharichia_colif1-211 148 TAFAPGKN - - - - - VEQWEEKE- - - - LEVVPAEFKVDCHHWL I LHEBRYTEI ARKBEREBGSE | IEDLE- - - - - - - - - - - - - - - 203
Neisserna_meningitidis 1-209 148 TKI1APGKD - - - - - VREWEDKE- - - -MREF IPKEFLMDAHHWL | LHEBRY TEKALKBQBQTE I INDLE- - - - - - - - - - - - - - - 203
Bacillus_anthracis’1-215 140 LAICRWKD -5- - -VLEVEKTE- - - -MKK|I PMDPEWSVTHHRMIFFERYHEKAQRBQBEECPLLEVE - - - - - - - - - - - - - - - 208
Streptococcus_pneumoniae/1-209 150 HD IVKKSA-T- - -PLEVEKRY - - - -MDILPPEQWLAAHQAMI YF@RA | BHPKNREBDOYP - - QLY - - - - - - -« - - v v - ot 204
Mycobacterium_tuberculosis1-245 158 WRWTTAED - - - - - PVKWEQAY- - - -GELIERKEWTLLSHRVIFHBRRVEHARRBABGVEWVLAKDEPSFGLGPTERP- - - - - 224
Mth_Bos_tauwus/1-305 242 LRWTKKATKS- - -PEETRRAR. - . - EEWLPRELWSE INGLLVGF@OQTELP IRBRECACLNRALD - - - - - - - - - - - -0 - 200
NTHL1_Homo_sapiens/1-312 249 LRWTKKATKS - - -PEETRAA -EEWLPRELWHE INGLLVGFEBOQTELPVHRREBHACGLNQALLG - - - - - - - - - - - - - - - 306
Mth_Gallus_gallus/1-281 218 LKWWKKETRY - - - PEETRWA --EDWLPRDLWREINWLLVGF@QQTELPWVNRREBKEGLNQD IB- - - - - - - - - - - - - - 275
Nith_Mus_musculus/1-300 237 LRWTKKMTKT - - -FPEETRKN - - -EEWLPRVLWSEVNGLLVGF@QQ IBLPVHRRBOABGLMNKALG - - - - - - - - - - - - - - - 294
MUTYH_Homo_sapiens'1-546 243 VR-AIGADFPS- - -STLWSQQ GLAQOLVDPARPGDFHNQAAMELBATVEBTPORPLESQEFVESLERARQRVEQEQLLASG 318
MutY_Bog_taurus/1-528 220WVR-AIGADSS.- - -STLWSOH SLAQQALVDPARPGDFNOQAAMELEA I VEBTPKRBLEBSHEPVONLERARORWVEREQLSASO 205
Muty_Gallus_gallus/1-511 208 LR-CIGADTS---SLAVIDC DPMANTLYDRSRPGDFHNQALMELBATVEBTPKSPLEREEPVKEHEHAWRRVEKELASASQ 283
Muty_Mus_musculus/1-515 217 VR-AIGADPT- - -STLWSHH NLAQQLVDPARPGDFNQAAMELEBATVETPORBLESHEPVOSLERAYQRVOQRGQLSA - - 200
OGG1_Homo_sapiens 1-345 279 YSWHPTTSQAKGPSPOTNKEHR- - - - GNFF - RSLWGPYAGWAQAVLFSADLROSRHAQEPPAKR - - - - - - - - - v v oo v v o 336
MBD4_tHomo_sapiens/1-580 282 DAGACGETLS- - -VTSEENS VKKKERSLSSGSNFCSEQKTSGIINKF.SAKDSEHNEKYEDTFLESEEIGTKVE\.’\.’ERK3GB

And here is the MAFFT alignment with all sequences:

Escherchia_solif1-211 33 - - LIAVLLSARATDYSWVNKATAKLYPW - - - - - - o v v oo e e o ANTPAAMLELGVE -GVKTY IKT IBLY¥NSKAENI | K21

Neisseia_meningitidis 1-209 33 - - LIAVLLSARATDYGWNKATAKLFPW - - - - - oo v oo m e ADTPQAMLDLGLD -GWVMEYTKT IBLYKTKSKHIM221

Bacillus_anthraciz/1-215 e WIAVALSABCTDALVNEKYTENLFQK- - - - - - -2 o0 oo m e Y¥KTPEDYLSWVSLE-ELQQDIRS IBLYRNKAKNIQKS2

MBD4_Homo_sapiens/1-580 455 DPWKLL IATIFLNRTSGKMA I PVLWKFLEK- - - - - - - - -0 oo v e - YPSAEVARTADWR - DVSELLKPLELYDLRAKT IWVKSIE
Streptococcus_pneumoniges/1-209 3B - - - LVAVMLEAITTA;\VNKATPGLFVA --------------- FPTPQ- AMSVATESEIASHISRLELYRNKAKFLKKS3

Mycobacterium_tubemulosis/1-245 44 - - - - - AVAT ILSABSTDPKRWNLTTPALFAR - - - - - - - - - - - - - - Y¥RTARDYAQADRT-ELESLIRPTEF¥RNKAASL | G102
OGG1_Homo_sapiens/1-345 138 DPIECLFSFICSSNNNIAR | TGMVERLCQAFGPRL IQLDDVTYHGFPSLQALAGPEVEAHLRKL- -GLEY - - - RARYWVSAZ10
NTHLA_Homo_sapiens1-312 133 - - - - - LLSLMLSSETKDQWTAGAMORLRAR - - - - - - - - - o oo e o GLTWDS ILQTDDA-TLGKL I YPYBFWRSKYKY | K2 121
Nih_Bos_taumis/1-305 1286 - - - - - LLSLMLSSETKDQWTAGAMORLRAR - - - - - - - - - o oo e o GLTWDS I LQTDDS-TLGAL I YPYEFWRSKYKY | KQ 184
Nith_Mus_musculus/1-300 21 - - - - - LLSLMLSSETKDQWVTAGAMORLRAR - - - - - - - - - o oo v e o GLTWVES ILQTDDOD-TLGRLIYPW@FWRNKYKY | KQ 178
Nih_ Gallus_gallus/1-281 o2 - ---- LLSLMLESETKDOQWTSAAMLRLRGR - - - - - - - - - o - oo n o GLTWDS | LQMDDA-TLGQ | IYPYEFWRNKYKY | KQ 180
MUTYH_Homo_sapiens/1-546 128 - - - - - WWSEVMLOBTOVATW INYYTEWMOK- - - - - - - - - - - - - - WPTLQDLASASLE-EVNQLWAGLEYY - SRGRRLQE18S
Muty_Bos_taumis/1-526 05 - - - - - WWAEVMLOBTOVATY INYYTRWMQK- - - - - - - - - - oo - - WPTLQDLASASLE- EWVNQLWAGLEYY - SRGRWLQE 162
Mut¥_Gallus_gallus/1-511 93 - - - - - WWSEIMLO@TOVATW IDYYNRWMQK- - - - - - - - - - - - - - WPTLQALAAASLE- EWVNELWAGLEYY - SRGKRLQE150
Mut¥_Mus_musculus/1-515 o2 - ---- WWSEVMLOETOVATW IDYYTRWMQK- - - - - - - - - - - - - - - WPKLQDLASASLE- EVNQLWSGLEYY - SRGRRLQE152
Escherchia_solif1-211 92 TCRILLEQHN EDRAALEA - RETENVWVLNTAFG - WP T | A THIFRWVCNR- - - TQFAPGK - N155
Neisseia_meningitidis 1-209 92 TCRILLEKYN EDREAHES - RETENVWVLNTAFG - HPWMA THIFRWVSNR- - - TKIAPGK- D155
Bacillus_anthraciz/1-215 93 LCRMLLDDYN KDRDEETK- RETENVVWSWVAFG - | PA | A THWERVSKR- - - LA | CRWK - D156
MBD4_Homo_sapiens/1-580 519 FSDEYLTKQW- IE------- n ---------------- SYRIFCWNE- - -WKQWVHPEDHS581
Streptococcus_pneumoniges/1-209 94 CAQAQLLDDFD 2TREEEES - BA NVWVMSWGFG - | PAF A THUEIICKH---HDIVKKS-A157
Mycobacterum_tubemulosis/1-245 103 LGQALVERF & ATMD KEWT - NV ILGNAFG- IPGIT THFGRLWYRR- - -WRWTTAE - D166
OGG1_Homo_sapiens/1-345 211 SARAILEEQGELAWLQQLRESSYEEAHKARC | - DCICLMALDKPQAVP WHMWH | AQRIDYSWHPTTSQAK239
NTHLA_Homo_sapiens1-312 192 TSAILQQHYGE - ASWAERYA - HLAMAVAWS TWVSG | A THWHR I ANR- - - LRWT KKATK257
Nih_Bos_taumis/1-305 185 TSAILQQARYDE - ASWAERYA - HLAMAVAWS TWVSG | A THWHR I ANR- - - LRWT KKATK250
Nith_Mus_musculus/1-300 180 TTAILQQRYERS - ASWAERYA - HLAMAVAWET | SG | A THWHR I ANR- - - LRWT KKMT K245
Nih_ Gallus_gallus/1-281 181 TTAILKQKYGE - G TWEERWK- HLAMN | AWNSWVSG | A THWHR I TNR- - - LKWVKKETR226
MUTYH_Homo_sapiens/1-546 1868 G ARKVWEELGE - RTAETH2QL GAIAS |AFGQATGY - GHWMARVLCR- - - VRA IGAD - P250
Muty_Bos_taumis/1-526 183 GARKVWEELGE - RTAETEHQQF GA|IAS |AFGQAAGY - GHW I RVLCR- - - VRA I GAD - 5227
Mut¥_Gallus_gallus/1-511 151 AARKVWSELAR - RTAEDEQRL GAIAS I SFEQATGY - GHW IRVLCR- - -LRCIGAD-T215
Mut¥_Mus_musculus/1-515 160 G ARKVWEELGE - RTAETEH22L RYTHGAI|AS |AFDQVTGY - GHNMLREVLCHR- - - VRAIGAD - P224
Escherchia_solif1-211 156 - WVEQWVEEKL- - - - LKVVPAEFKVDCHHWL I LHERY TE | ARKBREBGSE - | IEPLEEYKEKWD | - - - - - - - - o v oo e oo e s 211
Neisseia_meningitidis 1-209 156 - WVREVEDKL- - - -MRF IPKEFLMDPAHHWL | LHERY TEBKALKBQBOTE - | INDLEEYPAKA- - - - - - - - o oo v oo oo e 208
Bacillus_anthraciz/1-215 157 SWLEVEKTL- - - - MKK | PMDPEWSYTHHRM I FF@RYHEBKACRBOBEECPLLEYVCREGKKRMKGK - - - - - - - - v o oo oo oo 215
MBD4_Homo_sapiens/1-580 G562 KLNKYHDWLWENHEKLSLS - - - - - - - - o o m e e - m o o e e m e e m e e e e ot e oo n e oo n e s e oo 580
Streptococcus_pneumoniges/1-209 158 TPLEVEKRY - - - - MD | LF'F‘EQWLAAHGAMIYFIR;\ \IHPKNIEIDQYPQLYDFSNL ------------------------ 208
Mycobacterium_tuberulosis/1-245 167 - PVKMEQAWY - - - -GEL I ERKEWTLLSHRV IFHERRVEHARRBABGYVEY LAKDPCPSFGLGPTEPLLAAPLYQGPETDHLLAZH
OGG1_Homo_sapiens/1-345 200 GPSP - - - - - - - - e o QTHKELGNFFRSLWGPYAGWAQAVLFSADLRQSRHAQEPPAKRRKGSKGPEG - - - - - 345
NTHLA_Homo_sapiens1-312 258 SPEETRAAL- - - -EEWLPRELWHE INGLLVGFEOQTEBLPYHRREBHALG - LNOALBPAAQGL - - - - - - - - - - - - oo oo o 312
Nih_Bos_taumis/1-305 251 SPEETRRAL- - - -EEWLPRELWSE INGLLVGFEQQTELP | REREOALD - LNRALEBPAARGL - - - - - - - - - - - - - oo oot 305
Nith_Mus_musculus/1-300 248 TPEETRKNL- - - -EEWLPRVLWSEVNGLLVGFEOQ |BLPYVHBREBOAD - LNKALEBPAAQDL - - - - - - - - - - - - - oo oo e s 300
Nih_ Gallus_gallus/1-281 227 YPEETRWVAL- - - -EDWLPRDLWRE INWLLVGFEQQTERLPYNBEREBKEDG - LNQD | BPAAKRF - - - - - - - - oo oo oo oo e 281
MUTYH_Homo_sapiens/1-546 251 SSTLVSQQLWGLAQQLVDPARPGDFNQAAMELBATYEBTPCRBLESOE - PVESLERARQRVEQEQLLASGSLSGS - - - - PD325
Muty_Bos_taumis/1-526 228 SSTLVSQHLWSLAQQLVDPARPGDFNQAAMELEA IVEBTPKRBLESHE - PWONLERARQRVEREQLSASQSLPGN - - - - CD302
Mut¥_Gallus_gallus/1-511 218 SSLAVIDCLWDMANTLVYDRSRPGDFNQALMELBATYEBTPKSBLEBRED - PWKEHEHAWRRYVEKELASASQKLFGKTTLYP D294
Mut¥_Mus_musculus/1-515 225 TSTLVSHHLWNLAQQLVDPARPGDFNQAAMELEATYEBTPCRBELESHE - PYVOQSLERAYQRVQRGQLSA- - -LPGR- - - - PD29G

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