
Evolutionary conservation between cysteine synthase (CS) and 
cystathionine β-synthase (CBS) enzymes from various organisms 

 
The boxed area represents a highly conserved region present in both the CBS and the CS 
enzymes; this region also displays significant structural conservation with several 
other members of the β family of the PLP-dependent enzymes such as serine/threonine 
deaminases and β subunit of tryptophan synthase. In human CBS, this region comprises 
amino acid residues 84-382. The positions of the heme binding residues in the human 
CBS enzyme (Cys52, His65) are marked with a filled triangle. The PLP binding residue 
in human CBS (Lys119) is marked with a filled box. The residues are colored according 
to the following criteria: Small + hydrophobic, including aromatic residues; acidic 
residues; basic residues; hydroxyl + amine + basic residues. Asterisks indicate 
identical amino acid, dots indicate semi-conservative replacement. 
 

                 
CBS HS          --------MPSETPQAEVGPTGCPHRSGPHSAKGSLEKGSPEDKEAKEPLWIRPDAPSRC 52 
CBS OC          --------MPSETAQAGEGPAGCPHLSGAQGSDRSLDQRPPGNKDAPERVWIRPDVPSRC 52 
CBS RN          --------MPSGTSQCEDGSAGCPQDLEVQPEKGQLEKGASGDK---ERVWISPDTPSRC 49 
CBS MM          --------MPSGTSQCEDGSAGGFQHLDMHSEKRQLEKGPSGDK---DRVWIRPDTPSRC 49 
CBS FR          MAGFHRISLLSAFSQRGEMSANGKQETDKGVQDEAHSEGPESEL----KDWIRPDRPSRC 56 
CBS DM          -----------------------------MPQPKPYERP---------ADFIDPGKPSKC 22 
CBS DD          --------------------------------------------------MSAPEGPSKC 10 
CBS SC          ------------------------------------------------------------ 
CBS TC          ------------------------------------------------------------ 
CS  LT          ------------------------------------------------------------ 
CS  SO          -----------------MASLVNNAYAALRTSKLELREVKNLANFRVGPPSSLSCNNFKK 43 
CS  AT          ------------------------------------------------------------ 
CS  CE          ------------------------------------------------------------ 
CS  ST          ------------------------------------------------------------ 
 
  
                           
CBS HS          TWQLGRPASESPHHHTAPAKSPKILPDILKKIGDTPMVRINKIGKKFGLKCELLAKCEFF 112 
CBS OC          TWELGRPVADSPHQHAALAKSPKILPDILQKIGDTPMVRINKIGKNFGLKCELLAKCEFF 112 
CBS RN          TWQLGRPMADSPHYHTVPTKSPKILPDILRKIGNTPMVRINRISKNAGLKCELLAKCEFF 109 
CBS MM          TWQLGRAMADSPHYHTVLTKSPKILPDILRKIGNTPMVRINKISKNAGLKCELLAKCEFF 109 
CBS FR          TWELGAPASKSPHSHQPRIKPPSILPNILGNIGNTPLVRLNKIPKQFGIKCDILVKCEFF 116 
CBS DM          KWHLG-TAEKSPHIHRGIAHRQQITPNILEVIGCTPLVKLNNIPASDGIECEMYAKCEFL 81 
CBS DD          TWTPN-TTENTPHTTRRTPKK-LIMDNILDNIGGTPLVRVNKVSS--DLECELVAKCEFF 66 
CBS SC          ---MTKSEQQADSRH-----------NVIDLVGNTPLIALKKLPKALGIKPQIYAKLELY 46 
CBS TC          ---MAQNPSAVNNKKEVPDRRTCILDTVLDAIGSTPCIRLNHVPKKHGVCCDVVAKCEFL 57 
CS  LT          ------MTSATPHDH--------ILANALEAIGNTPCIRLNRVPQKHGIQCEVVAKCEFF 46 
CS  SO          VSSSPITCKAVSLSPPSTIEGLNIAEDVSQLIGKTPMVYLN--NVSKGSVANIAAKLESM 101 
CS  AT          -----------------MEDRCLIKNDITELIGNTPMVYLN--NVVDGCVARIAAKLEMM 41 
CS  CE          ------------------MSRELMVETGGELIGNTPLLKLN--KIGKDLGASIAVKVEYM 40 
CS  ST          ---------------------SKIYEDNSLTIGHTPLVRLN--RIGNG---RILAKVESR 34 
                                               .* ** . ..           .  * *   
 
 
                      
CBS HS          NAGGSVKDRISLRMIEDAERDGTLKPG-DTIIEPTSGNTGIGLALAAAVRGYRCIIVMPE 171 
CBS OC          NAGGSVKDRISLRMIEDAERAGTLRPG-DTIIEPTSGNTGIGLALAAAVKGYRCIIVMPE 171 
CBS RN          NAGGSVKDRISLRMIEDAERAGTLKPG-DTIIEPTSGNTGIGLALAAAVKGYRCIIVMPE 168 
CBS MM          NAGGSVKDRISLRMIEDAERAGNLKPG-DTIIEPTSGNTGIGLALAAAVKGYRCIIVMPE 168 
CBS FR          SAGGSIKDRIALRMVEDAERAGLLKPG-DTIIEPTSGNTGIGLALVASVKGYRCVITMPD 175 
CBS DM          NPGGSVKDRIGYRMVQDAEEQGLLKPG-YTIIEPTSGNTGIGLAMACAVKGYKCIIVMPE 140 
CBS DD          NAGGSVKDRIGHRMIVDAEESGRIKKG-DTLIEPTSGNTGIGLALTAAIKGYKMIITLPE 125 
CBS SC          NPGGSIKDRIAKSMVEEAEASGRIHPSRSTLIEPTSGNTGIGLALIGAIKGYRTIITLPE 106 
CBS TC          NPGGSVKDRIARQMILDAEASGRLRPN-QTIIEATSGNTGIGLSLVAAVKKYPMIITMPK 116 
CS  LT          NPGGSVKDRIGKQMVLDAEKNGTLKPG-SVIVEATSGNTGIGLSMAAAIRGYRMVIRMPK 105 
CS  SO          EPCCSVKDRIGYSMIDDAEQKGVITPGKTTLVEPTSGNTGIGLAFIAAARGYKITLTMPA 161 
CS  AT          EPCSSVKDRIAYSMIKDAEDKGLITPGKSTLIEPTAGNTGIGLACMGAARGYKVILVMPS 101 
CS  CE          NPACSVKDRIAFNMIDTAEKAGLITPGKTVLIEPTSGNMGIALAYCGKLRGYKVILTMPA 100 
CS  ST          NPSFSVKCRIGANMIWDAEKRGVLKPG-VELVEPTNGNTGIALAYVAAARGYKLTLTMPE 93 
                    *.* **   *.  **  * .      ..* * ** ** *.     . *   . .*  
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CBS HS          KMSSEKVDVLRALGAEIVRTPTNARFDSPESHVGVAWRLKNEIPNSHILDQYRNASNPLA 231 
CBS OC          KMSLEKVDVLRALGAEIVRTPTNARFDSPESHVGVAWRLKQEIPNSHILDQYRNASNPLA 231 
CBS RN          KMSMEKVDVLRALGAEIVRTPTNARFDSPESHVGVAWRLKNEIPNSHILDQYRNASNPLA 228 
CBS MM          KMSMEKVDVLRALGAEIVRTPTNARFDSPESHVGVAWRLKNEIPNSHILDQYRNASNPLA 228 
CBS FR          RMSMEKVDVLKALGAEVVHTPSSAPFDSPESQVGMAWCLKNKIPNSHILDQYRNASNPLA 235 
CBS DM          KMSNEKVSALRTLGAKIIRTPTEAAYDSPEGLIYVAQQLQRETPNSIVLDQYRNAGNPLA 200 
CBS DD          KMSQEKVDVLKALGGEIIRTPTEAAFDAPESHIGVAKKLNSEIPNSHILDQYGNPSNPLA 185 
CBS SC          KMSNEKVSVLKALGAEIIRTPTAAAWDSPESHIGVAKKLEKEIPGAVILDQYNNMMNPEA 166 
CBS TC          KMSHEKEVTLQALGAEVIRTETALPWDHPDSLIGMARRLEKEK-GYVLLDQYRNPSNPKA 175 
CS  LT          KMSHEKETTLQARGAEVIRTETSLPNDHPESLIGVATPLRDEK-GYVLLDQYR-PQQP-D 162 
CS  SO          SMSMERRVILKAFGAELVLTDPAKGMKG--AVEKAEEILKKTPDSY-MLQQFDNPANPKI 218 
CS  AT          TMSLERRIILRALGAELHLSDQRIGLKG--MLEKTEAILSKTPGGY-IPQQFENPANPEI 158 
CS  CE          SMSIERRCLLKAYGAEVILTDPATAVKG--AVQRAEELRDVIPNAY-ILNQFGNPANPEA 157 
CS  ST          TMSIERRKLLKALGANLVLTEGAKGMKG--AIQKAEEIVASDPQKYLLLQQFSNPANPEI 151 
                 ** *.   *.. * ..  .                           . .*.    .*   
 
CBS HS          HYDTTADEILQQCDG-----KLDMLVASVGTGGTITGIARKLK--EKCPGCRIIGVDPEG 284 
CBS OC          HYDTTAEEILQQCDG-----KLDMLVASAGTGGTITGIARKLK--EKCPGCQIIGVDPEG 284 
CBS RN          HYDDTAEEILQQCDG-----KVDMLVASAGTGGTITGIARKLK--EKCPGCKIIGVDPEG 281 
CBS MM          HYDDTAEEILQQCDG-----KLDMLVASAGTGGTITGIARKLK--EKCPGCKIIGVDPEG 281 
CBS FR          HYDATAEEILEQCDG-----KLDMLVAGIGTGGTLTGVARKLK--EKCP--TIVAVDPEG 286 
CBS DM          HYDGTAAEILWQLDN-----KVDMIVVSAGTAGTISGIGRKIK--EQVPSCQIVGVDPYG 253 
CBS DD          HYDGTAEELLEQCEG-----KIDMIVCTAGTGGTITGIARKIK--ERLPNCIVVGVDPHG 238 
CBS SC          HYFGTGREIQRQLEDLNLFDNLRAVVAGAGTGGTISGISKYLK--EQNDKIQIVGADPFG 224 
CBS TC          HYEGTAQEIYDQCGG-----KVDMAVFTTGTGGTMAGVAKRLK--ELLPNIVIVGVDPYG 228 
CS  LT          PLRVDRSEIYDQCGG-----KVDMVVVSAGTGGTITGAAKKQK--ELIPEIIVVGVDPIG 215 
CS  SO          HYETTGPEIWEDTKG-----KVDIFVAGIGTGGTISGVGRYLK--ERNPGVQVIGIEPTE 271 
CS  AT          HYRTTGPEIWRDSAG-----KVDILVAGVGTGGTATGVGKFLK--EQNKDIKVCVVEPVE 211 
CS  CE          HYKTTGPEIWRQTQG-----KVDIVCFGVGSGGTCTGVGRFLK--EKNPSVQVFPVEPFE 210 
CS  ST          HEKTTGPEIWEDTDG-----QVDVFISGVGTGGTLTGVTRYIKGTKGKTDLITVAVEPTD 206 
                       *.  .        ..       *. ** .*  .  *  .          .*   
 
CBS HS          S-ILAEPEELNQTEQTTYEVEGIGYDFIPTVLDRTVVDKWFKSNDEEAFTFARMLIAQEG 343 
CBS OC          S-ILAEPEELNQTEVTAYEVEGIGYDFIPTVLDRTVVDRWFKSTDKEAFAFARMLIAQEG 343 
CBS RN          S-ILAEPEELNQTEQTAYEVEGIGYDFIPTVLDRAVVDRWFKSNDDDSFAFARMLISQEG 340 
CBS MM          S-ILAEPEELNQTEQTAYEVEGIGYDFIPTVLDRAVVDKWFKSNDEDSFAFARMLIAQEG 340 
CBS FR          S-LLIHSDDHCK---SSYEVEGIGYDFVPTVLDKSLVDYFYKVNDKETFNMSRRLIRDEG 342 
CBS DM          S-ILARPAELNKTDVQFYEVEGIGYDFPPTVFDDTVVDVWTKIGDSDCFPMSRRLNAEEG 312 
CBS DD          S-ILAQPESLNNTN-KSYKIEGIGYDFIPNVLERKLVDQWIKTDDKESFIMARRLIKEEG 296 
CBS SC          S-ILAQPENLNKTDITDYKVEGIGYDFVPQVLDRKLIDVWYKTDDKPSFKYARQLISNEG 283 
CBS TC          S-ILADP-SVPLDPKPY-LVEGIGYDFVPDVCERKYVDRWVKSADKESFALASEVHREEA 285 
CS  LT          S-VVADP-EHPCEPVMYQEVEGIGYDFVPAVCERKYVDRWVKTRDQQSFDLARELHRDEG 273 
CS  SO          SNILSGG------KPGPHKIQGLGAGFVPSNLDLGVMDEVIEVSSEEAVEMAKQLAMKEG 325 
CS  AT          SPVLSGG------QPGPHLIQGIGSGIVPFNLDLTIVDEIIQVAGEEAIETAKLLALKEG 265 
CS  CE          SSVINGL------PHSPHKIQGMGTGMIPDILDLTLFSEALRVHSDDAIAMAKKLADEES 264 
CS  ST          SPVIAQALAGEEIKPGPHKIQGIGAGFIPGNLDLKLIDKVVGITNEEAISTARRLMEEEG 266 
                * ..               ..*.*  . *   .                  .  .   *   
               

                                                   
CBS HS          LLCGGSAGSTVAVAVKAAQ---ELQEGQRCVVILPDSVRNYMTKFLSDRWMLQKGFLKEE 400 
CBS OC          LLCGGSAGSAVAVAVKAAQ---ELQEGQRCVVILPDSVRNYMSKFLSDRWMLQKGFLEEE 400 
CBS RN          LLCGGSSGSAMAVAVKAAQ---ELKEGQRCVVILPDSVRNYMSKFLSDKWMLQKGFMK-E 396 
CBS MM          LLCGGSSGSAMAVAVKAAR---ELQEGQRCVVILPDSVRNYMSKFLSDKWMLQKGFMK-E 396 
CBS FR          LLCGGSSGSAMAAAVKVAQ---HLKEGQRCVVILADSVRNYMSKFLSDKWMSEKGFLVPE 399 
CBS DM          LLCGGSSGGAMHAALEHAR---KLKKGQRCVVILPDGIRNYMTKFVSDNWMEARNFKE-- 367 
CBS DD          LLCAGSSGSAMVGALLAAK---QLKKGQRCVVLLADSIRNYMTKHLNDDWLVDNGFVDPE 353 
CBS SC          VLVGGSSGSAFTAVVKYCEDHPELTEDDVIVAIFPDSIRSYLTKFVDDEWLKKNNLWDDD 343 
CBS TC          LLVGGSSGAAMWGVLQAAK---DLRPDQRCVVVFPDGIRNYMTKFPDKNWLVENGLEEGE 342 
CS  LT          LLVGGSSGAAMAGVLEAAK---DLRADQRCVVLMADGIRNYMGKFADTNWMIEHGFRQGE 330 
CS  SO          LLVGISSGAAAAAAVRIGKR--PENAGKLIAVVFPSFGERYLSSILFQSIREECENMKPE 383 
CS  AT          LLVGISSGAAAAAALKVAKR--PENAGKLIVVVFPSGGERYLSTKLFDSIRYEAENLPIE 323 
CS  CE          ILGGISSGANVCAAVQLAKR--PENKGKLIVTTVNSFGERYLSTALYAELRDNAANMKQL 322 
CS  ST          ILAGISSGAAVAAALKLQED--ESFTNKNIVVILPSSGERYLSTALFADLFTEKELQQ-- 322 
                .*   *.*      .                         *.                  
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CBS HS          DLTEKKP------------WWWHLRVQELGLSAPLTVLPT-ITCGHTIEILREKGFDQAP 447 
CBS OC          ELSVKRP------------WWWHLRVQELSLSVPLTVLPG-VTCSDTIDILRGKGFDQAP 447 
CBS RN          ELSVKRP------------WWWHLRVQELSLSAPLTVLPT-VTCEHTIAILREKGFDQAP 443 
CBS MM          ELSVKRP------------WWWRLRVQELSLSAPLTVLPT-VTCEDTIAILREKGFDQAP 443 
CBS FR          APVEPKP------------WWWGTTVNCLHLSPPFSTLPS-VSCQEAIEILKERAIDHLP 446 
CBS DM          PVNEHGH------------WWWSLAIAELELPAPPVILKSDATVGEAIALMKKHRVDQLP 415 
CBS DD          YKTKDQQE---------EEKYHGATVKDLTLPKPITISAT-TTCAAAVQLLQQYGFDQLP 403 
CBS SC          VLARFDSSKLEASTTKYADVFGNATVKDLHLKPVVSVKET-AKVTDVIKILKDNGFDQLP 402 
CBS TC          VTRP-------------------------------------------------------- 346 
CS  LT          VTRP-------------------------------------------------------- 334 
CS  SO          ------------------------------------------------------------ 
CS  AT          ------------------------------------------------------------ 
CS  CE          NLDDSIKIAKEYLGI--------------------------------------------- 337 
CS  ST          ------------------------------------------------------------ 
                                                                        
 
CBS HS          VVD-EAGVILGMVTLGNMLSSLLAGKVQPS----------------DQVGKVIY-----K 485 
CBS OC          VVD-ETGEILGMVTLGNMLSSLLAGKVQPS----------------DQVCKVLY-----K 485 
CBS RN          VVN-ESGAILGMVTLGNMLSSLLAGKVRPS----------------DEVCKVLY-----K 481 
CBS MM          VVN-ESGAILGMVTLGNMLSSLLAGKVRPS----------------DEVCKVLY-----K 481 
CBS FR          VVD-DSGLAQSVVTTDTILSSVSSGRVKLS----------------DPISKVVC-----K 484 
CBS DM          VVDQDDGSVLGVVGQETLITQIVSMNRQQS----------------DPAIKALN-----K 454 
CBS DD          VVS-ESKKVLVNSLLVTSLT-YASKKAVPT----------------DAVSKVMFRFTKNE 445 
CBS SC          VLT-EDGKLSGLVTLSELLRKLSINNSNNDNTIKGKYLDFKKLNNFNDVSSYNENKSGKK 461 
CBS TC          -------------TYGSLEAQLEEAKKKLS----------------EYEAKCGG------ 371 
CS LT           -------------TYDALKKELEGVKAKLA----------------QYESAAK------- 358 
CS SO           ------------------------------------------------------------ 
CS AT           ------------------------------------------------------------ 
CS CE           ------------------------------------------------------------ 
CS ST           ------------------------------------------------------------ 
                                                                           
 
CBS HS          QFKQIRLTDTLGRLSHILEMDHFALVVHEQIQYH--------------STGKSSQRQMVF 531 
CBS OC          QFKQIRLTDTLGALSHILEMDHFALVVHEQIQYG--------------GDEQPSKRQTVF 531 
CBS RN          QFKPIHLTDTLGMLSHILEMDHFALVVHEQIQR---------------NNGVSSKQLMVF 526 
CBS MM          QFKPIHLTDTLGTLSHILEMDHFALVVHEQIQSRDQAWSGVVGGPTDCSNGMSSKQQMVF 541 
CBS FR          PFKEVRMSDSLGLLSQILETDRFALVVQEPQQNK---------------SKGSAHQEKML 529 
CBS DM          RVIRLNESEILGKLARVLEVDPSVLILG----------------------KNPAGKVELK 492 
CBS DD          KYIPITQSTSLATLSKFFENHSSAIVTE---------------------------NDEII 478 
CBS SC          KFIKFDENSKLSDLNRFFEKNSSAVITDG---------------------------LKPI 494 
CBS TC          ---SVEEGKRCCEKAK-------------------------------------------- 384 
CS LT           ------------------------------------------------------------ 
CS SO           ------------------------------------------------------------ 
CS AT           ------------------------------------------------------------ 
CS CE           ------------------------------------------------------------ 
CS ST           ------------------------------------------------------------ 
   
                                                                           
CBS HS          GVVTAIDLLNFVAAQ----------ERDQK-------------------------- 551 
CBS OC          GVVTAMDLLHFVASR----------GQDQQ-------------------------- 551 
CBS RN          GVVTAIDLLNFVAAR----------EQTRK-------------------------- 546 
CBS MM          GVVTAIDLLNFVAAR----------EQTQT-------------------------- 561 
CBS FR          SVVTAMELLSYITAKREQVVLPASTSQTQLHHPPFRGLRMLQGDLLKKPTAFYLTV 585 
CBS DM          ALATKLDVTTFIAAG----------KQKPKANGTTNGGSH---------------- 522 
CBS DD          SIVTKIDLLTYLMKS----------QQKN--------------------------- 497 
CBS SC          HIVTKMDLLSYLA------------------------------------------- 507 
CBS TC          -------------------------------------------------------- 
CS LT           -------------------------------------------------------- 
CS SO           -------------------------------------------------------- 
CS AT           -------------------------------------------------------- 
CS CE           -------------------------------------------------------- 
CS ST           -------------------------------------------------------- 
 

 



Sequences: 

CBS HS, Homo sapiens, (Swiss-Prot accession no. P35520)  

CBS OC, Oryctolagus cuniculus, (Swiss-Prot accession no. Q9N0V7) 

CBS RN, Rattus norvegicus, splice isoform III, (Swiss-Prot accession no.  P32232) 

CBS MM, Mus musculus, (Swiss-Prot accession no. Q91WT9) 

CBS FR, Fugu rubripes, (Swiss-Prot accession no. Q9YHU3) 

CBS DM, Drosophila melanogaster, (Swiss-Prot accession no. Q9VRD9) 

CBS DD, Dictyostelium discodeum, (Swiss-Prot accession no. P46794) 

CBS SC, Saccharomyces cerevisiae (Swiss-Prot accession no. P32582)  

CBS TC, Trypanosoma cruzi (Swiss-Prot accession no. Q9BH24) 

CBS LT, Leishmania tarentolae, (Swiss-Prot accession no. Q9NG81)  

CS SO, Spinacia oleracea, (Swiss-Prot accession no. Q00834) 

CS AT, Arabidopsis thaliana, (Swiss-Prot accession no. P47998)  

CS CE, Caenorhabditis elegans, (Swiss-Prot accession no. O45679) 

CBS ST, Salmonella typhimurium, (Swiss-Prot accession no. P12674)  

The sequences were aligned using the CLUSTALW 1.82 multiple sequence alignment software (http://www2.ebi.ac.uk/clustalw) 
using clustalw_mp CPU mode at the default settings.  

 
 
 
 

http://us.expasy.org/cgi-bin/get-sprot-entry?P35520
http://srs.ebi.ac.uk/srs6bin/cgi-bin/wgetz?-e+%5bswall-id:Q9N0V7%5d
http://us.expasy.org/cgi-bin/niceprot.pl?P32232
http://www.expasy.ch/cgi-bin/niceprot.pl?Q91WT9
http://www.expasy.ch/cgi-bin/niceprot.pl?Q9YHU3
http://www.expasy.ch/cgi-bin/niceprot.pl?Q9VRD9
http://us.expasy.org/cgi-bin/get-sprot-entry?P46794
http://us.expasy.org/cgi-bin/get-sprot-entry?P32582
http://www.expasy.ch/cgi-bin/niceprot.pl?Q9BH24
http://www.expasy.ch/cgi-bin/niceprot.pl?Q9NG81
http://www.ncbi.nlm.nih.gov/htbin-post/Taxonomy/wgetorg?id=3562
http://us.expasy.org/cgi-bin/get-sprot-entry?Q00834
http://us.expasy.org/cgi-bin/get-sprot-entry?P47998
http://srs.ebi.ac.uk/srs6bin/cgi-bin/wgetz?-e+%5bSWALL-acc:O45679%5d+-vn+2
http://us.expasy.org/cgi-bin/get-sprot-entry?P12674
http://www.ebi.ac.uk/clustalw/

