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gggtctctcttgttagaccagatctgagcctgggagctctctggctaactagggaacccactgcttaagcctcaataaagcttgccttgagtgcttcaagtagtgtgtgcccgtctgttgtgtgactctgatagctagagatcccttcagaccaaatttagtcagtgtgaaaaat

ctctagcagtggcgcctgaacagggacttgaaagcgaaagagaaaccagagaagctctctcgacgcaggactcggcttgctgaagcgcgcacggcaagaggcgaggggacggcgactggtgagtacgccaaaattttgactagcggaggctagaaggagagagatgggtgcgaga

gcgtcgatattaagcgggggaggattagatagatgggaaaaaattcggttaaggccagggggaaagaaaaaatatagattaaaacatttagtatgggcaagcagggagctagaacgattcgcagtcaatcctggcctattagaaacatcagaaggttgtagacaaatactgggac

aactacaaccagcccttcagacaggatcagaagaacttagatcattatataatacagtagcaaccctctattgtgtgcatcaaaagatagatgtaaaagacaccaaggaagctttagataagatagaggaagagcaaaacaaaagtaagaaaaaagcacagcaagcagcagctga

cacaggaaatagcagccaggtcagccaaaattaccccatagtgcagaacatccaggggcaaatggtacatcaggccatatcacctagaactttaaatgcatgggtaaaagtagtagaagagaaggctttcagcccagaagtaatacccatgttttcagcattatcagaaggagcc

accccacaagatttaaacaccatgctaaacacagtggggggacatcaagcagccatgcaaatgttaaaagagaccatcaatgaggaagctgcagaatgggatagattgcatccagtgcatgcagggcctcatccaccaggccagatgagagaaccaaggggaagtgacatagcag

gaactactagtacccttcaggaacaaatagcatggatgacaaataatccacctatcccagtaggagaaatctataagagatggataatcctgggattaaataaaatagtaaggatgtatagccctaccagcattctggacataaaacaaggaccaaaggaaccctttagagacta

tgtagaccggttctataagactctaagagccgagcaagcttcacaggaggtaaaaaattggatgacagaaaccttgttggtccaaaatgcgaacccagattgtaagactattttaaaagcattgggaccagcagctacactagaagaaatgatgacagcatgtcagggagtggga

ggacccggccataaagcaagagttttggcagaagcaatgagccaagtaacaaattcagctaccataatgatgcagaaaggcaattttaggaaccaaagaaaaattgttaagtgtttcaattgtggcaaagaagggcacatagccaaaaattgcagggcccctaggaaaaggggct

gttggaaatgtggaaaggagggacaccaaatgaaagattgtactgagagacaggctaattttttagggaaaatctggccttcccacaggggaaggccagggaattttcctcagaacagactagagccaacagccccaccagccccaccagaagagagcttcaggtttggggaaga

gacaacaactccctctcagaagcaggagctgatagacaaggaactgtatccttcagcttccctcaaatcactctttggcaacgaccccttgtcacaataaagataggggggcaactaaaggaagctctattagatacaggagcagatgatacagtattagaagaaataaatttgc

caggaagatggaaaccaaaaatgatagggggaattggaggttttatcaaagtaagacagtatgatcaaatactcgtagaaatctgtggacataaagctataggtacagtattagtaggacctacacctgtcaacataattggaagaaatctgttgactcagattggttgcacttt

aaattttcccattagtcctattgaaactgtaccagtaaaattaaagccaggaatggatggcccaaaagttaaacaatggccattgacagaagaaaaaataaaagcattagtagaaatctgtacagaaatggaaaaggaaggaaaaatttcaaaaatcgggcctgaaaatccatat

aatactccagtatttgccataaagaaaaaagacagtactaaatggagaaaattagtagatttcagagaacttaataagaaaactcaagacttctgggaagttcaattaggaataccacatcccgcagggttaaaaaagaaaaaatcagtaacagtactggatgtgggtgatgcat

atttttcagttcccttagataaagaattcaggaagtacactgcatttaccatacctagtataaacaatgagacaccagggattagatatcagtacaatgtgcttccacagggatggaaaggatcaccagcaatattccaaagcagcatgacaaaaatcttagagccttttagaaa

acaaaatccagacatagttatctatcaatacatggacgatttgtatgtaggatctgacttagaaatagggcagcatagaacaaaaatagaggaactgagacaacatctgttgaagtggggatttaccacaccagacaaaaaacatcagaaagaacctccattcctttggatgggt

tatgaactccatcctgataaatggacagtacagcctatagtgctgccagaaaaggacagctggactgtcaatgacatacagaagttagtgggaaaattgaattgggcaagtcagatttacccagggattaaagtaaagcaattatgtagactccttaggggaaccaaggcactaa

cagaagtaataccactaacaaaagaagcagagctagaactggcagaaaacagggaaattctaaaagaaccagtacatggagtgtattatgacccatcaaaagacttaatagcggaaatacagaagcaggggcaaggtcaatggacatatcaaatttatcaagagccatttaaaaa

tctgaaaacaggaaaatatgcaagaatgaggggtgcccacactaatgatgtaaaacaattaacagaggcagtgcaaaaaataaccacagaaagcatagtaatatggggaaagactcctaaatttaaactacccatacaaaaagaaacatgggaaacatggtggacagagtattgg

caagccacctggattcctgagtgggagtttgtcaatacccctcccttagtaaaattatggtaccagttagagaaagaacccataataggagcagaaactttctatgtagatggggcagctaacagggagactaaattaggaaaagcaggatatgttactaacaaagggagacaaa

aagttgtctccataactgacacaacaaatcagaagactgagttacaagcaattcttctagcattacaggattctggattagaagtaaacatagtaacagactcacaatatgcattaggaatcattcaagcacaaccagataaaagtgaatcagagatagtcagtcaaataataga

gcagttaataaaaaaagaaaaggtctacctgacatgggtaccagcgcacaaaggaattggaggaaatgaacaagtagataaattagtcagtactggaatcaggaaagtactctttttagatggaatagataaagcccaagaagaacatgaaaaatatcacagtaattggagggca

atggctagtgattttaacctgccacctgtggtagcaaaagagatagtagccagctgtgataaatgtcagctaaaaggagaagccatgcatggacaagtagactgtagtccaggaatatggcaactagattgtacacatttagaaggaaaaattatcctggtagcagttcatgtag

ccagtggatatatagaagcagaagttattccagcagaaacagggcaggaaacagcatactttctcttaaaattagcaggaagatggccagtaaaaacagtacatacagacaatggcagcaatttcaccagtactacagttaaggccgcctgttggtgggcaggaatcaagcagga

atttggcattccctacaatccccaaagtcaaggagtagtagaatctataaataaagaattaaagaaagttataggacagataagagatcaggctgaacatcttaagacagcagtacaaatggcagtattcatccacaattttaaaagaaaaggggggattggggggtacagtgca

ggggaaagaatagtagacataatagcaacagacatacaaactaaagaactacaaaaacaaattacaaaaattcaaaattttcgggtttattacagggacagcagagatccactttggaaaggaccagcaaagcttctctggaaaggtgaaggggcagtagtaatacaagataata

gtgacataaaagtagtgccaagaagaaaagcaaagatcattagggattatggaaaacagatggcaggtgatgattgtgtggcaagtagacaggatgaggattagaacatggaaaagtttagtaaaacaccatatgtatgtttcaaggaaagctaagggatggttttatagacatc

actatgaaagtactcatccgagaataagttcagaagtacacatcccactagggaatgcaaaattggtaataacaacatattggggtctacatacaggagaaagagactggcatttgggtcaaggagtctccatagaattgaggaaaaggagatatagcacacaattagaccctaa

cctagcagaccaactaattcatctgcattactttgattgtttttcagaatctgctataagaaatgccatattaggacatatagttagccctaggtgtgaatatcaagcaggacataacaaggtaggatctctacagtacttggcactaacagcattagtaagaccaagaaaaaag

ataaagccacctttgcctagtgttacaaaactgacagaggatagatggaacaagccccagaagaccaagggccacaaagggaaccatacaatgaatggacactagaacttttagaggagctcaagaatgaagctgttagacattttcctaggatatggctccatagcttagggca

acatatctatgaaacttatggagatacttgggcaggagtggaagccataataagaattctgcaacaactgctgtttattcatttcagaattgggtgtcaacatagcagaatagacattcttcgacgaaggagagcaagaaatggagccagtagatcctagactagagccctggaa

gcatccaggaagtcagcctaggactgcttgtaccaattgctattgtaaaaagtgttgctttcattgccaagtttgtttcataacaaaaggcttaggcatctcctatggcaggaagaagcggagacagcgacgaagagctcctcaagacagtcagactcatcaagtttctctatca

aagcagtaagtagtacatgtaatgcaatctttacaaatattagcagtagtagcattagtagtagcagcaataatagcaatagttgtgtggtccatagtattcatagaatataggaaaataagaagacaaaacaaaatagaaaggttgattgatagaataatagaaagagcagaag

acagtggcaatgagagtgacggagatcaggaagaattatcagcacttgtggaaatggggcacgatgctccttgggatgttaatgatctgtaaagctgcagaaaatttgtgggtcacagtttattatggggtacctgtgtggaaagaagcaaccaccactctattttgtgcctcag

atgctaaagcgtatgatacagaggtacataatgtttgggccacacatgcctgtgtacccacagaccccaacccacaagaagtagaactgaagaatgtgacagaaaattttaacatgtggaaaaataacatggtagaccaaatgcatgaggatataattagtttatgggatcaaag

cctaaagccatgtgtaaaattaaccccactctgtgttactttaaattgcactgattatgggaatgatactaacaccaataatagtagtgctactaaccccactagtagtagcgggggaatggaggggagaggagaaataaaaaattgctctttcaatatcaccagaagcataaga

gataaagtgaagaaagaatatgcacttttttatagtcttgatgtaataccaataaaagatgataatactagctataggttgagaagttgtaacacctcagtcattacacaggcctgtccaaaggtatcctttgaaccaattcccatacattattgtgccccggctggttttgcga

ttctaaagtgtaatgataaaaagttcaatggaaaaggaccatgtacaaatgtcagcacagtacaatgtacacatggaattaggccagtagtatcaactcaactgctgttaaatggcagtctagcagaagaagaggtagtaattagatcagacaatttctcggacaatgctaaagt

cataatagtacatctgaatgaatctgtagaaattaattgtacaagactcaacaacattacaaggagaagtatacatgtaggacatgtaggaccaggcagagcaatttatacaacaggaataataggaaaaataagacaagcacattgtaacattagtagagcaaaatggaataac

actttaaaacagatagttacaaaattaagagaacaatttaagaataaaacaatagtctttaatcaatcctcaggaggggacccagaaattgtaatgcacagttttaattgtggaggggaatttttctactgtaattcaacacaactgtttaacagtacttggaatggtactgcat

ggtcaaataacactgaaggaaatgaaaatgacacaatcacactcccatgcagaataaaacaaattataaacatgtggcaggaagtaggaaaagcaatgtatgcacctcccatcagaggacaaattagatgttcatcaaatattacagggctgatattaacaagagatggtggtat

taaccagaccaacaccaccgagattttcaggcctggaggaggagatatgaaggacaattggagaagtgaattatataaatataaagtagtaaaaattgaaccattaggagtagcacccaccaaggcaaagagaagagtggtgcaaagagaaaaaagagcagtgggaataatagga

gctatgctccttgggttcttgggagcagcaggaagcactatgggcgcagcgtcaatgacgctgacggtacaggccagacaattattgtctggtatagtgcaacagcagaacaatttgctgagggctattgaggcgcaacagcatctgttgcacctcacagtctggggcatcaagc

agctccaagcaagagtcctggctgtggaaagatacctaagggatcaacagctcctggggttttggggttgctctggaaaactcatttgcaccactgctgtgccttggaatactagttggagtaataaatctctgagtcagatttgggataacatgacctggatgcagtgggaaag

ggaaattgataattacacaagcttaatatacaacttaattgaagaatcgcaaaaccaacaagaaaagaatgaacaagagttattggaattagataactgggcaagtttgtggaattggtttagcataacaaattggctgtggtatataaaaatattcataatgatagtaggaggc

ttggtaggtttaagaatagtttttactgtactttctatagtaaatagagttaggcagggatactcaccattgtcgtttcagacgcgcctcccagccaggaggggacccgacaggcccgaaggaatcgaagaagaaggtggagagagagacagagacagatccggtcaattagtgg

atggattcttagcaattatctgggtcgacctgcggagcctgtgcctcttcagctaccaccgcttgagagacttactcttgattgtaacgaggattgtggaacttctgggacgcagggggtgggaagccctcaaatattggtggaatctcctacaatattggattcaggaactaaa

gaatagtgctgttagcttgctcaacgccacagccatagcagtagctgagggaactgatagggt

Gleiches "Genom" – aber dennoch nicht “gleich”?



GSPQTLPGIS SSQRVTGLEP GVSYIFSLTP VLDGVRGPEA SVTQTPVCPR GLADVVFLPH ATQDNAHRAE ATRRVLERLV LALGPLGPQA 

VQVGLLSYSH RPSPLFPLNG SHDLGIILQR IRDMPYMDPS GNNLGTAVVT AHRYMLAPDA PGRRQHVPGV MVLLVDEPLR GDIFSPIREA 

QASGLNVVML GMAGADPEQL RRLAPGMDSV QTFFAVDDGP SLDQAVSGLA TALCQASFTT QPRPEPCPVY CPKGQKGEPG EMGLRGQVGP 

PGDPGLPGRT GAPGPQGPPG SATAKGERGF PGADGRPGSP GRAGNPGTPG APGLKGSPGL PGPRGDPGER GPRGPKGEPG APGQVIGGEG 

PGLPGRKGDP GPSGPPGPRG PLGDPGPRGP PGLPGTAMKG DKGDRGERGP PGPGEGGIAP GEPGLPGLPG SPGPQGPVGP PGKKGEKGDS 

EDGAPGLPGQ PGSPGEQGPR GPPGAIGPKG DRGFPGPLGE AGEKGERGPP GPAGSRGLPG VAGRPGAKGP EGPPGPTGRQ GEKGEPGRPG 

DPAVVGPAVA GPKGEKGDVG PAGPRGATGV QGERGPPGLV LPGDPGPKGD PGDRGPIGLT GRAGPPGDSG PPGEKGDPGR PGPPGPVGPR 

GRDGEVGEKG DEGPPGDPGL PGKAGERGLR GAPGVRGPVG EKGDQGDPGE DGRNGSPGSS GPKGDRGEPG PPGPPGRLVD TGPGAREKGE 

PGDRGQEGPR GPKGDPGLPG APGERGIEGF RGPPGPQGDP GVRGPAGEKG DRGPPGLDGR SGLDGKPGAA GPSGPNGAAG KAGDPGRDGL 

PGLRGEQGLP GPSGPPGLPG KPGEDGKPGL NGKNGEPGDP GEDGRKGEKG DSGASGREGR DGPKGERGAP GILGPQGPPG LPGPVGPPGQ 

GFPGVPGGTG PKGDRGETGS KGEQGLPGER GLRGEPGSVP NVDRLLETAG IKASALREIV ETWDESSGSF LPVPERRRGP KGDSGEQGPP 

GKEGPIGFPG ERGLKGDRGD PGPQGPPGLA LGERGPPGPS GLAGEPGKPG IPGLPGRAGG VGEAGRPGER GERGEKGERG EQGRDGPPGL 

PGTPGPPGPP GPKVSVDEPG PGLSGEQGPP GLKGAKGEPG SNGDQGPKGD RGVPGIKGDR GEPGPRGQDG NPGLPGERGM AGPEGKPGLQ 

GPRGPPGPVG GHGDPGPPGA VRAQHRERVT CTRLYAADIV FLLDGSSSIG RSNFREVRSF LEGLVLPFSG AASAQGVRFA TVQYSDDPRT 

EFGLDALGSG GDVIRAIREL SYKGGNTRTG AAILHVADHV FLPQLARPGV PKVCILITDG KSQDLVDTAA QRLKGQGVKL FAVGIKNADP 

EELKRVASQP TSDFFFFVND FSILRTLLPL VSRRVCTTAG GVPVTRPPDD STSAPRDLVL SEPSSQSLRV QWTAASGPVT GYKVQYTPLT 

GLGQPLPSER QEVNVPAGET SVRLRGLRPL TEYQVTVIAL YANSIGEAVS GTARTTALEG PELTIQNTTA HSLLVAWRSV PGATGYRVTW 

RVLSGGPTQQ QELGPGQGSV LLRDLEPGTD YEVTVSTLFG RSVGPATSLM ARTDASVEQT LRPVILGPTS ILLSWNLVPE ARGYRLEWRR 

ETGLEPPQKV VLPSDVTRYQ LDGLQPGTEY RLTLYTLLEG HEVATPATVV PTGPELPVSP VTDLQATELP GQRVRVSWSP VPGATQYRII 

VRSTQGVERT LVLPGSQTAF DLDDVQAGLS YTVRVSARVG PREGSASVLT VRREPETPLA VPGLRVVVSD ATRVRVAWGP VPGASGFRIS 

WSTGSGPESS QTLPPDSTAT DITGLQPGTT YQVAVSVLRG REEGPAAVIV ARTDPLGPVR TVHVTQASSS SVTITWTRVP GATGYRVSWH 

SAHGPEKSQL VSGEATVAEL DGLEPDTEYT VHVRAHVAGV DGPPASVVVR TAPEPVGRVS RLQILNASSD VLRITWVGVT GATAYRLAWG 

RSEGGPMRHQ ILPGNTDSAE IRGLEGGVSY SVRVTALVGD REGTPVSIVV TTPPEAPPAL GTLHVVQRGE HSLRLRWEPV PRAQGFLLHW 

QPEGGQEQSR VLGPELSSYH LDGLEPATQY RVRLSVLGPA GEGPSAEVTA RTESPRVPSI ELRVVDTSID SVTLAWTPVS RASSYILSWR 

PLRGPGQEVP

Proteine besitzen eine charakteristische 3-dimensionale Struktur, 
die für ihre Funktion verantwortlich ist. 



MGENDPPAVEAPFSFRSLFGLDDLKISPVAPDA

DAVAAQILSLLPLKFFPIIVIGIIALILALAIG

LGIHFDCSGKYRCRSSFKCIELIARCDGVSDCK

DGEDEYRCVRVGGQNAVLQVFTAASWKTMCSDD

WKGHYANVACAQLGFPSYVSSDNLRVSSLEGQF

REEFVSIDHLLPDDKVTALHHSVYVREGCASGH

VVTLQCTACGHRRGYSSRIVGGNMSLLSQWPWQ

ASLQFQGYHLCGGSVITPLWIITAAHCVYDLYL

PKSWTIQVGLVSLLDNPAPSHLVEKIVYHSKYK

PKRLGNDIALMKLAGPLTFNEMIQPVCLPNSEE

NFPDGKVCWTSGWGATEDGAGDASPVLNHAAVP

LISNKICNHRDVYGGIISPSMLCAGYLTGGVDS

CQGDSGGPLVCQERRLWKLVGATSFGIGCAEVN

KPGVYTRVTSFLDWIHEQMERDLKT

???

Von der Sequenz zur Proteinstruktur:



Magritte, 
La Clairevoyance, 
1936



Wie realitisch sind Homologiemodelle?

• Statitischer Vergleich mit experimentellen Strukturen ähnlicher Grösse

Example:
T4 lysozyme
(2lzm)

(Benkert, P., Biasini, M. and Schwede, T. (2010). Bioinformatics, 27(3), 343–350.) 



1BEF: Dengue Virus NS3 Serine Protease.

HM Murthy, S Clum, R Padmanabhan 
J.Biol.Chem. (1999) 274: 5573 - 5580

Res = 2.1 Å; R (Rfree) 0.186 (0.228)
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http://www.snf.ch/de/fokusForschung/themendossiers/open-science/Seiten/default.aspx
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