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1. Known structures
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Educatioral Resources
Auther Profiles

Login 1o your AcCount
Register & New Account
Query Results (2)
Query History (1)

PDB search

AMEMABER Or
YDB-101 An Information Portal to Biological !
As of Tuesday Mar 05, 2013 at 4 PM PST there are 88714 Structures

Everything Author Macromolecule Sequence Ligand 7]

hammerhead, dufour m

Search Mistory | |, Previous Results

Biological Macromolecular Resource

Full Description

! Learn: Featured Molecules

Structural View of Blology Ust View of Archive Sy: Title | Date | Category

8 & @ P

Molecule of the Month

Erythrocruorin
Hemogicbin comes in many shapes and sizes. In our blood, 2 hemoglobin with four chains carries axygen from the lungs to
celis throughout the body. Some plants bulld a single-chain hemogiobin to help protect sensitive nitrogen-foong bacteria from
oxygen, similar to the single chain myoglobin that stores axygen in our musde cels. Some bactena also make simple forms
of hemogiobin to help manage oxygen and other small molecules. Earthworms, however, are the champlons when It comes to
building huge hemoegiobing, They, and a few other types of invertebrate animals, build endormous complexes of hemoglobin to
carry their oxygen, termed erythrocruorins.
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PDB search

Showing 1 - 2 of 2 Results Results : | 25 & Page: 1 of }
Filter: Checeal | Wiews Oeiades i Reports: scecione. : | SOM . Reewnce i
# 2RO2 Solution structure of domain I of the negative polarity CChMVd hammerhead ribozyme
252l Authors: Gallego, 3./, Dufeur, D, , Gago, 8./, dela Pesa, M., Flores, R,
Release: 2008-12-30 Classification: RNA
F Experiment: SOLUTION NMR Residue Count: 23
Compound: 1 Polymer [ Display Fel¥ Poly | Display for AN Resufts |
Citation: Structure-function analysis of the ribozymes of chrysanthemum chilorotic mottie viroid: a loop-loop interaction motif conserved in most
natural hammerheads
(2009) Nucleic Acids Res, 37: 368-381 [ Display Ful Abstract | Display for All Reswits |
Search Mit: Title: Solution structure of domain 1 of the negative polarity CChMVd hammerhead ribozyme

# 2RPK Solution Structure of Domain II of the Positive Polarity CCHMVD Hammerhead Ribozyme

+ vk Authors: Gallego, 1./, Dufour, D./', dela Pena, M. ., Gage, §./, Flores, R,
. Release: 2008-12-30 Classification: RNA
Experiment: SOLUTION NMR Residue Count: 20
Compound: 1 Polymer [ Displey Felt Polymer Detalls | Display for AN Resufts |
Citation: Structure-function analysis of the ribozymes of chrysanthemum chiorotic mottie virold: a loop-loop Interaction motif conserved in most

natural hammerheads
(2009) Nucleic Acids Res, 37: 368-361 [ Display Ful¥ Abstract | Display for All Reswits |

Search Hit: Title: Solution Structure of Doman 11 of the Positive Polarity CCHMVD Hammerhead Riboryme
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Advanced search

Everything Author Macromolecule Sequence Ugand (7}

e9. POR 1D, moleCule Aname, M

i PDB-101

Structursl View of Bology
Understanding MO8 Dats
Moletule of the Moty
Fowancny Reworces
Author Profies

1o |

tains ch of cortain o types (e.g. protels vs. DNA)

Login %o your Account
Aegater & New Accourt

Contains No
ET ONA/RNA Mybrid

News & Publcations
Usage/Reference Poloes
Depcation Polces
Webate FAQ AN
Depoation FAQ D
Comtact Us
Abowut Us [( X-ray Reschation 7]
Careers
External Links Search by X-ray resolution (meeCIF fem _refine. s _d_rex_high)

Sre—ap
New Wetaste Testutes ! Between 0 and 3 Beidt Court

1 Depoaltion Hide

Al Deposit Services Add Search Criteria ©
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PDB comparison tool

'RCSB PDB Protein Comparison Tool

Calculate pairwise sequence or structure alignments.

Compare the following two proteins i

ID1: 3NTA Cytoplasmic dynein 1 heavy chain 1, seryl t-RNA synthetase chimera
KQQEVIADKQMSVKEDLDK...
ID 2: 3J1UA ' Cytoplasmic dynein 1 heavy chain 1, seryl t-RNA synthetase chimera
KQQEVIADKQMSVKEDLDK...
-== Select Comparison Method ~-~ +
-== Select Comparison Method ==~
Pairwise Sequence Alignment Conpacs
blast2seq
T  Smith-Waterman you can use the auto-suggest feature, It supports searching by
Needleman-Wunsch
Pairwise Structure Alignment
JFATCAT - rigid B
JFATCAT - flexible
JCE algorithm .
JCE Circular Permutation [ptions)

external server: FATCAT

IfF{  external server: TM-Align bva Web Start applications, view our troubleshooting Java Web Start page for more help.
external server: TopMatch

external server: Dali
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PDB format

http://www.wwpdb.org/documentation/format33/v3.3.html

HEADER
TITLE

COMPND
COMPND
COMPND
CONMPND
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
COMPND
CONPND
COMPND
COMPND
COMPND
COMPND
COMPND
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
SOURCE
KEYWDS
EXPDTA
AUTHOR
AUTHOR

2

MOTOR PROTEIN/STRUCTURAL PROTEIN 25-JUN-12 3J1U

LOW AFFINITY DYNEIN MICROTUBULE BINDING DOMAIN -~ TUBULIN COMPLEX

MOL_ID: 1;

MOLECULE: CYTOPLASMIC DYNEIN 1 HEAVY CHAIN 1, SERYL T-RNA SYNTHETASE
CHIMERA;

CHAIN: A;

FRAGMENT: SEE REMARK 999;

SYNONYM: CYTOPLASMIC DYNEIN HEAVY CHAIN 1, DYNEIN HEAVY CHAIN,
CYTOSOLIC;

ENCINEERED: YES;

MOL_ID: 2;

MOLECULE: TUBULIN ALPHA-1B CHAIN;

CHAIN: B;

SYNONYM: ALPHA-TUBULIN UBIQUITOUS, TUBULIN K-ALPHA-1, TUBULIN ALPHA-
UBIQUITOUS CHAIN;

MOL_ID: 3;

MOLECULE: TUBULIN BETA-2B CHAIN;

CHAIN: C;

SYNONYM: BETA TUBULIN

MOL_ID: 1;

ORCANISM_SCIENTIFIC: MUS MUSCULUS;
ORGANISM_COMMON: MOUSE;
ORGANISM_TAXID: 10090;

CENE: DYNC1H1, DHC1l, DNCHE1l, DNCHC1l, DYHC;
EXPRESSION_SYSTEM: ESCHERICHIA COLI;
EXPRESSION_SYSTEM_TAXID: 562;
MOL_ID: 2;

ORCANISM_SCIENTIFIC: BOS TAURUS;
ORGANISM_COMMON: BOVINE;
ORGANISM_TAXID: 9913;

MOL_ID: 3;

ORCANISM_ SCIENTIFIC: BOS TAURUS;
ORGANISM_COMMON: BOVINE;
ORGANISM_TAXID: 9913

MOTOR PROTEIN-STRUCTURAL PROTEIN COMPLEX

ELECTRON MICROSCOPY

W.B.REDWINE,R.HERNANDEZ-LOPEZ,S.200,J.HUANG,S.L.RECK-PETERSON,

A.E.LESCHZINER

A mmmm e mmeas - -

9
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Assymetric Unit VS Biological

(81
it
| B AT T i

Asymmetric Unit Cell Entire Crystal
Unit




Assymetric Unit VS Biological

Asymmetric unit with one biological assembly Asymmetric unit with a portion of a biological assembly

Entry 2hhb contains one hemoglobin molecule (4 chains) in the asymmetric Entry 1hho contains half a hemoglobin molecule (2 chains) in the
unit. asymmetric unit. A crystallographic two-fold axis generates the other 2 chains
of the hemoglobin molecule.
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2. Structure comparison
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Structure-Structure alignments

General steps in a bioinformatics procedure:

Representation
Scoring
Optimizer
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Representation

Structures

Dihedral space or distance space

Reduced atom representation

Vector representation

Secondary Structure

|4

Accessible surface (and others)
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Scoring

Raw scores

fEfspsssneaniass RMSDG ) = () 050l

Aminoacid substitutions Root Mean Square Deviation

(o

Secondary Structure (H,B,C) Accessible surface (B,A [%]) Angles or distances

I5
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Scoring
Significance of an alignment (score)

Probability that the optimal alignment of two random
sequences/structures of the same length and composition as the
aligned sequences/structures have at least as good a score as the

evaluated alignment.

Empirical /X ’ ":. Sometimes
I . approximated
i, - \ \‘-— by Z-score (normal

“ , - - distribution).

-on-'-‘"

ho(s-n)

Pls) = g
P(s> x) = 1—exp( e'7L (s ))

Karlin and Altschul, 1990 PNAS 87, pp2264

Analytic

16
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Optimizer

Global dynamic programming alignment

Sq/St 1 J N,

Sq/St21 .j. v

1 2 3 . N f
. D, *Score,.,,
; — D.=min{D..,.*Score,

N * *
w | * *}i [Di.«,,*SCOf'e[ iy

< * «1— Best alignment score

Backtracking to get the best alignment

Needleman and Wunsch (1970) J. Mol Biol, 3 pp443
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Optimizer

Local dynamic programming alignment

Sq/st 1] 3 S N,
Sa/st2 | .J. "
1 92 3 N Di,j-1+Score(A‘rj}
— * * * * * , ) + Py
Dl‘j=min< DI-1.]-1 Score{nn)
" \ D...*Score ..
w | * * \‘ * *
* | * * | * |~ Bestscore '
* # A' * "/*/
= /

Best local alignment

Backtracking to get the best alignment

Smith and Waterman (1981) J. Mol Biol, 147 pp195
18
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Optimizer

Global .vs. local alignment

____________________________________________________________

__________________________

__________________________

Local alignment




Multiple alignment

Pairwise alignments Multiple alignments

Following the tree from step 1

Example — 4 sequences A, B, C, D.

Align the most similar pair
D I I

A—

A = — Align next most similar pair
C I . N

D
C n—— A
D m——— e C Align B-D with A-C
- similarity +

6 pairwise comparisons

then cluster analysis D™ = —

A mm o —

C_- ]|

New gap in A-C to optimize
its alignment with B-D

20
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Coverage .vs. Accuracy

Same RMSD ~ 2.5A

Coverage ~90% Ca

21

Wednesday, March 13, 13




Structural alignment by properties conservation
(SALIGN-MODELLER)

1

. 2 D
& B o A : . . .
G EE . v' Uses all available structural information

- simiarity » v" Provides the optimal alignment

Computationally expensive

A
&k"_ »

-

] v
RMSD(x,y)= (% 2 (so-y@f|)

Ri,j Si,j Bi,j |i,j

M. S. Madhusudhan, B. M. WeblZJ,ZM. A. Marti-Renom, N. Eswar, A. Sali, Protein Eng Des Sel, (Jul 8, 2009).
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Structural alignment by properties conservation
(SALIGN-MODELLER)

http://salilab.orqg/salign
A SALIGN Webserver

« Sall Lab Home « MadWeb - ModBase < MedEval - PCSS « FaXB « IMP - MyltiFls © ModPige -

SALGN Mome SALIGN Melp  SALIGN Exarmples SALIGN Cortact

SALIGN & a gereral algrmant module of Te modeing program MOCELLER The abpgrments are computed using dynamic programaing. making vse
of several Teatures of e protewn seQuerces ad structues SALIGN tencherarks from putéshed gagers aw also avaiabie

{—ll‘- ora ) b'l!'”'." on
Email address 8

Input alignment information

Users can either upload their own seguences/structures to align or choose structures from the PDB

Paite 0Ne SAGLENCE A & time, without heacer U

Upload sequence/POB file(s) 8 B | Chooss Fie | No fie chosen

W“

23
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http://salilab.org/DBAli/?page=tools
http://salilab.org/DBAli/?page=tools

Vector Alighnment Search Tool (VAST)

=
PYRY Sy ™ |
Relsted Mriw hoes
—— ey
m—p———— —
—_—— - —
Y W W ———

Graph theory search i

of similar SSE i ——
Refining by Monte Carlo e
at all atom resolution ; ‘

v" Good scoring system with significance

Reduces the protein representation

.f_‘_'. 0
.'" ..‘»
o4& ‘.‘ IY‘ < ‘S‘.
' \ 031%
f \ b‘
’ . A
| ’ 3 ! | nl‘
" i
L \\ e i 01 \
N '3 1 \ {
- 8 0
0 1 4
‘b “. 3 4 S e
-
5 L\
01 J -
)l : ) p "\
RMSD(x,y) = (F)2 (x-y@f) : ; a
ral »
0 -—-“‘ ) \‘m—
2 0 2 4 3
IScore

Gibrat JF et al. (1996) Curr Opin Struct Biol 3 pp377
24
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Vector Alignment Search Tool (VAST)

http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

NCRI] Structure Home D Macramolecylar Structures
(
=BNEIN Structure (T“ﬁ
VAST: Vector Alignment Search Tool
About VAST
cn T Sewm
e €n30
V\Jd ~ m o
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http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml
http://www.ncbi.nlm.nih.gov/Structure/VAST/vast.shtml

Incremental combinatorial extension (CE)

Exhaustive combination

if‘\&f‘_~ of fragments
\/1\\'3 Longest combination of

S . AFPs |

Ca
e . v FAST!
Heuristic similar to . v/ Good quality of local alignments
5 PSI-BLAST ?

Complicated scoring and heuristics

— B o B
[N SN
8 residues peptides | AN
RMSDGx ) = )Z (- vl
i

Shindyalov IN, amd Bourne PE. (1998) Protein Eng. 9 pp739
26
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Incremental combinatorial extension (CE)

http://source.rcsb.org/jfatcatserver/ceHome. jsp

f: P D B Combinatorial Extension (CE)

PROTEIN DATA BANK A method for comparing and aligning protein structures
Calculate =
Two Chains .
Symmetry
D8 Search H H H
ot @&® Combinatorial Extension (CE)
i A method for comparing and aligning protein structures
Documentation
This page is intended as a pointer to get you to the most recent information on CE and to enable you o perform the calculations
Hlstory you need, CE is now an imegral pant of the RCSE Protein Data Bank (PDB) and Continges 10 be developed in the Boums
Rekaso History aboratory a8 needed
CE Mistory
Key Pointers
Links
Multiple Structure o Acoes 10 CE from the RCSB PDB hinp//www 2C80 0/ Dt workDench/ workDench oo
Alignment o Stancalone server httpy/source.rosb.ong/tatcatserver/
o A20RSS 10 the CE code in Java (JCE) and the ongingl SOUrce ND/souron s cob. 0ng | FatCatsarver Sowniond Jsp
Results o Logacy CE - web site
Subdomains (PDF )
What foliows is 8 bried description of the history of CE and some addnionyl references and pointers.
CruiseControl
CrulseControl

Chronology

o 1998 - CE mathod released and onginal paper puiished [1)
o 2000 - CE used 10 map existing proten fold spacs 2]
e 2001 - Pairwise alignment database made avallable [3]

27
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Matching molecular models obtained

(URMS" -URMS”|D

S URMS"

v VERY FAST!
v Good scoring system with significance

Reduces the protein representation

[
=~
~
L]
. "
&
T ot ?
o
- s > 2 .
P XL -
oo ™ x c;u WO 0
g

Ortiz AR, (2002) Protein Sci. 11 pp2606
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Matching molecular models obtained

from theory (MAMMOTH)
http://ub.cbm.uam.es/software/online/mammoth.php

Bioinformatics Unit

Centro de Biologia Molecular Severo Ochoa

Home Publications Research Services Software

Currently we are under testing, so this service may not be functioning properly. Sorry for the inconvenience

@ MAMMOTH

« MAMMOTH (Matching Molecular Models Obtained from Theory) es un método de alineamiento estructural de proteinas independiente de su
secuencia. Esto permite la comparacion de la estructura experimental de una proteina con un modelo arbitrario de baja resoluciéon. También
permite la comparacion de dos estructuras experimentales, asi como la bisqueda de estructuras similares en una base de datos.

« Version: 1.0

« Uso gratuito para fines educacionales y de investigacion.

« Referencia: Ortiz AR, Strauss CE, Olmea O (2002) Protein Sci. 11:2606-21.

~Alinea tus propias proteinas.

« Sube el archivo de coordenadas (PDB) de tu primera proteina: | Browse... |
« Sube el archivo de coordenadas (PDB) de tu segunda proteina: | Browse... |
« Tu correo electrénico para el envio de los resultados: '

Alinear | Borrar

29
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3. Structure classification

30
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Classification of the structural space

.
-
.

.
q M. ¢
Aa® 3‘.’*!‘
o} 1(" | .
o F L "
v e LA
- .'.‘
-
..
'
e r

31
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SCOP. database

http://scop.berkeley.edu/

Murzin A. G.,el at. (1995). J. Mol. Biol. 247, 536-540.

v’ Largely recognized as “standard of gold”
v" Manually classification
v Clear classification of structures in:

Structwral Claxsification of Proteins and ASTRAL release 1.758 (Janvary 2013)

_| Browsa || S1a4s & History [ASTRAL Subsets| | Downtonds| | Retated & |[meterences | [Hetp | [Aboea| CLASS

Welcome to the new SCOP-Astxar website! FOLD

This relcase is part of a series of planned relcases based ca SCOP 1.75 before the advent of a major

reclassification, SCOP 2.0 SUPER-FAMILY

This webshe now peovides imegrased access w data previcusly found ia the SCOP and AsTru. databases FAMILY

For prioe releases of SCOP and AsTral, ciick on the Stats & History b above. For maore info, dick on B¢ .

About ub above v' Some large number of tools already available
Search SCOP (cxmrple): Search

Classes in SCOP 1.758:

. § . Manually classification
1. s & AL alpha protens [46456) (254 folds)

0
2. 0% b Allbeta proteins [48724) (174 folds) Not 1 0_0 %o up-to-d_ate o
3. 2 o Alphaand be prossins (ab) [51349) (147 folds) Domain boundaries definition
4. M 4 Alpha aad beta protoms (a+h) [$3931) (376 folds)
S, W o Muln-domais proteins (alphs sad bets) [S6572] (66 folds) Class Nfufn}zer Numtr)fer OT :lun_}_ber of
6. & [ Membeane sad ccll surface peoteing and peptides [S6335] (57 folds) otiolds supertamriies amtiies
7 ? & Seall pececing [$6992] (90 fokds)
K. s b Cotlod cotl proteins [STM2) (7 folds) All alpha proteins 284 507 928
9. * 1 Low resoleton peotein seructures [S8117] (28 folds)
10, o= j: Peptides [SK231] (120 folds) All beta proteins 174 354 815
I, £&80 k Designed proteiss [S8753] (44 folds) .
Alpha and beta proteins (a/b) 147 244 902
Cfmwl € 19942013 The SCOP and ASTRAL authors Alpha and beta proteins (a+b) | 376 552 1170
) B scopilmec-lmb cam ac uk and mtal@compbeo. berkeley. edu
Multi-domain proteins 66 66 100
Memprane and cell surface 57 109 127
proteins
Small proteins 90 129 230
Total 1194 1961 4272
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a: All alpha proteins -> a.3: Cytochrome ¢ -> a.3.1: Cytochrome ¢ ->

(class) (fold) (superfamily)
a.3.1.4: Two-domain cytochrome ¢
(family)

Structural Classification of Proteins and ASTRAL release 1.75B (January 2013)

_| Browse | Stats & History | [ASTRAL Subsets| [ Downloads| [Related Resources || References | Help | [About |

Search SCOP (example): Search

Lineage for Family a.3.1.4: Two-domain cytochrome ¢

1. Root: SCOP 1.75B

2. % Class a: All alpha proteins [46456) (284 folds)

3. & Fold a.3: Cytochrome c [46625] (1 superfamily)
core: 3 helices; folded leaf, opened

4, % Superfamily a.3.1: Cytochrome ¢ [46626] (9 families) §
covalently-bound heme completes the core

-k & Family a.3.1.4: Two-domain cytochrome ¢ [46680] (2 protein domains)

" duplication: consists of two cytochrome c type domains

Protein Domains:
. & Cytochrome c4 [46681] (2 species)
1. &« Species Pscudomonas stutzeri [Tax1d:316] [46682] (3 PDB entries)
2. % Species Thiobacillus ferrooxidans [TaxId:920] [88972) (1 PDB entry)
2. % Flavocytochrome c sulfide dehydrogenase, FCSD, cytochrome subunit [46683] (1 species)

% Species Chromatium vinosum [TaxId: 1049] [46684] (1 PDB entry)

More info for Family a.3.1.4: Two-domain cytochrome ¢

Timeline for Family a.3.1.4: Two-domain cytochrome c:

Family a.3.1.4: Two-domain cytochrome ¢ appears in SCOP 1.75A
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http://scop.berkeley.edu/sunid=46456
http://scop.berkeley.edu/sunid=46456
http://scop.berkeley.edu/sunid=46625
http://scop.berkeley.edu/sunid=46625
http://scop.berkeley.edu/sunid=46626
http://scop.berkeley.edu/sunid=46626
http://scop.berkeley.edu/sunid=46680
http://scop.berkeley.edu/sunid=46680

Lineage for dletpal (letp A:1-92)
1. Root: SCOP 1.75B
2, Mz Class a: All alpha proteins [46456) (284 folds)

3. s Fold a.3: Cytochrome ¢ [46625] (1 superfamily)
core: 3 helices; folded leaf, opened

4. ox Superfamily a.3.1: Cytochrome ¢ [46626] (9 familics) §
covalently-bound heme completes the core

& Family 2.3.1.4: Two-domain cytochrome ¢ [46680] (2 protein domains)
" duplication: consists of two cytochrome ¢ type domains
& Protein Cytochrome c4 [46681] (2 specics)
&&. Species Pscudomonas stutzeri [Taxld:316] [46682] (3 PDB entries)
Domain dletpal: letp A:1-92 [15962)
% complexed with hem

e

Details for dletpal

PDB Entry: letp (more details)
PDB Description: crystal structure of cytochrome ¢4 from pseudomonas stutzen
PDB Compounds: (A:) cytochrome c4

SCOP Domain Sequences for dletpal:

Sequence; same for both SEQRES and ATOM records: (download) dletpal
(click for larger image)

>dletpal a.3.1.4 (A:1-92) Cytochrome ¢4 {Pascudomonas stutzeri [TaxId: 316))
agdacagggkvavcgachgvdgnapapnfpklagggeryllkglgdikagatpgapegvy
rkvlemtgmldplsdgdlediaayfsagkgav

SCOP Domain Coordinates for dletpal: ‘%\,
Click to download the PDB-style file with coordinates for dletpal. L~ .
(The format of our PDB-style files is described here.) dletpal in context of chain
Domains from same chain:
Timeline for dletpal: dletpa2
34
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CATH:;s database

http://www.cathdb.info

- e wo |- al ;e -
(Gl Mowt Vinned = || Geming Strted L) Latent Meadines = T Home - PubMed » 3 Sochmarks -
L em v T poano oy

CATH Boweth CATH by hiyw = =

CATH / Gene3D

16 million protein domains classified into 2,626
superfamilies

What's New?

The CAINM welaiie N Sacerlly unOrDone & D Overtind. We ralily ROpe you Ind the ftw DEgeS MO useful
SRy 10 U aNd Quicker 10 Toad. Meaae oot 5 and ot wa now whiat you Bk

Searching CATH

Example pages

T™Mdanel S

‘/\.
IR N

favocoun ~ctarase
" TR

Uses FSSP for superimposition

v' Recognized as “standard of gold”

v Semi-automatic classification

v' Clear classification of structures in:

CLASS

ARCHITECTURE

TOPOLOGY

HOMOLOGOUS SUPERFAMILIES

v' Some large number of tools already available
v' Easy to navigate

Semi-automatic classification
Domain boundaries definition

& [ rap
o %P 20 &4
o "u.% b
a AP 2}

o 173,536 CATH Domains

el 12 '
"0 7| 2,626 CATH Superfamilies

51,334 PDBs

Orengo, C.A., et al. (1997) Structure. 5. 1093-1108.
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Browse - tree

Top of CATH Hierarchy i cusees

Detads on the cumantly seected CATH node G 1 Mainly Aipha
are dispiayed in he panel Devow a G 2 My Beta § Architectures, 385 Folds, 875 Superfamiies, 1038 Domaing
[ Nop10-like SnoRNP 0 210 Ribbon 20 Architectures, 229 Fokds, 520 Superfamiies, 43881 Domains
“ O 220 Single Sheet 25 Folds, 31 Superformiles, 1733 Domains
C View Superfamily B 22020 Anthopleurin-a 20 Folds, 31 Supertamiies, 683 Domains
2.20.25 N-terminal domain of TfIIb I Superformies, 21 Domeins
CATH 1D 2.20.2840 . 2.20.28 Rubrenythein, domain 2 6 Supertamies, 342 Domains
Non-redundant 1 2.20.28.10 Aot et named $ Superfamiles, 209 Domsins
Sequences (<35% seq 2.20.28.20 ot et named 131 Domaing
2.20.28.30 RNA polymerase i, chain L 11 Domains
2.20.28.40 Nopl0-Hke SnoRNP 61 Domains
2.20.28.50 degv family protein 3 Domains
2.20.50 Outer Surface Protein A; domain 2 } Dovaing
2.20.60 Meparin-binding Growth Factor, Mickine; Chain A 1 Superfamies, 1 Domains
2.20.70 Ubiquitin Ligase Nedd4; Chain: W, 1 Supertamies, 1 Domaing
2.20.80 Lipovielin-phosvitin compiex, chain A, domain 4 1 Superfamilies, 60 Domains
2.20.90 Lipovitelin-phosvitin complex; beta-sheet shell regions 1 Superfamiies, 1 Domaing
2.20.100 TSP-1 type 1 repeat 1 Superfamiies, 1 Domains
2.20.110 Histone M3 K4-specific methyltransferase SET7/9 N-terminal domain 1 Superfamiles, J Domaing
2.20.120 Multimodular pneumococcal cell wall endolysin, domain 3 1 Superfamiles, 3 Domains
2.20.130 S-adencsyl-L-methionine-dependent methyitransferases 1 Supertamiies, 6 Domaing
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GO Diversity EC Diversity Species Diversity Superfamily Summary

Superfamily Suparposiion

Classification / Domains )
N Structures
Algnments s\
Structural Neighbourhood '\‘._‘ Domains: 140
7

Functional Arnotations

Domains (< 95% seq 15
K

Taxonomy

Multi-Domain Organisation
Domains (< 35% seq 4

K
) Unique GO terms ¥ € Unique EC terms ¥ =) Unique species »
Functional Families Unique PDBs: 41
Structural Diversity Domain Organisation  Enzyme Function Alignments
Structural Clusters: 2
FunFam Clusters: 2
Function
SCO O TATA 200 .
< > FunTree Unique EC: 2
Arensensin P - Unicue GO: 83

38

Wednesday, March 13, 13




=<0 O 1ATA e b

O O A1 comph

I X )
ArehSeheinn

_ _
‘

CCAThSchems (requires Jerva)

Sequence/Structure Diversity

[FunTree Unique EC:
% Unique GO:
Taxonomy

Unique Species:

CFunTree (Ooens new window)

Overview of the sequence / struciure diversity of this superfamily companad 1o ather superfamibes in CATH. Ciick

an the chart o vew the data in move dedal

&0

z

H

.~

g 40

T

2 20

g

T e
0 L N 4

o 50 100 150 200

Sequence Diversity

| o AN Superfamities  3.30.310.10

39

250 300

Wednesday, March 13, 13




Classification of the structural space
Not an easy task!

Domain definition AND domain classification

SCOP DALI
SCOP + Dali (0.06) CATH + Dal Dali + SCOP g)
SCOP only (0.10) (0.04) 3
\ (0.09) @
CATH Dali only
SCop All only ko.59 (0.26) @)
+ CATH | (0.59) (0.19) )
(0.18) CATH ‘Dali 7
+ SCOP + CATH
(0.17) (0.11)
SCOP + Dali (0.06) CATH + Dall Dak + SCOP 9
~SCOP only . 2‘;" (0.14) . (0.05) )
\, (0.13) (©. \ A 3
A \ All Dall Omy CD
Al _ \ . 0.42) | (0.31) D
| \ o y
(058) JScoP CATH\ - o
/+ CATH + SCOP\ / 3
7~ (0.23) (0.10) ; ; CATH only ¢ 1 )
: (0.51) Dal + CATH (0.22) 5

Day, et al. (2003) Protein Sciences, 12 pp2150
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Table 2. SCOP, CATH, and Dali codes associated with the 30 most populated metaolds
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4. Number of folds in nature
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5. Sequences VS fold structures

44

Wednesday, March 13, 13




Proteins. 2009 Nov 15;77(3):489-508. doi: 10.1002/prot.22458.
Structure is three to ten times more conserved than sequence--a study of structural response in protein cores.

Center for Biomembrane Research, Department of Biochemistry and Biophysics, Stockholm University, SE-106 91 Stockholm, Sweden.

PROTEINS

Structure is three to ten times more
conserved than sequence—A study of
structural response in protein cores

Kristoffer Illergird," David H. Ardell,”™" and Arne Elofsson'*

“Cemter foe Binmonbrane Rocanh and Seddbods Bawmformatno Conter. Diepariment of Biochompitry

and Bioplrpsicn, Stokbolm University. SE- 196 91 Soodiboln. Secdes

3

“Departmest of Naturddl Scieaces, School of Nasssd SGences, Ussversiny of California, Merced, California 9534
). . 2 . e ——— 8

“ Linnacus Centre for Brinformatics. Uppsala Useversns. SE- 751 24 Uppsada. Swaden

Evolutionary changes of individual protein domain primary structures
that become fixed mn populations are mainly replacements of single
amino acid residues and short msertions or deletions. Since most three
dimensional structures of protens are determined by their sequences
and solvent interactions, higher-order structure will also change in
response to these changes. The extent of higher-order structural pertur-
bation in response o sequence evolution will depend on the type and
location of sequence changes. Some single mutations will completely dis-
rupt structure, while others that conserve the physicochemical properties
of the sequence will barely affect structure at all.2
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Why is it useful to know the structure of a protein,
not only its sequence?

¢ The biochemical function (activity) of a protein is defined by its interactions with other
molecules.

& The biological function is in large part a consequence of these interactions.

¢ The 3D structure is more informative than sequence because interactions are determined
by residues that are close in space but are frequently distant in sequence.
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In addition, since evolution tends to conserve
function and function depends more directly on
structure than on sequence, structure is more

conserved in evolution than sequence.

The net result is that patterns in space are
frequently more recognizable than patterns
in sequence.
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