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1 On
One structure: many functions One function: many structures
Four-wheeled van Telling a story
Ambulance Book
Ice-cream stall '_ CcD
‘a/p hydrolase fold" ‘ Glycosyl hydrolase
Triacylglycerol lipase : \ o/o. toroid
Cholesterol esterase Concanavalin A-like 2-layer B sandwich
Dienelactone hydrolase _ ' Double psi p-barrel
‘Haloalkane dehalogenase 6-bladed B-propeller
Serine carboxypeptidase (Ba), or TIM barrel
‘Non-heme chloroperoxidase ' Cellulase-like B/o-barrel
‘Neurotactin (cell-cell adhesion) Orthogonal a-bundle

~ “Despite their differences in function, enzymes of the o/ hydrolraée fold nevertheless have
similar catalytic triads in their active-sites. ' ;
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The mechanisms by which new functions are created. In practice, new functions often
evolve by a combination of mechanisms. In particular, gene duplication provides two
identical copies of the same gene and one, free of functional constraints, can assume a
new biological role through "cremental mutations, gene fusion or oligomerization. Note
however, that a change in oligomerization state without prior duplication or mutation
events can provide a route to an alternative gene function and this represents a method

by which proteins ‘moonlight’.




Structure to Function
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Protein-Based Design

Docking (rigid, flexible) 2. de novo Building

Scoring
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Large-scale conformational changes

Virus maturation

X-ray crystallography = atomic level

Cryo electron microscopy (crvo-EM) = low-
resolution (from 7A). shape information

Protein synthesis: ribosome

Functional Transcription - Replication
motions

RNA polymerase




Repositories for data on 3D structures of

Biological Macromolecules

PDB: Protein Data Bank : 3D structures of biological macromolecules

[http://www.rcsb.org/pdb/]
MMDB: Entrez (NCBI) structure database (no models)
[http://www.ncbi.nlm.nih.gov:80/ Structure/MMDB/mmdb.shtml]

BioMagResBank: data on 3D structures determined by NMR
[http://www.bmrb.wisc.edu/]

CSD: Cambridge small molecule database
[http://www.ccdc.cam.ac.uk/]

http://www.expasy.ch/alinks.html#Proteins



Structure of ADH

PDB id: 1a4u PDB id: 1a4u

SOURCE: http:/Mww.biochem.ucl.ac.uwbs@ adu/main.htmi




Two-dimensional structure of ADH
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Structure comparisons and
structure-structure alignments

Structure B
Structure A L




Structural Alignment Mathematics

0 Find rotation matrix R and translation
vector T for which: |

B=R A+T

2 No known deterministic algorithm
a2 NP hard!"

O Exufece o-‘l Bﬁfs ansl W"‘“he'“
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Similarity Measure

 Root Mean Square Deviation (RMSD)

Distance between
alighed atoms

e The number of
aligned atoms

2 Penalizes worst fitting atoms

a Contributions of individual atoms not
discernable |




Classifications structurales et évolutive des Protéines

Les 2 principales classifications

— "Structural Classification of Proteins " (SCOP)
http://scop.mrc-Imb.cam.ac.uk/scop/

— CATH (Class Architecture Topology Homology)
http://www.biochem.ucl.ac.uk/bsm/cath/

« Autres classifications :
- FSSP
http://www2 .ebi.ac.uk/dali/fssp/
- VAST
http://www.ncbi.nim.nih.gov/Structure/VAST/vastsearch.htmi
— 3 Dee
http://circinus.ebi.ac.uk:8080/3Dee/help/help_intro.html
- HOMSTRAD
http://www-cryst.bioc.cam.ac.uk/~homstrad/




THE MAJOR LEVELS IN SCOP HIERARCHY

1. FAMILY: clear evolutionarily relationship.

Two criteria: all proteins with sequence identities > 30%; proteins with

lower sequence identities, but whose functions and structures are very

similar, e.g. globins with sequence identities of 15%



THE MAJOR LEVELS IN SCOP HIERARCHY

2. SUPERFAMILY: probable common evolutionarily origin.

proteins with low sequence identities, but whose functions and structures

suggest a common origin, e.g. actin, the ATPase domain of the heat-

shock protein and hexokinase form a superfamily.



THE MAJOR LEVELS IN SCOP HIERARCHY

3. FOLD: major structural similarity.

Proteins have same major secondary structures in same arrangement and
with the same topological connections. Fold similarity between two
proteins probably arises from physics and chemistry laws, but a

common evolutionary origin cannot be totally excluded.



THE MAJOR LEVELS IN SCOP HIERARCHY

4. CLASS: secondary structure identification.

all alpha, all beta, alpha/beta, alpha+beta, multi-domain,

membrane and cell surface, and small proteins.



Classification of Protein Struc CATH

e Class (&
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Similar secondary structure content s el ot a9 :.; COO/d
All o, all B, o/B, ete o "

e Fold (Architecture ‘
(. ) o A0 ‘, Arch‘,;éf}\;u
Major structural similarity N O

SSE’s in similar arrangement

Roll

e Superfamily (Topology)

Probable common ancestry
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e Family flavodoxin B-lactamase
(4fxn) 1mblA1

Clear evolutionary relationship

Sequence similarity usually > 25%



FSSP

* Fold classification based on Structure-Structure
alignment of Proteins (FSSP)

« Uses DALI (Distance Alignment tool)

NEW i |
PROTEIN §
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OUTPUT]

Aligned
Structures




Proc Matl Acad Scil S A, 2008 Oct 131060411737 7-82. Epub 2009 Sep 24.
Structural relationships among proteins with different global topologies and their implications
for function annotation strategies.

Fetrey D, Fischer M, Honig B.

Howard Hughes Kedical Inztitute, Department of Biochemiztry and Molecular Biophyzicz, Center for Computational Biology and Bicinformatics,
Columbia Univerzity, 1120 St Nicholaz Avenus, Room 815, New York, NY 10032, USA.

It has become increasingly apparent that geametric relationships often exist between regions of two proteins that have quite
different glabal topolagies or folds. In this article, we examine whether such relationships can be used to infer a functional
connection between the two proteins in question. We find, by considering a number of examples involving metal and cation
hinding, sugar kinding, and aromatic group kinding, that geametrically similar protein fragments can share related functions, even
if they have been classified as kelonging to different folds and topologies. Thus, the use of classifications inevitably limits the
number of functional inferences that can be abtained from the comparative analysis of protein structures. In contrast, the
development of interactive computational toals that recognize the “continuous™ nature of protein structurefunction space, by
increasing the number of potentially meaningful relaticnships that are considered, may offer a dramatic enhancement in the ahility
to extract information from protein structure databases. We introduce the Markls server, that embaodies this strategy and that is
designed for a user interested in developing and validating specific functional hypotheses.






(b)
ENZYME/NON-ENZYME
40% seq ID

disruption of active-site

human o-lactalbumin
enzyme non-enzyme

homologous

relationships

()
IDENTICAL FUNCTIONS
8% seq ID

P. marinus hemoglobin V. stercoraria hemoglobin




(e)
SIMILAR FOLDS
DIFFERENT FUNCTIONS
no shared functional attributes

acylphosphatase - bovine papillomavirus-1 E2 transcription
eC 3.6.1.7 regulation protein, DNA-binding domain

analogous

relationships

(f)

DIFFERENT FOLDS
IDENTICAL ENZYME ACTIVITY
different active-sites ;
B-lactamase class B B-lactamase classes A, C, D
EC3.526 EC 3.5.2.6

metal-denendent ratalvtic Sar nninlannhile .




Folds with multiple functions

P-loop NTP
Hydrolase

38 Rossmann Ferredoxin

Alpha-beta
Hydrolase

123456789

Number of functions associated with a fold

Hegyi & Gerstein, JMB 288: 147




. Enzyme Structure Database

Protein Data Bank (the PDB).

PDB-enzyme entries: 10208 (as at 28 March 2003)
Separate PDB-files: 9873

Some files having more than one E.C. number associated with
them.

Structure retrieval
* by E.C. numbers (v.30.0 release of the ENZYME Data Bank)

‘E.C.1.-.-.- Qxidoreductases. [ 1733 PDB entries ]
+E.C.2.-.-.- Transferases. [ 2261 PDB entries ]
-E.C.3.-.-.- Hvdrolases. [ 4637 PDB entries ]
‘E.C4.--- Lyases. [ 796 PDB entries ]
-E.C.5.-.-.- [somerases. [ 497 PDB entries ]

-E.C.6.-.-.- Ligases. [ 284 PDB entries ]




Hierarchy of Protein Functions

'ENZYME

All of SCOP entries

NON-ENZYME
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Fold-Function

Combinations #2
Many Functions on the + Lyase

enolase

Same Fold e
-- e.g. the TIM-barrel

at what degree of divergence?
Sequence Diverg. (%ID, P,,)
Structural Diverg. (RMS, P_,)
Functional Diverg. (%SameFunc)

2acs

« 1K Q&doreductasel
T aldose reductase

3 HYdrolase

adenosine deaminase

Tkw

Compare large number of pairs of sequences that have same fold but different functions.

89% Human TP Isomerase 5.3.1.1
¢ E—' Chick TP Isomerase 53.1.1
45% — [E coli TP Isomerase 5.3.1.1
E coli PRA Isomerase 5.3.1.24
B ster. Xylose Isomerase 5.3.1.5
~20%i E coli Aldolase 4.1.3.3
Yeast Enolase 4.2.1.11
Rat K-channel B-sub. NON-ENZ
Photobact. Flavoprotein? NON-ENZ

|

Gt

f

Both

Same
Exact
Func.

Class 5

Completely
Different

i

Same
Exact
Func.




Relationship of Similarity in Sequence to that in Function
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How Well is Enzyme Function Conserved as a
Function of Pairwise Sequence Identity?

Weidong Tian"? and Jeffrey Skolnick™

'Center of Excellence

in Bioinformatics, University
at Buffalo, The State University
of New York, 901 Washingion
Street, Buffalo, NY 14203
USA

2Department of Biology
Washington University

in St Louis, One Brookings
Drive, St Louis, MO 63130
USA

Enzyme function conservation has been used to derive the threshold of
sequence identity necessary to transfer function from a protein of known
function to an unknown protein. Using pairwise sequence comparison,
several studies suggesied that when the sequence identity is above 40%,
enzyme function is well conserved. In contrast, Rost argued that because
of database bias, the results from such simple pairwise comparisons
might be misleading. Thus, by grouping enzyme sequences into families
based on seq;:g;nge similarity and selecting representative sequences for
comparison, he showed that enzyme function starts to diverge quickly
when the sequence identity is below 70%. Here, we employ a strategy
similar to Rost's to reduce the database bias; however, we claﬁg’ enzyme
fa based not only on sequence similarity, but also on functional simi-

same first three aigi -

{ore, instead ©of selecting representative sequences for comparison,

we calculate the function conservation of each enzyme family and then

average the degree of enzyme function conservation across all enzyme

families. Qur analysis suggests that for functional transferability, 40%

sequence identity can still be used as a confident threshold to transfer
e first three digits of an EC number; however, to transfer all four digits

of an EC number, above 60% sequence identity is needed to have at least

O0% accuracy. Moreover, when PSI-BLAST is used, the magnitude of the




Multi-domain proteins have greater
divergence in function with sequence
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FUNCTION of NEW STRUCTURES
(STRUCTURAL GENOMICS )

- From sequence alignment (Swiss-Prot, PROSITE, Pfam, ...)

- From structure alignment (but dynamics can change the results, for
example domain swapping)

- A recent new approach: finding 3D functional sites: PROCAT, Rigor

and PINTS.
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Figura 1. 3D Domain Swapping and the Structures of Wild-Type and Mutant NF-«B p50 Dimerization Domains

{A) Structures involved in 3D domain swapping. Clesed monomers contain an interface between domains (square or semicircie) in one
contiguous polypeptide chain. Each protein monomer {a single polypeptide chain) is shown in gray or black for clarity. Under some conditions
{e.g., change in environment or mutations), open monomers can form (middle). Open monomers can be converted to closed-ended dimers
or higher oligomers (top right) or open-ended fibrils (bettom right), in which interdomain interfaces are formed between two or more independent

polypeptide chains.

|(B) Structures of wild-type and mutant NF-xB p50 dimerization domains. Wild-type NF-xB forms a side-by-side dimer without 3D domain
swapping. Each subunit in the homodimer (gray or black} has an lg-like fold. Twenty-five randomly generated dimer interface mutants that
retain DNA binding activity were identified (Hart et al., 2001}, Of those structurally characterized (Chirgadze et al., 2004}, five mutants form
side-by-side dimers (bottom right}, and one is a domain-swapped dimer {top right). The swapped domain in NF-xB comprises three j3 strands

of the Ig-like fold.


















