Bioinformatics

Protein structure modelling



Bioinformatics - lectures

m Introduction

m Information networks

m Protein information resources
m Genome information resources
m DNA sequence analysis

m Pairwise sequence alignment
m Multiple sequence alignment

m Secondary database searching
m Analysis packages

C



Protein structure modelling

m protein structure

m protein structure databases

m prediction of secondary structure
m prediction of protein fold

m prediction of tertiary structure

m modelling of protein-ligand complexes



Protein structure

Proteins are build up by amino acids that are
linked by peptide bonds. The different amino
acids occur naturally in proteins.

Protein structure can be experimentally determined
by crystallography, nuclear magnetic
resonance ( ) or by electron crystallography.

Levels of protein structure:



(a) side chain

Amino group carboxyl group

(b) peptide bond
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Primary structure:  the lmear sequence of amino aads in a protein molecule
Secondary structure:  regions of local regularity within a protem feld (e
 o-helices, B-turns, B-strands) o
Super-secondary structure: the arrangement of o-helices and/or B strands into
discrete folding units (e.q., B- barrels, BaB units,
 Greek keys, etc.) | |
Tertiary structure: ~ the overall fold of a protein sequence, formed by the
packing of its’ secaﬂdary and/or super-secondary
structure elements |

Quaternary structure: ‘the a_rr_a_n_geme.nt _o_f separate protein chains in a pro-
tein molecule with more than one subunit
Quinternary structure: ~ the arrangement of separate molecules such as in

‘protein—protein or protem*—nuclerc acid interactions
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Synchrotron radiation facility
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European Synchrotron Radiation Facility at Grenoble, France



Protein structure databases

= PDB

m PDBsum

Protein structure classification databases

m SCOP
m CATCH



Protein structure databases

» developed at Brookhaven National Laboratory

» currently maintained by Research Collaboratory for
Structural Bioinformatics (RSCB)

» world repository of three-dimensional protein structures

» entries from crystallographic analysis (80%), nuclear
magnetic resonance (16%) and modelling (2%)

» entries stored as flat files composed of section for
information records and section for co-ordinates

» entries identified by unique PDB-ID code (e.qg., 1EDE)
» searchable by keywords
> interactive visualization of structures




Structure Explorer - 1CV2

PDB

FROTEIN DATA BANEK

QWU E

Titie: Hydrolytic Haloalkane Dehalogenase Linb From Sphingomonas Paucimobilis Ut26 At
1.6 A Resolution

Compaund: Mol Id: 1; Molecule: Halealkane Dehalogenase; Chain: A; Synonym: Linb,
1,34,6-Tetrachloro-14-Cyclohexadiene Hydrolase; Ec: 3.8.1.5; Engineered: Yes

Authars. J. Marek, J. Yevodovya, J. Damborsky, |. Smatanoya, L A. Svensson, J. Newman, Y.
Magata, M. Takagi

Exn Method: X-ray Diffraction
Classification. Hydrolase
EC Numbar 3.8.1.5
Source: Sphingomonas Paucimobilis

Frimary Citation. Marek, J., Yevodova, J., Smatanova, |, Nagata, Y., Svensson, L A, Newman, J., Takagi,
M., Damborsky, J.: Crystal Structure of the Haloalkane Dehalogenase from
Sphingomonas Paucimobilis Ut26 Biochemistry 39 pp. 14082 (2000)

[ Medline ]
Lignosition Data: 22-Aug-1999 FRefcase Date: 11-Sep-2000
Resolution /A1 1.58 A-Valug: 0.149

Space Groun: P21 21 2

UnitCell  dimf&r  a 5026  » 7167 5 7270
angles [T alpha 90.00 feta 9000 gamma 90.00

Fotvmar Chams: A Hesiaues: 296
Atams: 2750
HET grauns: HOH




Entry from the PDB database (header)

HEADER
TITLE

TITLE

ZOME ND
COMPND
COMEND
i CMEND
COMPND
COMPND
COMEND
COMEND
AOTRCE
ADTERCE
AO0TRCE
AOUTRCE
A QTR CE
AOTRCE
AOTRCE
EEYWDS
EXPDTA
ATTHOR
ATTHOR
REMAERE
REMAERE
REMAERE
REMARE
REMAREK
REMARE
REMAERE
REMARE
REMAERE
REMAERE
REMARE
REMAERE
REMAEREK
REMARE

HYDEOLASE 22 -ATE-99 10 E
HYDROLY¥TIC HALOALKANE DEHATLOGENASE LINE FEROM SPHINGOMONAS
& PAUCIMOBILIS UTZ6 AT 1.6 A REICOLUTION
MOL ID: 1;
MOLECULE: HALOATLKANE DEHALOZENASE;
CHATIN: A;
SYNONYM: LINE, 1,3,4,6-TETRACHLORCO-1,4-C¥CLOHEXZADIENE
HYDEOLASE ;
EC: 3.8.1.5;
ENGINEERED: ¥E3;
EIOLOGICAT, UNIT: MONCMER
MOL ID: 1;
ORGANISM SCIENTIFIC: SPHINGOMONAS PAUCIMOBILIS;
STRAIN: UTZ6;
EXPRESS ION SYSTEM: ESCHERICHIA COLI;
EXPRESSION SYSTEM STRAIN: HE101;
EXPRESSION 5Y¥STEM VECTOR TYPE: PLASMID;
EXPRESSION SYSTEM PLAGMID: PMYLE 1
DEHAL OSENASE, LINDANE, EICQDEGRADATION, ALFPHA/EBETA-HYDEROLASE
X-RAY DIFFRACTION
J.MAREEK, J.WVEVODOVA, J. DAMEORIEY, I. ZMATANOVA , L .A.3VENISON,
J.NEWMAN, ¥ . NAGATA, M, TAEAGT
EEFEERENCE 1
ATTH I.3MATANCOVA ¥ NAGATA, L.A.SVENISON, M. TAEKAGT ,, J.MAREEK
TITL CRY¥STALLIZSATION AND PRELIMINAERY X-BAY DIFFRACTION
TITL 2 ANALYIIZ OF HALOATKANE DEHALOGENASE LINE FEROM
TITL 3 SPHINGOMONAS PAUCIMOBILIS UTZh
FEF ACTA CRYIT. D W. D53 1231 19949
FEFN DE IS3N 0907-4449

R = PN S U

=1 o & Lo A

EESOLUTION. 1.58 ANGSTROMS.

REF INEMENT.
PR.OGEAM : SHELIL-97
ATTHORS ! Z.M.ZHELDRICE

OO oL oL WD MR H e M e T



Entry from the PDB database (crystallographic info)

REMARE 3 DATA USED IN REFINEMENT.

REMARE 3 EEZOLUTION RANGE HIGH (ANGITROMS) 1.58

REMARE 3 EEZOLUTION RANGE LOW  (ANGITROMS) Z0.0

REMARE 3 DATE CUTOFF (ATEMA(F) ) 0.000

REMARE 3 COMPLETENESS FOR RANGE (%) 94, 2

REMARE 3 CROSE-VALIDATION METHOD THROUSHOUT

REMARE 3 FREE R VALUE TEIT SET SELECTION P& NDOM

REMARE

REMARE 290 CRYSTALLOGRAPHIC SYMMETRY

REMARE 220 a¥vMMETREY OPERATORS FOR SPACE GROUP: P 21 21 Z

REMARE Z20

REMARE 220 SYMOP SYMMETRY

REMARE 220 IR I COPERATOR

REMARE Z20 1555 X, Y, 2

REMARE Z20 Z555 -, =%, Z

REMARE 220 3555 1/2-%,1/2+v, -2

BEMARE 220 4555 1/2+%,1/2-v, -2

REMARE Z20

REMARE Z 20 WHERE NNN -> OPERATOR NUMEER

REMARE Z20 MMM —-> TRANSLATION VECTOR

REMARE Z90

REMARE Z90 CRYETALLOGRAPHIC SYMMETERY TRANSFORMATIONS

REMARE 290 THE FOLLOWING TRANISFORMATIONS OPERATE ON THE ATCM/HETATM
REMARE 220 RECORDS IN THIZ ENTRY TO PRODUCE CRYSTALLOGRAPHICALLY
REMARE 220 RELATED MOLECULES.

REMARE Z 20 SMTRY1 1 1.000000 o.000000 OQ.000000 Oo.o00o0o0o0
REMARE Z 20 SMTRYZ 1 0O.000000 l1.000000 OQ.000000 Oo.o00o0o0o0
REMARE = 20 AMTREY 3 1 0O.000000 O.000000 1.000000 O.o00000
REMARE = 20 SMTEREY1 & =1.000000 O.000000 O.00o0000 O.o00000
REMARE = 20 SAMTRYZ & 0.000000 1.000000 O.00o0000 O.o00000
REMARE £ 20 SMTRY 3 & 0.000000 O.000000 1.000000 O.00ooo



Entry from the PDB database (sequence, sec. elements)

DEREF 1CWV: A 1 296 DEBJ BAADZ 443 BAADSG4473 1 236
SEQRES 1 4 2% MET ZER LEU &LY ALA LYE PRO PHE GLY LU LYW3 LYE PHE
SEQRES 2 A Z9%% ILE LU ILE LYS GLY ARG ARG MET ALA TYR ILE ASE LU
SEQRES a2 A X% =LY THR LY ASP PRO ILE LEU PHE LN HIS &LY ASH PRO
AEQRES 4 4 Z%% THR 3ER SER TYR LEU TRP ARG AZN ILE MET PRO HISZ C¥W3
AEORES 5 A 296 ALA ELY LEU LY ARG LEU ILE ALA C¥W3 AZP LEU ILE GLY
SEQRES & A Z%6 MET LY A3P SER ASP LY3 LEU ASP PRO SER LY PRO GLU
dECQRES

HELTXE 1 1 3ER A 472  ATA A 53

HELTX 2 2 TYR A B2 LEU A 96

HELTX 3 4 TRP & 109 ARG A 120

HELTX 4 4 LT A 145 ARG A 155

HELTX 5 5 LY A 15% LEUT A 164

HELTXE B 6 VAL A 168 LEU & 177

HELTX K YOI oA 184 SLU A 192

HELTX = =5 ARG A =02 ILE A =11

HELTX = 9 ALA A Z15 SER A =354

HELTXE 10 10 THR A Z50 ARG A =58

HELTX 11 11 TLE A 274 A3p A =71

HELTX 1= 12 3ER A 278 LEUT A 2593

SHEET 1 21 8 L¥y3 A 12 ILE A 14 0

SHEET 2 21 8 MET & 21 &GLU A Z6 -1 N MET & Z1 o ILE & 14
SHEET 3 21 B ARG A 57 ABP A B2 -1 N ALA A &0 > ILE A Z4
SHEET 4 21 8 ASP A 30 HIZ A 36 1 N ILE & 32 o ARG A 57
SHEET 5 21 8 vAL A 10x2 HIZ A 107 1 ®n VAL A 103 o PRO A 31
SHEET = 21 8 vAL A 125 MET A 131 1 N ATA & 129 o LEU & 104
SHEET 7 81 8B L¥Y3 A 238 PRO A 245 1 N ILE & 241 O TYR A 130
SHEET = 21 8 GLN A X3 SLY A X270 1 N THR A Z&4 o LY3 A X358
CISPEPR 1 A3N A 28 PRO A 25 o -2Z.50

CISPER 2 AZP A 73 FRO A 74 o -2.40

CISPER 3 THR A& =16 PRO & 217 0 -3.584

2IL3PER 4 LU A 244 PRC A =245 0 J.01

CISPEPR S PRO A X595 ALA A EZ9E o =20.14



Entry from the PDB database (co-ordinates)
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Protein structure databases

» developed at University College London

» summaries and analyses of protein structures
(secondary database derived from PDB)

» summary of PDB entries: resolution, R-factor,
# protein chains, topology, ligands, metal ions, etc.

» analysis of PDB entries: protein-metal and
protein-ligand interactions, protein validation

> provides links to many related databases



PDB id: 1cv2

- Hydrolase

Title: Hyarohvtic halvakane dehalogenase finb from sphingomanas paucimobilis
Ut2E at 1.6 a resaition

Structure: Hanalkans dehalogenase. Chain: a, Synonym: finh,

1,34, 6-tetrachioro— 1,4-cyolohexadiohe ivaralase, Enginearad: ves
ﬁ Source: Sphingamonas paucimabilis, Strain: W28, Expressed i escharichia

COf,

B, 1

Resolution: 1584, R—factor: 0,152, R—free: 0.211,

=

Structure viewers

Authors: J.Marek, J Vevodova, J.Damborsky, Lematanova, LASvyensson,
J.Mewman, Y.Magata, M. T akagi

Date: 22-Aup-949




Chain A (293 residues)

structural classification {1 domain) .

Links CATHno. Class Architecture
XN IE 34050950 —= AlnhaBsta 3-Laverfaba) Sanawich

i | i & | i | B Hl - FTH? E i |
GAKFPFOEKKFIEIKGRRMAY IDESTSDE ILFQHGNETS SYLWRNIMEPHCAGLGRL TACDL
d Ie) L5 0 15 10 15 a0 a5 50 [13 )

BB : g g HI i H4 HS

IGMODEDKLDE SO PERYAYAEHRDYLDALWEALD LSO DRV VLV VHIWG SALGFODWARRHRE
Al o 75 ap ak ) a5 Lo LOs LiE LLS 120

& i Hé HT Ha HY HLD

RVSTAYMEATAWMET EWAD FFEQDRDLEQAFR 5QASEELYLODNYEVEQVLFGLILRELS
124 Lo L35 LD L5 LS50 155 LA L&5 Lo LTS R

HLL HL2 HLI HIL4 TEE E HL5 o

EAEMAAYREFFLAAGEARRETLSWERQIPT AGTRADVVATARDYASWLSESETIEKLFINA
P T 195 100 205 2o 115 230 235 2o 215 240

ﬁ EET HL& E ' ETT—TLTE HL3

EFCALTTORMRDFCRTWENQTET TVAGANFIQEDSPDETICGAAT AAFVRRLEEA _
1 90 298 20 5 1o 175 Wo s o s Fastietipt

Yersion

View chain A alone,

o PROMOTIF summany
1 sheet, & strands, 12 helices, 19 bheta tums, 3 ngamma turns, 1 beta bulge, 1 beta hairpin, 4 beta alpha beta units, 1 psi-loop,




Protein structure classification databases

m The structural similarities relate to the evolution.
m The structural similarities may imply function.

m The classification scheme is dependent on the
underlying philosophy.



Protein structure classification databases

» developed at MRC Laboratory of Molecular Biology

» construction: combination of manual and automatic
methods (complicated by multidomain proteins)

» fold = same secondary elements in same arrangement,
independently of common evolutionary origin

» superfamily = low identity but common evolutionary
origin implied from common structure and function

> family = sequence identity >30%



Strectural Classification of Frateins

Protein: Haloalkane dehalogenase from Sphingomonas paucimobiiis, UT26, LinB
Lineage:

1. Root; scop
2. Class: Alpha and beta proteing (ask)
Mainfy paraftel bota shogts (hata—alnha—bata units)
3. Fold: alphasbeta—Hydrolases
core: 3 layers, aftda mived beta—sheet of & strands, arder 12435678, strand 2 is antiparatie! to the rest
Superamily: alphasbeta—Hydrolazes
many membears have lefi-handed crossover connection betwean strand & and additional strand &
Family: Haloalkane dehalogenase
Pratein: Haloalkane dehalogenase
Species: Sphingomenas paucimoebits, UT26, LinB

PDB Entry Domains:

1. 1cve [HESE
1. chain o FRAT]
2. 1007 [HENEE
complexed with br, gof
1. chain 2 [E9EE

=

S en




Protein structure classification databases

» developed at University College London
» construction: mostly automatic

» unique numbering scheme analogous to Enzyme
Classification (E.C.) scheme

» class = gross secondary structure content
» architecture = gross secondary structure arrangement

» topology = shape and connectivity of secondary
structures (60% of larger protein matches smaller one)

» homology = sequence identity >35%, common ancestry
» sequence = clustering based on sequence identity



Horme = Tap > €3] = A [40] = T[50] = H{950] = S[15]= M[2] >

1]

Domain 1cv2A0

@
@
w

AlphaBeta
3-Layer(aha) Sandwich
Rossmann fold
Alphasheta hydrolase
HYDROLASE
HYDROLASE
HYDROLASE

Fold relatives

CATH | DHS (Gene3D | Impala FTP | Internal

Tow2 Al

View Rasmaol

There are either no other non-identical relatives within this fold group or the structural comparisons for this domain
have not vet been calculated.

£+ FPOE code
4 CATH code
& General text

Gol

SSAP
DHS
Gened[
PLEsuUm

Top of heirarchy
Lp one level

Select a topic =




Prediction of secondary structure

Algorithms assign for occurrence of o-
helix, p-strand, turn and random coil at particular
position in the sequence.

Methods: statistical,  stereochemical and
homology/neural networks based. All methods
rely on information derived from known 3D
structures. Most recent methods use the
information from multiple alignments.

Reliability of the best current methods is



Prediction of secondary structure

and

» statistical - amino acids show preference for particular
secondary structure elements

and

» neural networks - the rules for prediction are not
defined in advance, they are created by training

and
» nearest neighbour approach

» consensus approach - utilises multiple alignments and
state-of-art method - makes
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Prediction of protein fold

> treading = protein fold assignment or fold recognition

» target sequence is searched against database of folds
(3D profiles) and threaded models are constructed

» 3D profile - each residue in 3D structure is assighed
environmental variables (buried area, fraction of side
chain covered polar atoms, secondary structure, etc.).
Assumption - environment of the residue should be
more conserved that the residue itself.

> residue can be also described by its interactions

» match of target sequence with 3D profile (quality of
threaded models) is quantified by Z-score or energy

> |imitation: can not handle multi-domain proteins
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Prediction of protein fold

» consensus method utilising predictions from five
different algorithms

» scoring functions: 1D-PSSMs (sequence profiles built
from relatively close homologues), 3D-PSSMs (more

general profiles containing more remote homologues),
matching of secondary structure elements, and

propensities of the residues for solvent accessibility

» hybrid method: profile-based alignment, evaluation of

alignments by threading, evaluation of threaded
models by neural network




Prediction of tertiary structure

» 3D structure of a protein is predicted from first
principles (search for global minimum structure)

> current algorithms are not very reliable

» 1. alignment of modelled sequence against sequences
of structurally similar proteins (templates)

= 2. "extraction” of the backbone from template structure
and positioning of side-chain

» 3. modelling of loops
» 4, structure refinement and validation



Validation of protein models

E |

Cuality of Protein Models

Sterecchemical Accuracy

Packing Quslity

Folding Raliability

v Torsion angles
—  Mainchain torsion

angie distribution,
(Ramactandran plots)
—  Sidechain torsion
angls distribution
(¥ - % PlOts)
» Planarity of peptide
hands

— wangla distrbution

« Chirality of C*-atoms

— L angle distibuiicn
Bond lengths
Bond angles

Planariby

— Arpmatic ring systams
and sp’-hybricized end
roups

= Interatomic distances
— 'Bump check’
-+ “Atamic contact qualmy
» Secondary structural
glemeants

» Locakon and geometTy
of secondary strugtural
slemants

» Hydrophobicity
—  Distribudion of palar
and nonpalar amino
acids
» Solvent accessible
surface of amino acids

* Unszatisfied buried H-
band donars/acceptars

« 3D-comparison model!

template structurs

— RMS deviabions
hatwaan backbonc

gtoms

+« 3D-1D-profiles

—  Compadison of
ehvironment stings
with aming acid

SEQUances

+ Knowledge-based

patentials
- Energy-based

COMPEriS0n




Prediction of tertiary structure

> fully automated modelling server

» input = protein sequence; output = PDB file

» 1. search of EXNRL-3D using BLASTP for potential
templates; 2. select all templates with sequence

identities above 25%; 3. Generate structures of 3D
models; 4. energy minimise models using GROMOS 96

> first approach and optimise mode (Swiss-PDBViewer)

» most widely used academic program for homology
modelling (satisfaction of spatial restrains)



Modelling of protein ligand-complexes

» positioning of small organic molecules (ligands) inside
the protein active site

> different orientations and conformations of the ligand
are evaluated using geometric or energetic scoring
functions

» Protein-ligand interaction energy = van der Waals
term + electrostatic term + H-bond term + entropic
term

> flexible docking - considers different conformation of
ligand; different rotamers of protein side chains

Software:



