Speécialité Bioinformatique M1: Lecture 2-A

P. Derreumaux

Predicting structure from a bioinformatics
or biochemists perspective



The CASP experiment

« CASP= Critical Assessment of Structure Prediction

« Started in 1994, based on an idea from John Moult
(Moult, Pederson, Judson, Fidelis, Proteins, 23:2-5
(1995))

« First run in 1994; now runs reqularly every second year
(CASP7 was held last december)



The CASP experiment: how it works

1) Sequences of target proteins are made available to CASP participants

in June-July of a CASP year
- the structure of the target protein is know, but not yet released

in the PDB, or even accessible

2) CASP participants have between 2 weeks and 2 months over the
summer of a CASP year to generate up to 5 models for each of the
target they are interested in.

3) Model structures are assessed against experimental structure

4) CASP participants meet in December to discuss results



CASP

Three categories at CASP
- Homology (or comparative) modeling
- Fold recognition

- Ab initio or de Novo prediction

CASP dynamics:
- Real deadlines; pressure: positive, or negative?
- Competition?

- Influence on science ?

Venclovas, Zemla, Fidelis, Moult. Assessment of progress over the CASP experiments.
Proteins, 53:585-595 (2003)



EVOLVING IDEAS

 Used to be:

Secondary structure
Molecular Dynamics
Folding pathways
Fold recognition

 Now is:
Profiles

Multiple templates
Meta-servers
Fragments
Refinement
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Steady rise. Computer modelers have slowly but steadily improved the accuracy of the protein-folding models.



Prediction of protein 3D structure
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Homology Modeling: How it works
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\ o Find template
o Align target sequence
with template

Template: 1shg Framework o Generate model:
- add loops
- add sidechains

o Refine model

Model: 1bym



Template choice

i.

L

Higher the sequence
identity, the more likely
the template will be
suitable

Most closely related
from a phylogenetic
point of view
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Template “environment’
(solvent, pH.
temperature, quaternary
structure)

Quality of the template
structure (resolution and
R factor)
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Homology modelling

Building the model

MODELLING THE WHOLE FOLD
1. Rigid-body assembly  ( CoH PosSER)
2. Spare-parts approach
3. Satisfaction of spatial restraints [ HoDE L[ ERD

MODELLING LOOPS

1. Database search of segments fitting fixed end-points
2. Molecular mechanics, molecular dynamics
3. Combination of 1+2

MODELLING SIDE CHAIN CONFORMATIONS

1.Use of rotamer libraries (backbone dependent)
2. Molecular mechanics optimization
3. Mean-field methods
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’3‘ Typical types of errors
I

d Sequence alignment errors.
 Loops which cannot be rebuilt.
 Inappropriate template selection.

 Subunit displacement.
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Fold recognition / Threading

Find a compatible fold for a given sequence ....

>Protein XY
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Number of protein folds that occurs in nature is limited. Fold Recognition
can be used to:
» Identify templates for comparative modeling

» Assign Protein Function
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Rost e al.  (A997) J sl thol . 240U~ 3o
;'ﬂorein Fold Recognition by Prediction-based Threading
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Project known 3D structure  Predict 1D structure from sequence
onto 1D f ’ P&A mant

N input:
WORPLUTIKT e

sequence ; SCC, . S";C .

LWRRPVVTAHIEGQLVEVLLDTGAD | gencrate
DRPLVRVILTNTGStALLDSGAD | Sequence
LEKRPIY MIND‘I‘PIM VLLDTGAD | alignment

ko ---BEREE~---- predict 1D Figure 1. Threading predicted 1D
i £000:62058200000+00000400 | | GelioMMIERORD 0L saNReAE | Sunatin structure profiles into known 3D
‘ ; structures. (1) A multiple sequence
: alignment is generated for a given

..... EEEEE- -~ - ~-EEHHHH= = =~ sequence of unknown structure

S e (U). (2) The alignment profile of U

align pre- . .
dicL[edpnnd is used as the input to a neural net-

\ known work system (PHD) that predicts

structure(s) secondary structure and relative
solvent accessibility. (3) The result-
ing predicted 1D structure profile
for U is aligned by dynamic
programming (program MaxHom;
Sander & Schneider, 1991) to 1D
structure strings assigned from
known structures by the program
DSSP (Kabsch & Sander, 1983). Ab-

-----333333----33FFF-----
00+ 00000+ 0000C*0*0*0*0000

g : j-’“‘_"?‘_“'i‘“‘"'f'-m‘“c"“m? breviations: H, helix; E, strand; L,
=7 « predict fold of mﬂﬁhlﬂc structure rest; @, buried (<15% solvent
« model 3D coordinates by homology accessible); O, exposed (>15% sol-

vent accessible).

N
f Free parameters for dynamic programming or a Blosumé62 (Henikoff & Henikoff, 1992) ex-
i change matrix:

The predicted strings were aligned based on a
Smith-Waterman type dynamic programming al- Mjj=a x Mil,D strueture 4 (100 — p) x M?gquc.lcc )
gorithm (Smith & Waterman, 1981). This algorithm ; !
was implemented in the program MaxHom  where M; determined the score for a match at a
(Sander & Schneider, 1991; Schneider, 1994). The  given position between state i in the first string
fq}loyving f}ree parameters had to be adjusted: and state j in the second string, and p =0 to 100
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La protéine HFq

-Protéobacteries: subdivisions o, B, et y
-Firmicutes: groupes Bacillus et Clostridium

-Thermotogales
-Aquificales

HFQ_AQUAE-5-51
HFQ_THEMA-10-65
HFQ_AZOCA-10-55
HFQ_CAUCR-10-55
HFQ_BRUAB-9-54
HFQ_RHILO-9-54
HFQ_BACHD-5-52
HFQ_BACSU-4-51
HFQ_CLOAB-10-55
HFQ_ECOLI-7-51
HFQ_ERWCA-8-52
HFQ_YEREN-7-51
HFQ_HAEIN-7-51
HFQ_PASMU-7-61
HFQ_VIBCH-8-52
HFQ_PSEAE-8-52
HFQ_XYLTA-8-52
HFQ_3ALTY-7-51
HIQ)_WEIMA-9-54
HF)_ECOLI-7-61
CONSENSUZ

HFq est une protéine conservée chez les bactéries

Alignement ProDom
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Identification de la topologie de HFq

Topologies prédites par des méthodes de reconnaissance de “fold”
(Topits, 3D-PSSM, GenThreader, 123D, Méthode de Fischer)

Code PDB (type de protéine) % identité avec HFq

4 1B34b (Sm) 19
1B34a (Sm) 10 Topologie CspA
Topologie Sm 1D3b (Sm) 8 3 ‘
IMJC (CspA) k=
1AOY (Arc) 22
1LBU (peptidase) - 11

Topologie Arc

- J @& @ Topologie ILBU



706 e Structure of Hfq Protein

Table 1. The pr‘edicted topologes of the three Hq proteins using fold-recognition methods

PDB entry E. coli Hig Aeolicus Hlg A, caulinodans Hiq
1B34b (Sm) 3(04,19) | 2(16 19) 2(05,16)
B34a (Sm) , 2 (14,10) 1(07,20) 1(06,18)
1D3b (Sm) 1(08,9) 2(13,13) 3(08,10)
IMJC (CspA) | 2(11,20) (30 17) 3 (40, 20)
1AOY (Arc) | 1(47,22) 145, 24)
1DV (L9) | 0 1 (I.'sf 15) 1(06,18
1LBU (peptidase) 1(03 1) , 0 0

e " ==

Eéch suggested fold, defined by its PDB entry number, is characterised by three values. The first value is the number of times the

fold is suggested in the top positions. The E-value and the percentage of ident 1ty between each Hfq pro ein and the fold identified
are then given in parentheses




HFq semble étre une protéine Sm-like

1. HFq présente des similarités fonctionnelles avec les protéines Sm: elles sont
impliquées dans le métabolisme de ’ARNm

Protéine Sm:
Composant du spliceosome eucaryote impliqué dans I’épissage des ARNm
Protéines retrouvées également chez les archaebactéries

Protéine heptamérique (homo- ou hétéroheptamere)
Forme un anneau avec un trou central (EM)y——

Essentiellement structurée en feuillet




2aLa prédiction de structure secondaire est en accord avec une topologie Sm

PHD et PSIPRED
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3. HFq ne présente pas la signature du domaine “cold shok” de CspA
(code Prosite PS00352)

?‘(’o@i‘? has
Frue Yogs‘r'was amd
f;mth ?ogahw\\

] Incertitudes:
=+ Sm1 n’est pas détécté dans toutes les HFq

=+ Sm2 n’est jamais détecté
= [] existe des protéines qui présentent Sm1 et Sm2 qui ne sont pas des protéines Sm

(Acetyltransferase NatC de levure)

— o/o Pe} o u,m',q};uc asec \'braxﬂz'\t CS?A'




Modélisation de la structure de HFq

La modélisation moléculaire a été effectuée avec une protéine matrice Sm humaine

(£B3E, structure résolue sous forme héxamérique)

4R3Y
Swiss model + .. .. ..




Alignement entre HFq et les protéines Sm

> Crucial pour la génération du modeéle

Probleme: Sm2 peu conservé et linker de taille variable

2 alignements possibles

1¢r alignement
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Structure résultant du premier alignement:

Probleme:
Lys 53 et Arg 63 non protégées
contre la trypsine

Lys 53 V\

Arg 63



Alignement entre HFq et les protéines Sm

> Crucial pour la génération du modele

2¢me glignement

M tient compte aussi de la prédiction de structure secondaire de HFq
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E. coli HFgq

archaeal AF-5ml
103B-human 5mE
1B34-human Sn0l
1B34-human Sub2
103B-human SmbZ



Structure résultant du deuxieme alignement:

Lys et Arg protégées contre la
trypsine

26 aa C-terminaux non modélisés:
Pas d’identité de séquence avec d’autres protéines

Région de faible compléxité
Région flexible (coil prédit par PHD et PSIPRED)



Refinement by energy minimization and short
MD simulations in agueous solution



Detection of Errors

First check should include a stereochemical check on the
modeled structure—PROCHECK, WHATCHECK, DISTAN-
which will show deviations from normal bond lengths,
dihedrals, etc.

Visualization- follow the backbone trace and then
subsequently move out to Ca-Cp orientation.



PROCHECK
Page 1

Main-chain bond angles
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procheck/procheck.html

Verification of Ramachandran plot
(allowed and forbidden regions)

Comp with X-ray (2002), 1.5A4 RMSD



Free modelling: De novo or ab initio

We focus here on fragment assembly approach



diverging type-
2 turn

Frayed helix

structur

Type-I hairpin :
e motifs

Serine hairpin

glycine helix N-cap
Proline helix C-cap alpha-alpha corner



Rosetta: a folding simulation program

backbone torsion angles

£ accept or
Sﬁ.’ reject
g v
£
Choose a fragment
change

backbone angles

Tevaluate

i W

Convert to 3D

Fragment insertion Monte Carlo






RO%&Q (B-G\J&u\ L CAERL
KWWWM ejé H}L W}M

¢ CO\M\’Y\M QQXM& D MJS&;
wiefheds (PSXPREB/SAHT9%|PHD ©
bian Hu %ﬁaﬂavmjf V‘M weHord

‘Z—VQ‘\”M Yo &O&MAAMA)"Q wem Pw&w—'w\ﬂm\ﬂ—w}fw
Q. \3‘90\’\‘1 ‘mee{ ?-S\r\eeif

m—

19. FW(“A’ Yacg‘*w\ '\n}f\w{efs

——_\)—\.Aw\% 143 | Hb amed SO{&/ Te )‘amg

c. low Cev\.J(‘o\c)f Ny

——



Olavco ok al. J.Hel Riel. 232, 985-99¢ (1998)
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Contact order (%)

Current-Opinion in Structural Biology

Updated correlation between contact order.and thelogarithm of the
folding rate (loglkd). Contact order is defined as.the average sequence
separation between residues that. make contact.in:the native structure
divided by the sequence length[13**]. Thus, a contact order of 10%
indicates that residue pairs that make contadt in the three-dimenisional
structure are separated by 10% of the length of the protein on
average. Circles represent all-helical proteins, squarés represent sheet
proteins and diamonds represeént proteins comprised of both helix and
sheet structures. Open points represent proteins characterized after
the pubtication of [13°*]. The best-fit line for.the original 12-protein
data set (filled points)-is shown.

o/, Co = AL_ofr s Asyy L= lenght AA, normalization factor
| N= number of native contacts

o b mﬁw@w >

\W%kk])w Swm)( l'w'kerlﬂzs .
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Zone 2 Conclusions

Approximate models, but never-the-less
valuable.

Alignment has improved, but still a way to go.

Further improvement probably requires an all
atom description and refinement.

‘Free modeling’ needed for non-template parts



ZONE 3

T0281 ab initio prediction (1.59A)







Zone 3 Conclusions
A lot of progress over the CASPs.
A long way to go still.
Knowledge integration, multiple trajectories key.
Discrimination remains a bottleneck.

All atom description and refinement probably
necessary.



Tight fit. Adding data from nuclear magnetic resonance experiments
improves the accuracy of computer models of how proteins fold.



