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Introduction

� Protein structures
� help to understand and manipulate biochemical and cellular functions

� help in deciphering interactions with other molecules

� are exploited in rational drug design via virtual screening
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Introduction

� Protein structures

� are known for 90,738 proteins (source: PDB database) 

out of 37,371,278 (source: NCBI RefSeq database)

known unique proteins

sequences 

� 88.5% of structures 

were solved using 

X-ray crystallography
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Introduction

� Structural genomics (SG) is a word-wide initiative 

aimed at mapping of entire protein structure space

� in 2004/2005 about ½ structures were solved at SG centers 

rather than in a traditional lab at about 25% of the cost

� SG shifts the focus from one-by-one determination of 

individual structures to protein family-directed structure 

analyses in which a group of proteins is targeted and 

structure(s) of representative members are determined

� selection of representative proteins is known as target selection

Brenner SE. Nature Structural Biology 2000; 7:967-969

Chandonia JM, Brenner SE. Science 2006; 311:347-351

Dessailly BH et al. Structure 2009; 17(6):869-881
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Introduction
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Introduction

Structural Genomics
protein structure determination

X-ray crystallography

Target selection

Sequence-based 

characterization of 

crystallization propensity
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Introduction

� Pipeline for structure

determination using X-ray

crystallography

Chayen NE, Saridakis E. Nature Methods 2008; 5:147-153
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Motivation

� The main challenge of the SG initiative is that only 

about 2-10% of protein targets pursued yield high-

resolution protein structures

� one of the most important bottlenecks in acquiring the 

structures is obtaining diffraction-quality crystals 

� crystal should be sufficiently large (> 100 micrometres), pure 

in composition, regular in structure, and with no significant 

internal imperfections

Hui R, Edwards A. J Struct Biol. 2003; 142:154-61

Rupp B, Wang JW. Methods 2004; 34:391–408
Service R. Science2005; 307:1554-1558
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Motivation

� TargetDB 
http://targetdb.pdb.org/

data as of January 2010

Status # of targets % of cloned % of expressed % of purified % of crystallized

Cloned 163639 100.0 - - -

Expressed 117920 72.1 100.0 - -

Soluble 45629 27.9 38.7 - -

Purified 41815 25.6 35.5 100.0 -

Crystallized 14250 8.7 12.1 34.1 100.0

Diffraction-quality crystals 7504 4.6 6.4 17.9 52.7
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Motivation

� Information derived from protein sequences can be 

used to predict crystallization propensity

� conservation of the sequence across organisms

� inclusion of charged amino acids

� occurrence of hydrophobic patches

� presence of transmembrane helices, signal peptides, low-

complexity regions, disordered and coiled-coil regions

� presence of certain amino acids on the protein surface

� isoelectric point (pI) is used to suggests optimal pH ranges 

for crystallization screening

� presence of homologs in PDB

Canaves JM, et al. J. Mol. Biol. 2004; 344:977–991

Goh CS, et al. J. Mol. Biol. 2004; 336:115–130

Chandonia JM et al. Proteins 2006; 62:356-370

Price WN et al. Nature Biotechnology 2009; 27(1): 51-57 slide 10 out of 29

Motivation

� Non-trivial relations
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Problem definition

� To develop an accurate sequence-based in-silico 

predictor of propensity to yield diffraction quality 

crystals

� limitations

� we take into account only intra-molecular factors that are encoded in 

the protein chain

� we may not provide reliable predictions when inter-molecular factors 

such as protein-protein and/or protein-precipitant interactions, buffer 

composition, precipitant diffusion method, gravity, etc. must be 

considered

� we assume that physical considerations of the crystal growth 

procedure, purification, expression, etc., will be properly handled
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2006
SECRET

OB-Score

2007
CRYSTALP

XtalPred

2008
ParCrys

2009
CRYSTALP2

MetaPPCP

PXS

2010
SVMCrys

MCSG-Z 
score

2011
RFCRYS

CRYSpred

PPCPred

2013
SCMCRYS

2014
fDETECT

19991999
• PRESAGE

20012001
• TargetDB

20042004
• PepcDB

Overview of the field

20122012
• TargetTrack
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� Built using a recent and large dataset

� Uses improved annotation protocol
� in collaboration with curators of PepcDB: Drs Berman & Westbrook

� Predicts success of the entire crystallization process 

and also which step(s) results in the failed attempts

� Uses a compact and comprehensive set of 

sequence-derived inputs to generate accurate 

predictions

PPCpred

Mizianty MJ, Kurgan L. Bioinformatics 2011; 27(13):i24-33
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Outcome deduced from 

PepcDB annotations
Stop status Current status

Production of protein 

material failed

sequencing failed

cloning failed
cloned

expression failed expressed

Purification failed purification failed
soluble

purified

Crystallization failed

crystallization failed crystallized

poor diffraction

diffraction-quality crystals

Diffraction

(native diffraction-data or 

phasing diffraction-data)

Crystallizable

structure successful, 

TargetDB duplicate target 

found, PDB duplicate found

crystal structure

in PDB

PPCpred

The current status indicates the current activity, e.g. for the “cloning failed” stop status, the current status “cloned” does 

not mean that cloning was successful, but if the current status is “expressed” then  cloning can be assumed successful. 
slide 15 out of 28

input

sequence

hydrophobicity hydrophobicity 

and energy 

based indices

Real-SPINE3

DISOPRED2

PSIPRED3.2

11 features
prediction 

of the propensity of the 
material production

10 features
prediction 

of the propensity of the 
purification

10 features
prediction 

of the propensity of the 
crystallization

14 features
prediction 

of the propensity of 
diffraction-quality 

crystallization

SVM model

SVM model

SVM model

SVM model

Aggregation of the 

predicted propensities

predicted propensity for predicted propensity for 

the material production

predicted propensity for predicted propensity for 

the purification

predicted propensity for predicted propensity for 

the crystallization

predicted propensity for predicted propensity for 

diffraction-quality 

crystallization

quality crystallization success) 

4-class prediction 
(material production failed, purification 

failed, crystallization failed, and 

diffraction-quality crystallization success) 

predicted 

solvent accessibility

predicted 

disordered residues

predicted 

secondary structure

Sequence

based

PPCpred

Mizianty MJ, Kurgan L. Bioinformatics 2011; 27(13):i24-33
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� Feature types selected for the prediction out of 800+ 

considered features

Features types

Number of features selected for the prediction of

Material 

production
Purification Crystallization

Diffraction-quality 

crystallization

Hydrophobicity-based 2 2 5 5

Energy-based 4 0 2 3

Composition of AAs 1 3 1 1

Isoelectric point 0 1 0 0

Solvent accessibility 3 4 1 3

Disorder 1 0 1 1

Secondary structure 0 0 0 1

Considered AA types

Arginine, 

Cysteine, 

Glutamic acid

Asparagine, 

Cysteine, Serine, 

Methionine

Histidine
Cysteine, 

Histidine, Serine

PPCpred

Mizianty MJ, Kurgan L. Bioinformatics 2011; 27(13):i24-33
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Predictors
MCC ACC

SPEC SENS AUC

value sig value sig

ParCrys 0.108 + 47.5 + 31.8 78.6 0.561

OBScore 0.124 + 47.8 + 31.4 80.3 0.572

BLAST-based 0.188 + 65.6 + 79.5 38.0 N/A

CRYSTALP2 0.195 + 55.3 + 45.7 74.4 0.648

MetaPPCP 0.195 + 59.9 + 59.0 61.7 0.620

SVMCrys 0.213 + 56.3 + 46.7 75.2 N/A

XtalPred 0.278 + 63.9 + 62.3 67.0 0.683

PPCpred 0.471 76.8 84.8 61.2 0.789

PPCpred

� Prediction of propensity of the diffraction-quality 

crystallization success

Mizianty MJ, Kurgan L. Bioinformatics 2011; 27(13):i24-33
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Prediction target Method
MCC ACC

SPEC SENS AUC
value sig value sig

propensity of the diffraction-

quality crystallization success

BLAST-based 0.188 + 65.6 + 79.5 38.0 N/A

PPCpred 0.471 76.8 84.8 61.2 0.789

propensity of the 

material production failure

BLAST-based 0.014 + 55.4 + 35.3 66.0 N/A

PPCpred 0.462 75.0 69.2 78.0 0.755

propensity of the purification 

failure

BLAST-based 0.102 + 60.0 + 43.2 67.4 N/A

PPCpred 0.324 72.0 50.1 81.6 0.697

propensity of the crystallization 

failure

BLAST-based 0.060 + 60.9 + 37.0 69.4 N/A

PPCpred 0.457 76.6 70.8 78.7 0.811

Predictor
Mean MCC ACC

Value sig Value sig

BLAST-based 0.041 + 31.1 +

PPCpred 0.353 55.6

PPCpred

� Prediction of the four steps of crystallization pipeline

Mizianty MJ, Kurgan L. Bioinformatics 2011; 27(13):i24-33
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Mizianty MJ, Kurgan L. Bioinformatics 2011; 27(13):i24-33

� Prediction performance over dates of trials
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� User base

� 61 countries (top 10: US, China, India, UK, Canada, 

Garmany, Australia, France, Taiwan, and Japan)

� 513 cities

� 1500+ unique users

PPCpred
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� Aim

� investigate attainable structural coverage considering 

current X-ray crystallography combined with homology 

modeling

� Setup

� 1,953 fully sequenced proteomes collected from release 

2012_07 of UniProt

� 106 archaea, 1,043 bacterias, 265 eukaryotes and 539 viruses

� 8,652,940 non-redundant proteins 

Structural coverage using X-ray 
crystallography
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Structural coverage using X-ray 
crystallography

� fDETECT

Method

Runtime per 

protein [ms]
ACC MCC SPEC SENS AUC

avg sig value sig value sig value value value sig

fDETECT 0.8 70.6 0.354 75.8 60.3 0.754

PPCpred 152912.9 + 71.8 - 0.361 - 79.7 56.0 0.741 +

XtalPred* 70624.4 + 53.3 + 0.248 + 36.0 87.6 0.665 +

CRYSTALP2 0.3 - 56.6 + 0.202 + 48.5 72.6 0.658 +

SVMcrys 153.3 + 56.5 + 0.223 + 46.5 76.5 0.615 +

OBScore 64 + 47.2 + 0.130 + 29.3 82.7 0.569 +

ParCrys** N/A N/A 48.3 + 0.105 + 34.5 75.9 0.557 +

* XtalPred results were obtained from a webserver, the runtime estimates may be inaccurate

**ParCrys is available as webserver and we could not estimate its runtime
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1,734,048 (modeling) protein families clustered at 30% sequence identity level

Structural coverage using X-ray 
crystallography
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Structural coverage using X-ray 
crystallography
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Structural coverage using X-ray 
crystallography
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Summary

� Crystallization propensity predictors provide useful 

input for target selection

� PPCpred targets several steps in the crystallization pipeline

� fDETECT offers fast predictions

� Use of the knowledge-based target selection strategy 

substantially increases structural coverage

� Current X-ray crystallography know-how combined with 

homology modeling (30% sequence identity cutoff) can 

provide an average structural coverage of 73%

� coverage could be increased to 96% by improving homology 

modeling (assuming 20% sequence identity cutoff)
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