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Prediction of functional regions
Sequence-based methods
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Devos, D., Merino, E., Pazos, F. and Valencia, A. (2002) Multiple sequence alignments information in structure and function prediction. In 10S Press, Artificial
Intelligence and Heuristic Methods for Bioinformatics, pp. 83-94.

Pazos, F. and Bang, J.-W. (2006) Computational Prediction of Functionally Important Regions in Proteins. Current Bioinformatics, 1, 15-23.



Prediction Of Table Il. Amino Acid Com position of Protein -Protein Interfaces

InteraCtIOH Propensities Lo Jones
Number @ Area ® (©) Conte and
regions R ) _ ) _ etdal. Thorenton
esidue |nterface Core Rim Interface Core Rim Core R im @ )
A ll 100.0 100.0 99.9 99.9 100.0 100.0
Residue A la 3.9 4.0 3.8 2.8 2.7 3.1 -0.40 -0.26 -0.43 -0.17
Arg 6.4 5.9 7.0 10.1 10.1 9.9 0.13 0.11 0.13 0.27
propensities A sn 5.9 5.4 6.4 5.7 54 6.4 -0.14 0.03 ~-0.12 0.12
A sp 6.6 5.4 8.0 5.1 4.5 6.6 -0.46 -0.07 -0.31 -0.38
Cys 3.5 4.7 2.1 1.7 1.9 1.3 1.00 0.62 0.76 0.43
G In 3.7 3.7 3.8 4.3 4.3 4.2 -0.34 -0.36 -0.36 -0.11
G lu 6.5 4.6 8.6 6.0 4.4 10.0 -0.80 0.02 -0.47 -0.13
G ly 8.1 7.5 8.7 4.8 4.2 6.4 -0.08 0.35 0.02 -0.07
H is 3.4 4.4 2.3 3.8 4.4 2.4 0.84 0.23 0.64 0.41
lle 3.6 4.1 3.1 4.6 4.9 3.5 0.71 0.38 0.56 0.44
Leu 5.0 5.5 4.5 5.7 5.8 5.3 0.34 0.25 0.29 0.40
Lys 5.7 3.7 8.0 6.5 5.2 9.7 -0.82 -0.20 -0.57 -0.36
M et 2.0 2.6 1.4 3.2 3.7 2.0 1.13 0.51 0.98 0.66
Phe 3.5 5.1 1.7 4.1 5.5 1.1 1.01 -0.60 0.79 0.82
Pro 3.8 3.4 4.2 3.6 3.5 4.1 -0.38 -0.22 -0.25 -0.25
Ser 7.9 7.8 8.1 5.4 4.8 7.3 -0.56 -0.14 -0.42 -0.33
Thr 6.2 5.7 6.8 5.0 4.7 5.9 -0.44 -0.21 -0.35 -0.18
Trp 2.8 4.1 1.3 4.2 5.3 1.6 1.41 0.21 1.25 0.83
Tyr 6.8 8.1 5.4 9.4 10.9 5.3 1.22 0.50 1.04 0.66
V al 4.5 4.3 4.7 3.8 3.8 3.9 0.08 0.11 0.09 0.27
(@ Number-based compositions: percentofresidues presentin the 70 interfaces,
theircore,ortheirrim;
(B) Area-based compositions: percentcontributed to the area ofthe 70 interfaces,
theircore,ortheirrim;
(©)the propensity fora residue to be partofthe core orthe rim isp;= In (fi/ff'),
. . where f;isthe area-based composition ofthe core orrim,ff,the area-based
Chakrabartl, P.,Janln,J. composition ofthe protein accessible surface reported in Table 4 of Lo Conte et
Dissecting protein-protein recognition allial: _ _ . o _
. propensity fora  residue to be partofa protein-protein interface derived from the
sites. area-based compositionsreported in the same Table;

Proteins 2002 47:334-343 (¢) area-based propensitiesreported in Table 2 ofJones & Thornton.[9]



Prediction of interaction regions
Sequence-based methods

Conserved positions

Valdar, W.S., Thornton, J.M.

Protein-protein interfaces: analysis of amino acid
conservation in homodimers.

Proteins 2001 42:108-124
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Are conserved residues always functional?
Are functional residues always conserved?
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Ouzounis, C., Perez-Irratxeta, C., Sander, C. and Valencia, A. (1998) Are binding residues conserved? Pac Symp Biocomput., 401-412.



Structural vs. Functional Conservation

Cheng, G., Qian, B., Samudrala, R. and Baker, D. (2005) Improvement in protein functional site prediction by distinguishing structural and
functional constraints on protein family evolution using computational design. Nucleic Acids Res., 33, 5861-5867.



Conserved positions

(not trivial)

Insufficient data

Valdar, W.S. (2002) Scoring residue conservation. Proteins, 48, 227-241.

Pupko, T., Bell, R.E., Mayrose, I., Glaser, F. and Ben-Tal, N. (2002) Rate4Site: an algorithmic tool for the identification of functional
regions in proteins by surface mapping of evolutionary determinants within their homologues. Bioinformatics, 18, S71-S77.

Berezin, C., Glaser, F., Rosenberg, J., Paz, 1., Pupko, T., Fariselli, P., Casadio, R. and Ben-Tal, N. (2004) ConSeq: the identification of
functionally and structurally important residues in protein sequences. Bioinformatics, 20, 1322-1324.



Family-dependent conservation (“tree-determinants™)
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Family-dependent conservation (“tree-determinants™)
SeguenceSpace
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Casari, G., Sander, C., Valencia, A. (1995) A method to predict functional residues in proteins. Nat Struct Biol, 2, 171-178.



Prediction of interaction regions. Sequence-based methods

Tree-determinants
SeguenceSpace
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Azuma, Y., Renault, L., Garcia-Ranea, J. A., Valencia, A., Bauer, B., Mirey, G., Vetter, |.R., Garcia-Ranea, J.A., Valencia,
Nishimoto, T. & Wittinghofer, A. (1999). Model of the ran RCC1 A., Wittinghofer, A., Camonis, J.H. and Cool, R.H. (1999)
interaction using biochemical and docking experiments. J Mol Biol Ef’fector recognit,ion’by the Sm:'slll GTP-bindin,g proteins Ras and
289(4). 1119-1130. Ral. J Biol Chem, 274, 17763-17770.


http://www.jbc.org/content/vol274/issue25/images/large/bc2390007003.jpeg
http://www.jbc.org/content/vol274/issue25/images/large/bc2390007007.jpeg

Prediction of functional regions
Sequence-based methods

Tree-determinants vs conserved residues

Pazos, F. and Bang, J.-W. (2006) Computational Prediction of Functionally Important Regions in Proteins. Current Bioinformatics, 1, 15-23.



SequenceSpace clustering

-.n. ..:.: ..:. .3..
. .... - [ ....

L. Reparto de todos los puntos
Seleccion de un punto al al grupo de cuyo centro estén
hazar ® (centro del primser grupo). mas cerca

El mas alejado a el »{centro del , A
segundo grupo) LX)

L ]
a ®
/"\ <
L XY \
e o8 / / o e os
. @ - . o et
[ P .
L) [
e® .o.
»® :.
R B v Creacion de un nuevo grupo cuyo ? Hay puntos alejados de sus
G nusvo centro es el punto mas cantros mas qus la distancia media
alejado de su cantro (e) g Sl gntre los centros (e) ?
[ |
NO

Fin de agrupamisnto

Agrupamiento del espacio de
residuos genarado por
SequenceSpace

del Sol Mesa, A., Pazos, F., Valencia, A. Automatic Methods for Predicting Functionally Important Residues. Journal of Molecular Biology 2003
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Family-dependent conservation
Evolutionary Trace
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Lichtarge, O., Bourne, H. R. & Cohen, F. E. (1996). An Evolutionary Trace method defines binding surfaces common to protein families. J Mol Biol
257, 342-358.

Mihalek, 1., Res, I. and Lichtarge, O. (2004) A family of evolution-entropy hybrid methods for ranking protein residues by importance. J Mol Biol,
336, 1265-1282.

Mihalek, 1., Res, I. and Lichtarge, O. (2006) A structure and evolution-guided Monte Carlo sequence selection strategy for multiple alignment-based
analysis of proteins. Bioinformatics., 22, 149-156.



Level Entropy Method
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del Sol Mesa, A., Pazos, F., Valencia, A. (2003). Automatic Methods for Predicting Functionally Important Residues.
Journal of Molecular Biology 326:1289-1302
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Journal of Molecular Biology 2003 326:1289-1302
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3D cluster
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Landgraf, R., Xenarios, I. and Eisenberg, D. (2001) Three-dimensional cluster analysis identifies interfaces and functional residue clusters
in proteins. J Mol Biol, 307, 1487-1502.



Phylogenetic motifs

La, D., Sutch, B. and Livesay, D.R. (2005) Predicting protein functional sites with phylogenetic motifs. Proteins, 58, 309-320.



Prediction of functional regions
Sequence-based methods

Tree-determinants vs conserved residues

Pazos, F. and Bang, J.-W. (2006) Computational Prediction of Functionally Important Regions in Proteins. Current Bioinformatics, 1, 15-23.



Prediction of interaction regions
Sequence-based methods
Correlated mutations
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Pazos, F., Helmer-Citterich, M., Ausiello, G. & Valencia, A. (1997). Correlated mutations contain information about protein-protein interaction.
J Mol Biol 271(4), 511-523.



3D function
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Aloy, P., Querol, E., Aviles, F.X. and Sternberg, M.J.E. (2001) Automated structure-based prediction of functional sites in proteins:
applications to assessing the validity of inheriting protein function from homology in genome annotation and to protein docking. J Mol
Biol, 311, 395-408.



Evolutionary information + 3D structure
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e Piero Fariselli, Florencio Pazos, Alfonso Valencia & Rita Casadio (2002). Prediction of protein-protein interaction sites in heterocomplexes
with neural networks. Eur J Biochem. 269(5): 1356-1361.
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e Piero Fariselli, Florencio Pazos, Alfonso Valencia & Rita Casadio (2002). Prediction of protein-protein interaction sites in

heterocomplexes with neural networks. Eur J Biochem. 269(5): 1356-1361.



Prediction of interaction regions
Methods based on structural features

Geometrical docking

Smith, G.R., Sternberg, M.J.E. (2002).
Prediction of protein-protein interactions by docking methods.
Curr Opin Struct Biol. 12:28-35.

Halperin, 1., Ma, B., Wolfson, H., Nussinov, R. (2002).
Principles of docking: An overview of search algorithms and a
guide to scoring functions. Proteins. 47:409-443.

Backbone conformation

Watson, J.D., Milner-White, E.J.

A novel main-chain anion binding site in proteins: the nest.

A particular combination of phi, psi values in succesive residues gives rise
to anion-binding sites that occur commonly and are found often at
functionally important regions.

J Mol Biol 2002 315:171-182

H-bonds characteristics

Fernandez, A., Scheraga, H.A.

Insufficiently dehydrated hydrogen bonds as determinants of protein interactions.

Proc Natl Acad Sci USA 2003 100:113-118

Kortemme, T., Morozov, A.V., Baker, D.
An Orientation-dependent Hydrogen Bonding Potential Improves

Prediction of Specificity and Structure for Proteins and Protein-Protein Complexes.

Journal of Molecular Biology 2003 326:1239-1259

Stability

Luque, 1., Freire, E.

Structural stability of binding sites: consequences for binding affinity
and allosteric effects.

Proteins 2000 S4:63-71

Disordered regions

Tompa, P.
Intrinsically unstructured proteins.
Trends Biochem Sci 2002 27:527-533

Uversky, V.N.
Natively unfolded proteins: A point where biology waits for physics.
Protein Sci 2002 11:739-756

Clefts

Laskowski, R.A., Luscombe, N.M., Swindells, M.B., Thornton, J.M.
(1996).

Protein clefts in molecular recognition and function.

Protein Science. 5:2438-2452.



Unsupervised methods (phylogeny-based)
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*Aloy, P., Querol, E., Aviles, F.X. and Sternberg, M.J.E. (2001) Automated structure-based prediction of functional sites in proteins: applications to assessing
the validity of inheriting protein function from homology in genome annotation and to protein docking. J Mol Biol, 311, 395-408.

*Andrade, M.A., Casari, G., Sander, C. and Valencia, A. (1997) Classification of protein families and detection of the determinant residues with an improved
self-organizing map. Biol Cybern, 76, 441-450.

*Armon, A., Graur, D. and Ben-Tal, N. (2001) ConSurf: an algorithmic tool for the identification of functional regions in proteins by surface mapping of
phylogenetic information. J Mol Biol, 307, 447-463.
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Function-phylogeny disagreement (?)

Phylogenetic Functional
clusters clusters

Main circumstances of potential disagreement

« Many functional and structural features in a protein family that push
together its evolution but only one phylogeny can be observed. The
observed phylogeny arises from many different independent (to some
extent) functional constraints. The specific divergence due to a function can
be masked within this “composite phylogeny”

« Structural alignments linking distant proteins

* Details of molecular function may evolve convergently
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Pazos, F. and Sternberg, M.J.E. (2004) Automated prediction of protein function and detection of functional sites from structure.
Proc Natl Acad Sci U S A, 101, 14754-14759.



Locating Functional Residues

GTP binding (GO:0005525)

Pazos, F. and Sternberg, M.J.E. (2004) Automated prediction of protein function and detection of functional sites from structure.
Proc Natl Acad Sci U S A, 101, 14754-14759.



Locating Functional Residues

Sequence-based alignment

“P-loop NTP hydrolases fola” (Ras oncogene) of one representive
structural alignment

DB >

G0:0005525 GTP-binding
structural sub-alignment

Phunctioner Conservation Family-dependent conservation



Functional subtypes not based on sequence
Supervised methods

FEEZEEE - -MOZZEEZEZZ2 =222
2 2e Dn 0w 2w 0w 0w D om0 e T e e D
[ et = =T = = T B e e e e e e e
EEFEFEZEEETEOQEEEEZEEEEE¥OT
MSGEGGGSSSSSGGGGGGGEGGGGGG
&
(=1
=

e e e e e Ly
-

o
mnnDnunnunnnnunnunnnnunﬂun
= e e e e e e L L L e L B e e e e e e e B e el
OO0O0I0OC00OC0EI0C0T0000T 0T
4WPFPPPWwwWw

DO CEEECOUOEE xna
T L e SR R TTR 20 2 o 2 L o L
(10T L TG R L LT L TG F L R L Tt P R R L Tl LY L T T

D e o 3 e o e S D o o o o o 3 e o S o B
L L L T B e e e ey e e ey
D W0 000000060 W00 W0 WO Z e
L340 030340 13 L00 C0 £ L0 (3 0.0 (040 0 0 3 0 D
P e el e el e e B e
e Y Yoy ol e el e el e el

I o 5 (I O e 3 T 0 O O N
L L e L o 2 L 0 L 0 L L L e L L
Do 0RO bl -

SagE O QOTQ0C000>0-0

L £ T L e T IO W L L O £ L 3 L
aoooooooooodonoooocoooooon
[FR TR TR TRy P PR T PR P T P TR T PR TR TRy PRI PR TR T R
¥OOOOOCCIx¥xCOoOOooDoocOoooowo

] s s e e e
L L L] i o L L e b 5 d
EEEEEZEEZEEEEEEZEZEEEZEZEEZEZEER

el el ol sl ol el o ) el b el ol el el el ] ] el ] ek el nd
P R PR LTI S Sy S PO - O U U ) T . |
i oo N o o e e ] 4

= e e el R it P o P ] e
004 0 0400 00 00 00000 0 D 6 0 0 0 00 000 0 e 0
dadaddddddddUddddddddCgad_ o
e el e e L e e
A= EEE U N I NN N EEEFE_EEJEEEEE
e e
WIOLDLENOnE-DSL 000000 0mn0
BB BBLABBbLBLRERDDDIBLBDLRDED
EZXOOWUOUZZZZZx 00020000 WTO0
(= faTafalifalulale Ml S NI Fala] il alals lal
o N i o wfe o oS S LT J S S ST S o

ZZZ2Z 222222 ZEE
2w 2e 2w e 0w 2w 0w D D D n o D
FHFEFZZZF R
O0OOZZZO0000OZEE
QD L0E 0000000 0s
e : 4

L L L T L3 L L £ LT L

S D e i D e e e o e o e e e
[ae i e ol e of oy oy ol ) s e
GOl Lo f b il
EEEEEEEEEEEZIEEEE
EEEEEE - EETT
I O . N i s [ L)

e LLRGT G B il o flrie e LR T i)

o o e o o B e B
o ol el o ol o [, of o o] o o o 000
oooocOEoooooooos
Je e T e e E T e RE TR T )

e e e e o e B 2R

e e e e e e

ALY L L) L) LS L L ) L L L L) L L L
BB EEEEEEERRREE
NN NN NN NN NN NN
3 Joe 3 3 B 3 3 3 B 3 B B B B e e
e 2w w2 O D D D e e e e

e i e

f
L LLT O L oL T o b
aoooooocoooooood
e e e T o e P
DOOUOCICT MK TT
b e e e b o o B e e 2 e e e
e e e
o il ] ) bl el
OooodasO0O00O000
EEEEZEZZZEZEZEZZEZEZZE
O O O P |
3 JaFEETE g0y aFEF a0
FEEEFRFEFFQOQZOOZEE

(m]alalalalafala]a]a]s]=]alu]lli]
b 5 G0 (S ) e G Y e
B b b L L L b L L R L B e
FEFFAOAFFFLFFOOO
————EE S
I e o e e S Y B e N
e b e bl e S
NUNNZWUZOW SSWWEZZE
OOoOOZ i ouuwood
L B L Ll L B L L B 2 2 e T e

Hannenhalli, S.S. and Russell, R.B. (2000) Analysis and prediction of functional sub-types from protein sequence alignments.

J Mol Biol, 303, 61-76.



Functional subtypes not based on sequence
SPR
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Yu, G.X,, Park, B.H., Chandramohan, P., Munavalli, R., Geist, A. and Samatova, N.F. (2005) In silico discovery of enzyme-substrate
specificity-determining residue clusters. J Mol Biol, 352, 1105-1117.



SDPred

Mirny, L.A. and Gelfand, M.S. (2002) Using orthologous and paralogous proteins to identify specificity-determining residues in bacterial
transcription factors. J Mol Biol, 321, 7-20.



Supervised methods
Based on an external functional classification

Existing supervised methods
« Hannehalli & Russell, 2000
 Kalinina et al., 2003 (Gelfand’s group)

v

Drawbacks

Applied to detect global important positions in
the determination of the classes

Disjoint classification of the sub-families instead
of quantitative similarities or hierarchical
classifications

Tested in examples with real function/phylogeny
disagreement?

Hannenhalli, S.S. and Russell, R.B. (2000) Analysis and prediction of functional sub-types from protein sequence alignments. J Mol Biol, 303, 61-76.

Kalinina, O.V., Mironov, A.A., Gelfand, M.S. and Rakhmaninova, A.B. (2004) Automated selection of positions determining functional specificity of
proteins by comparative analysis of orthologous groups in protein families. Protein Sci, 13, 443-456.
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Pazos, F., Rausell, A. and Valencia, A. (2006) Phylogeny-independent detection of functional residues..éioinformatics., 22, 1440-1448.
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Ras-p21 structural homologs

1e5dA_FMN/1-118
prm— Snul-_ FMN/1-115
1a8i-_LLP-GLEN-112
1gea-_GALA-116
1tA_IPT/1-103
8abp-_GLA-GLB/1-108
2dn-_RIF1-105
1dree-_MHD/M1-115
Txel-_MAD-UPGA-117
ToydA_MNAP/M1-123
1bdb-_MADM-127

1dapA MNDPA-116

y 1byus_GDPA-151
1dar-_GDP/1-141
Thurd_GDP/1-147
1cp2A_FS4/1-134
1regA_B12-DCA/A-115
1bmtA_COBA-114

1fsz-_GDP/1-129
1ckey-_MNAD1-95
Zscuf_MEP/M-111

|

Function-phylogeny disagreement ~ medium

Reason remote homology

Functional similarities (Xdet) chemical similarity between ligands
(Tanimoto coeficient)



SH3 domains

-

it T1KS1-55
shol_1K/1-54
abl 1A/1-55
src_1R/1-56
e l'| yes 1R/1-56
hck_1R/1-55
1 lyn_1R/1-55
— 2 R p— epSS-hu_2Df’1 -54
_I b @ps8-mo_2D/1-54
pex13_1R/1-56
—— 1 K crie_2Kf1-55
P————— grb2—n_2Rr’1 -54
i drk-n_2R/1-55
p53bp2_2R/1-52
—— my03_1 A/1-56
nbp2_1R/1-56
sla1-1_1R/1-57
spectr_1A/1-54
pi3k_1R/1-50
cap 2R/1-56
cort_2K/1-54
bzz1-1_1K/1-54

|
I bzz1-2_1K/1-57
stam2_RXXKP/1-54
T gads-c_RXXKP/1-54
i ygri36_2R/1-54
L ypri54_2R/1-54

1@
— RXXKP
2D

grb2-c_ RXXKP/1-54
rvs167_1R/1-49
yhl002_1R/1-53

[ —— yfrU24_2 R/1-49

abpl_2K/1-56

Function-phylogeny disagreement  high

Reason complex human-based functional deffinition, remote homology
Functional similarities (Xdet) quantified from the functional hierarchy

Cesareni, G., Panni, S., Nardelli, G. and Castagnoli, L. (2002) Can we infer peptide recognition specificity mediated by SH3 domains? FEBS Lett., 513,
38-44.



SH3 domains




Lactate/malate dehydrogenases

MDH-ECO57_1.1.1.37/1-145
f { MDH-MANSM_1.1.1.37/1-145
_— MDH-HAEDU_1.1.1.37/1-152
MDH-NITAL_1.1.1.37/1-28
MDHP-YEAST_1.1.1.371-143
MDHM-YEAST 1.1.1.37/1-146
MDHM-BRANA 1.1.1.37/1-144
MDHM-CHLRE_1.1.1.37/1-143
MDHG-SOYBN _1.1.1.37/1-144
MDHM-SCHMA_1.1.1.37/1-137
MDHM-HUMAN _1.1.1.37/1-144
MDHM-CAEEL 1.1.1.37/1-144
— MDHC-YEAST _1.1.1.371-164
MDH-SULAC_1.1.1.37/1-37
LDHB-FUNHE 1.1.1.27/1-141
LDHA-HARAN_1.1.1.27/1-140
LDHC-PIG_1.1.1.27/1-141
LDHC-RAT_1.1.1.27/1-141
LDHBB-HUMAN_1.1.1.27/1-141
LDH-CAEEL_1.1.1.27/1-141
LDH-DROME_1.1.1.27/1-141
LDH-MAIZE_1.1.1.27/1-141
MDH-XANCP_1.1.1.37/1-152
MDH-AQUAR_1.1.1.37/1-152
MDH-BDEBA_1.1.1.37/1-155
MDH-DEIRA_1.1.1.371-150
MDH-THET2_1.1.1.37/1-150
MDH-DESPS_1.1.1.371-150
MDOH-NITEU_1.1.1.37/1-150
MDH-METCA_1.1.1.37/1-150
MDHP2-SCORBI_1.1.1.82/1-150
MDH-PARUW _1.1.1.37/1-150
MDH-CHLMU_1.1.1.37/1-150
MDH-CHLCV_1.1.1.37/1-150
MDH-PROAC_1.1.1.37/1-148
MDH-MYCLE_1.1.1.3//1-150
MDH-NOCFA_1.1.1.37/1-150
MDH-STRAW_1.1.1.37/1-150
MDH-CORDI_1.1.1.371-180
MDH-COREF_1.1.1.37/1-150
MDH-LEGPH_1.1.1.37/1-150
i, MDH-COXBU_1.1.1.37/1-150
MDH-LEPIN_1.1.1.37/1-151

MDHC-MEDSA_1.1.1.371-160

—| I MDHC-PIG_1.1.1.37/1-150
MDHC-ECHGR_1.1.1.37/1-150

Function-phylogeny disagreement  high
Reason convergent evolution (?)
Functional similarities (Xdet) binary (0/1)



TIM-barrel hydrolases

/ . L i

3.2.1.*

..........

Function-phylogeny disagreement  low (detailed distances)
Reason remote homology
Functional similarities (Xdet) binary (0/1)



Prediction of functional regions
Sequence-based methods
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AHIITDECISCG. . AECPVEAIHEGTGKYEVDAOKE IDCGACEAVCP
AYVINDSCISCG. . PECPVNAITAGDDKYV IDA IDCGACAGVCP
AYKILDTCVSCG. . AECPVDAISQGDTQFVIDAQKE IDCGNCANVCP

PECPVNAISSGDDRYVIDAQRE IDCGACAGVCP
RACPTDVLWEGCKAKQIATHREAGCKRCESACP
PEE°NGAISQGDETYVIEP TECVQCVEVCP
AECPVNAIEQGDT IFVVNAORE IDCGNCANVCP
DVCPVNLYEWNLNCDPVREJRE I FCMACESVCP

A AYVINEACISCG. .
.- -1IYDTCIGC..T
ALMITDCRINCNV .
AYKIEETCISCG. .
. - VDWDCCIADG. .

conserved subfamily-dependent
position conserved
position

Pazos, F. and Bang, J.-W. (2006) Computational Prediction of Functionally Important Regions in Proteins. Current Bioinformatics, 1, 15-23.



