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Goal:
« Given a sequence & structure,

Recognition Of predict its molecular function
Ligand Binding Sites
with Templates
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RVCKHPEGNFCLKNDLSMPRGTMQDGTSRFTCRGKPIHHFLGTSTESQY T
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Sequence Motifs Q Sequence Motifs

Recognize local patterns (motifs) in sequences
indicative of specific functions

Recognize local patterns (motifs) in sequences
indicative of specific functions

Example: Prokaryotic € Release 2004.1 - Family PD187037 I &
glutathione synthetase

ATP-binding domain | Ewosa) e [FE= () frosi® MSE (BT

Gty e s I
1 GSHBRALSO 123 150 180 EXIATA-QREFTAFTIVTRONGURETEARQGIVIFY —
2E1GSHB_NEMB 175 WEALATL-NFSRFTAPTIVTTRSADVRTFLRERGDTITS Transition
o omni NIED 125 162 147
5 E1GSH_YERPE 906 WEKLTTA-VITEUTRD IV IRRADKIRATHOEHGD I Probability
55 GSHB_BUCAP 455
10E1GSH_WiGER. 11,44 WERITVT-EE DU TLTROPEE TYATREETGOTIER
263 GstB_Bucep 386 NEELFTSTUFPHCTITL TSI TRLA IRV
4B Gst_sPT 507 AL TSV TIVSADRD IR VER QG Output
4B GSHB LT 208 utpu

Probability

1 GBEDISPSEPK 120 161 102 KEANFAT-LFPOCTTPTLVSRREDIIRETTARSADVILE
1 GSHBPSEAE 124 161 105

GBTVAUPSESM 124 181 062 WEXLFAT-LEPUCTPTLVSRRADILRETAEQQIVILE|
40 Consensus 87
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— Hidden Markov Model
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Sequence Motifs Q Structural Motifs

Recognize local patterns (motifs) in structures
indicative of specific functions

Many tools match query sequences against
sequence motifs

ProFunc: InterProScan results for 1gsa
PROSITE, FRIVTS, i A, TIGREAN

Examples:
* InterPro
*« PROSITE
¢ PRINTS
* PFam-A
« TIGRFAM Lo
* PROFILES i s
. PRODOM e EEmUiLT R s,

Ser-His-Asp Triad

Prokaryotc glutstions syrthetase, ATP gra

AT GRASF.
‘083391 SHIFL_08301;
‘GSHB_ECOLIPosszs

SoSaat L oasas Subtilisin (B. amyloliquefaciens)
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Glutathians syminatsse ATP-binding domsin ke|

InterPro [Zdobnovol] / http://chemistry.umeche.n an,m\/
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Structural Motifs

Example: serine proteases

C-CH;—Serios

hup:/chemistry.umeche.maine.cdu/ )
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Structural Motifs

Example: serine proteases:

Chymotrypsin vs Trypsin

Trypsin (yellow)
Elastase (green)
Chymotrypsin (blue)

hup://chemistry.umeche.maine.edu/
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Structural Motifs

Example: serine proteases
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Structural Motifs

Example: serine proteases

Subtilisin
(bacterial serine protease)

Chymotrypsin
(mammalian serine protease)

http://www.sinauer.com/pdf/06-09-03-1-16. ‘my
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Structural Motifs
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Example: serine proteases

His
Asp SUBTILISIN
CHYMOTRYPSIN A

ON SRR

SERINE-TYPE
* CARBOXYPEPTIDASE
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Binding Site Representations

Template )
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Templates
Key idea:
» Encode only the key aspects of the pattern
« Eliminate the noise when matching
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Template construction
Template search
Results
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Template Construction

Possible methods:
* Human annotation
« Statistical analysis
* All patterns in protein
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Methodology:
« Build a structural motif per class
« Search for each structural motif in novel protein
« Report statistically significant “hits”

1mbb Template

UDP-N-acetylenolpyruvoylglucosamine reductase

Slide courtesy of James Watson /
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Possible methods:

Human annotation

« Statistical analysis
« All patterns in protein

s 245 A
QNxs 199 A

& s Oxidoreductase

The Catalytic Site Atlas (CSA) contains templates
manually curated from scanning the literature

[Porter04] /




Possible methods:
* Human annotation
Statistical analysis

« All patterns in protein

neut'al

Distribution of atom types contacting adenine rings in PDB
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Waccepto

Wdonor
hyoophilic
hyd-ophobic:

maromatic

[Stockwell05]/

Possible methods:

* Human annotation

« Statistical analysis
All patterns in protein
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3-Residue Templates

Training structure
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Slide courtesy of James Watson /
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Template Search

Does a given pattern appear in the protein?

His
* : Ser
Asp

CHYMOTRYPSIN

Possible methods:
* Human annotation
Statistical analysis

« All patterns in protein

Wacceptor
dono

Distribution of polar atoms contacting adenine rings in PDB
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hydrophilic

[Stockwell05])
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Template Search

Does a given pattern appear in the protein?




Challenges:
» Template is subset of structure
* Arbitrary translation
« Arbitrary rotation

His
i .=< : Ser
CHYMOTRYPSIN
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Introduction

Template construction
Template search
Results =

Discussion
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Common problems:
» Too many false positives
« Top hit rarely the correct hit — even in “obvious” cases

§ Local distortion in structure may give a large rmsd

Need a way to encode more information in
templates to avoid false positives
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 Use of rmsd rarely discriminates true from false positives

Template Search

Methods:
* Geometric hashing
« Association graphs
« Grid correlation

Hash Table Key = (index,

Tndex =| ALI|ALI| PII

[Shulman-Peleg04] )

Results

Web servers report template hits

Longest Over- %-
E-  arity ident fitted  Seq lengths tage  Structural
Hitno. value score [equiv] Templateid Matched PDB entry segment queryltarget lap seqid similarity.
©1 201E- 25734 1011 [21] ATPc0011 1dv2: The structure of biotn 89/ 314450 378 1656% 94.1%
4 carboxlase, mutant £288k, complexed
with atp
©2 615E- 24238 11/11[20] POBCO003 1iov: Complex of chala d-aiz igase witn 1381 3145306 360 1471% 992%
[ ‘adp and a phosphoryl phosphonate.

c. Possible matches ( 0.01 < E-value < 0.10)
no hits in this category

d. Long shots ( 0.10 < E-value <10.0)

Simil- Neighbours Longest Over- %-
- arity ider fitted Seq lengths tage  Structural
Hitno. value score [equiv] Templateid Matched PDB entry segment queryltarget lap seqid similarity
©3 1514 13769 8 [17]  MPC0004 1z20:Inositol 1 34-tispnosphate 5/6- 75/ 314311 375 16.08% 91.4%
nase in complex vith mo2+/acpins
©4 1260110928 91 [14]  PHYc0003 1ede: D-alanyl.dlacate igase 6/ 314B41 390 19.43% 913%
Laskowsk ’\\/
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Example Query
PDB code: 1hsk

UDP-N-acetylenolpyruvoylglucosamine
reductase (MURB)

E.C.1.1.1.158

Contains the 3D template that characterises
this enzyme class

Sequence identity to template’s
representative structure (1mbb) is 28%

Slide courtesy of James Wa \,,/
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Example Query G Example Query

Hits for 1hsk template: Identical residues hse'
Hit E.C number Rmsd Enzyme in tem plate
1. EC.1.399.2 0.76A Acyl-CoA dehydrogenase Arg %
2. E. . 0.76A Tryptophan synthase a-subunit S
3. EC.3.21.73 1198 Glycosyl hydrolases, family 17
4. EC.3.21.73 1.21A Glycosyl hydrolases, family 16
5. E.C.4.1.2.13 1.25R Fructose-bisphosphate aldolase (class I)

102. E.C.1.1,1.158 UDP-N-acetylmuramate dehydrogenase

rmsd=2.19.
386. e 3.94A e Arg Glu
Template structure — 1mbb Query structure — 1hsk
Slide courtesy of James Watson / Slide courtesy of James Watson /
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Example Query Example Query

Identical residues
in neighborhood

Similar residues
in neighborhood

Template structure — 1mbb Query structure — Thsk Template structure — 1mbb Query structure — Thsk
Slide courtesy of James Watson / Slide courtesy of James Watson /
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Example Query Discussion

Hits for 1hsk template & neighborhood:

Hit E.C number Rmsd Score Enzyme

1.E.C.1.1.1.158 2.08 UDP-N-acetylmuramate dehydrogenase

2.E.C.32.1.14 213 146.0 Chitinase A chitodextrinase
1,4-beta-poly-N-acetylglucosaminidase ‘7
coly-beta-glucosaminidase

3.E.C.3.21.17 192 142.4 Turkey lysozyme

4.E.C.3.2.1.17 1.89 138.7 Henlysozyme

5.E.C.35.1.26 147 132.3 Aspartylglucosylaminidase

6.E.C.3.2.1.3 154 131.1 Glucan 1,4-alpha-glucosidase

Slide courtesy of James Watson / Y




