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Analog Query Service

Goal: To search PDB using only sequence
and structural information

Challenges: Speed and accuracy of
search, data storage and maintenance

Requirements

« Definition of structural similarity

* Alignment algorithm to maximize similarity

» Database of alignments for known structures

* Software to integrate database and query tools
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Structural similarity defined by the
Number of Equivalent Residues (NER)

Can be maximized for a given alignment by optimizing
superposition or for a given superposition by optimizing alignment.
Scales linearly with the number of aligned residues

Standley D, Toh H, Nakamura H. Proteins 2004;57:381-391

GASH: Genetic Alignment of
Structural Homologs

GASH Structural Superposition

http://www.pdbj.org/GASH/

Standley D, Toh H, Nakamura H. BMC Bioinformatics 2005; 6:221
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GASH Flowchart

Local ASH/other programs

rse Distance Matrix

Cross Alignments

Maximize NER
Best Unique II
Superpositions

GASH Interface

SOAP service allows command )
line interaction from a remote To start GASH, enter a pair of PDB IDs
computer or PDB formatted files
GASH Structural Superposition

The 3D coordinates for each solution All alignments satisfying the
can be downloaded or viewed online selection criteria will be displayed
CASH Structural Superposition
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GASH compares favorably with CE and DaliLite

Alignment Accuracy

Query DaliLite

ID Nres
lab8A 208
1bxrA
1frvA
1mniA
1qgtB
1u02A
1bgw
1dwuA
1gqeA
1nvbB
1r6fA
1ludyA
lbww
1e0O3L
1kyqB
lobaA
1sftB

Ave.

GASH, CE and DaliLite speed are similar
for structures < 500 residues

Alignment Timing

Query Average CPU

ID Nres  GASH DaliLite
lbwwA 110 4
1qgtB 144
1mniA 154
lab8A 178
1ldwuA 214
1u02A 223
1frvA 263
1kygqB 268
1r6fA 273
lobaA 339
1ggeA
1sftB
ludyA
1nvbB
1e03L
1lbgw

1bxrA
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Structure Navigator 1.0

*Stores alignments for PDB entries
*Returns neighbor list for any PDB ID
*Alignments and structural superpaositions can

be downloaded or displayed

Structure Navigator 1.0

Interface

PDBj Structure Navigator

About PDB] Structure Navigator
Whats New

Structure Navigator Soap Service

To Enter Navigator, Input a PDB 1D and (optional) Chain ID E

NER Cutoff >= (absolute)
>= (relative)
5

http://pdbjs3.protein.osaka-u.ac.j
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Simple Object Access Protocol
(SOAP) service

SOAP service allows command line interaction from a remote computer

PDBj Structure Navigator

About PDB] Structure Navigator
Whats New

Structure Navigator Soap Service

To Enter Navigator, Input a PDB 1D and (optional) Chain ID

NER Cutoff >= (absolute)

mpls shrmi pragram far Jevs

‘Start Structurs Navigatar

Java Web interface

To start Web interface enter PDB ID

PDBj Structure Navigator ] ]
The input ID is mapped to

About PDB Structure Navigator |
asequence representatlve

Whats New

Structure Navigator Soap Service

Eo Enter Navigator, Input a PDB ID and (optional) Chain ID
NER Cutoff >= (absolute)

>=[05 ] retative)
S meer e The structure neighbors
: of this representative

have been computed
and stored on our server
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Results Sorted by NER Score

PDBj Structure Navigator

Back to Structure Navigator Top

Y NER(4) YoSeq ID Details

99 100 Supsrposition
79 4 Supsiposition
&7 32 Supsiposition
Supsiposition
Supsiposition
Supsiposition
Supsiposition
Supsiposition
Supsiposition
Supsiposition
Supsyposition
Supsyposition
Supsyposition
Supsyposition
Superposition
Supemposition
Supemposition
Supemposition

.
&

I RRr R P

GEGEREGER

a

46
46

5

5
45
4=
4=
4=
4=
44
44
44
44
44

g

NER Alignment

PDB] Structure Navigator

PDBj Structure Navigator Back to Results Page

Back to Structure Navigator Top

NER(4) %NER()  %SeqID
37 2 00

pasition
Superposition
Stperposition
Superpesition

Stperposition

The 3D coordinates
can be downloaded
or viewed with PDBj
Viewer or jV
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XPSSS Link

To learn more about a

particular neighbor, PDBj Structure Navigator
click the ID and the ot S i HeveSator 120
xPSSS page will appear Quy Tl NG SERO s

1bd0A
bd0A

= Decarboxylase from m jannsschi
0, 1B, Fiko, M.G., He, G, De
SKE

Sequence Navigator

PDBj Sequence Navigator (beta-version)

About PDBj Sequence Navigator

To Enter Navigator, Input a PDB ID and (optional) Chain 18|

OR Input an AA Sequence

M

Clear Form
Clustering Options

Saq. Tdeatity == 208 O »a 50% O 2= 508 O

Saq. Positives »= 208 O »= 508 O s 908 O

B-value <= Brp(-1) @ <= Brp(-5) O «n Bepi-12) O

Seors 3= 10 O »e 100
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Superpositions are computed by both RMSD
minimization and NER maximization

PDBj Sequence Navigator

L]

RMSD Superpositi

CARMSD = 3.32A [FDB File] [PDBjViewer] [V version

EDTHLYVTRLFETITODQLDTIF K|
E] o EEECCCC

QENTLEDXLIGRPRGVA! x v
EEFECOCCOCCODCTCRERECOC BHHERHANACCCCT RRERC

NER similarity

NER Superposition:

NER similarity

A BLAST search is performed on a
representative set of PDB sequences

PDB] Sequence Navigator [ PDRj

PDBj Sequence Navigator (béta-version) $ -

Aot POE) Soquence Mgt

To Erster Mavigator, Inpist a POR 1D [1539_| and joptionaly Chain ]

T P P S S ]
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Each hit can be used as input for a new query

POE] Squence Hovigmos PDBj

PDEBj Sequence Navigator (beta-version)

Aot PTR Secumice Naviget

To Enmer Kavigasor, input P06 10 751 _] and joptonan Chan o]

Analog Query Server

* Real-Time structure alignment
» Select best match from list of templates
* Infer remaining matches using Structure

Navigator 1.0
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Real-time structural alignment

Conventional Structural Alignment Programs too slow:

Assume 3000 representative templates, 15 sec/alignment
Query time = 15 sec X 3000 alignments = 12.5 Hrs!

Rapid ASH

Less than .5 sec per structure alignment
Nearly as accurate as GASH

More robust NER maximization than FAST
program (zhu J and Weng Z Proteins 2005 58:3)

Comparison between Rapid ASH and FAST for 1500 structure pairs

Accuracy ] CPU Time

i

NER Score

it Illllllll.lmfuuu..._f;_‘__ N
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Rapid ASH Flowchart

Local ASH

Al I

Maximize NER
Best Unique II
Superpositions

Structure Navigator-RT

beta-version

PDE File| ] [Browse...] chain [ |

Sequence Homology Filter Help
@® Pre-screen query using BLAST
O Dont pre-screen h BLAST
Domain Decom position!lelp

[ Break Query

(] Break Templates

Structure Alignment

® Use ASH program

O Use FAST program

Back o PDBj Top Page

http://www.pdbj.org/cgi-bin/run_algn_strucx.cgi
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Template Ranking

BLAST Pre-screen
Query Template Nalgn Seq ID NER/Nres Sup Neighbors i Rank
lagi 1hi3A_pdp0 107 27 79/125 FDE [JV3] List

Query Time: 37 sec.

Templates are initially ranked by the “structural descriptor”
distance then aligned in order by Rapid ASH

F‘e':(N PR

rest Do Ui Ry

N

res

Npee-1 N . .

J(l—]) it dj<dg,
Z Z 0  otherwise

N

_ =l jein

res

Best Template Match

BLAST Pre-screen
Query Template Nalgn Seq ID NER/Nres Sup Align Dist Rank
lagi 1hi3A_pdp0d 107 7 T125 PDE  [JV3i] _is Algn 134 9

Query Time: 37 sec.

Structural neighbors to query
are inferred from those of the template

Filter: NER >= 50 OR NER/Nres == 0300
Query Templ NER{4) %NER(4) %Seq D  Superposition

lggva  Ik2aA 134 oy 99 lggvi-1k2aA
lggvA  LhlhA 121 90 lggvA-1hlhA
lagvA  lizgh 101 75 7 lggvA-lizgA
legva  ledvA 101 75 7 1ggvA-1covA
lggvA  Zesp 101 75 7 lggvA-3rsp
lggvA  leieA 101 75 lggvi-leied
lagvA  3esd 101 75 7 lggvA-3rsd
logvh  desd 101 75 7 lggvA-drsd
leidA 75 lggvA-leidA
leicA 75
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BLAST Results

" Nalgn Seq ID NER/Nres Sup Neighbors Align Dist Rank

lagi Ihi3A_pdp( 107 27 To125 PDB  [JV3] List Algn 134 9

Query Time:

BLAST hits appear as a separate link

ck to Results Page

BLAST Pre-screen
Query Template Nalgn Seq ID NER/Nres 5 Neighbors Align Gl
lagi 125 100 125/125 List Algn 100
IbleA 119 65 116/125 List Algn 66
1k59A 118 65 1164125 List Algn 66
lunSA 118 64 115/125 Algn 63
1kSaA 118 65 115/125 Algn 67
1kSBA 119 65 114/125 Algn 63
IbljA 120 1144125 Algn 66
lundA 118 113/125 Algn 66
lun3A 115 5 113/125 Algn
lavTA 116 112125 Algn
lizrd 113 1027125 Algn
Irrad 113 1017125 Algn

Back to Results Page

BLAST Pre-screen
Query Template Nalgn Seq ID NER/Nres Si Neighbors Align GolID
lagi lagi 125 100 125/125 /3 List 100
IbleA 119 63 116/125 /3 List 66
1K59A 118 65 116/125 /3 List £ 66

lunSA 118 115/125 I List Algh 635
1kSaA 118 115/125 /3 List Alg) 67
IKSEBA 119 114/125 ’ List Algl 65
IbljA 120 114/125 /3 List Alg 66
lundA 118 113/125 /. List
lun3A 115 113/125 /3 List
lgvTA 116 112/125 /. List
lizrA 113 102/125 i List
IrraA 113 1017125 I List

QUERY --AQDDTRY
QUERY - =
TEMPL MKPPQFTHAQ IHMT: QOCTNAMD—V I NN YQRRCKNONTT L
TEMPL Inan ENIIER- I EEEEE TR
Equivalence 189005500667 777990

QUERY
QUERY
TEMPL
TEMPL
Equivaleace
CLPVEFDESFITPRE
EEE
HRDQRRDPPQIPVVFVELD 1T

Equivalence I S00000000000789559900£27000
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Coverage better than Structure Navigator 1.0

NER scores returned using SN 1.0 (blue) and SN-RT (red) for 4 PDB queries

gge’ lmniA

Summary

*GASH, Structure Navigator 1.0 and Sequence
Navigator are the foundation of analog query server

“*Rapid ASH derived from GASH

s Structure Navigator-RT derived from Structure
Navigator 1.0 and Sequence Navigator

«Structure Navigator-RT not limited to PDB queries

sLarger coverage than Structure Navigator 1.0
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