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NCBI Structure Resources

+ Overview of Structural Informatics at NCBI

* Indexing Structural Data at NCBI

» Finding Structures with Entrez

+ Finding Structures by Homology
— By Sequence Similarity: BLAST, CD-Search
— By Structure Similarity: VAST
— By Sequence and Structure: Curated CDs

+ Finding a Structural Template for a Query Protein
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» Created as a part of NLM in 1988
— Establish public databases

— Perform research in computational biology

— Develop software tools for sequence analysis
— Disseminate biomedical information




Structural Informatics




From PDB to Entrez
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From Coordinates to Models
1EJ9: Human topoisomerase |

Entrez Structure (MMDB)

MMDB 7

CBI Structure Summary

S : Crvstal Struchure Of Human Toporsomerase | Dna Complex
O M R Redinbo, J J Champats: & W G Hol, 1-Mar-00 PDB Description
Taxenomy: A Homo sapiens . C., D gynthetic construct
Reference: Fubhied  MMDB: 13733 PDB: 154
Pubmed
igw 30 Swucturg) | of [Bestiiodel =] with [CodD =] [Oepisy =] " Get Cod0 4 1r
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Indexing into MMDB

FToe — P

« Import only experimentally determined structures
» Convert to ASN.1 + Create “backbone” model (Ca, P only)
* Verify sequences * Create single-conformer model

Add secondary structure Add chemical bonds

interval {

from 49 ,
t6l}}},

id1, inter-residue-bonds {
name “helix 1" ,
type helix , atom-id-1 {
location molecule-id 1 ,
subgraph residue-id 1 ,
residues atom-id 1 } ,

{ molecule-id 1 ,

atom-id-2 {
molecule-id 1 ,
residue-id 2 ,
atom-id 9 } } ,

Creating Sequence Records

One record per chain

1EJ9A 1EJ9C 1EJOD

Entrez 3D Domains
3D Domain 0: 1EJ9AO = entire polypeptide




Creating 3D Domains

Building the Structure Summary

MMDB
Structure Summary

Description: Crystal Structure Of Human Topaisomerase | Dna Cormphi
Deposition: M Redinbo, J.J Champoux & W.G Hal, 1-Mar.00
Taxonomy: A Homo saplens . C, D synthet construct
Reference: Fubhied  MMDB: 13733 PDB: £

Witrw 30 Stucters | of [BeutModel =] with [CriD =] [Doplmy =] ™ GarCal0 407

Building the Structure Summary

o MMDB 3
- NCBI Structure Summary

Description: Crystal Structure Of Human Topaisomerase | Dna Cormphi
Deposition: M Redinbo, J.J Champoux & W.G Hal, 1-Mar.00
Taxonomy: A Homo saplens . C, D synthet construct
Reference: Fubhied  MMDB: 13733 PDB: £

Witrw 30 Stucters | of [BeutModel =] with [CriD =] [Doplmy =] ™ GarCal0 407




Building the Structure Summary
Shuc’::rhjg.gmary :’.

Of Hurnan Tops

JChampoux & WG £
Taxonomy: A Homo saplens . C, D gynth 3
Reference: Fub MMDB: 12733 PDB:

Witrw 30 Stucters | of [BeutModel =] with [CriD =] [Doplmy =] ™ GarCal0 407

Musclace ddda ain |

Entrez Conserved Domains (CDD)
CDD v2.02: A database of Position Specific Score Matrices (PSSMs)

Single Domains
Pfam-A seeds: HMM based models

ZEWN  pfam01234 [BERGEH representing a wide variety of functional

domains derived from SWISS-PROT

NV E:g smart00123 - HMM based models originally

concentrating on eukaryotic signaling
domains, now expanding

NCBI curated domains based on
- cd01234 LBl sequence and structural alignments

Protein Families

COG COG0123 BLAST based alignments derived from
complete proteomes of prokaryotes

Linking Sequence to Function
The PSSM  Position Specific Score Matrix
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Building the Structure Summary

MMDB

Structura Summary
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Identical Compounds

MMDB 7

Structure Summary

Deseription: Sruc

Deposition; JE©

Taxonomy:

Referance: 00 e

View 30 Swechrn | of [Basthiccel =] with [CrdD =] [Oaplay =] = Garaldddy

-

ey ] .
Suc oot Lde haln B
S loat e Chain €

Link from Structure to Ligands

ral Mechanisms Of Casptothecn Resistance By Mutations In Human Topossomerase

28191 ‘ b Compound

b Substance -
Poster L153 b 3D Dornains
re— ot




Finding Structures with Entrez

Structure and Structure Only 3D Domains only
3D Domains * EC number - SDI

« MMDB-ID « Experimental method « Accession

+ MMDB entry date + Resolution + Domain number

- Organism + PDB ligand code + Cumulative number
« Filter + PDB ligand name « # a-Helices

« PDB Accession + PDB ligand description . # g_Strands

« PDB Release date + # Ligand types - # Residues

+ PDB Class « # Modified nucleotides . Molecular weight

« PDB Source « # Modified ribonucleotides

- PDB Description « # Protein chains

« PDB Comment « # DNA chains

« Article title + # RNA chains

« Author

« Journal

« Publication date
« # Modified amino acids

Entrez Queries

Structure: Find human topoisomerases complexed with dsDNA

I topoisomerase AND 2[dnachaincount] AND human[organism] I

Structure: Find all fungal structures with bound calcium at 1-2 A resolution

I calcium[ligname] AND fungi[organism] AND 1.0:2.0[resolution] I

3D Domains: Find all viral four helix bundles

I 4[helixcount] AND O[strandcount] AND O[domainno] AND viruses[organism]

3D Domains: Find all 50-100 kDa strand-only domains published in 2004
| 0[helixcount] AND 2004[pdat] AND 50000:100000[molwt]

Protein: Find all 50-100 kDa proteins with structures published in 2004
l 2004[pdat] AND 50000:100000[molwt] AND protein structureffilter]

MyNCBI

Structure

Of Muesaes Tyroryl: Tima Fhosphodemeruse Co Vasaduse, Cictopamine, Ased Tewumclestide Agtg




Creating Entrez Links

el
B Full text in PMC
b 3D Dorains

b Nucleotide

F Protein
P PubMed

b Taxonomy

oeennse | Daa Complen

Finding Structures by Homology

Use simple sequence homology (BLASTp)
— Finds pairwise alignment based on sequence similarity

Use sequence and functional homology (CD-Search)
— Finds multiple sequence alignment based on sequence similarity

Use structural homology (VAST)
— Finds multiple sequence alignment based on structural similarity

Use sequence, structure and function (Curated CDs)

— Finds multiple sequence alignment based on sequence and structural
similarity

What Cn3D Can Do...

* Render, rotate, and annotate multiple structure models
» Create and edit multiple sequence alignments

» Import and align sequences and structures based on an
existing alignment

What Cn3D Can’t Do...

 Alter the structural coordinate data
» Create a theoretical structure or run MD simulations
* Read or write PDB files directly

10



A Path to a Structural Template

1. Find the most sequence-similar structure to the query
BLASTp; CD-Search

2. Construct a structural alignment
A. Curated CD: Locate using CD-Search and use the sequences
most similar to the query
B. VAST: Find the structural neighbors to the most sequence
similar structure

3. Align the query to the template: Use Cn3D
A. PSI-BLAST: Aligns sequence using PSSM of current alignment
B. SALTO: Aligns sequence to an existing block alignment: use
where sequence similarity is high
C. Threader: Aligns sequence to a structure and a block alignment:
use where sequence similarity is low

BLAST: Simple Sequence Homology

Goal: Find the most sequence-similar structure

BLAST Related Structures
Displays a graphical and text alignment between a query
sequence and a similar sequence with structure

Accessed from
« Blink
* Any protein BLAST search

Linking Genes/SNPs to Structures

genomic DNA exons
NC -B-

\ NM ——@— mRNA

—
\, NP —e_ protein

B

Find the most
sequence-similar
structure to the NP

11



Linking a Phenotype in OMIM...

126420
TOPOISOMERASE, DNA, I; TOP1

Alornative titfos; symbels
TOPIMUPSS FUSION GENE, INCLUDED

Gt g Jost |

TEXT

omarg of DHA rrands i a way that alows the rrands to pass through
oo amvther, the topelagy of DNA. Trpe [ opompomnns vk & s DHA rrand, wheveas the type 1T casymes bevak 2
strasds of duplex DHA. Several nes dessce suggest that 1og-usomerase | noemaly farncbons Surng rasscrption. Whether

. Y agd I can cobstingte for each other i trans: i bishes evdarectes 22 e con o weast has oot been

DHA topoiromeraes T and IT (126430) catalyze the brealong and
s

I, CAMP TANT [TOP1,ASPE336L Y AND ASPSSIGLY]

aliuadeed isolaved froem the plan Cateptofhen sCurenan, hat & g a0 AOUALY gt & wide vanety of
ol whibeor of edkaryot DHA topasomerase [ | (1971} dn Sat 2 CFT-renstant
brarrudes Weak prrea & ataotd 0 e TOPT gene, which caused arans aivd changes from asparmc I

oTET e v ep————Y

D002 DMA 1, CAMP TANT [TOP1, GLUMTELYS]

BLink Neighbors

NP_003277: human DNA Topoisomerase |

somerase 1. type | DHA topocmen
260keANE_003277 1[11225260)

0 tigen]

260 DA
Mlasching gi: 19804, | 2644118

Besthin | | Common Tres | | Taxnomy Fupon (30 sucuns 1) CO0-Seech | | gl |
T

190 BLAST hits to 37 unigme species Sart by sosssmy

® Archaca o Bactena (113 | Metazos |64)| Fugg |11 Plaots |0 | Vuses (@) Other Buiar

Eeep only| =] Cu-OfF [100 Solect | Foset

I In Mans<
T 1n cow

Related Structures

Query: DA topoesomerase | Homa sapie
Structure: 1436 Chasn A, Human Dna Topoisomenase | (7
Pair Dna Dugiex

MMDB: 1436 A Reference: PubMed

| [ 30 Bvuchmn | with [y -]

360

D533G

LGED 533
LGED 360
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Amino Acid Explorer: D vs G

| Aspartic acid vs Glycine
Click o diplay with Cnll) Click o disgiay with Cadl)

Amino Acid Explorer
| Aspartic acid vs Glycine

Frature Aspartic ackd Glycine
17 Aspartic acid along with ghetamic ackd Gl “Kﬂm}‘mmdﬂl
N(¢ T o B e ks with s s ack, i ksl i .
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AddRey Sroops gmoup caable asparic acd 0 comesponding lack of sieric hisdennce,
mw.aamu(mlu:h kg M k] ko o il
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:rkmhmml?m“mw Qéum ST

=
- one methylene group.
A m Moderaie None
C  Interactionmedes  lomic, H-bonds, van der Washs van der Waals
D I E o
E m-m s 5
F  lsoclectric point 30 0
Hydrophobicity 0417 0770
z sty GaY GoN
3> Polar @ Nonpalar
L properties [ £~ Aliphaiic
K @ Noncuntial @ Noncscaal

BLOSUMG62 Substitutions for D

| BLOSUMEZ Substitutions for Aspartic acid

mwmswsum,umm soores for aspartic acid.
menmwww froguently for mgutic siid @ homologous grsing,

coly Click by




Summary

* NP_003327 has 12 sequence-similar structures
* 1A36 is the most sequence-similar structure

» This best alignment covers residues 174-765 of
NP_003327 (174 to the C-terminus)

* The best ten structures are human (one is 1EJ9)
» The worst two come from yeast and a virus

A Path to a Structural Template

1. Find the most sequence-similar structure to the query
BLASTp; CD-Search

2. Construct a structural alignment
A. Curated CD: Locate using CD-Search and use the sequences
most similar to the query
B. VAST: Find the structural neighbors to the most sequence
similar structure

3. Align the query to the template: Use Cn3D
A. PSI-BLAST: Aligns sequence using PSSM of current alignment
B. SALTO: Aligns sequence to an existing block alignment: use
where sequence similarity is high
C. Threader: Aligns sequence to a structure and a block alignment:
use where sequence similarity is low

VAST: Creating Structural Alignments
Why search for similar structures?
* To superimpose structures
* To find homologs that sequence searches cannot: distant
protein homologs often conserve structure more strongly

than sequence

* To explore protein evolution: similar protein folds can be
used to support different functions

* To identify conserved core elements of a protein fold that
can be used to model related proteins of unknown structure

14



VAST: Structural Neighbors

Vector Alignment Search Tool

For each protein chain,

locate SSEs (secondary
structure elements),

and represent them as
individual vectors.

Human IL-4

VAST: Calculate ¢;

Vector position about the z axis

For both the query and
target structures,

Calculate the midpoint @
of each SSE.

For each SSE k,

align k along z and
project midpoints onto
the xy plane.

Then calculate [¢;], for
izk, j#k

VAST: Calculate (r,, z,)

Vector position relative to the xy plane

For both the query and
target structures,

For each SSE k,
set the origin at the
midpoint of k.

Then calculate r, and
z, for the endpoints of
SSEs i #k.

15



VAST: Create Comparison Graph
[ e——

. 1.2 3 4 5 6
O Nodes: ry3<>r,,
\

2

IL-4
5 Z13=>Zyy

1
@
3

4 ‘\ 3
IL-6 M 4
Qs

ArCs: ¢16<>¢15
must follow
sequence order

o

Select path with highest “weights”

VAST: Refinement

Co atoms are added to
the aligned SSEs

Aligned residues
are red

Alignments are allowed to
extend beyond SSE
boundaries

All atoms are added to the
models, and the detailed
backbone and sidechain
positions are refined

VAST: Alignment of Sequence

« Aligned blocks represent structural core elements

« Aligned blocks have no internal gaps

« Aligned residues occupy the same position in space
« Aligned residues are shown in CAPITAL letters

Helix 1

foiccks)
IRCE e
116

Helix 4

16



VAST: Summary

 Secondary structure elements are represented as vectors
and are aligned based on their relative orientations

» VAST ignores loops and tolerates variation in SSE length

« The initial alignment is wholly ignorant of atomic coordinates

» Pathways through aligned SSEs respect sequence order
» VAST is sensitive to topology

[~ ()

* Alignments are extended and optimized using all-atom models
« Aligned blocks may extend across or into loops or other SSEs

VAST: Scoring
p =dP(s>sy n)c(n, Py, Py,)

‘ The probability that the VAST alignment occurred by chance. ‘

d Number of structures searched (set to 500)
_ Probability of observing an alignment of n SSEs
with a score greater than s, by chance.

Search space:
C(n’ P1 ) PZ) Number of possible alignments of n SSEs

between vector sets P, and P,.

Query by Chain vs 3D Domain

wen A S L Flhper,
3d Do, | 1T I
s T T

s £t

MmMA L R RTTE 2
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VAST: Multiple Alignments gl

Viww 0 Sruches | of [MAioms =] with [ChO0 =l [Dasiey = wee gucampasr

Mawabgamant | using [Fypene =] o

= VKST nelghbors

3 stoucture nelghbors displayed.

1]
[N
AGHT
LRAI

@16)1(;) @

AL

ten. | scons| pvar | mwse| sra

89 [ 10e-31]| 04 | 99 2 Interleukmn-4 Mutant E%a

57 [ 00060 22 | 140 Cikary Nexotrophic Factor
55 | 00336| 30| 7 |Interferon-Eeta (Remuifn-E)

Description

25 | 10e42] 27 | 12 2 [Human Mucropboge Colony Stomiating Facter {Alpka Fomn,

Sebkle)

34 | 00178) 2% | 36 Human Inerferon-Beta Crystal Structure

T3 | 10860 25 | 91 ||Crystal Structure OF The Fi3 Ligand

B9 | 10e4.9) 24 | 103 Human Erythropoets, Mo Minevered Average Stroctare

44 | 00498 18| B1 | Crystal Structure OFf Human Oncostaon M

thiZ] 37T [0 24 | 16 5| Human Interleukon-6, Nmr, Miremized Average Stnacture
L[ ka2 & 1 56 | p01a) 7 [Hum Horma 2 5i soecior
T wma | — RS EE— —
r oamr — Ld
e — "

“Cleaning” VAST Alignments

« VAST multiple alignments are a series of pairwise alignments

« Only residues aligned in ALL pairwise alignments will be aligned in the
multiple alignment, sometimes resulting in spurious short blocks

« Removing such short blocks can ease alignments of imported sequences

A
B
C
A
B
|
A |
C
By default, VAST does not report every structural neighbor found!
171 neighbors found. 42 repr ives from the Medium subset displayed.

m a,
High redundancy
Honidensical sag
All sequences
Suelicsed nesghbon

Choose criteria for
inclusion in a set

Non-redundant set of
sequence similar clusters

VAST reports one
representative from
each cluster

18



Entrez Links to VAST Neighbors

Limiting VAST results by an Entrez query in 3D Domains

Ouspleyy [ Summary =] e[z =] _Sendio [Te =
ikl
Do
o

0. uedknd > [, Cermam Raighbsrs
_Ga | _chw |

] AND 4[helixcount] AND O[domainno] | —

=

[enge |1 o9

cemaen 0, Interevden 4 (B4) Mt Wih Adebticnsl Met A1 N.Te
[k 2007]

[Meer, Eneriy - Mimrared Swructare)

Submitting a PDB File to VAST

VAST Search

« Redesigned interface!
« This is the best way
to convert PDB into
MMDB format!

« Poster L152

® _Ssbeit | POB file: Beone
Saarehing aganst

s job, pleir erd @ reqart sbente m e followssg boe s itk

® | Show | result by requestid:

After Conversion to ASN.1
Structure @(W

MNew VAST Search

T
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g@l Curating CDs with VAST )

Bem G e Mode ety

Creecd e 3

o= L8 Mone e ke Jobicston fepts ¢d00203
A g T S S| =

CD-Curation: Effect on model alignment accuracy

2 VAST

Za

o

g o

£ .

ERd ot 1 f : . I

3o e eees— —— = L L L =L L

g 0 10 20 30 40 50 60 70 80 90 100
%id in structure alignment

2 RPS-BLAST before curation

§ o " T T 0 . K T

fo| . g ‘ T -

£ i

2 i lil e WO S N I N B

So 1 1 1 T T = TR0 ==

g 0 10 20 30 40 50 60 70 80 90 100
%id in structure alignment

2 RPS-BLAST after curation

oo -

., B

g | | Lo P

2 & —L i i i P !

e s sl == S S S

g 0 10 20 30 40 50 60 70 80 90 100
%id in structure alignment A. Marchler-Bauer

CD-Search: Functional Homology

CD-Search / RPS-BLAST
Query: protein sequence Database: PSSMs

pre-computed in
Entrez Protein

Search the Conserved Domain Database with Reverse Position Specific BLAST

. Enter accession, Gl,
or FASTA sequence
into RPS-BLAST

20



CD-Search Output

Click on a colored bar to align
your sequence to the CD

Show | Domain Fielates

@ This CD abgnment mehudes 30 structure. To display structure, downdoad Cndl)|

255 shrieity,

b e

N +v-re—ry Rt 3] e [T00m 3

cd00659: A Curated CD
2 Nesi w E‘p% _

Topo_IB_C

parent CD

dovesbaad Cna)
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CD Family Values

Residues aligned in the parent must be aligned in the child

Parent: cd00397, C-term catalytic domain of DNA breaking-rejoining enzymes ‘

‘ Child: cd00659, C-term catalytic domain of DNA Topo 1B

Curated CD Summary i

List of annotated features

Structures in CDs
CDD v2.02: A database of Position Specific Score Matrices (PSSMs)

pfam01234 [SERGEN  26.0% have structures (1884 of 7255)

Y38 smart00123 - 61.7% have structures (409 of 663)

cd01234 “100.0%" have structures (969)

Protein Families

COG COoGo123 ezl 9.6% have structures (468 of 4873)
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Available Sequence Homology

Hit CDD

Human RefSeq
proteins (28666)

28,666 sequences

64.5% hit CDD

52.5% BLAST > MMDB
45.1% hit both

28.1% hit neither

Finding Related CDs with VAST

o i s,

i e i e M e M M M B |

VAST Neighbors of 1EJ9AS

Sequence homologs
(BLAST, CDD)

VAST neighbors of
1EJOA5 (32)

23



Functional Homologs by VAST

VAST can extend and validate hierarchies of curated CDs

HPL1_INT_C

cd00659:
Topoisomerase |B

£d00797 15 part of 2
higrarchy

Summary

* NP_003327 has 12 sequence-similar structures
* 1A36 is the most sequence-similar structure

« This best alignment covers residues 174-765 of
NP_003327 (174 to the C-terminus)

* Residues 440-635 match cd00659: Done!
* Residues 215-429 match pfam02919

VAST Neighbors of 1A36 i

—_ EYTVTVY o
List | [Figpredundoncy =] subser sorsed by [abgradLosgh =] in [Geaphcs =]

Find | B0 o PO s [ o1 10 Domain ids: [

“ 3 the dhplayed.

- - LTECN

34 Bon,

T Topa,inc

= Tar,
©omia ]
Bouming < —— =0
T — —— =0
romming EE— E— 21
romina -—— 11
r ILILE] — uzr
rowms oz — — 0
rows 3 - — =
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CDART

CDART: Conserved Domain Archil R

Only available for single domain records:
cd, pfam, smart

k page Previcus 1

A Path to a Structural Template

1. Find the most sequence-similar structure to the query
BLASTp; CD-Search

2. Construct a structural alignment
A. Curated CD: Locate using CD-Search and use the sequences
most similar to the query
B. VAST: Find the structural neighbors to the most sequence
similar structure

3. Align the query to the template: Use Cn3D
A. PSI-BLAST: Aligns sequence using PSSM of current alignment
B. SALTO: Aligns sequence to an existing block alignment: use
where sequence similarity is high
C. Threader: Aligns sequence to a structure and a block alignment:
use where sequence similarity is low

Editing Alignments in Cn3D 4.1

LTHR secighbors - Sequence. wnend Yiewes
[BSRTE8] thossa ke sk ponfstion [ ipgsnts
S Pttt

Dbl Gt

Spum ety ek
Fearram
St Seres |
o et 1 e
= L | cemee B bt
it ek Wy s
e . Lo »
T o
177, b 53 (PO0 5 ¢ Bt v S okt .
e ——————
e
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SALTO: The Block Aligner

Kann, MG et al, Bioinformatics, 2004 Dec 21 (Epub)

« Creates alignments that match the -..... =
existing block structure St ekt I E|
» Matches are scored from a PSSM b S d E|
generated from the block alignment L i 21
+ An entire block must be matched with e Lo—
no internal gaps )
« There are no penalties for gaps - se@:j

L ot U 0 |
between blocks up to a set gap length A\ —
« Can perform both local and global -
alignments
« Generally used after BLAST or PSI- Ve s aach o bt L

L Rk
BLAST u_mu—mmm' =

o Carcel I

The NCBI Threader

Input

« Structure

« Block alignment
« Sequence

Attempts to find matches
based on chemical
contacts, mainly buried
hydrophobic interactions (O E

Useful on blocks for e

which sequence [Pe——— - e a—|
alignment methods fail Nt o v ste? 12008 [T
LN | |
v C—

e s abe wachome s Funaded?

Should be iterated with
varying block structures

Faximanas B

[

Identifying Alignment Problems

e L 8

Yew G MoneMode Unskped Jtfalie Sigriten ghyeents

ocksl  as

i ren TR
Leronis |10
Al

geometry
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Homologene i

Now align the human, mouse and plasmodium homologs

I 1: HemoloGena:2467. Gane comerved In Eukaryata
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To Learn More...

PDB Ligands in PubChem
—Poster L153, Wed., 2/16, 1-3 PM
New VAST Search interface
—Poster L152, Wed., 2/16, 1-3 PM
Booth 530

info@ncbi.nlm.nih.gov
NCBI Handbook, Ch. 3

To Learn More...

‘ http://www.ncbi.nlm.nih.gov/Class/Structure/course.html

Host this course at
your institution

sayers@ncbi.nlm.nih.gov

bhagwat@ncbi.nim.nih.gov
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