Structural Analysis Quick Start
An NCBI Mini-Course

A protein domain is considered to be a distinct functional and/or structural unit. A
domain in a structural context refers to a segment of a polypeptide chain that can
fold into an independent three dimensional structure. It may interact with other
domains of the protein or may simply be joined to other domains by a polypeptide
chain. A domain in a sequence context refers to a long sequence pattern that is
shared by other proteins having a common evolutionary origin. A domain may
include all of the protein sequence or a part of it. A conserved domain is a
recurring unit in molecular evolution whose extents can be determined by
sequence and structure analysis.

The Conserved Domain Database (CDD) contains domains derived from the
Smart, Pfam and Clusters of Orthologous Groups (COGs) databases.
Conserved domains can be represented as multiple sequence alignments.
Source alignments are processed by NCBI as follows:

- Sequences in the alignment for which a link can not be provided to a protein in
Entrez are removed.

- If possible, a closely related sequence with a known structure is substituted.

- A representative sequence, preferably with a structure link, is chosen from
among those in the alignment.

- A consensus sequence is made.

- A position-specific scoring matrix (PSSM) is constructed.

The Conserved Domain search (CD-search) compares a protein sequence to the
PSSMs in the CDD database to identify conserved domains within it and to
identify a 3-D modeling template. Since the PSSMs are the "subject", instead of
the query as in PSI-Blast, the CD-search is a form of Reverse Position-Specific
Blast (RPS-Blast).

The Conserved Domain Architecture Retrieval Tool (CDART) can be used to
identify proteins containing the domain(s) present in the query sequence.
Conserved domain(s) present in all sequences within Entrez proteins are
identified using CD-search during routine NCBI processing. These pre-computed
results are accessed through CDART.

The Vector Alignment Search Tool (VAST) is a computer algorithm developed
at NCBI to detect similar protein 3-dimensional structures. The "structure
neighbors" for every structure in NCBI’ Molecular Modeling DataBase (MMDB)



are pre-computed. These neighbors can be used to identify distant homologs
that cannot be recognized by sequence comparison alone. A VAST-search can
be used for determining the structure neighbors for recently solved structures not
yet in MMDB.

Cn3D is a helper application for web browsers to view 3-dimensional structures
from NCBI's Entrez retrieval service. Cn3D runs on Windows, Macintosh, and
Unix. Cn3D simultaneously displays structure, sequence, and alignment, and
now has powerful annotation and alignment editing features.

In this course, we will learn to

Identify a conserved domain present in the query protein using CDD
Search for other proteins containing similar domain(s) using CDART
Explore a 3D modeling template for the query sequence using CDD
Find similar structures using VAST

Visualize and annotate the 3D protein structures using Cn3D

The remainder of the handout includes the introductory slides and the screen
shots of the exercise demonstrated in Problem 1.

URL: http://www.ncbi.nlm.nih.gov/Class/minicourses/quickstructure.html

Course developed by: Dr. Medha Bhagwat (bhagwat@ncbi.nim.nih.gov)
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Conserved Domains
e recurring unit in molecular evolution;

extent can be determined by
sequence and structure analysis;

e performs a defined function;

* represented as a multiple local sequence
alignment of proteins containing the domain

(position specific scoring matrix, pssm).

CDD Search page:
http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtmi
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Problem 1

In this problem, we will follow these steps:

A. Identify conserved domain(s) present in a protein.

B. Search for other proteins containing similar domain(s).

C. Explore a 3D modeling template for the query sequence.

D. Find distant sequence homologs that may not be identified by BLAST.

NCBI's Conserved Domain Search allows you to match your protein sequence to
a library of conserved protein domains, generate a multiple sequence alignment
based on this match, and explore 3D modeling templates for your sequence.
Click on the CDD link provided below,

CDD

Paste the following protein sequence in the CD-Search query box and run the
search.

MDPIALTAAV GADLLGDGRPETLWLGIGTLLMLIGTFY FIV KGWKC\%.ﬂ
SMFFGIGLTEVQVGSEMLDIY YARYADWLFTTPLLLLDLALLA
HTPLARY TWWLFSTICMIVVLY FLATSLRAAAKERGPEVASTFN!
VGLGIETLLFMV LDV TAKV GFGFILLRSRAILGDTEAPEPSAGAEA

o o

A. What is the domain present in this protein?
Obtain more information about the domain by searching in NCBI's Bookshelf

B. Go back to the CD-Search results page. Obtain a list of proteins with similar
domain architecture by clicking on the "Search for similar domain architectures"
button. To display the records, click on the link to the sequences and from there
on the “Look up Sequences in Entrez”. Change the display from “Summary” to
“FASTA”.

C. Go back to the CD-Search results page. Generate a multiple sequence
alignment for the top 10 sequences representative of the conserved domain hit
by clicking on the graphic of the domain. Use the "Row Display" list box pull
down menu to specify "up to 5" sequences and reformat sequence alignment.
Extend the “Structure” display and invoke Cn3D with a display of a 3D modeling
template and a multiple sequence alignment including your query sequence by
pressing the "Show Structure" button.



The structure of the Halobacterium salinarum halorhodopsin protein and its
sequence alignment with our query protein are displayed. For a better view of the
backbone, remove the side chains globally (Style--Edit global style--Protein side
chains). The query protein contains a bacterial rhodopsin signature
(FMVLDVTAKVGF) where K is the retinal binding site. Identify these residues in
the query protein and highlight the corresponding lysine residue in the
halorhodopsin protein sequence.

Display the side chains of this residue (Use Style--Annotate--New--Edit Style.
Change the protein backbone Rendering to Tubes, Color Scheme to User
Selection and User Color to choose the color for the highlighted residue, for
example yellow. Repeat these steps for the Protein Side chains row and click the
Protein Side chains on. Click on the “Done” button. To zoom in, press z on the
keyboard. Identify the cofactor near the lysine residue.

D. To obtain the structural neighbors for the halorhodopsin protein, first click on
the structure entry link, 1TTNO_A, on the CD-Browser page. Then click Links —
Structure on the top right, then on 1TNO again in the Entrez Structure page, and
finally on the chain A graphic. To view neighbors with 1TNO_A, select one or
more of the check boxes next to the structure neighbors and view by clicking on
the "View 3D Structure" button.
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Many Integral Proteins Contain Multiple Transmermbrane o Helices

Although Figure 3-33 depicts glycophorin as a monotner with a single o heli spanning the bilayer, this
protein is present in ervthrocyte membranes as a dimer of two identical polypeptide chains. The two
membrane-spanning o helices of glycophorin are theught to form a ceded-cod struchure (see Figure
3-%a) stabilized by specific nteractions between the amino acid side chains at the mterface of the two
helices. It 1z now known that many other transmetnbrane proteins contam tweo of tore
membrane-spanning o helices. For mstance, the bacterial photogynihetic reaction center (PRC)
cotnprises four subunits and several prosthetic groups, including four chlorophyll molecules. In this
complex protein, three of the four subunits span the membrane; two of these subunits (L and 1) each
mbrane-spanning o helices (see Figure 16-40).

contain five

d important family of integral proteins is defined by the presence of seven membrane-spanning
o heligfs. More than 150 such “seven-spanning” membrane proteins have been identified. This class of
proteins is typified by bacteriorbodopsin, a protein found in a photosynthetic bacterium (Figure
3-34). Absorption of light by the retinal group attached to bacteniorhodopsin causes a conformational
change in the protein that results in pumping of protons from the cytosol across the bacterial membrane
to the extracellular space. The proton concentration gradient thus generated across the membrane is
uzed to synthesize ATP, as discussed m Chapter 16, Both the overall arrangement of the seven o helices
m bactenorhodopsin and the identity of most of the amine acids can be resolved by computer analysis of
micrographs of two-dimensional crystals of the membrane-embedded protein talien at various angles to
the electron beatn.
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MIESFIXATPTLPWPEPSPT PIPTVVPGSDPIFQVLHDTGKRTLHVVIVIMGISSLVFYVLGARVP
ITKRVFHVLVALASTISFIIYLALATGQGMDWKLDI IKEHNKHVENTTQEYYRQILWLRYVLWFLTEPLG
LISLSLLSGLPGAHLLIATAADFIMLGSGILGTYAGHSSRRWVWET ISAIGYLTTVYHISVEGSRAASNK
DVQTHRFFGILSGVMLFVKLLYPVALAAGALALKINVDVETILFAI¥DIFSQGILGYWLLIAHDGAPGIT
LNVDGFWSHGLGNEGATRISEEDGA

" 3: ABOS88140. Reports proteorhodopsin [ .. [gi:141534101]

>gi|141534101 |gb|AB088140.1| proteorhodopsin [gamma protecbacterium HTCC2207]
MINNLSASDPVGISFWLISMALVARTAFFFVERDRVAGKWKT SLTVSGLVILIARVHYFYMRDVHVATGT
SPTVFRYIDWLLTVPLLMIEFYLILSAVTKVPAGVFWRLLIGT IAMLGFGYAGEAGHMDARMAFT PSMAR
WEYIIWEIFRGEASQINAGLANANVQEAYKTMTILLVIVGWSIYPLGYFFGYFMGSQDEVMLNVIYNVADF
WNKIAFGVVIHARAVADSE

" 4: ABOS88139. Reporis proteorhodopsin [...[gi:141534099]

>gi|141534099|gb |AB088139.1| proteorhodopsin [gamma protecbacterium HTCCE216]
MALVAATAFFFVERDRVAGKWKT SLTVSGLVILIAAVHY FYMRDVWVATGT SPTVERY IDWNLLTVPLLMI
EFYLILSAVTKVPAGVFWRLLIGT IAMLGFGYAGEAGNMDARMAFT PSMARNFY I IHE IFRGEASQINAG
LANANVORAYKTMILLVIVGWS I ¥ PLGYFFGYFMGSQDEVMLNV I YNVADFWNR IAF GV INARAVADSK

[7'5: ABO88138 Reports proteorhodopsin [ [gi:141534097]

>gi|141534097 |gb|ABO88138.1| proteorhodopsin [gamma protecbacterium HTCCE124]
YFFIERDRVAGKWKTSLTVSGLVTLIAAVHY FYMRDVHVSTGT SPTVFRYIDWLLIVPLLMIEFYLILSA
VIKVEAGVFWRLLIGS IAMLGFGYAGEAGWMDAKMAF T PSMARWFY I TWE IFKGEASQINAGLANANVGR
AYKTMTLLVIVGWSIYPLGYFFGYFMGTQDPVMLNVIYNVADEWNEIAFGVVINARAVADS

" 6: ABO88137. Reporis proteorhodopsin [...[gi:141534095]

>gi]141534095|gb|ABO88137.1| proteorhodopsin [gamma protecbacterium HICCE245]
TAFFFIERDRVAGKWKTSLTVSGLVILIAAVHYFYMROVWVSTGTSPTVFRYIDWLLTVPLLMIEFYLIL
SV TRV GVENRLLIGS I AL G YA GE AGWM DA M A F T P S M AN Y T IWE IFKGEAS OTNAGT ANANY

Next

page [ |of2s

Link:
@ Nextsequence

Link:
@ Previous sequence ¢ hext sequence

BLink, Conserved Damains
Link:

& Previous sequence & Next sequence

BLink, Conserved Domains
Link:

& Previous sequence @ Next sequence

BLink, Conserved Domains,
Link:

& Previous sequence € Next sequence

BLink, Conserved Demains,
Link:

@ Previous sequence ¢ hext sequence

@mﬂ :

365 =

MewSearch | PubMed |  Nucleotide | Protein | Structure

Taxonomy

[Help_]

Query sequence: [(local sequence)icl|Undefined_sequence]

@ Concise Result ¢ Full Result [~ Show Search Information /

Bac_rhodopsin

Descriptions

Lt Title
[+lpfam01036, Bac_rhodopsin, Bacteriorhodopsin..

No

Multi-Dom
1e-50

E-value

Search for similar domain architectures

11



NCBI Domains

HOWE H | SITE Wep Entrez I CDD [ Structure Protein

1965 =

Bac_rhodopsin, with user query added

Bacteriorhodopsin.

i
[+ ] Structure:

@ Other Related served Domains:

»
4 | RefmmatSequenceAlignmemI F-:Iwah Compact Hypertext vl Row Disp| olor Bits: |20bits x| Type Selection: |the most

1TNO_&
query

gi 114808
gi 60391839
oi 2498387
oi 2498386
gi 1168614
oi 2498383
1E12 A
1URZ A

<> NCBI e

SITE HEP Entrez [ CDD [ Structure

pfam01036.13 Bac_rhodopsin, with user query added

Bacteriorhodopsin.
[ +] Statistics:
[ -] Structure:

Program: |Cn3D -

Drawing: |Al Atoms -
Aligned Rows: |upto 5 hd

[Download Cn2D]

Other Related Conserved Domains:

1TNO B

query
g1 60391838 21
gi 2499387 14
1URZ_B 15




CDD Descriptive Items . x|

Mame: Eac_rhodopsin

Bacteriorhodopsin, -
Skructure surmmary:
FDE 1THO (MMDE 29943}

1THO_A: gi 568535896 ([Halobacterium salinarum] Structure OF
Bacterorhodopsin Mukant AS1p) ;l

Show grmotations Panel Show References Panel | Dismiss |

E&Bac_rhodopsin - Cn3D 4.1 -0 =|
File Wew Show/Hide Style Window C0D Help

13



Bac_rhodapsi

MAlignrment Wiewer

megl gt LYFLVEGMGY SDFDAKEFYAITTLVPPIAFTMY LAMLLGYGLTMYV FFGge qnPIY
mligtFYFIVEGWOVTDREEAREYVYSITILVPGIASAAYLAMFFGIGLTEVOVGsemlDIY
mligtFYFIVEGWEVTDEEAREVY BITILVPGIARAAYLEMFFGIGLTEVOVGsemlDIY
mflgmlLYFIARGWEVEDORROEF Y IATIMIAATAFVNY LAMALGFGVTTIELGgee rATY
mligtFYFIVEOWEVTDEEAREY Y SITILVPCIASAAYLSMFFGIGLTEVOVGsemlDIY

Style Options

Settings |Labels| Detailsl

— Fiendering Settings

Group Show Fendering Color Scheme zer Color

Protein backbone: IEDmplele j ITubes j ILIser Selection j |
Pratein sidechaing: v ITubes j ILIser Selection j |
Mucleotide backbone: ITrace j ITubes j |M-:Ie-:ule j -

Mucleotide sidechainz: v IW’ire j I Molecule j -
Heterogens: #  [ealandstick x| [Element =
Salvents: r sl and Stick >] [Element =1
Connectians: v ITubes j I User Selection j |
Helix obiects: I~ [wiharows =] [Object =1 T
Strand objects: 'l I\-\-"ith Armows j I Object j -

Vitual disulfides: v |
Hydrogens: ' B ackground: -

Done I Cancel &pply after each change? v Apply

14



Entrez ‘ CDD ‘ Structure

s ! o
e s e
[

pfam01036.13 Bac_rhodopsin, with user query added @
Bacteriorhodopsin.
[ - ] Structure:

Show Structure
Program: m
Drawing: lm

Aligned Rows: lm

[Download Cn2D]

Othefelated Conserved Domains:

Reformat Sequence Ahgnmentl Format: |Compact Hypertext x| Row Display: [upto 5

=] color Bits: [20bits =] Type

15



4Ly :
5 Protein

Nuc Protein Genome

Search | Protein =] for [TTHOA Go| Clear |

Limits Preview/Index History

Display |GEnF‘apI

Range: from |Pegin to Jend Features: ¥ CDD ﬂ Refrash

jsmv,lZU leEmﬂn j

I71: 1TNOA. Reports Chain A, Structur. . [gi:56553896]

Comment Fealures Sequence

LOCUS 1THO & 249 aa linear BCT 11-JUN-2004

DEFINITION Chain A, Structure Of Bacterorhodopsin Mutant ASip.

ACCESSION  1TNO &

VERSION 1TNO A GI:56553896

DBSOURCE pdb: molecule 1TNO, chain 65, release Jun 11, 2004;
deposition: Jun 11, 2004:
class: Membrane Protein;
source: Mol id: 1; Organism scientific: Halcbacterium Salinarium;
Organism common: Halobacterium Halobium; Gene: Bop, Wngl467g;
Expression system: Escherichia Coli; Expression system common:
Bacteria;
Exp. method: X-Ray Diffraction.

KEYWCRDS

SOURCE Halobacterium salinarum

ORGANISM Halobacter salinar

Structura

Taxonomy

Clipboard Details.

BLink, Conserved Dom:

» Related Structure
» Related Sequences|
+ 3D Domains

+ Domain Relatives
¥ PubMed
» Structure

Search | Structure

About Entrez.

En ucture
Help | FAQ

Structure Research
The NGB Structurs group

MMDB
About Entrez's structure:
database

KNe3

Publled

\ Limits TF‘rewewf‘lmdex TH\story TCI\pboard TDetaHs 1
Disptay [ Summary =/show[20 =][Sendto =]

All: 1 ‘ Bacterial 1 T Eukaryotic: 0 T Ligand: 1 T NMR: 0 T X-ray: 1

M 1: 1TNO
S e Of Bacterothodopsin Mutant AS1p
I 429943]

S Structure

Genome

Structure

WAST, Links

\

16



S MMDB
- NCBI Structure Summary

PubMed BLAST Structure Tax ) OMIM
Reference: Yohannan S, Yang D, Faham S, Boulting G, Whitelegge J, Bowie JU Proline substitutions are not
easily accommodated in a membrane protein J. Mol. Biol. v341, p.1-6
Description: Structure Of Bacterorhodopsin Mutant AS1p.
Deposition: 2004/6/11 2
Taxonomy: Halobacterium salinarum
MMDB: 29943 PDB: 1TNO Structure Neighbors: VAST

_“E‘!V_:’.QEFLFP_’E__| of [All Atom Model =][cn3p x| [Display =] @ Downioad ca3o!

Molecular components in the MMDB structure are listed below. The icons indicate macromolecular chain
classifications and ligands. Please hold the mouse over each icon for mare information on the compone

3D domains. protein
/

Protein

Donain Fanily Bac_rhodopsin

Protein

Donain Fanily Bac_rhodopsin

(x2)

Ligand

VAST

Structure Neighbors

-
3 NCBI

PubMed Structure Xonomy OMIM

VAST neighbors for: MMDB 29943, 1TTNOA ¥
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Owerview: There are two main sections to this page. The first section consists of the alignment view controls, the list controls, and the
advanced neighbor search controls. The second section is the VAST neighbor list itself &
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PDBCD Ali. Len Score E Val Rmsd %Id MMDB Date LH SP Description
= 10e- Ground State Of Halorhodopsin
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: Combination With The Ground
State Structure
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Problem 2
In this problem, we will follow these steps:

A. Identify conserved domain(s) present in a protein.

B. Search for other proteins containing similar domain(s).

C. Explore a 3D modeling template for the query sequence.

D. Find distant sequence homologs that may not be identified by BLAST.

NCBI's Conserved Domain Search allows you to match your protein sequence to
a library of conserved protein domains, generate a multiple sequence alignment
based on this match, and explore 3D modeling templates for your sequence.
Click on the CDD link provided below,

CDD

paste the following protein sequence in the CD-Search query box and run the
search.

>gi|2851597|sp|P25848|PHY 1_CERPU Light-sensor Protein kin?::H
MSATKKTY SSTTSAKSKHSVRVAQTTADAALEAVY EMSGDSG

QREGLIQNFGCMVAVEEPNFCV IAY SENASEFLDLIPQAV PSMGE
AATQDISLLNPITV HCRRSGKPLY AIAHRIDIGIV IDFEAVKMIDV PV
LPGGDIELLCDTIVEEVRELTGY DRV MAFKFHEDEHGEV V AEIRRN
KNRVRLIADCY ASPVKLIQDPDIRQPV SLAGSTLRAPHGCHAQY |
IQRGRKLWGLVYV CQHTSPRTV PFPLRSV CEFLMQV FGMQLNLH\
PIGIV SQTPNIMDLY KCDGAALY'Y GKRVWLLGTTPTENQIKEIADV!
HLLGDAV CGMAAAKITAKDFLFWFRSHTATEV KWGGA KHDPDE
EDV EMDAIHSLQLILRGSFRDIADSDTKTMIHARLNDLKLQGV EERE

A. What are the domains present in this protein?
(Select the “Full Result” radio button to display all of the domains.)

-Suppose, we are interested in the serine/threonine protein kinase domain.
Obtain more information about it by searching in NCBI's Bookshelf

B. Go back to the CD-Search results page. Obtain a list of proteins with similar
domain architecture by clicking on the "Search for similar domains architectures”
button. To display the records, click on the links to the subsets of sequences and
from there on the “Look up Sequences in Entrez”. Change the display from
“‘Summary” to “FASTA”.

C. Go back to the CD-Search results page. Generate a multiple sequence
alignment for the top 10 sequences representative of the conserved domain hit
by clicking on the graphic representation of the serine/threonine kinase domain
from CDD (CDD|00180). Use the "Row Display" list box pull down menu to
specify "up to 5" sequences and reformat sequence alignment. Invoke Cn3D
with a display of a 3D modeling template and a multiple sequence alignment

20



including your query sequence by pressing the "Show Structure" button.

To show only one top structure, click on the down arrow key. For better view of
the backbone, remove the side chains globally (Style--Edit global style--Protein
side chains). The query protein contains a serine/threonine protein kinases
active-site signature (IIHRDLKSMNILV) where K is the ATP binding site. Identify
these residues in the query protein and highlight the corresponding lysine residue
in the first protein sequence.

Display the side chains of this residue (Use Style--Annotate--New--Edit Style.
Change the protein backbone Rendering to Tubes, Color Scheme to User
Selection and User Color to choose the color for the highlighted residue, for
example yellow. Repeat these steps for the Protein Side chains row and click the
Protein Side chains on. Click on the “Done” button. To zoom in, press z on the
keyboard. Note the heterogen near the lysine residue.

D. To obtain the structural neighbors for the serine/threonine protein kinase
protein, first click on the structure entry link 1JNK of the similar protein from the
CD-Browser page. Then click on the structure link on the top right side, then on
1JNK, and finally on the chain graphic. Select one or more of the check boxes
next to the structure neighbors and download the structures by clicking on the
"View 3D Structure" button.
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