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)


http://www.ncbi.nlm.nih.gov/Class/minicourses

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
e Search for other proteins containing similar domain(s) using CDART
o Explore a 3D modeling template for the query sequence using CDD
e Find similar structures using VAST

e Visualize and annotate the 3D protein structures using Cn3D

The following handout includes the screen shots of the exercise demonstrated in
the mini-course.

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 Domain Database

- A position-specific scoring matrix (PSSM) is calculated
- CD-Search can be used to search against the PSSMs
- Manual guration of CDs has begun
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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 FIVKGWG =
SMFFGIGLTEVQVGSEMLDIY YARY ADWLFTTPLLLLDLALLAK\

HTPLARY TWWLFSTICMIVVLY FLATSLRAAAKERGPEVASTFN
VGLGIETLLFMVLDV TAKV GFGFILLRSRAILGDTEAPEPSAGAE/

e of


http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml

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 a similar
domain architecture by clicking on the "Show" 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 "Aligned rows" list box pull
down menu to specify "up to 5" sequences. 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 1E12_A of the similar protein from the CD-Browser page.
Then click on the structure link on the top right side, then on 1E12, and finally on
the chain A 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.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books
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Proteins often contain seweral modules ar domains, each with a distinct evalutionary origin and function. NCBI's Conserved Domain Database is a collection of multiple

seguence alignments for ancient domains and full-length prateins. The CD-Search service may be used to identify the conserved domains present in a protein query
segUenCe:

Search Database | CDD v2.09 - 12422 PSShs v

Enter 2 Protein query as Accession, GI, or Sequence in FASTA format:

MDPIALTAAVGADLLGDGRPETLWLGIGTLLALIGTFVF IVKGUGVTDKEAREVYSITILVPGIASAAYL i’
SMFFGIGLTEVOVGSEMLD I¥FARYADWLF TTPLLLLDLALLAKVDRVS IGTLVGVDALNIVTGLYGALS
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Read about the FASTA format description. Click here for advanced options.
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Many Integral Proteins Contain Multiple Transmembrane o Helices

Altheugh Figure 3-23 depicts glycophorin as a monomer with a single o helr spanning the bilayer, this
protein is present in erythrocyte membranes as a dimer of two identical polypeptide chains. The two
membrane-spanning ¢ helices of glycophorin are thought to form a colled-cod structure (see Figure
3-9a) stabilized by specific interactions between the amino acid side chains at the mnterface of the two
helices. It 15 now known that many other transmembrane proteins cottain two of more
membrane-spatming o helices. For instance, the bacterial photogyntheiic reaction center (PRC)
comprizes four subumits and several prosthetic groups, meluding four chlorophyll molecules. Tn this
complex protein, three of the four subunits span the membrane; two of these subunits (L and M) each
contain five membrane-spanming o helices (see Figure 16-400.

d inportant family of integral protems is defined by the presence of seven membrane-spanning
rhelicgf Wlore than 130 such “seven-spanning” membrane proteins have been identified. Thiz class of

i proteins is typified by bacteriorhodopsin, a protem found m a photosynthetic bacterum (Figure
2.3 Absorption of ight by the retinal group attached to bacteniothodopsin causes a conformational
change in the protein that results in pumping of protons from the cytosel across the bacterial membrane
to the extracellular space. The proton concentration gradient thus generated across the membrane 12
used to synthesize ATP, as discussed in Chapter 16, Both the owerall arrangement of the seven o helices
n bacteriothodopsin 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 talen at various angles to
the electron beam.
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DESOURCE pdb: molecule 1E1Z, chain 65, release Apr 6, 2000; b Taxonomy

deposition: &pr &, 2000;

class: Ion Pump:

Source: Mol id: 1; Organism scientific: Halobacterium 3alinarum;
Strain: Di; Cellular loecation: Membrane; Gene: Hop; Other details:
H. 3al. 3train D2 Was Constructed For Homologous Owerexpression Of
Hr. 3ee Also Heymann Et Al., Mol. Microbiol., Vo. 7, 623-630
[1993).:

Exn. method: —Raw Diffraction
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<3 NCBI

Search | Structure

Structure

j for ||

Lirmnits FPreview/ndex History Clipboard Dietails
About Entrez
Dizplay I?mmary j ShDWleu j Send to ITex‘t vl
[11: 1E12 MMDB, Links
Halothodopsin, & Light-Dnven Chloride Pump
[tmdbId:13348]

T MMDB
~> NCBI Structure Summary

Structure

Reference: Kolbe M, Besir H, Essen LO, Oesterhelt D Structure of the light-driven chloride pump halorhodopsin
at 1.8 A resolution Science w288, p. 15390-1558
All References

Description: Halorhodopsin, A Light-Diriven Chloride Pump
Deposition: 2000/4/6 &
Taxonomy: Halobacterium salinarum

MMDB: 13348 PDB: 1E1Z2 Structure Neighbors: VAST

7@!;9"@@57\ of |All Atom Modsl ~l{cn3iD x| |Display x| @ Downlosd Caddi

Molecular components in the MMDE structure are listed below. The icons indicate macromolecular chains, 30 domaingf protein
classifications and ligands. Please hold the mouse over each icon for more infarmation on the component. 2

Frotein
Donain Family Bac_rhodopsin
(x 10)
e BN X
a e & a
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VAST
> NCBI Structure Neighbors

WVAST neighbors for MMDB 13348, 1E12 A &
Overview: There are two main sections to this page. The first section consists of the alignment view controls, the list controls, and the

adwanced neighbor search controls. The second section is the WAST neighbor list itself. &

_ View 3D Alignment I of [AlAtoms ¥| with [Cn3D =] [Display =]

 View Sequence Afignment | ysing |Hypertext x| for [Selected x| VAST neighbors
_L'SI_‘ Medium redundancy | subset, sorted by |Ahgned Length =] in [Graphics =

Download Cn3D!

Advanced neighbor search ¥ &
Move the mouse over the red alignment footprints in the graphics below and click, you will obtain a structure-based sequence alignment
Total neighhors: 125; 1-60 of 101 representatives from the Medium redundancy subset displayed. Page: |1~

Click to: Check Al Uncheck All

1E12 A

Protein Fanily Bac_rhodopsin

[~ 1vGo B N I N I E— 229
[ 1BRR C N N R S E— 227
[ 1vGo A A S N E— 227
[” 1044 A A N S S R 226
[ 19k0 A N N R N E— 226
[ 19kP A == Q==& ——=4 226
[ 1BRR R N S S R 226

{1

VAST

Structure Neighbors

WAST neighbors for MMDB 13348, 1E12 A. ¢

Overview: 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. &

View 3D Alignment \ of [Allatoms 7] with [Cn3D =1 [Display ] @ pownioad ca3D!

. View Sequence Alignment | sing [Hyperext =] for [Selected =] VAST neighhors

List | [Medium redundancy =] subset, sorted by |Aligned Length ] in [Graghics =l

&

# Download Asnl
Dawnload Xl
Entrez

Advanced neighbor search
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VAST

Structure Neighhors

WAST neighbars for MMDB 13348, 1E12 A &

Overview: There are two main sections to this page. The first section consists of the alignment view contrals, the list controls, and the
advanced neighbor search contrals. The second section is the WAST neighbor list itself. &

\ View 3D Alignment | o [AlAms =] with [CniD

=1 [Display =] @ Downfoad Cn3p!

View Sequence Alignment ‘ using |Hypertext x| for [Selected x| VAST neighbors

Advanced neighbor search ¥ @

Total neighbors: 125; 1 - 60 of 101 rey ives from the Medium red

List ‘ Mediurm redundancy *| subset, sorted by IAhgned Length‘ in ITab\e L! @

y subset displayed. Page: |1~

Clickto: Check All  Uncheck All

PDB CD Ali. Len Score E_Val Rmsd %Id MMDB Date LHM GSP Description
‘_ 59 10e- Crystal Structure OF
1WCO B 157 45q 20 332 102005 325 09 Archasthodopsin2y
10e- H-Ray Structure Of The
r 1BREC 227 145 173 19 335  03/2001 21 09 Bacteriorhodopsin TrimerLIPID
Complex
o 10e- Crystal Structure Of
r AVGO A 22 152 151 19 330 10/2005 24 08 Archasthodopsin-2y
106- #-Ray Structure Of
O A1QHJ A 226 150 138 1.7 336 032001 21 08 Bacteriarhodopsin Grown In
Lipidic Cubic Phases
10e. High Resolution X-Ray Structure Of
r 1QKO A 126 152 142' 17 336 03/2001 N e An Early Intermediate In The

in Photocwele

1E12 neighbors - Cn3D 4.1

File Wiew ShowiHide sStyle ‘Window COD Help

=10 x|
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1E12 neighbors - Sequence
Yiew  Edit
PRI2 A

ignment Yiewer
Mouse Mode  Unaligned Justification

Imporks

s vRENALLE S LWV NVALAGIATI LYFVYMGRT I RPGRPRLIWGATLMIPLY B3I BEVLGLLEGLTVGMI EMPagha 1AGEMY
iVGO0 B gfdlINDGRPETLWLGIGTLLMLIGTFYFIARGWGV TDKEAREY YAITI LY PGIARAAYILAMFFGIGVTEVELA

~~~~~ saTvy
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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 kina: =
MSATKKTY SSTTSAKSKHSVRVAQTTADAALEAVY EMSGDSG
QREGLIQNFGCMVAV EEPNFCVIAY SENA SEFLDLIPQAV PSMGE
AATQDISLLNPITVHCRRSGKPLY AIAHRIDIGIV IDFEAVKMIDV PV
LPGGDIELLCDTIV EEVRELTGY DRV MA FKFHEDEHGEV VAERRN
KNRVRLIADCY ASPVKLIQDPDIRQPV SLAGSTLRAPHGCHAQY |
IQRGRKLWGLVYV CQHTSPRTV PFPLRSV CEFLMQV FGMQLNLH\
PIGIV SQTPNIMDLV KCDGAALY Y GKRVWLLGTTPTENQIKEIADV!
HLLGDAV CGMAAAKITAKDFLFWFRSHTATEV KWGGA KHDPDE
EDV EMDA IHSLQLILRGSFRDIADSDTKTMIHARLNDLKLQGVEER j

X1 i

A. What are the domains present in this protein?

-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 a similar
domain architecture by clicking on the "Show" 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 representation of the serine/threonine kinase domain
from CDD (CDDJ|29142). Use the "Aligned rows" list box pull down menu to
specify "up to 5" sequences. 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.
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http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=Books

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 prptein 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 1INK of the similar protein from the
CD-Browser page. Then click on the structure link on the top right side, then on
1JINK, 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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