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Analyzing the structure and function of macromolecules is imperative to draw
connections between different proteins. By considering structural similarity or conserved
regions of proteins between species, it becomes easier to describe the functionality and
structure of those that have been studied less or have yet to be fully described.
Applications like UCSF Chimera allow for this sort of comparison with the ability to
analyze sequences and specified components of the structures like distances, bonding
formation and hydrophobicity.

The Chimera application, established by the
Resource for Biocomputing, Visualization and
Informatics (RBVI), allows for detailed 3D molecular
visualization and interactive assessment of
macromolecules (RBVI, 2018). When specifically
looking at proteins, this program analyzes
characteristics such as chemical makeup, bond
formation, and can even be utilized for detailed

structure comparison .

The information about specific proteins and their
corresponding structures is kept in separate databases

and can be converted for use within Chimera. Although
the Worldwide Protein Data Bank currently sits at the top of the protein database food-
chain, with many smaller databases contributing to it, other reliable sources like the
RCSB Protein Data Bank have been around for nearly 50 years and have been
accumulating protein information since their creation (Berman et al., 2012). The RCSB
Protein Data Bank originally consisted of a mere 7 structures, but now contains
documentation about thousands of proteins from numerous different organisms (RCSB

PDB).

PDB dopamine receptors 3PBL and 6CM4
with overlapping structural chains.

The most important benefits of protein analysis technology lie in the ability to
build upon existing knowledge of structures. Through comparison of various domains,
residues, etc., more headway can be made in uncovering homologous regions,
functions, and entire proteins between organisms. It is also beneficial for analyzing the
role of mutation and protein misfolding and misfunction in disease. Possessing the
capacity to magnify such tiny structures and analyze them virtually with a fine-tooth
comb is something that could never be feasible without the computing applications of

today such as Chimera.
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1. PURPOSE

The purpose of this procedure is to become comfortable with analyzing and comparing
various components of the structures of macromolecules, specifically emphasizing
proteins.

. SCOPE

This procedure applies to qualified skills center users.

. RESPONSIBILITY

3.1. It is the responsibility of the user to understand and perform the procedure
described in this document.

3.2. It is the responsibility of the user performing the procedure to fully document
any deviations from the written procedure.

3.3. It is the responsibility of the user to become trained on the procedure.

. DEFINITIONS

4.1.Protein Data Bank — A database that houses information about 3D
macromolecule structures, such as proteins and nucleic acids.

4.2. RCSB Protein Data Bank — The first open access digital data resource in all of
biology that has been around since 1971.

4.3. UCSF Chimera — An application that allows for detailed molecular visualization
and interactive assessment of macromolecules.

4.4. Chimera X — A condensed version of the UCSF Chimera application that can
be used on slower computing devices or with larger molecular structures.

4.5. Biological assembly — the macromolecular assembly that has been presumed
or shown to be the functional form of the macromolecule.

. MATERIALS/EQUIPMENT

5.1.  UCSF Chimera Application
5.2. RCSB PDB

5.3. Worldwide PDB

5.4.  7zip software

6. PROCEDURE
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Before beginning this procedure, make sure to become familiar with all of the tools
and techniques used in the Chimera operating procedure.

6.1.Choosing and Importing the Proteins of Interest
6.1.1. Visit the RCSB protein databank website: https://www.rcsb.org/
- The Worldwide Protein Data Bank is also an optimal source:
http://www.wwpdb.org/ (But not used in this Procedure).
6.1.2. Choose two proteins that are related in some way and download the
biological assembly file.
- For this example, 2 dopamine receptors are being used: PDB 3PBL and
6CM4.
6.1.3. Unzip the biological assembly downloaded files.
6.1.4. Open the chimera application and import the molecules. Color each chain
of each molecule different colors.

6.2. Structure Alignment Comparison Between Proteins
6.2.1. Click , Structure Comparison, and . A new window
should pop up. (Figure 1)

. UCSF Chimera

File Select Actions Presets| Tools | Favorites Help

General Controls »
Viewing Controls 4
Depiction »

»

Structure Analysis { 2 L Further restrict matching Further restrict matching
SHrickine G r g to current selection to current selection
ructure Comparison .
Chain pairin
P » L Hatzhttaker / &estpallgnﬁ»g pair of chains
Surface/Binding Analysis » | Match -> Align { (& between reference and match structure

Structure Editing > - Specific chain in reference structure
Amber RR Distance Maps X g with best-aligning chain in match structure
MD/Ensemble Analysis Ensemble Cluster % Souic ‘ha‘:fs) ‘;’ﬁz*g:ﬁ:;":‘“m”ih i
wi ific chain(s) i
Higher-Order Structure Ensemble Match 2

Tile Structures [Alignment algorithm: Needleman-Wunsch —i | Matrix: BLOSUM-62 —i

>

>

»

Volume Data 4
Demos » Minrms Plot

>

>

>

Gap extension penalty| 1

¥ Include secondary structure score (30%) Show parameters
Movement i (0% Show pa

Utilities ¥ Compute secondary structure assignments
~ Show painvise alignment(s)
Matching
# Tterate by pruning long atom pairs until no pair exceeds:

[2.0 angstroms

Additional Tools

After superposition, compute structure-based multiple sequence alignment
Save settings Reset to defaults

oK | Apply |cancel | Help

6.2.2. In the pop-up window, select one of the molecules as the
and the other as the structure to match. Click Apply and then OK.
(Figure 2)
- This should align a portion of the structures if there is similarity present.


https://www.rcsb.org/
http://www.wwpdb.org/
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- Itis possible to only align specific chains as well, if the third option for
chain pairing is selected. Choose a reference chain and a chain to

match, then

= MatchMaker

Reference chain:

Figure 3

3pbl (#0) chain B

3pbl (#0) chain C
3pbl (#0) chain D
6emd.pdb (#1) chain A

(~ Further restrict matching
to current selection

Chain pairing
Best-aligning pair of chains

between reference and match structure

Specific chain In reference structure

with best-aligning chain In match structure

ref: 3pbl (#0) chain A =
T
6cm4.pdb (#1) chain A —4 RI5Bo show

. (Figure 3)

Chain(s) to match:
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6.2.3. Once the structures are aligned, the chains that differ between the 2
structures can be hidden. Select the chains to be hidden and click Actions,
Atoms/Bonds and then . (Figure 4)

6.2.4. Click Actions and then Focus to fit the superimposed molecules to the
frame. (Figure 4)

6.2.5. To compare the sequences of the superimposed region, click Tools,
Sequence and . (Figure 5)
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Figure 6
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Figure 5
S rEY T

Publications using Clustal Omega results should cite:
F. Sievers, A. Wilm, D. Dineen, T. J. Gibson, K. Karplus, W_ Li, R. Lopez, H. McWilliam,
M. Remmert, J. Sading, J. D. Thompson, and D. G Higgins.
Fast, scalable generation of high-quality protein multiple sequence alignments using Clustal Omega.
Mol. Syst. Biol. 7:539, 2011

ok apply | cancel HEF
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6.2.6. Select the overlapping chains of interest and click OK. (Figure 6)
- A window will pop open comparing the residues of the chains of interest.

6.2.7. In the sequence window, click Info and

similarity between the 2 sequences. (Figure 7)
- The percent identity should pop up in the lower left corner of the window.

Fild i
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¥
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81.86% identity

Figure 7 % Clustal Omega Alignment
File Edit Structure Headers Numberings Tree Preferences
Consensus ) ay
Conservation Percent Identity...
3pbl (#0) chain A -8[DYKD Region Browser S ASOARFPHAY|
6cmd.pdb (#1) chain A 35 - - - -  BastPotein. |- - - - - - - = - -2 ---- oo N
51 UniProt Annctations... 81
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Conservation
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6cm4.pdb (#1) chainA 97 V - GEWKFSRI| HCDIFVTLDV MMCTASALNL CAISIDRYTA
151 161 171 181
- In the consensus line, red indicates that the amino acid is conserved
between the 2 chains.
- Inthe lines of the individual protein chains, the colors are indicated as
reported below (Duggan & Madhusoodanan, 2019). (Figure 8)
Figure 8 Residue Colour Property
AVFPMILW RED Small (small+ hydrophobic (incl.aromatic -Y))
DE BLUE Acidic
RK MAGENTA  Basic-H
STYHCNGQ  GREEN Hydroxyl + sulthydryl + amine + G
Others Unusual amino/imino acids etc
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6.3.Analysis of Chain Structure Within a Single Protein
6.3.1. To view the superimposed section of each of the 2 molecules separately,

Presets Tools| Favorites| Help
1 = Model Panel - O X
Model Panel ) 3 B
Side View IDUActlve-Shown IName | actvate | =
Command Line S j 2534'pdb activate all
m| pl
ST activate only
Reply Log
add/edit note...
Add to Favorites/Toolbar...
Preferences... attributes...
biclogical unit
clipping...
close
compute SS

copy/combine...

deactivate
. group/ungroup
Figure 10 e I
' & favorites © all
click to select models;
F' 9 right-hand action buttons work on selected models;| ghows) Sceel ity

ouble-click to perform default action on model

Igure double-click to perform default acti del
(see 'Configure..." for default action info)

6.3.2. Deselect Shown for one of the molecules to hide its chains. (Figure 10)
6.3.3. Establish the hydrogen bonding in the structure by clicking :
Structure Analysis and . (Figure 11)
- In the pop-up window, use all of the default controls and click OK. The
hydrogen bonds should appear in the selected chain. (Figure 12)

etk Tools [Favorites

Help

General Controls.
Viewing Controls

» [ Findrigond
Sequenca »  Find Clashes/Contacts
Surface/Binding Analysis»  Distances
Structure Editing »  Angles(Torsions
Amber > Metal Geometry
MD/Ensemble Analysis > Axes/Planss/Centroids
Higher-Order Structure »  Thermal Ellipsoids

»  Render by Attribute

»  Define Attribute
»  Attribute Calculator
»  ResProp
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6.3.4. By selecting the hydrophobic residues and changing the color and then
adding the surface to the protein, the hydrophobicity of the molecule/chain
can be assessed. (Figure 13)

Figure 13

7. TROUBLE SHOOTING

7.1. The computer is unable to unzip the downloaded biological assembly file:
download the 7zip software and utilize it to unzip the files: https://www.7-zip.orag/
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9. MODULE METHODS TASK

This MMT will test your knowledge of the basic visualization and structure comparison
techniques that can be implemented in the UCSF Chimera application. Choose 2 related
proteins from the RCSB Protein Data Bank to complete the following questions
(Reference instructions in PDB1 Module for a reminder of how to search for proteins with
sequence similarities to your protein of interest).

1. What are the PDB codes for your chosen proteins?

2. Import the proteins into Chimera and use the MatchMaker function to align the
proteins. Submit an image of the result.

3. Align 2 specific chains in the chosen proteins and then hide the remaining chains.
Submit an image of the result.

4. Compare the sequences of the overlapping chains of the proteins. What is the
percent identity match of the regions you chose?
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5. Alter the visualization so that the superimposed chain of only one of the proteins
is in the window. Add hydrogen bonds to that region and submit and image.

6. Color the hydrophobic residues a different color and implement the surface
function. Submit the resulting image.

© N

Repeat steps 4 and 5 with the other protein’s superimposed region.
Does the hydrophobicity of the 2 superimposed regions look similar?
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