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Introduction to Bioinformatics - 22111

PyMol tutorial
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Scenes () Draw/Ray~

A S H

() 3-Button Viewing ~ ¢ SEQ 9 >_

GL_RENDERER: Apple M3
GL_VERSION: 2.1 Metal - 88.1
Invalid license file syntax.
Feature: PYMOL_MAIN
License path: /Users/carolet/.pymol/license.lic:/Library/Application Support/Schrodinger/licenses:
FlexNet Licensing error:-2,413. System Error: 2 "No such file or directory"
Detected 8 CPU cores. Enabled multithreaded rendering.
PyMOL>fetch 9NUE
TITLE Y20S after Mg2+ (Secl8) - Class 3
Executiveload-Detail: Detected mmCIF
CmdLoad: "./9nue.cif" loaded as "9NUE".
PyMOL>util.color_chains("(9NUE)", _self=cmd)

PyMOL >

Technical University of Denmark
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Commands and actions included in this tutorial

fetch (load proteins)

remove (delete objects, can be chain, residues, etc)

select (select and name objects)

color (color the full protein, separate chains, residues, color by secondary structure)
align (align two chains or two structures)
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Tasks — learn to configure your mouse!
* Load in the 1GCI structure

« Play around with the interface — learn how to rotate and zoom the

structure: rT—
— Rotate: Click and hold left mouse button and move around outtonEding House Gonter 2 Bution Friing
— Zoom: Butiers 8 ZZZ LQT‘
* 1) Right click + move up/down (a bit slow) zZt“SIvtwgg
« 2) Shift + control + scroll wheel : ! 2-Button Editing

. . 2-Button Lights
+ 3) Shift + control + two finger drag on mouse pad e
3-Button Maestro

8 3-Button Editing ~ 4 SEQ B >_

 Background info:

— The structure is of the Novozymes peptidase “Savinase” that we have
worked with before

— PDB link: http://www.rcsb.org/pdb/explore/explore.do?pdbld=1GCI
— UniProt link: http://www.uniprot.org/uniprot/P29600

Technical University of Denmark


http://www.rcsb.org/pdb/explore/explore.do?pdbId=1GCI
http://www.uniprot.org/uniprot/P29600
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How to load a protein structure?

00

™ Residues Zoom+ Orient Rock Presets... Builder... Scenes (G) Draw/Ray.

« Al As@E@rF

* 1GCI A S HLC

{3 3-Button Viewing ~

GL_VENDOR: Apple
GL_RENDERER: Apple M3
GL_VERSION: 2.1 Metal - 88.1
Invalid license file syntax.
Feature: PYMOL_MAIN
License path: /Users/carolet/.pymol/license.lic:/Library/Application Support/Schrodinger/licenses:
FlexNet Licensing error:-2,413. System Error: 2 "No such file or directory"
Detected 8 CPU cores. Enabled multithreaded rendering.
PyMOL>fetch 1GCI
TITLE THE ©.78 ANGSTROMS STRUCTURE OF A SERINE PROTEASE-BACILLUS LENTUS SUBTILISIN
Executiveload-Detail: Detected mmCIF
CmdLoad: "./1gci.cif" loaded as "1GCI".

PyMOL >

Technical University of Denmark

Structure: 1GCI
(PDB)

0.78A structure of
Savinase

Two ways:

« Write “fetch
1GCI"” in the
command field

« Download .PDB file
from pdb.org and
use the File->0Open
menu
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Working with the structure

oo

» Residues Zoom.  Orient Rock Presets... Builder... Scenes

* All

» 1GCI

(©) Draw/Ray+

(3 3-Button Viewing ~

GL_VENDOR:  Apple
GL_RENDERER: Apple M3
GL_VERSION: 2.1 Metal - 88.1
Invalid license file syntax.
Feature: PYMOL_MAIN
License path: /Users/carolet/.pymol/license.lic:/Library/Application Support/Schrodinger/licenses:
FlexNet Licensing error:-2,413. System Error: 2 "No such file or directory"
Detected 8 CPU cores. Enabled multithreaded rendering.
PyMOL>fetch 1GCI
TITLE THE @.78 ANGSTROMS STRUCTURE OF A SERINE PROTEASE-BACILLUS LENTUS SUBTILISIN
Executiveload-Detail: Detected mmCIF
CmdLoad: "./1gci.cif" loaded as "1GCI".

PyMOL >

Technical University of Denmark

A = Action

S = Show

H = Hide

L = Label

C = Color
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Working with the structure

o000

> Residues Zoom.  Orient Rock

N

Presets... Builder... Scenes

alid license file syntax,

* All

(3 3-Button Viewing ~

GL_VENDOR:  Apple
GL_RENDERER: Apple M3
GL_VERSION: 2.1 Metal - 88.1
Invalid license file syntax.
Feature: PYMOL_MAIN
License path: /Users/carolet/.pymol/license.lic:/Library/Application Support/Schrodinger/licenses:
FlexNet Licensing error:-2,413. System Error: 2 "No such file or directory"
Detected 8 CPU cores. Enabled multithreaded rendering.
PyMOL>fetch 1GCI
TITLE THE @.78 ANGSTROMS STRUCTURE OF A SERINE PROTEASE-BACILLUS LENTUS SUBTILISIN
Executiveload-Detail: Detected mmCIF
CmdLoad: "./1gci.cif" loaded as "1GCI".

PyMOL >

Technical University of Denmark

(©) Draw/Ray+

AsH@Ele

Al E8) (| 1) (S

v+ SEQ B >_

List of things to
manipulate

“all”: shortcut to ALL
objects

1GCI: the structure
we have loaded

Multiple structures,
peptide chains and
selections can be in
play, as we shall see
later.
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TASKS

Play around with the coloring menu and figure out how to change the color of the entire
structure (red, green, blue etc.)

Next, figure out how to color according to the secondary structure, and select a scheme
that will high-light 1) alpha helices 2) beta-strand 3) turns

Rotate the structure to make it easier to see the different kinds of secondary structure

Align different chains of the molecule

... we’'ll return to coloring, after we have learned how to select subsets of the structure ...




=
—
—

i

Show the sequence and color an element

P Chains Zoomv Orient Rock

Presets...

Selector: selection "sele" defined with 35 atoms.

You clicked /9NUE/A/A/MET"754/CA

Selector: selection "sele" defined with 43 atoms.

You clicked /9NUE/A/A/ILE"737/CA

Selector: selection "sele" defined with 51 atoms.

You clicked /9NUE/A/A/ILE737/CA

Selector: selection "sele" defined with 43 atoms.

You clicked /9NUE/A/A/ASN’725/CA

Selector: selection "sele" defined with 51 atoms.

PyMOL>cmd. color_deep("red", 'sele', @)
Executive: Colored 13 atoms.
PyMOL>cmd. show("nb_spheres","sele")

PyMOL >

Technical University of Denmark

Builder... Scenes

Draw/Ray~

AE@E

Al IS BHY| 1S (G

Al IS) [H] I (C

F}a 3-Button Viewing ~

Structure: 9NUE (PDB)

Translocase from
S.cereviseae

« Press SEQ and the
sequence will
appear in the viewer
panel

e scroll to the left and
check the name of
the structure and
chains.

« How many chains
are in the structure?
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Show the sequence and color an element

in the selection
T (sele) Press C
sl V| Structure: 9NUE

{mychain) A 8] () £ c.

Select chain C and
color red

« make sure you
have chains as
selecting element
(yellow)

« you can scroll on
1) 3-Button Viewing ~ % SEQ £ >_ th e Sequence to
You clicked /9NUE/A/A/ILE*737/CA . .
; e " defi . ;
You'clicked /ME/NMASNT2S/Ch o find chain C

Selector: selection "sele" defined with 51 atoms.
PyMOL>cmd. color_deep("red", 'sele', @)

et s 361 « then go to the
i S objects panel and

PyMOL>select mychain, chain C

Selector: selection "mychain" defined with 4225 atoms. CI i Ck C (CO I O r) a n d
select red

Technical University of Denmark
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Show the sequence and color an element

in the selection
T R —— (sele) Press C
(S Pbrieop e o Ll | | Structure: 9NUE

{mychain) A 8] iH] K} ic
. Select chain C and
color red

Type in the Command
line panel

OPTION 1

« select mychain,
chain C

« color red, mychain
el > or OPTION 2

Selector: selection "sele" defined with 43 atoms. I d h 1 C
L]

You clicked /9NUE/A/A/ASN"725/CA CO O r re / C a I n

Selector: selection "sele" defined with 51 atoms.

PyMOL>cmd. color_deep("red", 'sele', @)

e o oo What are the
PyMOL>sele C ‘ d _ff ?
Error: In tion ifferences-

) 3-Button Viewing ~

PyMOL>select mychain, chain C
Selector: selection "mychain" defined with 4225 atoms.

PyMOL >

Technical University of Denmark
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Color by secondary structure

oo in the structure name press C

» Chains Rock Presets... Builder... Scenes () Draw/Ray~

”INUE

s All

p— Structure: 9NUE
(PDB)

color by secondary
structure (ss)

8 3-Button viewing ~ 4 SEQ B >_

You clicked /9NUE/A/A/ASN"725/CA

Selector: selection "sele" defined with 51 atoms.
PyMOL>cmd.color_deep("red", 'sele', @)

Executive: Colored 13 atoms.

PyMOL>cmd. show("nb_spheres", "sele")

PyMOL>sele C

PyMOL>select mychain, chain C

Selector: selection "my ith 4225 atoms.
PyMOL>util.cbss("mychain ® green",_self=cmd)
PyMOL>util.cbss("9NUE", "red"," " reen",_self=cmd)

PyMOL >

Technical University of Denmark




= Align two protein structures

™ Residues Zoomv Orient Rock Presets... Builder... Scenes [©) Draw/Ray~

° All A s H
= 16CI

* 6y5t

'@{3-Button Viewing ~ 4 SEQ R >.

PyMOL>align 1GCI, 6y5t

Match: read scoring matrix.

Match: assigning 269 x 269 pairwise scores.

MatchAlign: aligning residues (269 vs 269)...

MatchAlign: score 1361.000

ExecutiveAlign: 1885 atoms aligned.

ExecutiveRMS: 93 atoms rejected during cycle 1 (RMSD=0.69).
ExecutiveRMS: 103 atoms rejected during cycle 2 (RMSD=0.31).
ExecutiveRMS: 80 atoms rejected during cycle 3 (RMSD=0.24).
ExecutiveRMS: 40 atoms rejected during cycle 4 (RMSD=0.21).
ExecutiveRMS: 26 atoms rejected during cycle 5 (RMSD=0.20).
Executive: RMSD = 0.198 (1543 to 1543 atoms)

PymoOL > |

Technical University of Denmark

Download another crystal
structure of the Savinase and
align them.

For example: 6Y5T
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Amino acid sequence

@® ® MacPyMOL

CUMPNU 2 MULEUULE: SUBIILISIN;

COMPND 3 CHAIN: A; Reset | Zoom || Orient | Draw Ray
COMPND 4 EC: 3.4.21.62;

COMPND 5 ENGINEERED: YES

ObjectMolecule: Read secondary structure assignments.
ObjectMolecule: Read crystal symmetry information.
Symmetry: Found 4 symmetry operators.

CmdLoad: "./1gci.pdb” loaded as "1GCI".

Setting: seq_view set to on.

Unpick | Deselect | Rock | Get View

I< | < top | Play | > | >| | MClear

PyMOL>

61 66
TADGNG

2] .sid
ta

e [WeEEE S ©
E—

Technical University of Denmark

View sequence by:

1) Pressing the “S”
button in the lower
right hand corner

2) Menu: Display ->
Sequence On

"Scroll by dragging the
bar

Select amino acids
by clicking them

15
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Active site

|Function Entry i Feature viewer

Names & Taxonomy Feat
eatures

Subcellular Location Showing features for binding site’, active site’.

Phenotypes & Variants

PTM/Processing

Publications External links History

Q @ @& - Download
T T T T

20 40 50
1

Structure
TYPE ID

Family & Domains - Select—

Sequence
P Binding site

Similar Proteins » Active site

P Binding site

» Binding site

P Binding site
P Binding site
P Binding site
P Binding site
P Binding site
P Binding site

T
&0 100

POSITION(S)

32
40
62
73
75
77
79
163
165
168
215

T T T
120 140 160 180

DESCRIPTION

Ca?* 1 (UniProtKB | ChEBI[Z )
Charge relay system [ PROSITE-ProRule Annotation|
Ca?* 1 (UniProtKB | ChEBIL?Z )
Charge relay system [/ PROSITE-ProRule Annotation |
Ca®* 1 (UniProtKB | ChEBIE )
Ca?* 1 (UniProtKB | ChEBIL )
Ca?* 1 (UniProtKB | ChEBI[Z )
Ca?* 1 (UniProtKB | ChEBILZ )
Ca?* 2 (UniProtKB | ChEBIC )
Ca?* 2 (UniProtKB | ChEBI[? )
Ca?* 2 (UniProtKB | ChEBI )

Charge relay system [™ PROSITE-ProRule Annotation|

Active site consists of
three amino acids

Easy to look up in
UniProt

Active site according to UniProt: D32, H62, S215

Technical University of Denmark
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PDB vs. UniProt numbering

CHAIN

A SUBTILISIN - Lederbergia lenta & Explore Sequence Annotations in 3D

cHaNA |

UNIPROT P29600
SECONDARY STRUCTURE

ANGLE OUTLIER

BOND OUTLIER

ROTAMER OUTLIER
CIS-PEPTIDE

BINDING SITE CA

BINDING SITE CA

BINDING SITE GOL
BINDING SITE S04

METAL COORDINATION CA
METAL COORDINATION CA
BURIED RESIDUES

HYDROPATHY

DISCRDER

DISORDERED BINDING

PFAM

CATH

SCOP

ECOD

MOLECULE PROCESSING
» ACTIVE SITE

DOMAIN

T T
20 40

N

- B ad

T T T
60 80 100

[N L ] ]
h _ 2

U

-y -

Charge relay system

ACTIVE SITE [ ]| Pasition: 32 [auth: 32] | [UNIPROT] P29600: 32 - 32

T T
160 180 200 120 240 260

B

HIRIE 11
o
el

e

=¥

¥

812

ACTIVE 3ITE |

ACTIVE SITE |
ACTIVE SITE |

Technical University of Denmark

| | Position: [a;_h: | UNIPROT] P29600: 32 - 32

| | Position:
] | Position:

Hdihfeli

[auth:

| [UNIPROT] P29600: 62 - 62
@: [UNIPROT] P29600: 215 - 215

PDB structures may
choose to follow a
different sequence
numbering scheme
than UniProt, even
if the sequence is
identical!

This is the case for
Savinase, as seen in
the figure, and we
need to do
coordinate-
mapping of the
active site
information.

The three amino
acids in the active

site have been high-
lighted.
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TASKS

« Turn on sequence mode, fetch the protein Structure: 1GCI (PDB)

 The ACTIVE SITE of the protein consists of (after coordinate mapping):
— (D) Asp-32
— (H) His-64
— (S) Ser-221

« Play around with the sequence bar and figure out how to select these three amino acids
(and only those)
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Selection

(] ® MacPyMOL A . . d . d
CUMPNU 2 MULECULE: SUB 1 ILISIN;

COMPND 3 CHAIN: A; Reset | Zoom || Orient Draw Ray m In O a CI reSI u es
COMPND 4 EC:3.4.21.62; H H

COMPND 5 ENGINEERED: YES Unpick || Deselect | Rock | Get View you C lick on (l n both
ObjectMolecule: Read secondary structure assignments. .
ObjectMolecule: Read crystal symmetry information. < | < | Stop | Play | > | > | MClear th e se q uence an d N
Symmetry: Found 4 symmetry operators.

CmdLoad: "./1gci.pdb” loaded as "1GCI".

Setting: seq_view set to on. the aCtU aI Structure)
PYMOL> ends up in a special

/1GCI 6 11 16. 2 31 36 41 46 51 56 61

AVLETGISTHPOLNIRGGASFYPGEPSTODGNG PRvAGT AR : " Object named “(Sele)".

As with any other
object you can apply
styles, colors etc. to
this object.

That way it’s possible
to apply a different
visualization to a
subset of the
structure.

PyMOL> _

Technical University of Denmark
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TASKS

Work with your selection to show the amino acids in the active site as:
— “Sticks”
— With a different color

Figure out a way to maintain the “Cartoon” style of the backbone and have the sticks
show as an additional feature

If you mess up the visualization you can reset to where we were before by applying the
following to the “1GCI” object:

— Show -> As -> Cartoon
— Color -> By ss -> (pick the first color scheme)

Finally zoom in a bit so it’s easier to see the three amino acids in the catalytic triad
— Either use the mouse
— Click “A” -> zoom
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Selection — commands, renaming

| NON |

EXecunve: Lolored 2b aloms.

PyMOL>show stick, active site

Selector-Error: Invalid selection name "site".

active site<--

PyMOL>show stick, active_site

PyMOL>zoom active_site

PyMOL>zoom active_site

PyMOL>select active_site, resi 32+64+221

Selector: selection "active_site" defined with 25 atoms.

PyMOL>
For Educatidpal Use Offly
. #

S

N\

PUMOL>_

Technical University of Denmark

MacPyMOL

Reset | Zoom | Orient | Draw Ray
Unpick | Deselect | Rock | Get View

|« | < | Stop | Play | > | >| | MClear

I EE e
e AR | 7 A

(activersiter | [ [

Selections can be
renamed into
something more
useful by using the
Action (A) button, and
thus “saved for later
use”,

PyMol also makes it
possible to specify
selection ranges (and
name) directly in the
command field, as
detailed on the next
slide
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TASK

Play around with the selection command

The general syntax for selecting individual amino acids is:

— select resi 1 (Select only aa #1)
— select resi 1-5 (Select the range 1-5)
— select resi 1+5+10 (Select aa#1 and aa#5 and aa#10)

Select the catalytic triad (D32, H64, S221)

« Rename your selection to something useful for late use:
— Click “A” -> Rename selection

* You can also specify a name directly in the selection command:
— select my_name, resi xx+yy+zz
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In conclusion

* In this tutorial you have learned how to:

— Load a structure into PyMol

— Apply specific styles and colors

— How to see the amino acid sequence behind the structure

— How to select specific amino acids ranges in the structure
» By clicking
* By using commands

— How to give those a different visual style + color

— How to name selections for later use

+ PyMol can do a lot of other things, and commands exists for automating the entire process of loading structures, selecting styles,
colors, orientation, zooming and exporting the result as images.

* The tutorial has on purpose been kept simple and has only focused on working with amino acid selection — PyMol can do a lot of
advanced stuff with atom level selection as well.

* Link to command overview:
— http://pymol.sourceforge.net/newman/user/S0220commands.html

Technical University of Denmark



http://pymol.sourceforge.net/newman/user/S0220commands.html
http://pymol.sourceforge.net/newman/user/S0220commands.html
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