m

PyMol tutorial

Made with PyMol 1.7 educational
Feb. 2017
Rasmus Wernersson

A

Fleran)=Y, o)

DTU Bioinformatics
Department of Bio and Health Informatics



i

Loading a structure
“fetch 1GCI”

O @ MacPyMOL

L]
CUMPND - MUL_IU: 1, : Structure: 1GCI
COMPND 2 MOLECULE: SUBTILISIN; Reset | Zoom | Orient Draw Ray
COMPND 3 CHAIN: A; (PDB)
COMPND 4 EC: 3.4.21.62; Unpick || Deselect | Rock | Get View
COMPND 5 ENGINEERED: YES
ObjectMolecule: Read secondary structure assignments. |I< | < | Stop | Play | > | >| | MClear

ObjectMolecule: Read crystal symmetry information.
Symmetry: Found 4 symmetry operators.
CmdLoad: "./1gci.pdb" loaded as "1GCI".

o— 0.78A structure of

For Educational Use Only 3 :
> - R | Savinase

Two ways:

« Write “fetch 1GCI”
in the command
field

« Download .PDB file
from pdb.org and

" » use the File->0Open

e T B menu

[ e o 5 e T e
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TASKS

e Load in the 1GCI structure

e Play around with the interface - learn how to rotate and zoom the

ode 3-Button ",."lel-llmz;

structure:

=1 ‘-:-’; Rota Move HII-L_ Sl -dl

- Zoom.
e 1) Right click + move up/down (a bit slow)

e 2) Shift + control + scroll wheel
e 3) Shift + control + two finger drag on mouse pad

e 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
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Working with the structure

O @ MacPyMOL
CUMPNU  MUL_ID: 1;

COMPND 2 MOLECULE: SUBTILISIN;

Reset | Zoom || Orient Draw Ray
COMPND 3 CHAIN: A;
COMPND 4 EC: 3.4.21.62; Unpick || Deselect | Rock | Get View
COMPND 5 ENGINEERED: YES
ObjectMolecule: Read secondary structure assignments. < | < |Stop|Play | > | > | MClear
ObjectMolecule: Read crystal symmetry information.

Symmetry: Found 4 symmetry operators.
CmdLoad: "./1gci.pdb" loaded as "1GCI".

PyMOL>

For Educational Use Only

E—E | (5[
EECI—— LY A

A = Action

S = Show

H = Hide

L = Label

Al C = Color
PyMOL> _
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Working with the structure

O @ MacPyMOL
CUMFND MUL_ID: T,

COMPND 2 MOLECULE: SUBTILISIN; Reset | Zoom | Orient | Draw || Ray al l
COMPND 3 CHAIN: A;

COMPND 4 EC: 3.4.21.62; Unpick || Deselect | Rock | Get View

COMPND 5 ENGINEERED: YES 1 GCI 1 / 1
ObjectMolecule: Read secondary structure assignments. < | < |Stop|Play | > | > | MClear
ObjectMolecule: Read crystal symmetry information.

Symmetry: Found 4 symmetry operators.

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

PyMOL>

For Educational Use Only im—lﬂﬁl—lﬁﬁ

, List of things to
—————tteld | | 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.

[ [<[m[»[>[w[S[¥[F

5 DTU Bioinformatics, Technical University of Denmark



Styles

O @ MacPyMOL

CUMPNU  MUL_ID: 1;

COMPND 2 MOLECULE: SUBTILISIN; Reset | Zoom || Orient Draw Ray
COMPND 3 CHAIN: A;

COMPND 4 EC: 3.4.21.62; Unpick || Deselect | Rock | Get View

COMPND 5 ENGINEERED: YES

ObjectMolecule: Read secondary structure assignments. < | < |Stop|Play | > | > | MClear
ObjectMolecule: Read crystal symmetry information.
Symmetry: Found 4 symmetry operators.

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

PyMOL>

For Educational Use Only IM—EBI—EF Setting Visual StYIe tO
el | | “Cartoon”

1) Apply new style on
top of old:

Press 'S” -> Cartoon

2) Apply new style
replacing the old
style:

“S” -> Show AS ->
Cartoon

PyMOL> _

6 DTU Bioinformatics, Technical University of Denmark



TASKS

e Play around with the visual styles

e Make sure you understand the difference between the two ways of
working:
- S -> something
- S -> as -> something

e In the end set the style to "Cartoon” and make sure that is the only
style used.
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Colors

O @ MacPyMOL

CUMFPNU  MUL_ID: T,

COMPND 2 MOLECULE: SUBTILISIN; Reset | Zoom || Orient Draw Ray
COMPND 3 CHAIN: A;

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".

Unpick || Deselect | Rock | Get View

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

F::at.Lw:-n-al Use Only lall—El—EF COIOri ng the Stru Ctu re
EeerTATTTTEE) [m

1) Select any
individual color for
everything

2) Select a coloring
scheme based e.g. on
secondary structure

W [< Wb > W[5 [w[F
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TASKS

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

e 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

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

o ... we'll return to coloring, after we have learned how to select subsets of
the structure ...
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Amino acid sequence

O @ MacPyMOL

CUMFNU 2 MULECULE! SUB1ILISING VieW Sequence by:

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

COMPND 5 ENGINEERED: YES Unpick || Deselect | Rock | Get View
ObjectMolecule: Read secondary structure assignments.

ObjectMolecule: Read crystal symmetry information. < | < |Stop|Play | > | > | MClear
Symmetry: Found 4 symmetry operators.

Gl T 1) Pressing the “S”
PyMOL> button in the lower

FEAnT M) - "-& | right hand corner

2) Menu: Display ->
Sequence On

"Scroll by dragging the
bar

Select amino acids by
clicking them

PyMOL> _
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Active site
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Subtilisin Savinase - Bacillu... * | RCSB PDB - 1GCI: THE 0.7... % 8 PDB 1gci structure summar... % +

€ ) © | www.uniprot.org/uniprot/P29600#structure E1| @& C®search

(&) Most Visited ~ @ DTV proxy & Drive [V] Gmail @ Intomics Wiki @ Lokalebooking @) Tomato timer . TimeReg

Display Function’

wBe $+ a0

— Subtilisin is an extracellular alkaline serine protease, it catalyzes the hydrolysis of proteins and peptide amides.
Publications Catalytic activity‘
Feature viewer

Feature table Cofactor’
Cca 2+
Note: Binds 2 calcium ions per subunit.

GO - Molecular function’
= metal ion binding # Source: UniProtKB-KW
m serine-type endopeptidase activity # Source: InterPro

Complete GO annotation...

GO - Biological process’
m sporulation resulting in formation of a cellular spore # Source: UniProtKB-KW

Hydrolysis of proteins with broad specificity for peptide bonds, and a preference for a large uncharged residue in P1. Hydrolyzes peptide amides.

Sites
Feature key Position(s) Description Actions Graphical view Length
. Metal bindir\gi 2 Calcium 1 ‘ 1
. 32 Charge relay system 1
62 Charge relay system 1
Metal binding* 73 Calcium 1; via carbonyl oxygen 1
Metal bindingi 75 Calcium 1 1
Metal bir\dingi 77 Calcium 1; via carbonyl oxygen 1
Metal bindingi 79 Calcium 1; via carbonyl oxygen 1
Metal bindingi 163 Calcium 2; via carbonyl oxygen [ 1
Metal bindingi 165 Calcium 2; via carbonyl oxygen | 1
Metal bindini 168 Calcium 2; via carbonyl oxygen ‘ 1
I 1

Active site consists of
three amino acids

Easy to look up in
UniProt

Active site according to UniProt: D32, H62, S215
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PDB vs. UniProt numbering

Sequence Chain View

scop Subtilisin[@1gcial E—
ANN_NAN_N N N Y o W
D“"‘}—v Y VVV
Site Record=—Or O O
Protein Modification & ¥
UniPlotl\BIC 19 29 3p P 1 5p 60
mBAQSVPWCISRVQAPAAHNRGLTGSGVKVAVLD[Q*fTHPDLNIRGGASFVPGEPSTQDGN
PDE { 10 20 3 40 50 60 62
scop LS| @198 R —
psse— M NN nv_k DN AN NANN__
VVVV | 4 PV VVVVV Vv
Site Record O (o]
Protein Modification
UniProtk 61 79 80 9 100 110 120,
PDEGHGTHVAGT IAALNNS IGVLGVAPSAELYAVKVLGASGSGSVSS IAQGLEWAGNNGMHVA
PDB 70 80 90 100 110 120
scop Subtilisin[@1gcias E—
A ANNNN A\ N
OSSP P VVVVV 4

Site Record 000 0—0—0

Protein Modification
UniProtks 121 130 140 150 160 :& ¢ 170 180,
POENLSLGSPSPSATLEQAVNSATS RGVLVVAASGNS GAGMRYANAMAVGATDQNNN R
PDE 123 130 140 170 180 186

N___N —ANNNANNANNNN N/
psse VVVVVVVV v—'n_v‘v

Site Record 0—0
Protein Modification W
UniProtke 181 90 200 210 220 230 240

PDEASFSQYGAGLDIVAPGVNVQSTYPGSTYASLNGTSMATPHVAGAAALVKQKNPSWSNVQII
PDE 487 190 200 210 21 230 240 246
scor JMIINIS UBTIliSin[[@19¢iaD I

NnNN_D N N
SV AVAY Ay _ vV ’ VV

Site Record

Protein Modification
UniProtke 2341 250 260 269

PDERNHLKNTATSLGSTNLYGSGLVNAEAATR
PDEJ47 250 260 270 275 I}

HE

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. f




TASKS

e Turn on sequence mode

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

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

© ®

CUMPNU 2 MULEUULE! SUBI ILISIN;

COMPND 3 CHAIN: A;

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.

MacPyMOL

PyMOL>

36 41 46 51 56 61
GISTHPDLNIRGGASFYPGEPSTRADGNG

PyMOL> _
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Reset | Zoom || Orient Draw Ray

Unpick || Deselect | Rock | Get View

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

EO  [o[s[H[Lg)

S|

(sele) EEFEF

i

Amino acid residues
you click on (in both
the sequence and in
the actual structure)
ends up in a special
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.




TASKS

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

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

e 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)

e 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
— Or write “zoom sele” in the command field
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Selection - commands, renaming

@ MacPyMOL
EXecutve: 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.

Reset | Zoom || Orient Draw Ray

Unpick || Deselect | Rock | Get View

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

PyMOL>
For Educatidhal Use Q#ly

I OE me

[active_sitsy B WM™

[ [<[m[»[>[w[S[¥[F
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Selections can be
renamed into
something more
useful by using the
Action (A) button, and
thus “saved for later

n

use .

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




TASK

e Play around with the selection command

e 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)

e Select the catalytic triad (D32, H64, S221)

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

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

e 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
e By clicking
e By using commands
How to give those a different visual style + color
- How to name selections for later use

e 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.

e 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.

e Link to command overview:
- http://pymol.sourceforge.net/newman/user/S0220commands.html
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