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Structure informs function of proteins
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PROTEINS are tiny molecular machines that perform most of the tasks needed to keep cells alive. These machines are far too small to see, so you might imagine that it is impos-
sible to affect their action. However, drugs can be used to turn proteins on or off. DRUGS are small molecules that bind to proteins and modify their actions. Some very powerful
drugs, such as antibiotics or anticancer drugs, are used to completely disable a critical molecular machine. These drugs can kill a bacterial or cancer cell. Other molecules, such as
aspirin, gently block less-critical proteins for a few hours. With the use of these drugs, we can make changes inside our own cells, such as the blocking of pain signals. Many struc-
tures of drugs that bind to proteins have been determined by scientists. These atomic structures allow us to see how drugs work, and perhaps how to modify them to improve their
action. A few examples are shown here. Some of these drugs, like penicillin, were discovered in nature. Other drugs, such as HIV protease inhibitors, were created by using the
target protein structure to design new drug molecules. These structures of proteins and drugs, along with many others, can be explored at the RCSB Protein Data Bank (PDB).

Antibiotics &
Antivirals

Antibiotics and antiviral drugs are
specific poisons. They need to kill
pathogenic organisms like bacte-
ria and viruses without poisoning
the patient at the same time.
Often, these drugs attack proteins
that are only found in the tar-

builds bacterial

HIV protease inhibitors like
saquinavir attack an enzyme that
s needed for HIV maturation.

1. D-alanyl-D-alanine carboxypepti-
e with penicillin (1pwe)

Anticancer
Chemotherapy

Cancer cells grow and multiply
without control. Since these cells
are still similar to normal cells, it
is difficult to kil them selecti
with drugs that can't
between the two. Many drugs cur-
rently used for cancer chemother-
apy attack all growing cells,
including cancer cells and normal
cells. This causes the severe side
effects of cancer chemotherapy,
because the drugs attack rapidy-
growing cells in hai follicles and
the stomach. Two examples are
shown here. Bleomycin attacks
DNA in actively growing cells,
often cleaving the DNA chain and
killing the cell. Paciitaxel (Taxol)
binds to tubulin, preventing
the action of microtubules during
cell division.

3. DNA with bleomycin (1mxk)
4. Tubulin with taxol (1/ff)

Drug Metabolism

You have probably noticed that when you take drugs, the effects gradually wear off in a few hours. En-
zymes like cytochrome P450 continually search for drugs and destroy them. This is important because
it protects us from poisonous molecules in our diet and in the environment, but it means that we have
to take multiple doses of drugs when being treated for a disease.

5. Cytochrome P450 344 with erythromycin (2j0d)

Drugs of Signaling
Proteins

Many drugs are designed to keep bodily
processes at normal healthy levels. Much of
the body's regulation is done through elab-
orate communications between cells, so
some of the most widely prescribed drugs
function by blocking the signaling proteins
that allow cells to communicate. G protein-
coupled receptors, which transmit signals
across cell membranes, are targets for many
drugs. For instance, the drug loratadine
(Claritin) is used to treat allergies because it
blocks the histamine receptor; losartan
(Cozaar) is used to treat high blood pres-
sure because it blacks the angiotensin Ii re-
ceptor; and carazolol is one of a large class
of beta-blockers that bind to the adrenergic
receptor, making it useful for treating heart
disease. Signals can also be stopped by
blocking the enzymes that create a signal-
ing molecule. Aspitin blocks pain at the
source by inhibiting the enzyme cyclooxy-
genese, which makes pain-signaling
prostaglandin molecules.

5. Adrenergic receptor with carazolol (2rh1)
6. Prostaglandin H2 synthase with aspirin
(1pth). The drug breaks into two pieces when
it binds to the enzyme, and the smaller
plce (o aceyl goup) i ttocked

e enzyme with a covalent bond.
me closeup shows the drug in one piece.

Lifestyle Drugs

Pharmaceutical scientists have developed a
number of drugs that help people modify
their own health and bodily function. The
drug orlistat (Xenical or alli) blocks the
action of pancreatic lipase, and thereby
reduces the amount of fat that is absorbed
from food. Atorvastatin (Lipitor) and sim-
vastatin (Zocor) lower cholesterol by block-
ing the action of HMG-CoA reductase, an
enzyme involved in the synthesis of choles-
terol. These drugs can be used, along with
changes in diet and exercise, to help lose
‘weight, regulate cholesterol levels, and con-
trol heart disease.

7. Pancreatic lipase with an alkyl phosphonate
inhibitor (11pb). The drug orfistat shown on the
right s similar to the inhibitor found in the
crystal structure.

8 HMG-CoA reductase with atorvastatin (1hwk)

Molecular Mimics most drugs mimic the molecules that are normally

processed by an enzyme of receptor protein. They

Suicide Inhlbltors Som-':':g are particularly effective because

chemical bond to the protein tar-

bind tightly to the protein and block the site that
usually performs the task. For instance, HIV pro-
tease normally binds to a protein chain, like the
one shown at the left, and clips it into two pieces.
Drugs used t traet HIV odecton, Bk saisevic

here, are smaller than the protein chain but
Chemicallyvery simflar. The drug binda in a similar
position as the peptide, completely blocking the
active site so the enzyme is unable to cleave the

lecular Viewer-mgltools.scripps.edu)

et (shown in turquoise), otally disabling it in
the process. Penicillin (shown at the bottom
with atomic colors) reacts with a serine amino
acid in the bacterial enzyme, forming a new
covalent bond to the enzyme. This completely
blocks the active site, so the enzyme is unable
to perform its role in cell wall synthesis. An-
other suicide inhibitor, aspirin (shown in #6),
attaches an acetyl group to its target which
blocks an inflammation pathway.

Penicillin bound structure of D-alanyl-D-

W-bmnd(zmd)mtugbo«ndnm) alanine carboxypeptidase (PDB entry Tpwc)
structures of HIV proteas
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How do we determine protein structures?

Method Sample Instrument Data Advantages Limitations

X-ray crystallography

Crystals

Diffraction pattern High-res data  Dependent on

Cryo-electron
microscopy

Nuclear
Magnetic
Resonance
Spectroscopy

Synchrotron

Storage Ring,

Sample vitrified
on grids

Sample in solvent
2

NMR Spectrometer

Micrographs

NMR spectra

Very common
No size restriction

Can capture
states

Small amount of
sample required
Fast sample prep

Only method for real-
time, in-solution
motion detection

crystallization
Limited
conformations

Size limit

(smaller = harder)
Preferred
orientation
Computationally
intensive

Size limit

(larger = harder)
Need a lot of very
pure sample



Resolution and information level

Electron density map

Atomic model

High resolution

Low resolution
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Where to find protein information

UniProt: Universal Protein Resource
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www.uniprot.org

@ uniprot.org

B RN 8

Q search

Advanced v

BLAST Align Retrieve/ID mapping Peptide search SPARQL

3 WP
Help Contact I

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence

and functional information.

Swiss-Prot
(665,254)

Y
k Manually
annotated and
reviewed.

Records with
information
extracted from
literature and
curator-
evaluated
computational
analysis.

TEMBL
(219,174,961)

Automatically
annotated and
not reviewed.

UniRef

Sequence
clusters

Literature citations

Cross-ref. databases

(0

(54

UniParc Proteomes

Sequence Proteome sets
archive

= P g

Supporting data

Taxonomy Subcellular locations

I 2

Diseases Keywords

XXX

News

New UniProt portal for
the latest SARS-CoV-2
coronavirus protein
entries and receptors,
updated independent
of the general UniProt
release cycle.

iew SARS-CoV-2

Forthcoming changes
There are currently no changes planned

UniProt release 2021_03

The importance of being disordered |
MobiDB-lite predictions for intrinsically
disordered regions | UniProtKB via AWS
Open Data and Amazo...

UniProt release 2021_02
With a little help from my friend |
SwissBioPics subcellular location

Records that
await full News archive
manual

protein sequence and functional information

RCSB PDB: Protein DataBank
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This resource is powered by the Protein Data Bank
archive-information about the 3D shapes of proteins,
nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of
biomedicine and agriculture, from protein synthesis to
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AlphaFold

Database: https://alphafold.ebi.ac.uk/
models for almost every protein in Uniprot
Revolutionary tool for structural biology, but proteins are chaotic
post-translational modifications (PTMs), environment, ligands, oligomerization etc...

# EMBL-EBI home % Services &% Research & Training @ Aboutus  EMBL-EBI S Sequence of  AF-Q8M3Z6-F1 +#  Chain +# 1:Zincfinger... + A % @

MMFGGYETIEAYEDDLYRDESSSELSVDSEVEFQLYSQIHYAQDLDDVIREEEHEEKNSGNSESSSSKPNQKKLIVLS

Home About FAQs Downloads API
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I Very high (pLDDT > 90) o
Confident (90 > pLDDT > 70) ®
Low (70 > pLDDT > 50) o
AlphaFo ld 1 Very low (pLDDT < 50)
- 3
Protein Structure Database T e
score (pLDDT) between O and 100. Some 3

Developed by DeepMind and EMBL-EBI regions below 50 pLDDT may be unstructured

in isolation.

Examples: Free fatty acid receptor 2~ At1g58602 Q5VSLY E. coli See search help @

AlphaFold DB provides open access to over 200 million protein
structure predictions to accelerate scientific research.

b
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https://alphafold.ebi.ac.uk/entry/Q8N3Z6



https://alphafold.ebi.ac.uk/
https://alphafold.ebi.ac.uk/entry/Q8N3Z6

Name

UniProt

Protein Data Bank (PDB)

PyMOL

PyMOL wiki

ConSurf

PISA

Dali

EMDB

AlphaFold database

ChimeraX

Useful resources

Link

https://www.uniprot.orqg/

https://www.rcsb.org/

https://pymol.org/

www.pymolwiki.org

http://consurf.tau.ac.il

www.ebi.ac.uk/pdbe/pisa/

http://ekhidna2.biocenter.helsinki.fi/dali/

https://www.ebi.ac.uk/emdb/

https://alphafold.ebi.ac.uk/

https://www.cql.ucsf.edu/chimerax/

Purpose

Protein information database

Protein structure repository

Download PyMOL

Information on PyMOL such as examples of settings

Evolutionary conservation of amino/nucleic acid sequences

Protein interface and assemblies

Search PDB for similar structures

Repository for EM/ET data

Database of AlphaFold predictions

Another visualization software, works well with EM maps


https://www.uniprot.org/
https://www.rcsb.org/
https://pymol.org/2/
http://www.pymolwiki.org/
http://consurf.tau.ac.il/
http://www.ebi.ac.uk/pdbe/pisa/
http://ekhidna2.biocenter.helsinki.fi/dali/
https://www.ebi.ac.uk/emdb/
https://alphafold.ebi.ac.uk/
https://www.cgl.ucsf.edu/chimerax/

overview of structure files

model map

 the coordinates of the atoms * the experimental data with
which you can place atoms

+ file types: .pdb, .cif into position (x-ray or EM)

e can also be called structure

Note: Cartoon (ribbon) representation is :
factors or map coefficients

an artistic interpretation of structures
invented by Dr. Jane Richardson (Duke)

- file types: .map, .mrc, .ccp4,
.mtz, .cif

4 F | emd_27829.map

1 col 0000 2cll 2000 2cll 0000 0200 0000

2 200 0000 0000 0000 0000 DRAO 2cPl Q000

3 2c0] 0000 2cOl 2000 Q000 4943 0000 4943

4 2000 4943 0000 b442 0000 b4a42 Q000 ba42

5 2100 0000 9200 Q200 0300 PRO0 92389 @8bf

eccy 3c3f 34cl clbg @100 0000 0000 Q000

7 0000 0000 D000 Q000 Q000 P00 000D Q000

8 0000 0000 D000 Q000 Q000 PRO0 Q000 0000

9 0000 0000 D000 2000 Q000 Q000 Q000 Q00

18 0000 0000 DRAO QP00 QOO0 PROD Q00D Q00D
11 0000 0000 DRR0 Q200 Q000 PRO0 Q0RR Q0.
12 0000 0000 DRAO Q200 Q000 PRO0 Q000 Q00
13 0000 0000 D000 Q000 Q000 P00 000D Q000
14 4d41 5020 4441 2000 eleb 913c 0100 0000
15 3a3a 3a3a 454d 4441 5441 4241 4edb 2e6f
16 7267 3a3a 3a3a 454d 442d 3237 3832 393a
17 3a3a 3a20 2020 2020 2020 2020 2020 2020
18 2020 2020 2020 2020 2020 2020 2020 2020
19 2020 2020 2020 2020 2020 2020 2020 2020
20 2020 2020 2020 2020 2020 2020 2020 2020
21 2020 2020 2020 2020 2020 2020 2020 2020
22 2020 2020 2020 2020 2020 2020 2020 2020
23 2020 2020 2020 2020 2020 2020 2020 2020

AANA TATA TATA IATA TATA TATA IANG et

https://stories.duke.edu/sciences-mother-of-ribbon-diagrams-celebrates-50-years-at-
duke
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The primary information stored in the PDB archive consists of coordinate files that list of
atoms and their 3D location in space stored as plain text (ASCII) files
Either as .pdb or mmcif (.cif) format

| NON ) =| 1f88.pdb
HEADER SIGNALING PROTEIN 29-JUN-00 1F88

TITLE CRYSTAL STRUCTURE OF BOVINE RHODOPSIN

CAVEAT 1F88 MAN E 3 HAS WRONG CHIRALITY AT ATOM C1

COMPND MOL_ID: 1;

COMPND 2 MOLECULE: RHODOPSIN;
COMPND 3 CHAIN: A, B

SOURCE MOL_ID: 1;

SOURCE 2 ORGANISM_SCIENTIFIC: BOS TAURUS;

SOURCE 3 ORGANISM_COMMON: CATTLE;

SOURCE 4 ORGANISM_TAXID: 9913;

SOURCE 5 ORGAN: RETINA;

SOURCE 6 OTHER_DETAILS: BOVINE RETINA, ROD CELL OUTER SEGMENTS

KEYWDS PHOTORECEPTOR, G PROTEIN-COUPLED RECEPTOR, MEMBRANE PROTEIN, RETINAL

KEYWDS 2 PROTEIN, VISUAL PIGMENT, SIGNALING PROTEIN

EXPDTA X-RAY DIFFRACTION

AUTHOR T.OKADA,K.PALCZEWSKI,R.E.STENKAMP,M.MIYANO Header

REVDAT 5 29-JUL-20 1F88 1 CAVEAT COMPND REMARK HETNAM
REVDAT 5 2 1 LINK SITE  ATOM
REVDAT 4 13-JUL-11 1F88 1 VERSN
REVDAT 3 24-FEB-09 1F88 1 VERSN
REVDAT 2 19-AUG-08 1F88 1 REMARK
1 0

ATOM 16 ND2 ASN A 2 46.634  -7.296 -23.187 1.00 59.21

ATOM 35 O0E1 GLU
ATOM 36 O0E2 GLU

51.016 1.511 -28.240 1.00 55.51
52.047 3.411 -28.638 1.00 51.62
47.387 5.855 -27.102 1.00 48.23

N
ATOM 17 N GLY A 3 44,982 -2.466 -23.598 1.00 49.38 N
ATOM 18 CA GLYA 3 45.060 -1.050 -23.332 1.00 48.15 C
ATOM 19 C GLY A 3 44,975 -0.193 -24.576 1.00 47.25 C
ATOM 20 0 GLY A 3 45,481 -0.545 -25.645 1.00 48.00 0
ATOM 21 N THRA 4 44,321 0.946 -24.419 1.00 45.08 N
ATOM 22 CA THR A 4 44,165 1.892 -25.494 1.00 44.41 C
ATOM 23 € THR A 4 45.409 2.775 -25.508 1.00 44.61 C
ATOM 24 0 THRA 4 45,662 3.492 -24.545 1.00 44.85 0
ATOM 25 (B THR A 4 42.913 2.754 -25.261 1.00 43.60 C .
ATOM 26 0G1 THR A 4 41.781 1.901 -25.083 1.00 44.84 0
ATOM 27 CG2 THR A 4 42.649 3.650 -26.435 1.00 43.69 C Atom Coordlnates
ATOM 28 N GLUA 5 46.225 2.647 -26.555 1.00 45.88 N
ATOM 29 CA GLUA 5 47.438 3.458 -26.710 1.00 47.26 C
ATOM 30 C GLUA 5 47.146 4.651 -27.612 1.00 48.31 C
ATOM 31 0 GLUA 5 46.687 4.480 -28.742 1.00 49.86 0
ATOM 32 (B GLUA 5 48.599 2.656 -27.325 1.00 46.89 C
ATOM 33 C6G GLUA 5 49,822 3.538 -27.693 1.00 49.26 C
ATOM 34 D GLUA 5 51.044 2.764 -28.230 1.00 52.49 C
A 5 0
A 5 0
A 6 N



Be29.pdb
RNA BINDING PROTEIN/RNA 14-AUG-22

n n
ITLE HUMAN DIS3L2 IN COMPLEX WITH HAIRPIN C-U12 Wh at,s I n a pd b fI I e

atom #, atom name, residue name, chain id, residue number, x/y/z
coordinates of the atom, occupancy, bfactor, atom element

SOURCE  MOL_ID: 1;

SOURCE ORGANISM_SCIENTIFIC: HOMO SAPIENS; ATOM
SOURCE ORGANISM_COMMON: HUMAN; .
SOURCE ORGAMISM_TAXID: 9686; ATOM
SOURCE GENE: DIS3L2, FAMGA; ATOM
SOURCE & EXPRESSION_SYSTEM: SPODOPTERA FRUGIPERDA;

SOURCE EXPRESSION_SYSTEM_TAXID: 7108; ATOM
SOURCE 8 MOL_ID: 2;

SOURCE 9 SYNTHETIC: YES; ATOM
SOURCE 1@ ORGANISM_SCIENTIFIC: SYNTHETIC CONSTRUCT; ATOM
SOURCE 11 ORGANISM_TAXID: 32630 ATOM
KEYWDS 3'-5' EXONUCLEASE, DS-RNA BOUND EXONUCLEASE, HUMAN EXONUCLEASE, RNA ATOM
KEYWDS 2 BINDING PROTEIN-RNA COMPLEX b
EXPDTA ELECTRON MICROSCOPY ATOM

ATOM
Be20.pdb ."'IT :'H

SEQRES ALA PHE ASP VAL LEU VAL LEU ARG TYR GLY VAL GLN LYS ATOM
ARG ILE TYR CYS ASN ALA LEU ALA LEU ARG SER HIS HIS ATOM
PHE GLN LYS VAL GLY LYS LYS PRO GLU LEU THR LEU VAL
TRP GLU PRO GLU ASP MET GLU GLN GLU PRO ALA GLN GLN ATOM
VAL ILE THR ILE PHE SER LEU VAL GLU VAL VAL LEU GLN ATOM
ALA GLU SER THR ALA LEU LYS TYR SER ALA ILE LEU LYS
ARG PRO GLY THR GLN GLY HIS LEU GLY PRO GLU LYS GLU ATOM
GLU GLU GLU SER ASP GLY GLU PRO GLU ASP SER SER THR ATOM

ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM
ATOM

A 55 GLY A 66
A GLY A 341
A GLU A 353
A 4 PHE A 368
A 421 ARG A 430
A
/I A
A

Bl ke
T
mamrEnm

o Ln

445 GLU A 451
495 GLU A 582
509 LEU A 513
9 AA9 S ER A 521 GLY A 547
10 AB1 GLU A 577 PHE A 601
11 ABZ GLN A 614 GLN A 627
12 AB3 ALA A 637 GLY A 649
13 AB4 ASP A 651 SER A 666
14 AB5 PHE A 786 LEU A 719
15 AB6 ALA A 728 SER A 765

EEEEREERER

o~ o bn
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Why and how to visualize protein structures?

* To observe and analyze a structure of interest.

« To make images or movies to illustrate certain properties of the

structure of interest.

 There are numerous programs and websites to visualize
macromolecular structures. PyMOL and UCSF Chimera / ChimeraX

are most used.



PyMOL tutorial



PyMOL interface

Zoom« Orient

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

Zoom/QOrient to . Al N |

object panel

undo is

; unreliable
mouse selection mode

i.e. what will get
selected when you
click on the molecule

display area

{5 3-Button Viewing ~1 % SEQ £

FileNotFoundError: [Errno 2] No such file or directory: ''
PyMOL 1 + Ut

PO Fotch 1t Log
TITLE TUMOR SUPPRESSOR P53 COMPLEXED WITH DNA
Executiveload-Detail: Detected mmCIF

CmdLoad: "./1tup.cif" loaded as "1tup".

Setting: bg_rgb set to white.

Setting: opaque_background set to on.

command line’§

reset the view . (X" < . tup SR, < — each object

have their own
buttons:
[A]ction
[S]how

[H]ide

[L]abel

[Clolor

Wizards Menu

Sculpting

Label

Charge

Demo

Done

In this ppt,
[square brackets]
indicates these
buttons



1. Loading structures

File > Get PDB > 1tup

OR

1. Go to PDB website: www.rscb.org

2. Find molecule of interest using search bar
Search for: p53 complexed with dna

3. Download Files > PDB Format > 1tup.pdb file
and open it in PyMOL

using File>Open

OR

Fetch .pdb file directly to PyMOL using
File>Get PDB... and providing 4 letter code
from PDB entry: 1 TUP

OR

Command line: fetch 1tup

ene < in) 0 & resborg o =

181295 Biological

3 - - e G )
_F) [-\ : ,,::) Mérorolacular Stictines Enter search terms or PDB ID(s). n

- < >/ Enabling Breakthroughs in
PROTEIN DATA BANK Research and Education Advanced Search | Browse Annotations Help (¢

_ o, - o Celebnating Br@r TR YEARS OF
; PpB-101 fod = D (G st 7 wne Protein Data Bank m

Structure Summary 3D View Annotations Experiment Sequence Genome Versions
¥ ¥ | PEEETEEEE © Download Files v
Biological Assembly 1 ) 1 TU P
FASTA Sequence

B @roareos

-
B
TUMOR SUPPRESSOR P53 COMPLEXED
PDB Format
DOI: 10.2210/pdb1TUP/pdb NDB: PDR027
PDB Format (gz)
Classification: ANTITUMOR PROTEIN/DNA
Organlsfn(s): Homo sap4ens‘ ) PDBx/mmCIF Format
Expression System: Escherichia coli
Mutation(s): No PDBx/mmCIF Format (gz)
D ited: 1995-07-11 Rel d: 1995-07-11 PDBML/XML Format (gz)
Deposition Author(s): Cho, Y., Gorina, S., Jeffrey, PD.,
Biological Assembly 1
Experimental Data Snapshot wwPDB Vali
© 3D View: Structure | Ligand Interaction Method: X-RAY DIFFRACTION | Validation Full PDF
Resolution: 2.20 A o a"“' Validation XML
Global Symmetry: Asymmetric - C1 R-Value Work: 0.202 sxhehaieldl .
Global Stoichiometry: Homo 3-mer - A3 R-Value Observed: 0.202 Seope wmm; Beter o
:
Find Similar Assemblies
& PyMOL File Edit Build Movie eCe Gt lrile
Mew Window [Defamﬂ h Note: Downloading will save the files in the
. . directory defined by the "fetch_path"
New Window (-k) setting.

- I e e
Open...

PDB Structure Object name (optional)
Open Recent... »
2FoFc Map Object name (optional)
Get PDB...
FoFc Map Object name (optional)
Save Session PDE Structure Options
Save Session As... Chain name (optional] (]
E){purt |I'I'Iage As » Assembly (optional): u
Export Movie... This will run the following command
set assembly, ""
fetch 1tup


http://www.rscb.org/

1tup.pdb loaded in PyMOL

PyMOL

™ Residues « Zoom- Orient Rock Presets...

Builder... Scenes [G] Draw/Ray~

e All

« tup

PUMOL 3-Button Viewing ~ % SEQ
etting: bg_rgb set to white.
etting: opaque_background set to on.
ou clic
elector: selection
ou clicked /1tup/D/B/
elector: selection " defined with 1547 atoms.
scene: scene stored as "@@1"
PyMOL>reinitialize original_settings

PYMOL > 1




2. Mouse controls [ifyougetiost

Zoom>All or Orient

Zoom . Orient

_ Mouse functions + modifier keys:
Move (C“Ck) 3-Button "-"iEe".‘Il'l
Slab depth (wheel) '

and position (Shift + wheel)

3-Button Viewing Mouse Controls 3-Button Editing
ROta te 3-Button Lights
o s 3-Button Motions

Move MovZ 2-Button Viewing

-Box Clip 2-Btn. Selecting
PkAtL Pk1 VS Z 2-Button Editing
Orig Clip 2-Button Lights

Cent Menu 1-Button Viewing

Pt 3-Button Maestro

I;"'l—l 3-Button Viewing -




Mouse modes

If—_'T'_;']H—Euttnr Viewing |~ If—_'T'_—II]H—Euttm Editing |~

Viewing Mode: view, rotate, translate, Editing Mode: rotate bonds, replace
and change the representations of atoms, physically move atoms and
objects (you will use this mostly) residues, etc.



General notes on PyMOL

« Save sessions (File-=>Save session...) from time to time
» Use the Zoom or Orient buttons on the top panel if you get lost

« To change display quality, select Display > Quality > Maximum quality (or other)

Z 00M -~ Orient Roc

All
Visible

Active Selection

Mext Ligand [CTRL-L]




Exercise 1: Adjusting view and slab

1. Reset the view.

» Locate DNA in the complex, adjust view and
slab so you can see single base pair and
move the slab so you can see single base-
pair as you move the slab along Z-axis.

2. Reset, look around

 How many protein chains are bound to this
dsDNA?

* Do all the protein chains bind DNA similarly?




3. Representations

lines sticks spheres surface

Different
representations
convey different
ribbon cartoon information




Object and Selections panel — used to change representations and much more

« Al

« Ttup

s (sele)

Selections and objects play slightly different roles in PyMOL.

- An Object can be created from selections
- Can be moved and aligned!

- A Selection belongs to a specific object
- Selections are used to modify representation of parts of an object
- You cannot display a selection without displaying its original object source



4. Selections — how to make them

There are multiple ways to perform selections:

By clicking on the molecule:

» Single left mouse click be default selects single residue

(can also be used to select atom/chain/molecule etc. depending by setting in Mouse-
>Selection Mode menu)

« Shift + Left Mouse button selects a box

By clicking on the sequence:

« Select Sequence On in the Display Menu to show sequence; click on the residues

OR
command line: https://pymolwiki.ora/index.php/Selection Algebra



https://pymolwiki.org/index.php/Selection_Algebra

Exercise 2: Chanqging representations

1. Reset the view.

2. Hide waters:
[H] > waters e

3. Select individual protein chains and change S
their colors:
a. Change the mouse selection mode to
chains.
b. Click on a chain. In the Object Panel, click
on [C] button of <sele>, choose a color.

4. Set the DNA representation to licorice sticks
and change color by element:
Make sure your mouse selection mode is still
chains.
a. Click the 2 DNA strands. [S] > as > licorice
— sticks.
b. [C] > by element > choose a color palette.

Residues Segments

Objects

Ha An’s colors:
pink, palegreen, slate



Making Selections using Sequence Display

-Select Display->Sequence On to show sequence; click on the residues

Sltup 256 261 266 271 276 281 2BE 291 296 301 306 /GBS SHADS JIZES2024 0 2084 2204 2300

7PILTIITLEDSEGHLLGEHSFEUEUEHEPGEDEETEEEHL

-Colors of sequence corresponds to colors in structure
-0 = water

-Residue number corresponds to the residue directly below the first digit

-Display->Sequence Mode->Residue Names changes Sequence display to three-letter amino
acid code

if you don’t see the numbering, might need to change the background
color to white (Display > Background > White)



How selections are indicated

o Zoom. Orient Rock Presets... Builder... Scenes (3] Draw/Ray~
Jltup 161 166 1?1 176 181 186 191 196 201 206 211 2-’3 221 226 231 236 241 246 251 256 261 :
PPGTRYRAMAIYKASOHMTEVYVRRCPHHERCSDSDGLAPPAOHLIRVEGNLRYVEY LDDR HlERESE ./ /FYEFPPEYGSDCTTIHYNYMCNSSCMGGMNRRPILTIITLEDSSGNL LIS A § H L C
-ﬁ’

A 8 H L C
p ¢ sequence residues @ As H LG
WL ) selected “~.: Selected

Selection

(you can

rename it
too)




Selections — command line:

Command line offers powerful way of making selections
Hierarchy: model — chain — resn (residue name) — resi (residue number) — name (atom name)

Examples:
— select chain A -—select chain A

- select resn lys —select all lysines
- select resi 175 - select residue 175 in all chains
- sSelect (resi 175 or resi 245) and chain B

- select residues 175 and 245 in chain B
- select interface, (chain B within 4 of chain E:F) or (chain E:F within
4 of chain B) — make selection named interface with all atoms located less than 4A apart
between chain B and chain E:F

Type: help select to see help

Full explanation: https://pymolwiki.org/index.php/Selection_Algebra



https://pymolwiki.org/index.php/Selection_Algebra

Selection and Objects

* rename selection: <sele> [A] > rename selection

» copy selection to new object: <sele> [A] > copy to object

- select all residues within 4A of selection: <sele> [A] > modify > around > residues within 4 A
(this selects the atoms; you can show sidechains by going to [S] > sidechain > stick)

Action:

rename selection

s (sele) Action:

rename selection
zoom

orient




Exercise 3: Working with sequences

» Display > Sequence
, , _ « Make sure your selection mode is ‘Residues”
Certain residues are most frequently mutated in cancer:

%Electing Eéaiduea

R175, G245, R248, R249, R273, R282.
Select and show the side chains for these residues

in chain B (middle protein molecule) and look at them.

Q: Where are these residues located?
Q: What could be the role of these residues?

Altup 141 146 151 1% 181 166 171 176 181 186 191 196 201 206 211 216 221 226 231 236 241 246 251 25 261 266 271 276 281 286 291 2% 301
F G RR E E RERGEFPHHELFPGS




Exercise 3: Working with sequences

Q: Where are these residues located?
Q: What could be the role of these residues?




5. Making measurements

Wizards

Measurement {.
IS Fleaze click on the first atom,.. C“Ck the fIrSt atOm, then
Protein Mutagenesis )
click the second atom
Muc. Acid Mutagenesis
Pair Fitting
Density

Filter

» _ Measurement
Sculpting

Distances
Label

Create New Object
Charge -

Delete Last Object
Demo -

Delete All Measurements

el al=]
Done Done

T . - T,
(C} 3-Button Viewing - [ 3-Button Viewing ~ X SEQ




Exercise 4: Measure the coordinating distances of the Zn atom

Select a Zn atom, expand the selection to select coordinating residues
<sele> [A] > modify > expand > by 4 A, residues

change the representation of the side chains to show sticks
<sele> [S] > sidechain > sticks K

you can also change the color of this selection:
<sele> [C] > by element > choose your color palette

drag coordinates

In the menu bar, Wizard > Measurement to turn on the measurement T .
option click two atoms to measure the distance between them. arcund

/ oy B A | exte Find
1y B g
al ::: ] co = =
1 2 I



Exercise 4: Measure the coordinating distances of the Zn atom

The zinc ion has been shown to be important in DNA binding.
Q: Which residues coordinate zinc?

Q: What are the coordinate bond lengths?

Q: What role does the zinc have? .«




Exercise 5: Showinqg electrostatics

» Create new individual objects that contain the protein
chains A, B and C individually
(use the command split chains 1ltup)

» Generate electrostatic potential surfaces quickly:
[A] > generate > vacuum electrostatics > protein contact
potential

* Do you see any electronegative or electropositive patches?
Where are they located?




Better (more proper) way to generate electrostatics by APBS:
» Plugin > APBS electrostatics > choose your selection > Run (takes some time)
wait till “Finished with Success” popup

2
® @ APBS Electrostatics
m APBS Template | Advanced Configuration '{:;\‘ z:g:z;‘:d EHDEIE o D E G
Plug In Hel P Selection: ' polymer & 1tup_B @
Yes
Plugin M anager Selection needs preparation (partial_charge: no,elec_radius: no)
Legacy Plugins > Prepare Molecule
Excel Exporter
. . . Calculate Map with APBS Options >>
Lighting Settings
APBS Electrostatics
Alignment Molecular Surface Visualization Options >>
Morphing E
T W Other Visualizations Options >>
Register APBS Use Run

S

If this errors out for you, try going into Prepare Molecule > Options > Method: change to “use formal_charge and vdw”



Exercise 6: Align the three protein chains

« you should have the 3 protein chains in separate objects

« align chains A and C to chain B

[A] > align > to molecule > chain B

» Are the proteins adopting different conformations?

You can align all proteins to a currently selected one
A—Action—Align—All to this

or align proteins one by one
A—Action—Align—To Molecule



Exercise 6: Align the three protein chains

3 ng
E 429 (169 to 169 at )

» you should have the 3 protein chains

in separate objects

« align chains A and C to chain B

[A] > align > to molecule > chain B

» Are the proteins adopting different

conformations?




Exercise 7: perform an in silico alanine mutation

Select R175 in chain A, show and color its sidechain.

expand the selection to residues within 5 A and show sidechains
Go to menu bar Wizard > Mutagenesis

In the panel on the right, click on ‘No Mutation’, select ALA.
Click on the R175 that you want to mutate

Then click Apply

What could be an effect of this mutation?



10. Make a figure

Reset everything (can just open a new window)

1tup

Recolor each protein chain a different color

Set DNA chains to be sticks, color by element

Draw/Ray: Ray(slow) > save image as > png to somewhere

Builder... Scenes e Ha AH’S Settings tO
make it look pretty:

Width 1181px < 10.00cm =
. R set spec count, 0
Height 1014px ~ 8.89cm - —
\ set spec reflect, 1
Reset + Lock aspect ratio -

* tup_A
« tup_B Units cm ¢ at 300 v DPI set ray shadows, off
¢ Tap G +/ transparent background ("Ray" only) set ra Y_t ra Ce_mOde ’ 1
+ 1tup_E

Save Image to File

Copy Image to Clipboard

< Back

https://pymolwiki.org/index.php/Ray



https://pymolwiki.org/index.php/Ray

K3 Get PDB File ? X

] . . . . Note: Downloading will save the files in the
Bonus: look at electron density of an inhibitor T
. PDB Structure |O|JjECt name (optional) |
Explore electron density in the crystal structure of COVID-19 main [ 2¢oFcMap  [object name (optonal) ]
protease in complex with an inhibitor N3 (pdb: 6lu7) [JForcmap  [Obiectname (optonc)) |
PDB Structure Options
Chain name (optional):
Get pdb... 6lu7: PDB and 2FoFc map Assemby (optional):
[ Hide Waters \ o T — , 'I;ZLs;:;Ié;u;:hifollowing command
» Create a mesh representing the map: ' & e L esiot :
- Action > mesh > @level 1.0 j

| Download |

- lsomesh map, 6lu7 2fofc, 1, 3bep, carve = 2.5
Color the mesh (e.g. blue > density) .
Color protein chain and inhibitor ([C]->color by chain, [S]->as
licorice (sticks)

Explore electron density for the inhibitor
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