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Structure

* “Relative” position of individual building blocks within the sample

* Block definition reflects structural details:
— Whole molecules
— Domains
— Secondary structures

— Residues
— Atoms

— Orbitals
— Elementary particles




Protein

Linear polymer of amino acids linked by peptide bond
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Protein structure
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Protein secondary structure

Peptide bond — planar (angle w is + 180°)

HN)\NHZ

Backbone conformation defined by two torsion angles ¢ and U

2D




Ramachandran diagram

 Combination of ¢ and Y
angles for individual amino
acids in protein

* Populated in several areas
(combination of angles)

 Main areas labeled as a and 3
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a) Colored areas show sterically
allowed combinations of the ¢
and y angles.

b) Observed values for all residue
types except for glycine. Each
point represents ¢ and y values

for an amino acid residue

in a well-refined x-ray structure.

c) Observed values for glycine
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Sterical hindrance

N
9,

* Non-represented combinations suffer from sterical clashes
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* Much smaller problem for glycine — Ca atom missing
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Bonds involved in structure stbhilization

Hydrogen bond (H-bridge)

Charge-charge

Polar AA contacts

Non-polar / hydrophobic AAs
Stacking — aromatic AAs

Cysteine / cystine — sulfur-sulfur bond
Metal ions

2D




o-helix 2D

 Most frequent
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Other helix structures

* 3, helix
— “more tight”
— ends of a helix, turns

 1t-helix
— “more loose”

— ends of helixes, very rare

e |eft-hand helix

— sequence dependent — proline/glycine rich
— colagen



http://en.wikipedia.org/wiki/File:Collagentriplehelix.png

B-sheet (B-strand)

Second main 2D
structure type

Stabilized by inter-

main chain hydrogen
bonds

Two types based on
mutual orientation of
neighboring chains

Antiparallel more
stable than parallel
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Figure 4-10 part 2 0of 2 Essential Cell Biology, 2/e. (© 2004 Garland Science)
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Turns

e Several types
e Various AAs number—-3 -5

 Examples: B-turn, y-turn

gamma turn iInverse gamma tum

www.cryst.bbk.ac.uk 12




Loops

Connecting two elements of 2D structure
Partially organized structures — between turns and random coil

Typically 5-16 AAs with dominantly polar residues
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Protein terciary structure

* Location of individual atoms in space
— “heavy atoms” —-C, N, O, S, (P)
— hydrogens
— bound molecules
— hydration shell
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Absolute coordinates @

Related to the defined origin of coordinate system [0, O, O]
Cartesian coordinates — x, y, z

Spherical coordinates—r, 0, d orp, 0, ¢

7
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Relative coordinates @

Related to previous defined point (atom) etc.

DE

Distance to previous atom

eBCD
Angle between three atoms A ( Mo
ABC

Torsion angle between four atoms
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From 2D to 3D structure @

* Complicated hierarchy:
Secondary — (Supersecondary) — Terciary

* Topology (in structural biology) — mutual orientation of 2D structure elements

e Motives — Folds — Domains

S. Baskaran (2010)




From 2D to 3D structure @

Motifs

— 2-3 elements of secondary structure combined

Folds

— Combination of simple motifs

Domains

— Consist of motifs/folds

18



Helix-turn-helix

Simple motifs

B-hairpin

19



Complex a-motifs/folds

7-helix barrel

4-helix bundle

20



Complex B-motifs/folds @

Greek key B-meander B-barrel




Complex a/B-motifs/folds @

Rossman fold TIM-barrel




Protein domains @

* Part of the structure with defined function (smallest functional unit)
* Independent unit (at least partially)
* Single-domain vs. multi-domain proteins




3D structure databases @

wWWPDB (http://www.wwpdb.org)

RCSB PDB — Research Collaboratory for Structural Bioinformatics Protein Data Bank

PDBe — Protein Data Bank Europe
PDBj — Protein Data Bank Japan
BMRB — Biological Magnetic Resonance Data Bank

SCOP (http://scop.mrc-Imb.cam.ac.uk/scop/)

structural classification of proteins

CATH (http://www.cathdb.info/)

classification of protein-domains

EMDataBank (http://www.emdatabank.org/)

electron microscopy structures



http:///
http://www.wwpdb.org/
http://scop.mrc-lmb.cam.ac.uk/scop/
http://www.cathdb.info/
http://www.emdatabank.org/

Formats for 3D structure files

PDB (Protein Data Bank)

> PDB F|Ie FOrmat (http://www.wwpdb.org/documentation/file-format)

* mmCIF File Format and PDB Exchange Dictionary

 PDBML - XML File Format

RCSB PDB  Deposit ~

#» Deposit

Q search

(4l Visualize
Analyze

# Download

W Leam

| atact Entriae

Search » Visualize ~ Analyze + Download + Leam ~ More ~+ Documentation ~  Careers

A Structural View of Biology January Molecule of the Month

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 blomedicine and agriculture,
from protein synthesis to health and disease.

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

The RCSB PDB builds upon the data by creating tools and resources for
research and education In molecular biology, structural biology, computational
blology, and beyond
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PDB format

* Created 1976
* Fixed column position and width, capacity limitation
e Still very frequent but outdated

h .
HEADER HYDROLASE 14-HAR-83 1HLE C a I n

TITLE CRYSTAL STRUCTURE OF THERMOTOGA MARITIMA ALPHA-FUCOSIDASE
COMPND  HOL_ID: 1; . .
COMPND 2 MOLECULE: PUTATIVE ALPHA-L-FUCOSIDASE; Amlno aC|d type
COMPND 3 CHAIN: A, B;

COMPND &4 EC: 3.2.1.51;

Residue number

Coordinates

COMPND 5 ENGINEERED: VES; ATON T H ARG H G600 I T80 1.00 56,854 H
SOURCE oL pz gy LS? ORF THE3ES ATOM 2 CA WRG A ~25.55N ~10.912 L9.663 1.80 55.29 C
SOURCE 2 ORGANISHM_SCIENTIFIC: THERMOTOGA MARITIMA; ATOM 3 C ARG A —24,_ 623 -9.995 LE._.864 1.808 53.39 C
SOURGE & STRAIN: Fsms; o ATOM » 0 ARG A 7 —24 414 -10.191 47.661 1.00 54.25 0
Soce 5 ExPRESSN sisTon: SEntons o ATON 5 B ARG A7 | -2h.761 ~12.105 50.193 1.09 56.00 c
SOURCE 7 EXPRESSION SYSTEM STRATN: BL21; ATOH 6 CG ARG A i =25 374 12,749 51.426 1.00 58.45 C
SRCE 8 CIPESSIOUSITILARSION OESTY L eamstan ATOM 7 CD ARG A 7 -26.396 -12.945 52.578 1.00 59.72 c
Lo oo, S0URIE . NEMRISHT M N N e e gt 3 oo 61.33 :
REUDAT 5 A9-dUl-11 s 1 UERSN ATOH 9 CZ ARG A i =24._.413 -12.499 G55._.814 1.88 61.72 [
:gg:l g 3::;5::33 ‘11:::3 : 3:2?1 ATOM 18 HH1 ARG A 7 =-23.087 -12._.448 55_065 1.00 61.85 H
REUDAT 2  13-FEB-p4 1HLE 1 REHARK ATOMH 11 HH2 ARG A 7 -25._.115 -12.320 56.126 1.008 63.61 H
5§:ERT ! nagﬁdnﬂé?gu:gtzsncugn C.BIGHOM,T.HISHIMURA,C.A.TARLING,S.G.WITHERS ATOM 12 N TYR A 8 ~24.055  -9.867 h9.545 1.080 50.83 N
JRHL AUTH 2 B.HENRISSAT,Y.BOURNE ’ ’ ’ ATOH 13 CA T¥R A 8 -23.096 -8.188 4B.940 1.00 48B.87 C
we T e Siciine o uctoss T L ATOH 14 € VR A 8  -21.680 -8.609 49.201 1.00 47.8k ¢
JRHL TITL 3 HOLECULAR BASIS FOR FUCOSIDOSIS. ATOM 15 0 TYR A 8 -21.378 -9.123 50.279 1.00 47.98 0
JRHL REF  J.BIOL.CHEM. U. 279 13119 2004

IRNL REFN ISSN B821-9258 ATOH 16 CB TYR A 8 -23.287 -6.688 49 _481 1.088 47.56 c
JRHL PHID 14715651 ATOM 17 CG TYR A 8 =24.7880 -6.147 49 294 1.00 48.37 C
ek g UL 10-107A/JBC.NS13783200 ATOM 18 CD1 TYR A 8 -25.123 -5.630 48.067 1.00 49.00 C
:Em:ﬁ gnssuwnnu. 2.4 ANGSTROMS. ATOH 19 CD2 TYR A ] -25.619 -6.180 50.332 1.00 48.91 c
REMARK 3 REF IMEMENT . ATOH 28 CE1 TYR A 8 =-26.419 -5.156 A47.889 1.00 48.83 c
:Em:: g :3?532;" 5355?33.;3563% DODSON ATOMH 21 CE2 TYR A 8 -26.918 -5.787 50.160 1.00 58.24 [H
REMARK 3 ) ’ ’ ATOH 22 C2 TYR A 8 -27.386 -5.192 L48.936 1.00 49 _98 c
REMARK 3 REFINEMENT TARGET : MAXIMUM LIKELIHOOD FITI]H 23 I]H TlI'H FI s _28 589 _u ?19 us ??3 1 ﬂﬂ 51 15 n
REMARK 3 3 3 & - -

REMARK 2 DATA USED IM REFIMEMENT. ATOM 24 H LYS A 9 -20.837 -B.493 48_178 1.008 46.89 H
REMARK 3  RESOLUTION RANGE HIGH (ANGSTROMS) : 2.40

REMARK 3  RESOLUTION RANGE LOW (ANGSTROMS) : 37.27




mmCIF format

* Created 1990, preferred since 2014, since 2019 the only accepted for deposition

* Non-context grammar, more flexible, possibility to add further information

data_4I135

entry.id 4115

|

audit_conform.dict_name
audit conform.dict_vwversion
audit conform.dict_location

~ 4.027

loop_

_database 2.database_id

_database 2.databases_code

FDE 4I15

RC5B RC5BOTE1395

F

_database_ PDB_rev.num 1
_database PDB rev.date 2013-01-30
_database PDB rev.date original 2012-11-21
_database PDE rev.status ?
_database PDB_rev.replaces 4T15
_database PDB_rev.mod type 1]

T

pdbx_database_status.status_code

pdbx_database_status.entry_id

pdbx database_status.deposit_site

pdbx database status.process_site

pdbx database status.status code sf

pdbx database status.status code mr

pdbx database status.56 entry

pdbx_database_status.status_code_cs

|

loop_
audit author.name
audit author.pdbx ordinal

TMotz, C.° 1
‘Witte, G.' 2
'Hopfner, K.P.' 3
¥

_cltatlon.id
_citation.title

'Paramyxovirus V Proteins Disrupt the Fold of the RNA Sensor MDAS to Inhibit Zntiviral

_citation.journal abbrev

mmcif pdbx.dic

pdbx_database_status.methods development category

primary

Science

http://mmcif.pdb.org/dictionaries/ascii/mmecif pdbx.dic

REL
4115
RC5B
RCSE
REL
2

?
?
?

Chain
Amino acid type

Residue number

Coordinates

ATOM
ATCM
ATCM
ATCM
ATCM
ATCM
ATOM
ATOM
ATCM
ATCM
ATCM
ATCM
ATCM
ATCM
ATOM
ATOM
ATCM
ATCM
ATCM
ATOM
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C

c
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oDl
cD2
H
Ch
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GLU
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GLO
GLO
GLO
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RSF
RSF
RSF
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ASF
RSF
LET
LET
LET

e S S S R = S S o

T

R T e e e =B S =T S S C I S e RIS

1 ? T.254 11.020
1 ? 6.404 12.200
1 7 7.111 13.528
1 ? &6.576 14.360
1 ? 5.842 12,232
1 ? 5.625 13.827
1 ? 4.448 14.369
1 ? 3.968 13.877
1 ? 3.9897 15.354
2 ? 8.29% 13.714
2 ? 9.213 14,768
2 ? 10.508 14.03%
2 ? 11.245 13.850
2 ? 9.4a0 15.735
2 ? 10.399 16.909
2 ? 11.138 1e.835
2 ? 10.397 17.917
3 ? 10.778 13.854
3 ? 11.5%22 13.061
3 ? 13.253 13.688
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Quaternary structure 4D |,
|

* Association of individual (protein) chains

* Consisting of identical chains (homooligomers) or different chains

(heterooligomers), including non-protein molecules, e.g. nucleic acids

28



Structure dynamics

* Molecular structure is not static picture

e Various degrees of dynamics
— Atom thermal motion
— Flexibility of side chains
— Flexibility of backbone

— Association/dissociation of subunits

29



Structure in time

* Static
— Thermal motion — low temperature
— Short time scale
— Averaging

* Dynamic
— Multiple structures comparison
— Precision of structure determination
— Dedicated methods



Speed of change

* Fast change
— Average signhal

— Continuum of states

* Slow change

— Sample heterogeneity o & 4
—e
— Separation of species or signals m;a‘
: (

31



2D structure dynamics (9

e 2D structure enables formation of higher structures (3D, 4D)
* Experimentaly (CD, IR) determined average

* Environment/interaction-induced 2D structure change

32



3D structure dynamics (9

* Flexible backbone — intrinsically disordered proteins (IDPs)
* Flexible parts —loops, N- and C- termini

— Random movement

— Stabilization by ligand binding
* Side chains

— Preferred conformations

— Stabilization by additional bonds (H, polar, hydrophobic)

33



4D structure dynamics

* Association/dissociation equilibrium

Kp

Individual

subunits Complex

Hetgrogenous
mixture

concentration

* Multi-component complex — various dissociation constants

34



Visualization of 3D structures

any SW tools: Mol*, PyMol, Jmol, LiteMol, RasMol, VMD,

himera, Cn3D,...

arious applications (web-based,
igh-resolution images, platform-specific)

everal styles for different purposes

Published online 6 May 202, Nuclelc Ackds Research, 2021, Vol. 49, Web Server lowe  WA31-W437

Mol* Viewer: modern web app for 3D visualization and
analysis of large biomolecular structures

David Sehnal “', Sebastian Bittrich **, Mandar Deshpande “*, Radka Svobodova '#,
Karel Berka "%, Vaclav Bazgler *, Sameer Velankar **, Stephen K. Burley *7*,
Jaroslav Koéa “'* and Alexander S. Ro:

'CEITEC - Contral European Institute of Technology, Masaryk University, Bmo 625 00, Czech Republic, “National
Centre for Biomolecular Research, Faculty of Science, Masaryk University, Brmo 602 00, Czech Republic, *Protein
Data Bank in Europo (PDBe), European Molecular Biokogy Laboratory, European Bioinformatics Institute
(EMBL-EBI), Wellcome Genome Campus, Hinxton CB10 1D, UK, “Research Collaboratory for Structural
Bioinformatics (RCSB), Sa Suporcomputer Center, University of California San Diego, San Diego,
CA 92083-0743, USA. *Department of Physical Chemistry, Faculty of Science, Palacky University Olomouc
Olomouc 771 46, Czech Republic, *Research Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB
PDB), Institute for Quantitative Biomedicine and Department of Chemistry and Chemical Biology, Rutgers, The State
University of New Jorsey, Piscataway, NJ 08854-8076, USA, "Rutgers Cancer Institute of New Jorsey, Rutgers, The
Stato University of New Jorsay, New Brunswick, NJ 08903-2681, USA and *Research Collaboratory for Structural
Bioinformatics Proten Data Bank (RCSB PDB), San Diego Supercomputer Center and Skiggs School of Pharmacy
Sciences, University of Calfornia San Diego, San Diego, CA 920830654, USA

n Di

3

2021, Mevived April 12. 2021 Eciorial Decision Aprd 14, 2021

ABSTRACT stream molecular dynamics simulation trajectories,
render cell-level models, or display huge I/HM struc-
tures. 1t Is the primary 3D structure viewer used by
PDBe and RCSB PDB. It can b easily Integrated into
third-party services. Mol* Viewer Is open source and
freely available at hitps://molstar.org/.

Large blomolecula

tructures are being determined
daily basis using established
mh-

croscopy. In addition, emerging Integrative o hy-
brid methods (1/MM) are producing structural mod-
ols of huge macromolecular machines and assem-
blies, sometimes containing 1008 of millions of non-  GRAPHICAL ABSTRACT
hydrogen atoms. The for

vy ¥,

visualization and analysis tools delivering these data "_._.
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Visualization of 3D structures

* Spheres / Surface / Mesh
* Space filling, interaction surfaces, overall shape




Visualization of 3D structures

e Cartoon / Ribbon

* Secondary structures, domain assignment, connectivity,
main chain orientation




Visualization of 3D structures

 Sticks / Balls & sticks / Lines

* Detailed view, side chain orientation,
mutations




Visualization of 3D structures

 Combination of representations — for publication purposes

e Additional graphics — hydrogen bonds, distances, clashes,
labeling, electron density, ...

Good figure should be both nice and clear (!)
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