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Understand molecular
visualization and structure
preparation

Learn molecular docking and
molecular dynamics (MD)

simulations
Use MD tools like GROMACS - ‘ \
and AMBER FAST. FLEXIBLE. FREE% %

. . \
Analyze ligand-protein GROMACS ;
Interactions | AmberTools23
Explore coarse-grained 0" Q. 9
simulations for large biomolecular % ©
Systems %o 3

Chem. Rev. 2016, 116, 14, 7898-7936



Why do we model molecular systems?

* Molecular structures are too D 04
small for conventional &1 @ & e
microscopes (< 200 nm) 4 A

* Bridging the gap between
experiments and predictions L, e

* Understanding biomolecular
function: Structure-Function
relationship
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* Complementing experimental -2 »/(>T :SHo|
methods: X-ray, NMR, Cryo- ‘oo == L 50 g =
EM ureermr S
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Microbial and Natural Macromolecules, Synthesis and applications, 2021, 755-809



The evolution of structural biology and
molecular modeling

* 1960s-1970s:

diffracti | .
- X-ray crystallography and NMR crystal  Goiracno” electron atomic

density map model

* Need for a structured way to store atomic
coordinates — PDB format (Protein Data
Bank) was born

* 1980s-1990s:

- Molecular dynamics simulations begin
using XYZ, and PDB file formats

* New experimental methods refine structure
determination

* 2000s-present:

- Cryo-EM revolution: needed better formats
for large molecular assemblies

- Al-based methods (AlphaFold, _
RoseTTAFold) change how we predict &
protein structures 5
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_~ High confidence

Model Confidence
B Very high (pLDDT > 90)
High (90 > pLDDT > 70)
Low (70 > pLDDT > 50)
Very low (pLDDT < 50)

Melanocyte-stimulating hormone receptor (MC1R)

J Hum Genet 69, 477—-480 (2024).



Why are molecular structure formats

imgortant?

Molecular structures must be Atomic Coordinates: PDB Format
stored and analyzed R ot
computationally N A S ——
Standardized formats (PDB, XYZ, o S
CIF, mmCIF) allow easy sharing &= :g&: i o i o
and simulation mLaMr o oum o

Each format has historical reasons
behlnd It: Standardization Extensibility

Format, syntax, Method development

—_ PDB:. firSt Widely used format fOr data standards Basis for other dictionaries
proteins structures (X-ray, NMR) ™

— MmCIF: needed for large molecular  asomates AR

PDB

complexes (Cryo-EM) —

for data management Accessible, Interoperable,
and Reusable data
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JMB, 2002, 343, 11, 167599



Principles of Structure-Functions

* Why structure Is
Important?
~— The shape and flexibility

of a molecule dictate its
biological function

* Why do we simulate? (Jj%"/ e
- Manly biological process receptor
V

Involve dynamics that 7
are not capture in static i
structures N
— Simulations allow us to e
observe how molecule siructra,

move and interact over
time



Linking experiments to models

: i . Structure refinement O
* Experiments give us static by correlation-based fitting atomic / stroctore
snapshots (X-ray, NMR, Cryo-EM) in MD simulation @OTQ—Q <
* Simulations letu s eXplore cryo—EM density galculafed density

molecular motions and interactions

* Modern structural biology
integrates experiments with

| 7\‘

correlate

computational models P @) P vord §
~ Cryo-EM provides a low-resolution = corrdaton 5, " potente -
density map - Molecular ce= ] == — Vgrk(-ced 3
modeling refines atomic details s WP &P v -y, o)
. . . &)
— Experimental binding assays - l \\/@ forces (1
J . . : il
Docking simulations predict VR 0

binding sites and affinities

€inal steoctore fits map

eLife 8:e43542.



Applications In blomedlcal smences

* Protein folding and
stabllity

* Drug binding and
discovery

* Pathogen interaction
studies

* Biomolecular engineering
* Nanomechanics




Summary

* Modeling Is neccesary because experimental
methods provide partial information (static
picture)

* Molecular structure determination evolves
alongside experimental techniques

* Modeling allow the dynamics exploration of
biological systems based on the structure-
function relationship
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