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3D structure 

Credit: PDB  https://www.rcsb.org/
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What is a protein ? 
Collagen , Insulin and Antibody ... are  proteins  

Chemically protein is a polypeptide of an aminoacids sequence (peptide bond)

  
 primary structure



Structure Determines Function

  Sequence → Structure

Primary amino acid sequence encodes 3D conformation via non-

covalent interactions (H-bonds, VdW, hydrophobic effect)

  Structure → Function

Active sites, binding pockets, allosteric regions all depend on the 

precise 3D arrangement of atoms

  Drug Design

Understanding protein structures enables rational drug design and 

the development of targeted therapies

  Disease Mechanisms

Misfolded proteins underlie diseases such as Alzheimer's, 

Parkinson's, and type II diabetes..
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Protein Structure Determination methods/techniques  
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X-ray Crystallography

The founding method of structural biology

More: 

Benny Danilo Belviso Software Packages for Biological Macromolecules Crystallography  Day2 - 17:30

                              Protein crystallization: understanding and tackling the bottleneck   Day4 - 15:00



How X-ray Crystallography Works

1

Protein Purification

Pure, homogeneous 
protein sample is required. 
Often the bottleneck step.

→

2

Crystal Growth

Conditions (pH, salt, 
precipitant) are screened to 
nucleate and grow 
diffraction-quality crystals.

→

3

Data Collection

X-rays diffract off the 
crystal lattice; intensity 
patterns are recorded on a 
detector.

→

4

Phase Problem

Phases are obtained via 
molecular replacement, 
SAD/MAD, or isomorphous 
replacement.

→

5

Model Building

Electron density maps are 
interpreted and refined to 
produce atomic-resolution 
models.

Resolution range: 1–3 Å | PDB entries from XRD: ~85% of all structures

D. SILIQI - Structural Studies of proteins- AIC Scool2026

Mazzorana lecture 
Belviso

Protein crystallization: understanding and 
tackling the bottleneck   Day4 - 15:00



MX: Notable Firsts (Crystals vs. Structures)

Protein First Crystals Structure (<3 A  ̊resolution) Time/yr

Haemoglobin Hünefeld, 1839 Perutz et al., Nature 219 29; 1968 129

Ovalbumin Hofmeister, 1888? Stein et al., J.Mol.Biol. 221, 941; 1991 >103

Myoglobin Theorell, 1924 Kendrew et al., Nature 185, 422; 1960 36

Urease Sumner, 1926 Jabri et al., Science 268, 998; 1995 69

Insulin Abel et al., 1927 Adams et al., Nature 224, 491; 1991 64

Lysozyme Abraham & Robinson, 1937 Blake et al., Nature 206, 757; 1965 28

The takeaway: growing a crystal was historically the easy part; the real bottleneck was the diffraction theory, phasing, and computing 
power needed to turn those crystals into atomic structures — capabilities that only arrived gradually through the 20th century.
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X-ray Scattering?

Molecular Transform 

Molecule

FFT
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X-ray crystallography ?

X-ray Crystallography

Crystal? Using “a sampling”

Molecular Transform 
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(1922)
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The Phase Problem in X-ray Crystallography

Diffraction records only intensities |F(hkl)|² — the phase information φ(hkl) is lost. Without phases, the electron density map ρ(xyz) cannot be computed directly 
from the Fourier transform.

ρ(xyz)  =  (1/V) Σ  |F(hkl)| · e^(iφ(hkl)) · e^(−2πi(hx+ky+lz))

known from diffraction UNKNOWN (lost)

01

Patterson Methods

atom positions from |F|²

02

Isomorphous 
Replacement

SIR / MIR — experimental phases

03

Direct Methods

Statistical phase relationships

04

Anomalous Dispersion

SAD / MAD — wavelength-
dependent scattering

05

Molecular Replacement

Phases from a known model

Each method recovers phases through a different experimental or computational strategy — often combined in practice.
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→ hkl (indices & Intensities) list → atoms positions → structure

electron density map



Introduced by A.L. Patterson, 1934
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"The phase problem is not a problem 
— it is a solvable constraint. Large 

amplitudes demand compatible 
phases."  — Herbert Hauptman

Jerome Karle & Herbert Hauptman - Nobel 1985

(1952)

Software: MULTAN, SHELX, SIR … 

DM explain

file:///Users/dritan/Library/CloudStorage/OneDrive-CNR/Meetings&Workshops/2026/AIC_School/direct_methods_interactive.html


Direct Methods

Dual-space algorithms

Iterative dual-space algorithms alternate between reciprocal-space phase 
refinement and real-space electron density modification. 

Scope & limitations

Routinely used for small molecules (even small proteins) and heavy-atom 
substructure location in macromolecular phasing. Not directly applicable to 
large proteins without SIR/MR , SAD/MAD or MR data.

D. SILIQI - Structural Studies of proteins- AIC Scool2026
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Isomorphous Replacement  (SIR / MIR)

Heavy atoms are soaked into native crystals without disturbing the lattice. The intensity differences between native and derivative datasets encode the heavy-atom 
contribution — and thus experimental phase estimates.

1

Native dataset

Collect diffraction data from the unmodified protein crystal: amplitudes 
|F_P|.

2

Derivative preparation

Soak crystal in heavy-atom solution (Hg, Pt, U...) or use 
selenomethionine labelling. Collect derivative data: |F_PH|.

3

Locate heavy atoms

As for small molecules (indeed few heavy atoms)
Difference Patterson |F_PH − F_P|²
Direct Methods from |F_PH − F_P| 
reveal heavy-atom positions. Their structure factor F_H is calculated.

4

Phase estimation

Harker construction: F_PH = F_P + F_H. Phase circles for native and 
derivative intersect to give φ_P.

5
MIR improvement

Multiple derivatives break the phase ambiguity of SIR (two intersection 
points). More derivatives → more accurate phases.

Key milestones:  Perutz (haemoglobin, 1954) · Kendrew (myoglobin, 1958) · Nobel Prize 1962D. SILIQI - Structural Studies of proteins- AIC Scool2026

SIR/MIR explanation 
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Anomalous Dispersion  —  SAD / MAD

Near an absorption edge, anomalous scatterers (Se, S, Fe, Zn...) break Friedel's law: |F(hkl)| ≠ |F(−h−k−l)|. These differences encode both the position of the 
anomalous atoms and experimental phase estimates.

Anomalous signal
f = f₀ + Δf' + iΔf''
At an absorption edge, the real (Δf') and imaginary (Δf'') components of the atomic scattering 
factor become significant, breaking Friedel symmetry.

SeMet labelling

Selenomethionine (SeMet) replaces methionine during recombinant expression. Se has a strong 
anomalous signal (~3.8 electrons at the K-edge, ~0.979 Å). The dominant phasing method today.

SAD vs MAD
SAD (Single-wavelength Anomalous Dispersion) collects data at one wavelength (usually peak of 
Δf''). MAD collects at 2–3 wavelengths for better phase accuracy. SAD is now preferred due to 
reduced radiation damage.

Substructure & phasing
Anomalous difference Patterson or direct methods locate Se/heavy-atom sites (find the 
substructure); refine phases,  electron density map (EDM) and improving ( by density modify 
techniques); model building ( EDM interpretation); refinement 
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Molecular Replacement  (MR)

If a homologous protein structure is available (>~25–30% sequence identity), its phases can be used as a starting point — no heavy atoms or anomalous scattering 
required. Now the dominant phasing method (~70% of PDB depositions).

1
Search model preparation

A homologous structure (PDB) is selected and trimmed: variable loops and dissimilar residues are removed to reduce model bias.

2
Rotation function

The search model is rotated in 3D to find the orientation that best matches the observed Patterson function. Euler angles (α,  β, γ) are determined.

3
Translation function

With the correct orientation fixed, the model is translated within the unit cell to find the position that maximizes agreement between F_calc and F_obs.

4
Refinement & model building

The placed model is refined by crystallographic least-squares / maximum likelihood. Missing parts are built into the resulting electron density map.

~70%  —  PDB depositions use MR >25%  —  Min. sequence identity (typical) Phaser  —  CCP4 / PHENIX software standard
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Protein Crystallography are Computing Methods

D. SILIQI - Structural Studies of proteins- AIC Scool2026

EDSAC (Electronic Delay Storage Automatic Calculator)
the early British computer

~1k RAM !!
2D Fourier around 90 minutes  

Kendrew (myglobin) realized computers could make a difference. 



Model Building & Refinement

Once experimental phases are obtained, the electron density map is interpreted and iteratively refined until the atomic model converges to the experimental data.

1

Electron Density
Map Calculation

Fourier synthesis using
observed |F_obs| and
calculated phases φ_calc.
Initial map often noisy

— requires interpretation.

→

2

Automated Model
Building

Programs (ARP/wARP,
Buccaneer, Phenix AutoBuild)
place Cα and side chains
automatically into density.

Effective at >2.5 Å.

→

3

Manual Model
Building

Crystallographer inspects
and corrects model in
interactive 3D tools
Fixes loops, rotamers,

water molecules.

→

4

Crystallographic
Refinement

Minimise R-factor:
R = Σ||F_obs|−|F_calc|| / 

Σ|F_obs|
Using dedicated 
software/routines
(max-likelihood + restraints).
R_free on test set.

→

5

Validation &
Deposition

MolProbity: Ramachandran
plot, rotamer outliers,
clash score. PDB validation
server before deposition.

CIF restraints checked.

< 20%  R_work target < 25%  R_free target < 5%  R_free − R_work > 98%  Ramachandran favoured < 20  Clashscore

Belviso 

Software Packages for Biological Macromolecules Crystallography  Day2 - 17:30



Strengths & Limitations of X-ray Crystallography

✓  STRENGTHS

• Atomic-resolution detail (sometimes <1 Å)

• Applicable to large complexes and membrane proteins

• Widely used — decades of methodology development

• Synchrotron sources enable fast, high-throughput data 
collection

• Large community, software, and reference databases 

(PDB)

✗  LIMITATIONS

• Requires protein crystallization (often impossible)

• Crystal packing may distort native conformation

• Static snapshots — no direct dynamics information

• Radiation damage to crystals during data collection

• Disordered regions invisible in electron density

D. SILIQI - Structural Studies of proteins- AIC Scool2026
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NMR Spectroscopy

Proteins in solution — dynamics and interactions



Energy
separation
𝜟E 

NMR (Nuclear Magnetic Resonance), a quantum 
mechanical phenomenon - the manipulation of 
nuclear spins using magnetic fields and 
radiofrequency pulses





NOESY — Nuclear 
Overhauser Enhancement 

SpectroscopY

proton-proton distance

Family of structures 





NMR — Applications & Limitations

<50 kDa

Ideal MW range

~13%

PDB structures by NMR

ps–ms

Dynamics window

Key Applications

• Intrinsically disordered proteins (IDPs)

• Protein–ligand binding & drug screening (SAR by NMR)

• Protein–protein interaction interfaces

• Real-time folding and conformational exchange

• In-cell NMR — structure inside living cells

Key Limitations

• Size limit (~50 kDa without TROSY/deuteration)

• High protein concentration required (0.1–1 mM)

• Complex spectrum assignment for large proteins

• Membrane proteins remain challenging

• Computational analysis is time-intensive
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Electron Microscopy & Cryo-EM Revolution

The resolution revolution in structural biology



Evolution of Cryo-EM

1970s Negative stain EM — low-resolution protein images (~20 Å)

1975 Henderson & Unwin — 2D crystallography of bacteriorhodopsin (~7 Å)

1990 R. Henderson — first atomic model from EM (bacteriorhodopsin, 3.5 Å)

2012 Direct electron detectors — begin of 'resolution revolution'

2013 TRPV1 ion channel at 3.4 Å (Liao et al., Nature) — paradigm shift

2017 Nobel Prize — Jacques Dubochet, Joachim Frank, Richard Henderson

2020s Routine sub-2 Å cryo-EM; largest complexes visualized (~10 MDa)

D. SILIQI - Structural Studies of proteins- AIC Scool2026



Credit: MRC Laboratory of Molecular Biology (Cambridge, UK)

Requirements: 

• 3D structure preserved at 
appropriate resolution 

• Sample thin enough for 
electron beam preparation 

• Sample stable in a 
vacuum

FEI Mark IV Vitrobots, 

My video: Hans Dumail, Microscope core Lab (Maastricht , NL)
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AlphaFold & AI-Powered Structure 
Prediction

The computational revolution



The Protein Folding Problem & AlphaFold

Historical Context

Anfinsen's Dogma (1972): amino acid sequence contains all 

information needed for folding. Nobel Prize 1972.

The Problem: Predicting 3D structure from sequence alone has 

been the 'holy grail' for 50 years.

CASP: Critical Assessment of Protein Structure Prediction — 

biennial competition since 1994.

AlphaFold2 (2020): DeepMind's system solved CASP14 with 

median TM-score > 0.9 — effectively solved the problem.

D. SILIQI - Structural Studies of proteins- AIC Scool2026



AlphaFold — Impact & Experimental Validation

AF2 achieved a median TM-score >0.92 on CASP14 targets — effectively solving the protein folding problem for single-domain proteins. Its impact on structural 
biology has been transformative.

>200M
Structures in AFDB

covering ~1M species proteomes

0.92
Median TM-score

CASP14 free-modelling targets

~1.5 Å
Median Cα RMSD

vs experimental, high-pLDDT regions

2024
Nobel Prize

Chemistry — Hassabis & Jumper

✓  Where AF2 Excels

✓  Globular single-domain proteins — accuracy often within experimental 
error

✓  Molecular replacement — AF models routinely used as MR search models 
(phaser)

✓  Orphan proteins — reliable structures even for proteins with no homologs

✓  Proteome-scale analysis — enables structural genomics at massive scale

✓  Domain architecture — correctly places known domains even in 
multidomain proteins

✓  Membrane proteins — accurate TM-helix topology and helix-helix packing

✗  Where AF2 Struggles

✗  Flexible multi-domain proteins with long linkers — PAE is high across domains

✗  Intrinsically disordered regions — pLDDT < 50, no reliable 3D model

✗  Rare folds with no MSA coverage — limited co-evolutionary signal

✗  Ligand-bound / induced-fit states — single conformer, apo-state bias

✗  Protein–protein interfaces — ipTM can be high even for non-binders

✗  Post-translational modifications — limited in AF2, improved in AF3

Validation rule of thumb: pLDDT >70 + RMSD to experimental structure <2 Å + consistent secondary structure → AF model is reliable for most downstream applications.
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AlphaFold3 — Beyond Proteins

Published May 2024 (Abramson et al., Nature). AF3 extends structure prediction to nucleic acids, ligands, ions, and modified residues — and predicts full 
biomolecular complexes in a single model.

What's New in AF3

 All biomolecular types

Proteins, DNA, RNA, small-molecule ligands, ions, post-translational 
modifications (phospho, glycan, lipid). One unified model.

 Diffusion-based decoder
Replaces the IPA structure module with a diffusion module (similar to 
AlphaFold-Multimer × diffusion). Generates 3D coordinates by denoising 
from noise.

 Complex prediction

Directly predicts the structure of protein–DNA, protein–RNA, protein–ligand, 
and antibody–antigen complexes without docking.

 CCD ligand encoding

Small molecules encoded via the Chemical Component Dictionary (CCD). 
Atom-level graph representation — no SMILES strings.

 Improved accuracy

Surpasses AF2 on protein–protein interfaces. Best-in-class on protein–nucleic 
acid and protein–ligand benchmarks (PoseBusters, RNA-Puzzles).

AF2 vs AF3 — Key Differences

Feature AlphaFold2 AlphaFold3

Molecule types Proteins only All biomolecules

Structure module IPA (frames) Diffusion decoder

Ligands ✓ (CCD atoms)

Nucleic acids ✓ (DNA + RNA)

Modifications Limited ✓ (PTMs, glycans)

Complex mode AF-Multimer Unified model

pTM / iPTM pTM only pTM + iPTM + pLDDT

Availability Open weights Inference only*

* AF3 weights released Nov 2024 for non-commercial research. Server: alphafoldserver.com
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Integrative & Emerging Approaches

Combining methods for complete structural understanding



Complementary & Emerging Methods

SAXS / SANS

Small Angle X-ray/Neutron Scattering

Low-resolution (~10–30 Å) solution scattering — 
shape, size, flexibility of proteins in solution. 
Complements cryo-EM for flexible systems.

FRET

Förster Resonance Energy Transfer

Fluorescence-based technique for measuring 
distances (1–10 nm) between labeled residues. 
Ideal for dynamics and conformational changes.

HD-X MS

Hydrogen–Deuterium Exchange MS

Exchange rates of backbone amide H identify 
solvent-exposed vs. protected regions — maps 
binding interfaces and dynamics.

Integrative Modeling

Combining multiple data sources

IMP (Integrative Modeling Platform) combines 
XRD, cryo-EM, SAXS, cross-linking MS. Example: 
nuclear pore complex (~120 MDa).

Time-Resolved Methods

Structure at different timepoints

Serial Femtosecond Crystallography (SFX) at 
XFELs captures enzyme intermediates. Pump-
probe cryo-EM for ms–s processes.

Cryo-ET

Cryo-Electron Tomography

3D imaging of proteins in native cellular context 
(in situ). Sub-tomogram averaging reaches near-
atomic resolution for some targets.

D. SILIQI - Structural Studies of proteins- AIC Scool2026



B i o S A X S

SAXS Applied to
Proteins & Biomolecules

Theory, data analysis & structural applications

06



What is SAXS ? Basic Concepts

SAXS → Small-Angle X-ray Scattering
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Schematic SAXS setup

Radial integration

1D plot
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Contrast it means: a pair of measurements …..

…also permits to eliminate contribution from parasitic background  (slits, sample holder, etc) which should be reduced to a minimum
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BioSAXS — What It Measures & Why It Matters

SAXS on biological macromolecules in solution captures the native, averaged structural envelope — no crystallization, no labelling required.

  Proteins in solution

Structures are measured in near-physiological 
buffer conditions. The technique captures the 
average conformation across millions of 
molecules simultaneously.

  Low-resolution envelope

Resolution typically 1–5 nm. Provides the overall 
shape, dimensions (Rg, Dmax), and molecular 
envelope — complementary to atomic-resolution 
methods.

  Molecular weight

Absolute intensity I(0)  and Porod invariant, 
Correlation Volume (VC) , Bayesian Inference, 
yield MW estimates without a standard — useful 
for confirming oligomeric state and 
homogeneity.

  Conformational flexibility

Flexible or intrinsically disordered regions scatter 
differently from rigid domains. SAXS uniquely 
quantifies disorder and dynamic conformational 
ensembles.

  Complexes & interactions

Macromolecular complexes (protein–DNA, 
protein–protein, protein–drug) can be studied in 
solution, even transiently, without co-
crystallization.

  Time-resolved BioSAXS

Synchrotron sources enable kinetic 
measurements (ms timescale) of folding, 
assembly, and ligand-induced conformational 
changes.

D. SILIQI - Structural Studies of proteins- AIC Scool2026BioSAXS very useful in Combination with Other Structural Methods



Key Parameters Extracted from BioSAXS Data

SAXS — The Guinier Law
At very small angles the scattering intensity follows the Guinier approximation — giving direct access to the overall size of the scattering particle without any model 
assumptions.

ln I(q)  ≈  ln I(0)  −  Rg² q² / 3

Parameter Definitions

I(q) Measured scattering intensity at scattering vector q

I(0) Forward scattering (q→0); proportional to MW × cc

Rg
Radius of gyration — root-mean-square distance of all 
scattering centres from their centre of mass

q Scattering vector: q = 4π sinθ / λ; determines length scale d = 
2π/q

qRg < 1.3
Validity range of Guinier approximation (stricter for 
elongated particles)

Practice: use PRIMUS/AUTORG (ATSAS) for automated Guinier fitting. Always verify linearity (R² > 0.99) and check for aggregat ion (upward curvature) or repulsion (downward curvature) at low q.

Guinier, A. La diffraction des rayons X aux très petits angles: Application à l’étude de 
phénomènes ultramicroscopiques. Ann. Phys. 1939, 11, 161–237

I(q)≈I(0)exp(−𝑎𝑅𝑔
2 ​q2)

for random orientation, a = 1/3
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Key Parameters Extracted from BioSAXS Data

SAXS — Kratky Plot & Flexibility Analysis
The Kratky plot (q² I(q) vs q) is a powerful qualitative diagnostic for the degree of foldedness and flexibility of a macromolecule — and uniquely sensitive to 
intrinsically disordered proteins (IDPs).

Kratky plot:   q² I(q)  vs  q

Interpretation Guide

Bell-shaped peak

Folded, compact, globular protein. The bell peak appears at qRg = √3. 
Area under peak scales with MW.

Plateau / monotonic rise

Intrinsically disordered protein (IDP) or denatured state. Follows 
Gaussian-chain statistics (I ∝ q⁻²).

Bell + elevated baseline

Partially disordered protein or multi-domain with flexible linker. Mix 
of compact domains and flexible regions.

Dimensionless Kratky

Normalise axes by Rg and I(0): plot (qRg)² I(q)/I(0) vs qRg. Peak at (√3, 
1.104) for perfect sphere — deviation quantifies disorder.

Unfolded
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Key Parameters Extracted from BioSAXS Data

SAXS — Pair Distance Distribution Function  P(r)

The p(r) function is the Fourier transform of I(q) into real space. It directly encodes the distribution of all intramolecular distances — and its shape is a fingerprint of 
particle morphology.

P(r)  =  (r / 2π²)  ∫  I(q) q  sin(qr)  dq

Key Features of p(r)

Dmax
p(r) → 0 at r = Dmax: the maximum intramolecular distance. Most 
sensitive structural parameter from SAXS.

Peak position
r at p(r) maximum ≈ most probable distance. Roughly equal to Rg 
for globular particles.

Shape diagnostics
Symmetric bell → globular. Right-skewed tail → elongated. 
Shoulder or bimodal → multi-domain or hollow. p(r) < 0 → 
artefact / aggregation.

Rg from p(r)
Rg² = ∫ p(r) r² dr / 2 ∫ p(r) dr. More reliable than Guinier for 
flexible/elongated systems (uses full q range).

Calculation method
Indirect Fourier Transform (IFT) using GNOM or BayesMIF. 
Regularisation parameter balances smoothness vs fit quality.

Dmax is the most important parameter to report from p(r). Ambiguity in Dmax propagates into all 
downstream modelling. Always compare IFT-derived Rg with the Guinier Rg — they should agree within 5%.

Glatter, O. (1977). A new method for the evaluation of 

small-angle scattering data. Journal of Applied 
Crystallography, 10(5), 415–421

D. SILIQI - Structural Studies of proteins- AIC Scool2026



▪ Using a bead (dummy atoms) model
 

▪ Advanced methods of SAXS data analysis 
employ spherical harmonics (Stuhrmann, 
1970) instead of Fourier Transformations 

▪ Finding a global minimum 

▪ Fitting the exp data

▪ Trial-and-error

▪ Lack of 3D information inevitably leads to 
ambiguous interpretation, and additional 
information is always required  

Ab Initio Shape Reconstruction

D. SILIQI - Structural Studies of proteins- AIC Scool2026
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Molecular Dynamics Simulation

Theory & Principles

06
More: Vittoria Nanna - Modern Computational Tools for Drug Design
Day 4 -  16:30 



Molecular Dynamics — Applications in Structural Biology

MD bridges the gap between static experimental structures and the dynamic reality of protein function. It is most powerful when combined with experimental data 
from XRD, cryo-EM, NMR, or SAXS.

Conformational dynamics & flexibility

MD reveals functional motions invisible to static structures: loop 
opening/closing, hinge bending, domain rearrangements. Essential for 
understanding allosteric regulation and enzyme mechanisms.

Protein–ligand binding & drug design

Free energy perturbation (FEP) and MM-PBSA calculate binding affinities. 
Induced-fit binding modes, selectivity, and off-target effects characterised. 
Complement to static docking.

Validation of experimental structures

MD of XRD/cryo-EM models detects strained geometry, bad contacts, or 
implausible sidechain rotamers. SAXS back-calculation from MD 
trajectories validates solution-state conformations.

Ensemble generation for AlphaFold models

AF2 provides a single conformer. MD explores conformational space 
around the AF model, generating ensembles for SAXS fitting (EOM), NMR 
RDC validation, or identifying cryptic binding pockets.

Membrane proteins & lipid bilayers

Membrane protein dynamics in explicit lipid bilayers (CHARMM-GUI). Ion 
channel gating, transporter alternating access, and lipid–protein 
interactions studied over µs timescales.

Enhanced sampling methods

Standard MD is limited to µs. Enhanced methods extend accessible 
timescales: Metadynamics, Replica Exchange MD (REMD), Steered MD, 
Gaussian Accelerated MD (GaMD), and Markov State Models (MSM).

Key software: GROMACS · AMBER · NAMD · OpenMM · CHARMM · DESMOND (Schrödinger) · MDAnalysis · VMD · PLUMED (enhanced sampling)
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Comparison of Major Structural Methods

Method Resolution Size Range In Solution? Dynamics? Speed

X-ray Cryst. 0.5–3 Å Any (needs crystal) No Limited Days–Weeks

NMR Atomic <50 kDa Yes Yes ✓ Weeks–Months

Cryo-EM 1.5–10 Å >60-100 kDa No (vitrified) Limited Days–Weeks

AlphaFold ~1 Å equiv. Any (seq known) Computational No Minutes

SAXS/SANS 10–30 Å Any Yes ✓ Yes Hours

Cryo-ET 3–10 Å Any (in situ) In cell ✓ No Days
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F U T U R E

De Novo Protein Design: Writing the Language of Life

I                     u  u          F                 u    , WRITING                                     
David Baker's lab and the broader community now design proteins that evolution never made 

Rosetta (2003–)

P       b                            u       b        

        W    ,               , H b    ,            F     

 u      u                                  b  X     

                 

                                        y       .

ProteinMPNN (2022)

N         w                            3D b   b   , 

                       qu                       2   × 

            R         qu             ~  %  x           

 u            

T                                      

RFdiffusion (2022–23)

Generative diffusion model for protein backbone design. 

Give it a target shape, binding epitope, or active site — it 

generates novel protein topologies. 

Enables rapid design of binders, inhibitors, and 

vaccine immunogens.

AlphaFold + ProteinMPNN

T                      qu      P       PNN  →         

       u  u         F     →                    b      

              Ex            u           > ×             

                        

C            y         b           y 



Key Takeaways

1 No single method is universally best — each excels in complementary domains of protein size, state, and information content.

2 Cryo-EM has democratized high-resolution structural biology, bypassing the crystallization bottleneck.

3 AlphaFold has transformed the field: accurate structure prediction is now routine for any sequence, but experimental validation 

remains essential.

4 Integrative structural biology — combining XRD, NMR, cryo-EM, SAXS, MS — is the path to understanding large dynamic assemblies.

5 The future: time-resolved structures, in-cell structural biology, AI-guided drug design, and molecular machines in action.

D. SILIQI - Structural Studies of proteins- AIC Scool2026



Thank You
Questions & Discussion

Q1. Which method would you choose for a 300 kDa, flexible, multi-domain complex that won't crystallize — and why?

Q2. AlphaFold gives a confident single conformer. For your protein, how would you experimentally test whether that conformer is the 
biologically relevant one?

Q3 One day of synchrotron beamtime and an uncharacterized protein: what's your decision tree — SAXS, MX screening, or something else first?
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