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Choosing the Right Structural Biology Tool:
A Practical Comparison of X-Ray Crystallo-
graphy, Cryo-EM and Cryo-ET

High-quality structural information is a pre-
requisite rather than a luxury in modern drug
discovery and biologics development. From
early target validation to lead optimization
and mechanism-of-action studies, the choice
of structural biology method has a direct im-
pact on timelines, risk, and data quality.

This white paper provides a pragmatic com-
parison of three core techniques: X-Ray
Crystallography, Cryo-Electron Microscopy
(Cryo-EM), and Cryo-Electron Tomography
(Cryo-ET). We outline when and why to use
each method, how they complement one an-
other, and how an integrated, multi-modal
strategy can de-risk complex projects. This
includes native context studies, near-atomic
structure determination, and high-throughput
structure series.

In drug discovery, structural insights are most
valuable when they provide a clear path for-
ward for the program. These insights speed
up hit-to-lead transitions and give teams the
confidence to iterate quickly during structu-
re-based design. By clarifying exactly how a
molecule binds and what drives its selectivi-
ty, structural data also provides the evidence
needed to support biological characterization
and manufacturing stability. In this context,
choosing the right method is not only a tech-

remains the
workhorse for atomic-resolution
structures of suitable targets.

excels for large, flexible and
membrane protein complexes that are
hard or impossible to crystallize.

uniquely provides in situ views
of macromolecules within native
environments, revealing sub-cellular ar-
chitecture, higher-order molecular orga-
nization, and context that cannot be ob-

tained from isolated particles alone.

The most successful programs combine
methods across the project lifecycle.

Figure 1: Advances in structural biology have strengthened
structure-based drug design, exemplified by ZED 1630 (PDB
ID: 5BMHM), which is shown bound within a unique binding
pocket of FXllla. Quelle: doi: 10.1002/cmdc.202000056

nical question but a program strategy choice.
It defines the evidence you can generate, how
fast you can iterate, and which risks you can

retire at each milestone. bimovis.com e 1



1. Structural Biology in Modern Drug Discovery

Structural data informs key decisions across drug discovery and development. It accele-
rates learning cycles, increases confidence in mechanistic hypotheses, and reduces tech-
nical risk when timelines and budgets are constrained.

Target validation and mechanism-of-action

Structural biology supports a mechanistic understanding of therapeutic targets and their
modulation. Typical questions include:

e Architecture of receptors, enzymes, ion channels, and multi-protein assemblies

e Conformational states linked to activation, inhibition, and disease-relevant transitions
¢ Binding-site accessibility, allostery, and complex formation under biologically relevant
conditions

Hit finding and lead optimization

Structural data enables structure-guided chemistry and biologics engineering by linking
molecular changes to binding and function. Typical applications include:

e Fragment and small-molecule binding modes to guide iterative optimization

¢ Epitope mapping for biologics, bispecifics, and other engineered formats

e Structural characterization of antibody-antigen complexes and engineered variants

Risk reduction in development and CMC

Beyond discovery, structural information supports developability and comparability as-
sessments. Typical questions include:

e Aggregation propensity, misfolding, and stability drivers under relevant conditions

e Comparability of variants, biosimilars, and process or formulation changes

e Structural interpretation of potency shifts, impurities, and stress-related changes

Target validation & Hit finding & Development & CMC
mechanism-of-action lead optimization risk reduction

+  Architecture ¢ Binding modes ¢ Stability & aggregation
Conformatial states s Epitope mapping + Comparability & variants
+ Complex formation s Engineering guidance s« Formulation assessment

Output: Mechanistic insights Output: Binding & SAR data Output: Developability assessment

Figure 2: Structural readouts support decision-making at each stage and guide method selection based on the question,
sample form, and required throughput.
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2. Technical Overview

X-Ray-Crystallography

Principle

Proteins or complexes are crystallized; crystals are exposed to X-Rays; diffraction patterns
are used to reconstruct the 3D electron density and build atomic models.

Key strengths

. Veryg high resolution, routinely better than
~2.0 A for suitable targets.

e Mature, robust and scalable: high level
of automation at synchrotrons; suitable for
fragment-based screening and medicinal
chemistry campaigns.

¢ Broad size range: from small domains to
very large assembulies, if they crystallize.

Typical challenges

e Crystallization bottleneck: many memb-

1.0 A (PDB-ID: 2NMZ) 1.5 A (PDB-ID: 4QJ6)
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rane proteins, flexible complexes and in-
trinsically disordered proteins are difficult
or impossible to crystallize.

e Crystal packing artefacts: conformations
and interfaces may be influenced by crys-
tal contacts, which may not fully reflect the
native state.

e Static snapshots: dynamics are inferred
indirectly rather than directly observed.

¢ Relatively large amount of protein is nee-
ded (mg to g range).

Ky /“M::f’r

Figure 3: The result of a diffraction experiment is an electron density map (blue), which reveals structural details at high reso-
lution and enables analysis of drug binding at the target interaction site.

Best suited for

e Stable, well-behaved proteins and complexes.

e Structure-enabled medicinal chemistry and fragment-based design.

e Detailed analysis of small-molecule interactions and water networks.
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Cryo-Electron Microscopy (Cryo-EM)

Principle

Frozen-hydrated samples are vitrified in thin layers of ice. Thousands to millions of indivi-
dual particles are imaged and computationally aligned to reconstruct a 3D map.

£

Figure 4: In contrast to X-Ray Crystallography, the “single”
particle is imaged directly; however, due to the low signal-
to-noise ratio, many particle images are averaged. These
averaged 2D class images from different viewing angles are
used in single-particle analysis (SPA) to computationally re-
construct a three-dimensional density map.

Key strengths

e Near-native conditions: no need for crys-
tallization; molecules are imaged in vi-
treous ice close to their physiological state.

e Excellent for large and flexible comple-
xes: especially >150-200 kDa, including
membrane proteins and multi-subunit as-
semblies that resist crystallization.

e Near-atomic resolution: modern instru-
ments and processing routinely achieve
2-3 A for favorable samples.

e Multiple conformational states:
Classification methods can resolve distinct
functional states within a heterogeneous
population, capturing dynamics that Crys-
tallography is unable to observe because it
freezes molecules into one conformation
and cannot represent the heterogeneous
ensemble of functional states.

e Much smaller quantities of protein is
sufficient to determine the structure
(mg to ng range).

Typical challenges

e Sample preparation and behavior on EM
grids: aggregation, preferred orientation
and heterogeneity can limit achievable re-
solution.

e Size constraints: smaller proteins (<
80kDa) remain challenging, though techni-
cal and computational advances are conti-
nually pushing this limit down.

e Complex data processing: reconstruction
requires high-end computation and expert
workflows.

Best suited for

e Large protein complexes and
assemblies.

e Membrane proteins and receptors in
detergent, nanodiscs or other memb-
rane mimetics.

e Flexible systems with multiple func-
tional states (e.g. transporters, GPCR
complexes, large signaling assem-
blies).
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Practical takeaway: X-Ray Crystallography remains the most efficient route for high-
throughput structural studies when proteins crystallize readily. Conversely, Cryo-EM is the
preferred choice for large, flexible, or membrane-bound complexes that are resistant to
crystallization.

Method deep dive: Why X-Ray Crystallography and Cryo-EM re-
construct structures differently

This excursus provides background on the measurement principles behind each met-
hod and can be skipped without affecting the method selection guidance.

Figure 5a illustrates the physics of X-Ray Crystallography to solve a structure. Perio-
dic arrays of molecules in a regular three-dimensional lattice resulted in a “diffraction
pattern” when illuminated by X-Rays. Because of the nature of X-Rays only intensi-
ties can be recorded, while the phase information is lost during the experiment this
is termed the phase problem in X-Ray Crystallography. Phases are recoverd during
data processing.

Figure 5b illustrates the physics of EM in solving a structure, because of an electron’s
strong interaction with each atom’s Coulomb potential, individual molecules within a
specimen can be imaged directly. The virtue density of a biological molecule can be
reconstructed from a set of 2D projections of the molecule with Wommon structure,
imaged at various orientations by the electron microscope. In the back-focal plane of
the objective lens, the diffraction pattern of a biological specimen can also be obtai-
ned.

Phase
Information

2D classification
3D construction

Electron Density map

Figure 5: Schematic comparison of X-Ray Crystallography versus Cryo-EM workflows (sample preparation, data
collection, reconstruction). Adapted from Wang H.-W. & Wang J.-W., Protein Science 2017.
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Cryo-Electron Tomography (Cryo-ET)

Principle

Cells, organelles, or tissue biopsies are vitrified. A series of images is collected as the
sample being tilted with respect to the electron beam, and reconstructed into a 3D volu-
me (tomogram), capturing a fragment of unperturbed cellular environment. Subtomog-
ram averaging can then improve resolution for repeated structures.

Key strengths

e In situ structural biology: macromolecu-
les are visualized in their native cellular
context, preserving architecture, spatial
relationships and local environment.

e Heterogeneous and rare assemblies: can
capture unique states and transient com-
plexes that do not survive purification.

e Cell-level information: ultrastructure of
organelles, membranes and cytoskeleton
combined with molecular-level detail.

Typical challenges

e Resolution: usually lower than high-end
Cryo-EM or Crystallography (5-15 ,&);
sub-nanometer resolution is achievable for
favorable targets, but atomic resolution is
rare.

Best suited for

e Throughput and complexity: sample pre-
paration, data collection and analysis are
technically demanding and lower through-
put.

e Specialized questions: most powerful
when you need context; less suitable for
high-throughput structure campaigns.

Figure 6: Impressive work by Florent Waltz and colleagues
(Science, 2025) reveals the molecular organisation of mit-
ochondria (5 5\), with this artistic rendering showing ATP
synthases in blue, Respirasomes in violet, and HSP6O in
magenta.

e Mechanisms involving membranes, organelles, viral infection, synapses and simi-

lar systems.

¢ Guiding subsequent Cryo-EM or Crystallography by revealing native architecture
and interacting partners.

e In situ validation of the Cryo-EM or Crystallography results by revealing confor
mations of the target molecules in unperturbed cellular environment.
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Method deep dive: Cryo-ET Workflow Fundamentals

Cryo-Electron-Tomography is an exciting and rapidly advancing technology, with fre-
guent innovation across sample preparation, imaging, and computational analysis. In
order to gain a deeper understanding of this topic, the following section provides an
expanded workflow overview to distinguish it from more established methods.

Vitrification The process of vitrification is a prerequisite for transitioning water from a
liquid into an amorphous, non-crystalline ice state. In contrast to crystalline ice, amor-
phous vitrified water is electron-transparent. Its thin, homogeneous nature minimizes
background signal. The sample type usually dictates the vitrification method. Sam-
ples that are thin enough to be directly investigated by EM are commonly vitrified by
plunge-freezing into a Cryogen (such as liquid ethane at less than -160°C) where
sufficiently fast cooling speeds are reached (Dubochet et al.,, 1988). High-pressure
freezing combines rapid temperature decrease with the application of high pressure,
which lowers the melting point of water. This allows vitrification of samples up to 200
um in thickness, but Cryo-protectants are often needed (Studer et al., 2008).

Thinning Due to a strong electron—matter interaction, samples thicker than 1 pm are
virtually opague to electrons and require thinning at Cryo-conditions. Samples there-
fore have to be thinned down by focused ion beam milling (FIB).

Electron tomography 3D images of vitrified samples are produced by acquiring se-
ries of 2D projections at different tilt angles and reconstructing those into a tomogra-
phic volume

Data analysis Computational methods are used to improve the resolution of structu-
res visualized in tomograms and to aid in their molecular identification. Cryo-correlati-
ve light microscopy is an optional procedure that facilitates identification and naviga-
tion to target features in Cryo-ET.

DATA ANALYS

thin enough specimens " Reconstruction

A Denoising
Vitrified, thinne —
specimens Filtering
(200 nm)

Averaging

/4l Cryo-Correlative

Figure 7: Overview of the Cryo-ET workflow from vitrified cells through tilt-series acquisition and tomog-
ram reconstruction to subtomogram averaging. Adapted from Ludi¢ et al., Journal of Cell Biology 2013.
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3. From Drug Discovery Decisions to Method Selection

COMPARISON OF STRUCTURAL
BIOLOGY METHODS

M applications

M sample efficiency
M biological context
M resolution

W throughput

X-RAY CRYO-EM
CRYSTALLOGRAPHY

CRYO-ET

Figure 8: Comparison of structural biology methods across key criteria. The bars summarize typical relative strengths of X-Ray
Crystallography, Cryo-EM, and Cryo-ET in five categories: throughput (capacity for routine, repeatable data collection across
multiple samples or conditions), resolution (level of structural detail), biological context (how close the structure is to the
native environment), sample efficiency (sample quantity) and applications (breadth of questions and target types the method

can address).

The previous sections describe whe-
re structural data informs decisions
across drug discovery and develop-
ment. The guidance below translates
these decision types into practical mo-
dality choices based on sample format,
required resolution, and throughput.
In most programs, a primary method
is selected to answer the immediate
question, and complementary met-
hods are used to add context or enable
faster iteration. This framework helps
teams align scientific questions with
the most effective structural approa-
ches at each stage of the program,
while balancing resolution, speed,
and resource requirements.

e X-Ray Crystallography: atomic
detail for well-behaved targets and
robust high-throughput structure se-
ries for medicinal chemistry and frag-
ment-based design.

e Cryo-EM: near-atomic structures

for challenging and dynamic assem-
blies, particularly valuable for large
complexes and membrane proteins.

e Cryo-ET: native organization and
cellular context, well suited to un-
derstand architecture in situ and to
guide or validate higher-resolution

approaches.
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Match your question to the Method

X-Ray _ ~
Crystallography Cryo-EM Cryo-ET

Stable and transient:
Soluble proteins
Membrane proteins
Complexes

Trace amounts

Soluble proteins

Application Soluble proteins Membrane proteins
Stable complexes

Sample efficiency De-novo: 5 mg De-novo: 0.5 mg (in vi 0
. —up- . n vivo, up to

(mm' amount) Follow-up: 0.2 mg Follow-up: 0.05 mg cells)

Biological Partially artificial Almost native Native

context

Resolution 1.0-30A 20-40A 5-15A

Throughput (time
for one structure)

When to Use What: Typical Project Scenarios

Small-Molecule and Fragment-Based Drug Discovery

Primary method: X-Ray Crystallography for rapid soak or co-crystal workflows and ite-
rative structure-activity relationship campaigns.

Complementary methods: Cryo-EM when the target is large, flexible, or membrane em-
bedded, or when relevant conformational states are not accessible in crystals.

Biologics and Complex Therapeutic Modalities

Primary methods: Cryo-EM, and Crystallography for isolated domains where appropria-
te, for antibody-antigen complexes, bispecifics, fusion proteins, viral vectors, virus-like
particles, and nanoparticles.

Complementary method: Cryo-ET to visualize vector-cell interactions and native engage-
ment in membranes or tissues, and to assess organization and heterogeneity in situ.

Mechanism of Action and Target Validation

Primary method: Cryo-EM to capture active, inactive, and intermediate functional states
of receptors, channels, and transporters.

Complementary method: Cryo-ET to assess how complexes are organized in synapses,
junctions, and organelles.

Additional role for Crystallography: high-resolution domain structures and ligand bin-
ding sites that support medicinal chemistry and design.
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Why methods are complementary

Methods differ in the balance between structural detail and biological context.

Crystallography and Cryo-EM typically provide higher structural detail for purified targets
and defined complexes, while Cryo-ET adds spatial organization in native environments
and can guide target states, assemblies, and experimental design for higher-resolution

work.

Integrated, Multi-Modal Workflows

The most effective strategies combine technologies rather than relying on a single met-
hod. A primary method is chosen to answer the immediate decision, and complementary
methods are used to add context, resolve additional states, or increase throughput.

Workflow A: From cellular context to ne-
ar-atomic detail

Cryo-ET to identify architecture or locali-
zation of a complex in cells, followed by
Cryo-EM to determine the structure under
defined conditions. X-Ray Crystallogra-
phy can be used to solve high-resolution
structures of subdomains or binding sites
to support medicinal chemistry.

Workflow B: Difficult membrane target in
early discovery

Cryo-EM screening to determine structures
in a relevant lipid environment and define
binding pockets and conformational states.
Where feasible, Crystallography on solub-
le domains or engineered constructs ena-
bles higher-throughput structure series.

Workflow C: Cell-to-molecule narrative
for partners and investors

Cryo-ET to demonstrate pathway engage-
ment or organization in native cells, com-
bined with Cryo-EM or Crystallography to
provide detailed structures of the thera-
peutic-target interaction. Integrated visu-
alizations link cellular phenotype to mole-
cular mechanism.

BIMOVIS supports cross-modal stra-
tegies from experimental design and
data collection through structure
determination and visual communi-
cation, translating complex structu-
ral data into decision-ready outputs
for internal R&D teams, partners,
and investors.
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4. How BIMOVIS Supports Your Structural Biology Program

Study Design and Modality Selection

e Joint assessment of scientific questions,
timelines and budget.

e Recommendation of the most appropria-
te method (or combination) based on target
type, assay readouts, required resolution
and throughput.

Sample Preparation and Optimization

e Expression and purification strategies tai-
lored for Crystallography and Cryo-EM.

e Detergent, nanodisc or other membrane
protein strategies for membranes.

e Grid screening and optimization for Cryo-
EM and Cryo-ET.

e Crystallization screening, optimization
and crystal harvesting for X-Ray.

Data Collection and Structure
Determination

e X-Ray data collection, processing and
model building.

e Single-particle Cryo-EM including data
acquisition, classification, refinement and
validation.

e Cryo-ET including tilt-series acquisition,
tomogram reconstruction and subtomog-
ram averaging where applicable.

Interpretation, Visualization and
Communication

e Structure analysis focused on mechanism
and decision-making: binding modes, con-
formational changes, interfaces and struc-
tural explanations for potency, selectivity
or liability.

e Creation of publication-ready figures, in-
vestor and partnership decks, and visual
materials for regulatory interactions and
internal communication.

BIMOVIS combines deep technical expertise with a project-oriented, biotech-friendly
mindset - focusing not only on beautiful structures, but on structural insights that move

your program forward.
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Practical Questions to Ask When Scoping a Project
When discussing a new structural biology project, it is useful to be explicit about:

e What decision will this structure inform? Go/no-go for a target or modality; hit triage,
lead optimization, candidate selection; partnering or fundraising milestones.

e What resolution is required? Do you need to see individual water molecules, or is do-
main-level resolution sufficient? Is the main goal a clear, mechanistic visualization rather

than atomic detail?

e How challenging is the target? Membrane vs soluble, flexible vs rigid, known issues
with aggregation, instability, or heterogeneity.

e How important is native context? Is it enough to study the isolated protein, or do you
need to see it in a membrane, organelle or whole cell?

BIMOVIS can help translate these answers into an efficient structural strategy, choo-

sing among Crystallography, Cryo-EM and Cryo-ET, or combining them.

Conclusion

X-Ray Crystallography, Cryo-EM and Cryo-ET are complementary tools in a single struc-
tural biology toolbox. The right method depends on the scientific question, target proper-
ties and development stage. A thoughtfully designed multi-modal approach can de-risk
complex programs, shorten timelines and create compelling stories for partners and in-
vestors.

BIMOVIS offers an integrated platform to guide you through this process from the first
feasibility discussion to publication-ready figures and investor-friendly visualizations.

Next step: Get in touch with us to explore how we can support your project. We're
happy to discuss your target, modality, and key decisions to design a structural biolo-
gy strategy that fits your science, timelines, and resources. Together, we can design a
structural biology strategy that fits your science, timelines, and resources.

BIMOVIS
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