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Introduction

Short peptides occupy a unique position between proteins
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From conformational lability to conformational
control in short-peptide crystals

Joanna Bojarska, @ *2 Martin Breza, (2° Sepideh Jafari €22 and Wojciech M. Wolf®
Short peptides occupy a distinctive position between proteins and traditional small molecules. They
combine the functional richness typical of biomolecules with the synthetic accessibility and crystallographic
tractability characteristic of small-molecule systems. Their favourable physicochemical properties and
exceptional structural diversity make them difficult to replicate with other classes of molecular building
blocks, while enabling systematic exploration of sequence-structure relationships in crystalline materials. At
the same time, short-peptide crystals are often regarded as conformationally labile, a feature that has
traditionally been viewed as an obstacle to predictive peptide crystal engineering. Recent studies, however,
suggest that conformational flexibility in short peptides can shift from being treated as a crystallographic
complication to being explored as a potentially controllable structural variable. A key challenge is
distinguishing genuine crystal-state conformational control from apparent structural changes arising from
crystallisation pathways, phase conversion or recrystallisation. In this Highlight we propose a practical
framework for identifying when conformational lability translates into experimentally demonstrable
conformational control in peptide crystals. We discuss representative model systems, outline experimental
strategies required to distinguish crystal-state conformational selection from pathway-dependent effects,
and highlight emerging cases in which controlled peptide conformation influences structural organisation
and functional behaviour in molecular materials.

hydrogen bonding, aromatic interactions and other non-
covalent forces.”” This versatility has positioned them as
attractive platforms for designing functional molecular

and traditional small organic molecules. They combine the
structural programmability and functional richness typical of
biomolecules with the synthetic accessibility and
crystallographic tractability characteristic of small-molecule
systems.”® This combination makes short peptides
particularly useful model systems for peptide crystal
engineering. Sequence-level modifications can often be
correlated directly with changes in molecular conformation,
intermolecular recognition and crystal packing. Compared
with longer peptides, short sequences often display
favourable physicochemical and pharmacokinetic properties.
At the same time, they remain simple enough to allow
systematic sequence variation and precise structural analysis.*
Despite their small size, short peptides generate remarkable
structural and functional diversity. Even di- and tripeptides
can form diverse supramolecular architectures through
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materials.®'* At the same time, recent advances in peptide
synthesis, biotechnology and bioinformatics are rapidly
expanding the accessible sequence space and enabling more
systematic exploration of peptide-based systems.'’™* These
developments are helping overcome traditional limitations of
peptide materials and revealing the full structural and
functional =~ potential ~ of  short-peptide  assemblies.
Consequently, interest in short peptides has grown rapidly
across fields including supramolecular chemistry, crystal
engineering, biomaterials and molecular electronics.>”

A defining feature of short peptides is their intrinsic
conformational flexibility. Even very small sequences can
adopt multiple backbone geometries depending on sequence,
environment and intermolecular interactions.  This
conformational lability plays a central role in determining
packing motifs, polymorphism and phase behaviour in
peptide crystals. It also raises a key question for peptide
crystal engineering: under what conditions can such flexibility
be translated into reproducible conformational control within
the crystal lattice? Addressing this question requires
distinguishing genuine crystal-state conformational selection
from alternative explanations such as phase conversion or

This journal is © The Royal Society of Chemistry 2026
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recrystallisation.  Understanding when conformational
flexibility becomes a controllable structural variable may
therefore represent an important step toward predictive
peptide crystal engineering.

For clarity and accessibility, representative peptide
structures discussed throughout this Highlight are illustrated
schematically, allowing direct visual comparison of sequence-
dependent structural variation. This is particularly relevant
for readers from adjacent fields where peptide sequence
notation may not be immediately intuitive. Where
appropriate, key structural features and representative
packing motifs are highlighted to improve clarity.

For the purposes of this Highlight, conformational control is
considered most convincing when three criteria are satisfied:

(i) the peptide conformation is reproducibly stabilised
within a defined crystal phase,

(ii) the conformational state correlates with specific
packing or symmetry outcomes, and

(iii) alternative explanations such as growth effects or
recrystallisation can be excluded experimentally. In this
context, we use the term conformational control to describe
situations in which a specific peptide backbone geometry is
stabilised reproducibly by the crystal environment rather
than arising from stochastic crystallisation pathways or phase
transformations. Recent studies now suggest that in several
well-characterised systems conformational lability can be
steered to influence crystal form and packing and, in selected
cases, measurable functional response.*° The broader

structural context of conformational variability and
polymorphism in peptide and organic crystals has been
examined extensively.'*® The conceptual framework

explored in this Highlight is summarised in Scheme 1.
Representative short-peptide model systems discussed in this
work are shown in Scheme 2.

The following sections expand on these elements by
discussing how intrinsic and extrinsic factors contribute to
this framework, and how local conformational preferences
propagate into packing and functional outcomes.

The following sections discuss how conformational lability
in short peptides can, under suitable conditions, translate
into experimentally observable conformational control in the
solid state. We first discuss intrinsic molecular determinants
that bias peptide conformation, followed by extrinsic
environmental factors such as hydration and crystallisation
conditions. Finally, we summarise experimental and
computational approaches used to establish conformational
control and highlight emerging examples in which controlled
peptide conformation leads directly to measurable structural
or functional responses in molecular materials.

The practical question is crystallographic: when does
conformational lability become reproducibly translated into
conformational control in short-peptide crystals, and how can
this be distinguished from pathway-dependent growth, partial
phase conversion or recrystallisation into a different phase?
Cyclic and strongly constrained systems provide useful context,
but the clearest examples still come from a small set of linear,

This journal is © The Royal Society of Chemistry 2026
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Scheme 1 From conformational lability to conformational control in
short-peptide crystals. Apparent structural changes may arise from
crystal-state conformational selection, pathway-dependent growth,
partial phase conversion or recrystallisation. Only after mechanistic
discrimination between these possibilities can conformational control
be considered a reliable design handle in peptide crystal engineering.

Sequence variation and aromatic residue placement
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Scheme 2 Representative short-peptide structures: triglycine
(glycylglycylglycine, GGQ), diphenylalanine (L-phenylalanyl-L-
phenylalanine, FF), phenylalanylglycylglycine (FGG) and

glycylglycylphenylalanine (GGF), illustrating sequence variation used as
model systems for analysing conformational control.

hydration-sensitive and aromatic short-peptide systems. The
field is now reaching a stage where a small number of well-
characterised model systems enable systematic experimental
examination of conformational control.

Molecular and environmental
determinants of conformational
control

In short-peptide crystals, conformational control rarely has a
single origin. It usually reflects an interplay between

CrystEngComm, 2026, 28, 3284-3292 | 3285
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molecular preorganization and environmental conditions. In
the clearest cases, these factors work together strongly
enough for local conformational preferences to influence the
final crystal structure. To keep the discussion focused, the
main narrative centres on systems with the strongest
crystallographic support, while adjacent boundary cases are
included only where they clarify the mechanistic limits of
conformational control. Related studies on diphenylalanine
systems and pH-responsive short-peptide assemblies further
show how solvent environment, templated crystallisation and
assembly conditions can redirect structural outcome in
peptide materials.””>°

Intrinsic factors

Intrinsic control arises from structural features of the peptide
itself. Although it does not eliminate conformational lability,
it can restrict the accessible conformational space sufficiently
to favour specific geometries. Molecular preorganization is
therefore a key factor in any discussion of conformational
control. Here, preorganization refers to the tendency of a
peptide to favour specific conformational states prior to the

establishment of the full packing arrangement.****
Cyclization provides a clear model for built-in
conformational restriction because it limits accessible

backbone geometry from the outset. In many cyclic-peptide
studies, however, the evidence is stronger for biased self-
assembly than for direct crystal-state conformational
selection, so these systems are more useful as informative
boundary cases rather than as direct prototypes for crystal-
state switching in simple linear short peptides. This is largely
because the strong preorganization imposed by cyclization
already restricts conformational variability, leaving less scope
for subtle conformational preferences to redirect crystal
packing."* Unlike cyclic peptides, which typically impose
strong preorganization, linear short peptides remain
synthetically flexible and sequence-programmable, making
them particularly attractive platforms for exploring how local
conformational preferences propagate into crystal packing.

Oligomers built from N-methyl-1/p-alanine residues further
show that limited bond rotation can be used to program local
peptide shape at the level of individual residues, and thus to
introduce local structural preference through chain
architecture.  Their here lies mainly in
demonstrating programmable local preorganization rather than
direct crystal-state selection in canonical short-peptide crystals."

Beyond these systems, strong intrinsic conformational
bias is also well documented in Aib (c-aminoisobutyric
acid)-rich peptides, which stabilise 3,,- and o-helical
geometries. Classic crystallographic studies established this
behaviour in Aib-containing helices.>' More recent work and
reviews confirm the broader role of non-canonical residues,
including Aib, in preorganising peptide structure.*

Weak intramolecular contacts can also favour one local
geometry over another, but their crystallographic significance
is most convincing when they correlate with a resolved

relevance
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alternative packing arrangement or a conformationally
distinct polymorph.**'>' In constrained helical peptides, an
intramolecular CH--'m  interaction was linked to
conformational transitions and conformational
polymorphism within a defined temperature range.™ In that
system, two stable polymorphs were observed, and density
functional theory (DFT) calculations connected their relative
stability to a switchable intramolecular CH--'m interaction
over a defined temperature window. Related observations
have also been reported for peptide-derived systems
containing pseudo-cyclic motifs stabilized by weak
intramolecular interactions. Together with peptide-derived
crystal families in which small local structural changes
redirect supramolecular packing preferences, these studies
show how subtle intramolecular preferences can influence
local geometry without fully determining the final crystal-
state outcome.™>"®

Among the intrinsic factors, sequence programming is
one of the clearest ways to steer structural outcome. In
several well-characterised systems, sequence-dependent
changes propagate into packing asymmetry, symmetry
breaking and function. In many cases the clearest evidence
concerns reproducible changes in packing and symmetry,
while the conformational contribution itself is inferred
indirectly from the resulting crystal structures.”'® The
strongest present evidence comes from constrained, aromatic
and  hydration-sensitive  systems, including recent
piezoelectric tripeptides in which residue placement changes
crystal symmetry and electromechanical response. These
systems provide some of the clearest recent examples
illustrating how sequence-level structural preferences
propagate into packing asymmetry and function.®*°

At the structural level, these effects are often reflected in
specific hydrogen-bonding motifs and supramolecular
synthons, such as head-to-tail chains, -sheet-like assemblies
or helical packing arrangements, which propagate local
conformational  preferences into long-range  crystal
organisation. These motifs are typically defined by backbone
hydrogen-bond networks and can be correlated with specific
backbone conformations such as extended pPII or (-sheet-
like arrangements.

Extrinsic factors

Extrinsic influences on conformational control in short-
peptide crystals arise mainly from hydration state and solvent
environment. In several cases, conformational preferences
correlate with specific supramolecular synthons, particularly
hydrogen-bonded motifs that stabilise distinct backbone
geometries and propagate into crystal packing arrangements.
These interactions provide a structural link between local
conformational bias and long-range packing organisation
and can stabilise distinct local geometries or redirect
crystallisation toward different structural outcomes.
Hydration can stabilize a distinct, crystallographically
resolved conformer within the crystal. Solvent effects, by

This journal is © The Royal Society of Chemistry 2026
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contrast, more commonly redirect packing selection during
crystal growth.

Triglycine is the clearest hydration-linked case discussed
here, whereas diphenylalanine-derived systems are better
solvent- or pathway-directed outcomes with
conformational consequences. In triglycine, the hydrated
form adopts an extended peptide backbone geometry
(polyproline II, pPII), showing directly that water can stabilize
a distinct crystal-state geometry through participation in the
hydrogen-bond network.® The pPII conformation is
characterised by typical ¢/y angles around -75°/145°,
providing a distinct structural reference for comparison. The
hydrated triglycine structure shown in Fig. 1 illustrates the
extended pPII backbone stabilised by a water-mediated
hydrogen-bond network within the crystal lattice.

Guo et al.® identified the hydrated crystal specifically as a
dihydrate adopting pPII geometry, providing one of the
clearest examples so far of a water-stabilized crystal-state
peptide conformation. Subsequent work suggested that
humidity can convert a sheet-like form into a hydrated pPII
form (Fig. 1), consistent with a hydration-linked structural
change.” However, the available evidence does not yet exclude
partial dissolution and recrystallisation.

Although the authors interpret the change as solid-state,
the accompanying morphological transformation in scanning
electron microscopy (SEM) figures leaves open the possibility
of surface dissolution-recrystallisation. For that reason,
triglycine is best regarded as a useful experimental reference
system rather than as a definitive example of direct crystal-
state conformational switching.

Recent  humidity-responsive  peptide crystals also
demonstrate that reversible structural reconfiguration can
occur in peptide solids under changes in humidity. These
observations suggest that controlled structural adaptation
may be achievable in suitably designed peptide materials,
although the precise role of conformational switching within
a single crystal phase remains to be established. Such
systems suggest that water can act not only as a
crystallisation variable but also as a structural trigger in
peptide solids.*” Resolving that point will likely require in

viewed as

pPIl conformation

Fig. 1 Hydration-stabilised extended pPIl conformation in triglycine
(GGG-2H;0). The structure highlights the water-mediated hydrogen-
bond network stabilising the extended peptide backbone. Crystal
structure data were obtained from the Cambridge Structural Database
(CSD, refcode ZZZPTQO1).

This journal is © The Royal Society of Chemistry 2026
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situ variable-humidity single-crystal X-ray diffraction or a
combination of variable-humidity powder X-ray diffraction
(PXRD) with Raman spectroscopy or dynamic vapour
sorption, ideally alongside direct monitoring of crystal
morphology. Triglycine therefore serves as a useful reference
system for studying hydration-linked conformational
behaviour in short-peptide crystals.®’

Solvent effects are illustrated most clearly by
diphenylalanine-based systems. Different solvated crystal
forms of diphenylalanine (FF) show that the same peptide
can access different structural outcomes under different
crystallisation conditions,"” while N-capped diphenylalanine
demonstrates more directly that solvent composition can
redirect crystal growth toward distinct packing states.® In that
system, solvent composition was shown to switch growth
between two distinct crystal packings, including monoclinic
and orthorhombic forms, providing an unusually clear
example of solvent-dependent packing selection at the single-
crystal level. These studies show that solvent can redirect
crystal growth and favour different packing outcomes. They
therefore support solvent-directed structural selection more
directly than crystal-state conformational switching. Related
work on templated crystallisation and secondary processing
further reinforces the need to distinguish conformational
selection from kinetic redirection of growth.'®

pH is more useful as an emerging rather than an
established handle for conformational control in short-peptide
crystals. Ma et al. reported pH-dependent packing variation
and chirality inversion at the assembly level.'® A correction to
that article was published subsequently.>® The result is best
regarded as a boundary case at the level of supramolecular
assembly rather than as evidence for direct crystal-state
conformational control in short-peptide crystals."

Environmental factors can do more than perturb short-
peptide crystallisation. In favourable systems, they can
reinforce local conformational preferences strongly enough
to redirect structural outcome. More often, however, they act
through hydration state, growth pathway or phase selection
rather than through direct crystal-state conformational
selection. The strongest examples appear when intrinsic
preorganization and extrinsic triggers reinforce one another,
which helps explain why many well-characterized cases
cluster in aromatic and strongly hydrated systems. Simpler
non-aromatic linear di- and tripeptides often provide fewer
independent packing handles, so weak local conformational
preferences are more easily overridden by backbone hydrogen
bonding, packing degeneracy and chain entropy.** %>

Methods for establishing
conformational control

Demonstrating conformational control requires experimental
evidence that the observed conformation belongs to a well-
defined crystal phase rather than to crystallisation history or
phase transformation. In practice, this means distinguishing
true crystal-state conformational selection from pathway-

CrystEngComm, 2026, 28, 3284-3292 | 3287
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dependent crystal growth, phase conversion, or surface
recrystallisation. ~ Techniques  that link  molecular
conformation directly to crystal packing and phase identity
are therefore essential.>* >’

Single-crystal X-ray diffraction (SCXRD) and powder X-ray
diffraction (PXRD) remain the primary structural tools because
they provide the most direct view of which conformer is actually
present in the crystal lattice.” When external variables such as
humidity influence the system, diffraction experiments
performed under controlled environmental conditions become
particularly important. For hydration-sensitive peptide crystals,
the most informative studies combine variable-humidity
diffraction with complementary measurements that track both
structural and environmental changes. In practice, variable-
humidity PXRD coupled with Raman spectroscopy and dynamic
vapour sorption (DVS) provides a powerful experimental
combination. Diffraction follows phase evolution, Raman
spectroscopy tracks backbone conformation through shifts in
the amide I and amide II vibrational bands, and vapour-
sorption measurements quantify changes in hydration state.
When these measurements are complemented by in situ
observation of crystal morphology, artefacts arising from surface
dissolution or partial recrystallisation can be reliably excluded.

In many peptide systems the crystals are too small for
conventional X-ray diffraction. In such cases, microcrystal
electron diffraction (MicroED) and related three-dimensional
electron-diffraction methods have become particularly
valuable. These techniques allow structural determination of
peptide nanocrystals and short amyloid assemblies, in several
cases even by ab initio phasing and at sub-A resolution.>*2°
They therefore extend crystallographic analysis to systems
that would otherwise remain structurally inaccessible.

Complementary spectroscopic approaches can help resolve
structural questions that diffraction alone cannot address.
Solid-state nuclear magnetic resonance spectroscopy (solid-
state NMR), particularly high-dimensional proton-detected
experiments, provides direct insight into conformational
heterogeneity and the possible coexistence of multiple
backbone geometries within a single crystalline phase.?” Such
measurements are especially valuable when subtle
conformational differences do not produce clearly
distinguishable diffraction patterns.

Computational ~methods increasingly complement
experimental approaches to peptide crystal engineering.

Molecular dynamics (MD) simulations and density
functional theory (DFT) calculations remain valuable tools for
evaluating the stability of competing conformers and
interaction motifs within crystal environments.**>°

More recently, machine-learning interatomic potentials
have begun to accelerate exploration of conformational and
lattice-energy landscapes in molecular crystals. Neural-
network potentials such as atoms-in-molecules neural
network (AIMNet2) and message passing atomic cluster
expansion (MACE) enable rapid sampling of peptide
conformational space and efficient ranking of candidate
crystal packings.**"

3288 | CrystEngComm, 2026, 28, 3284-3292
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The growing availability of community datasets for
molecular crystals, including the Open Molecular Crystals
2025 (OMC25) dataset, is further enabling the development
and benchmarking of machine-learning models for crystal
structure prediction and stability analysis.*?

Together, these approaches are beginning to enable
computational exploration of peptide conformational
landscapes prior to experimental crystallisation.

Artificial-intelligence (AI) tools developed for biomolecular
structure prediction can also provide guidance on sequence-
dependent local conformational preferences. However,
although methods such as AlphaFold3 are highly effective at
predicting sequence-level structures, they do not model crystal
packing or intermolecular interactions in the solid state and
therefore cannot replace explicit crystallographic analysis.**

In practice, the most convincing demonstrations of
conformational control combine diffraction under controlled
environmental conditions with spectroscopic or nuclear
magnetic resonance validation and targeted computational
analysis. Only such integrated approaches
conformational lability to be distinguished from growth
history or phase transformation and thus make it possible to
demonstrate reproducible conformational control in short-
peptide crystal engineering.

allow

From conformational control to
function in short-peptide crystals

Recent tripeptide crystals now provide the clearest evidence
that local structural preferences can propagate indirectly into
function through packing asymmetry and symmetry
breaking. Across these studies, residue placement repeatedly
alters crystal symmetry and the resulting electromechanical
response, making piezoelectric short-peptide crystals one of
the clearest currently available illustrations linking local
structural preference with functional response.”*°

Tan and co-workers showed that extending glycylglycine
(GG) to the tripeptides phenylalanylglycylglycine (FGG) and
glycylglycylphenylalanine (GGF) converts a centrosymmetric
crystal system into non-centrosymmetric ones, giving rise to
measurable piezoelectric response (Fig. 2).° Sequence-
dependent symmetry modulation in short peptides provides
a clear example of how local structural variation propagates
into crystal packing and resulting functional behaviour.

In the broader context of organic and bio-derived
piezoelectrics, these responses are comparable to those
reported for established organic materials such as
poly(vinylidene fluoride) (PVDF), which typically exhibits
piezoelectric coefficients of ~20-30 pC N'. Similar
magnitudes are observed in natural piezoelectric biomaterials
including collagen and nanostructured cellulose, where
reported responses generally fall in the ~10-50 pC N™* range
depending on structural organisation.>**>

Peptide-based hydrogen-bonded organic frameworks and
related peptide-derived crystalline materials provide a
broader structural context for these comparisons.®®

This journal is © The Royal Society of Chemistry 2026
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Fig. 2 Sequence-induced symmetry modulation in short-peptide
crystals. Incorporation of L-phenylalanine at the N-terminus converts
centrosymmetric GG crystals (P2;/c) into non-centrosymmetric FGG
(P212424), illustrating symmetry breaking in crystal packing, adapted
from ref. 9.

Yang and co-workers extended this picture by showing
that sequence programming in a hydrophobic tripeptide
series with central phenylalanine (Phe) can further increase
packing asymmetry and electromechanical response. In that
series, the central Phe residue gave the strongest response,
consistent with the largest packing asymmetry identified
from structural analysis; for the best-performing system, an
effective piezoelectric coefficient measured by piezoresponse
force microscopy (PFM) reached 24.0 pC N and the open-
circuit voltage reached 2.57 V at 50 N."°

Overall, the studies of Tan et al (2025) and Yang et al.
(2026) provide some of the clearest recent experimental
examples showing that precise sequence modification in
short peptides can convert centrosymmetric crystal packing
into non-centrosymmetric structures and thereby enable

measurable piezoelectric response.’°

These observations provide one of the clearest
experimental links so far between sequence-level
structural programming and functional response in

peptide crystals, highlighting short-peptide crystals as
promising platforms for sequence-programmed molecular
electromechanical materials.

More standardized comparison across crystal orientation,
tensor assignment, sample history and measurement
geometry should now help define these structure-property
trends more rigorously.

These cases also broaden how variation among short-
peptide forms can be viewed. In some systems, structural
flexibility may open access to more than one functional state.
Dong and co-workers reported a soft porous crystal based on
helical self-assembly of a cysteine-derived dipeptide. This
system reversibly switched between guest-filled and guest-free
phases and showed pentane/hexane selectivity greater than
20 under ambient conditions.*®

Structural flexibility can therefore contribute to phase
transitions, sorption behaviour and mechanical actuation in
peptide-based crystals.

This journal is © The Royal Society of Chemistry 2026
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Such systems remain relatively few in number and
structurally less well defined than the best hydration- and
symmetry-related examples.

The clearest functional examples still cluster around
piezoelectricity and adaptive porosity, while adjacent peptide-
based crystalline systems suggest a broader, but less securely
resolved, landscape.®”™**

A particularly clear recent illustration comes from peptide-
based crystalline solids that reversibly switch between layered
and hexagonally packed architectures in response to
humidity while maintaining crystal integrity in the solid
state, thereby coupling adaptive packing with tunable
mechanical behaviour.*?

Thus, these studies indicate that short-peptide crystals
can link local conformational preference  with
crystallographic outcome and, in a growing number of
systems, measurable functional behaviour.

Representative systems are summarized in Table 1, with
emphasis on how local structural preference is introduced,
how it propagates into crystallographic outcome and, in
selected cases, how it supports measurable response. Several
systems are included as adjacent boundary cases not because
they provide direct evidence for crystal-state conformational
control, but because they clarify where supramolecular
redirection, guest response or assembly-level effects begin to
overlap with the present problem.

Conclusions and outlook

Recent work has begun to change how conformational
flexibility in short-peptide crystals is viewed. What was long
considered mainly a crystallographic complication can, in
certain systems, act as a structural variable that influences
crystal packing and symmetry. A small but growing number

of  well-characterised examples shows that local
conformational preferences may  propagate into
supramolecular organisation and, in favourable cases,

measurable functional behaviour.

At the same time, such behaviour appears only in specific
classes of systems. The clearest cases involve short peptides
that combine intrinsic conformational bias with external
triggers such as hydration or aromatic interactions. In these
systems, relatively small differences in backbone geometry
can be amplified through packing interactions.
Conformational control therefore appears to be conditional
rather than universal.

A central challenge remains the reliable identification of
genuine crystal-state conformational selection. Apparent
structural changes may arise from crystallisation pathways,
partial phase conversion or surface recrystallisation. Careful
experimental design is therefore essential. Variable-humidity
or variable-temperature diffraction experiments, combined
with spectroscopic or sorption measurements, will likely play
an important role in clarifying these mechanisms.

Short linear peptides provide a particularly useful
experimental platform for such studies. Their sequences can
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Table 1 Representative short-peptide crystal systems relevant to conformational control, including selected boundary cases

Main Local conformational/structural Crystallographic Level of
System determinant/trigger feature outcome Functional relevance evidence Ref.
FGG/GGF Sequence change Sequence-dependent local Symmetry breaking Piezoelectric Strong 9

(Phe placement) structural preference linked to response

non-centrosymmetric packing
Hydrophobic Sequence Sequence-dependent local Increased Enhanced Strong 10
tripeptide series ~ programming/aromatic structural preference non-centrosymmetric  piezoelectric
with central Phe  residue placement packing asymmetry response
Triglycine (GGG)  Hydration/humidity Hydrated pPII conformation Hydration-linked Humidity-responsive Moderate® 6, 7
versus sheet-like form structural change structural change®

N-capped Solvent Local structural preference Packing transition Not established Moderate 8
diphenylalanine =~ composition/growth during crystal growth during crystal growth

conditions
Diphenylalanine  Solvent/crystallisation ~ Solvent-dependent structural Multiple crystal Not established Boundary 17
(FF) solvated conditions variation outcomes
forms
Constrained Intramolecular C-H---n1  Conformational polymorphism Distinct polymorphs  Not established Boundary 13
helical peptides  contact; temperature
Short peptide pH Assembly-level packing Assembly-state Not established at Boundary 19
assemblies variation/chirality inversion structural redirection direct crystal-state

conformer level

Layered dipeptide CO,/guest stimulus Guest-dependent structural Symmetry breaking Stimulus-responsive  Boundary 39
crystals reorganization behaviour
Cysteine-derived ~ Helical Flexible crystal framework Reversible Selective Boundary 36
dipeptide self-assembly/guest guest-filled/guest-free pentane/hexane

exchange phases adsorption

“ For triglycine, the hydration-linked structural change is well supported, but the pathway remains under debate between crystal-state

transformation and dissolution-recrystallisation.

be modified systematically while the resulting crystal
remain relatively simple. This allows direct
comparison of how small sequence changes influence
molecular conformation, crystal packing and, in favourable
cases, physical response.

In our view, further progress will depend on combining
systematic peptide series with complementary experimental
and computational approaches. Emerging diffraction
methods capable of resolving very small crystals, together
with solid-state spectroscopies and improved computational
models, are beginning to expand what can be analysed in
these systems.

If these approaches continue to develop, short-peptide
crystals may become valuable model systems for
understanding how sequence-encoded structural preferences
influence crystal packing and emergent properties in
molecular materials. view, establishing such
relationships will be essential for determining when
conformational flexibility can be used as a controllable
structural element rather than remaining a source of
crystallographic ~ complexity. Improved integration of
structural visualisation with crystallographic analysis will
further enhance accessibility and interpretation of peptide
crystal systems.
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