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Peptide Catalysis

A Photo-Switchable Peptide Fibril Esterase
Mousumi Samanta+, Noy Saad+, Dinghao Wu+, Niek S. A. Crone+, Karina Abramov-Harpaz,
Clil Regev, Rivka Cohen-Luria, Aimee L. Boyle, Yifat Miller,* Alexander Kros,* and
Gonen Ashkenasy*

Abstract: Recent attempts to mimic enzyme catalysis using simple, short peptides have been successful in enhancing
various reactions, but the on-demand, temporal or spatial regulation of such processes by external triggers remains a
great challenge. Light irradiation is an ideal trigger for regulating molecular functionality, since it can be precisely
manipulated in time and space, and because most reaction mediums do not react to light. We herein report the selection
of a photo-switchable amphiphilic peptide catalyst from a small library of isomeric peptides, each containing an
azobenzene-based light responsive group and a catalytic histidine residue. In its native fibrillar form, the selected peptide
is efficiently and enantio-selectively active for ester hydrolysis, but after irradiation by UV light inducing trans-to-cis
azobenzene isomerization, the fibrils disassemble to amorphous aggregates that are much less catalytically active.
Significantly, this esterase-like activity can be manipulated multiple times, as the fibrillar peptide assembly is reversibly
reduced and restored upon alternate irradiation by UV and visible light, respectively. We propose that this research may
shine light on the origin of complex functions in early chemical evolution. Furthermore, it paves the way to regulate
additional functions for peptide nanotechnology, such as replication, charge transfer, and delivery.

Introduction

Extremely efficient and specific enzyme catalysis evolved
over billions of years when polypeptide sequences have
been synthesized, duplicated or modified, until their 3D
structures and folding dynamics were perfected to bind their
respective substrates and release the products. In current
biology, the regulation of enzymatic activity is pivotal for a
range of processes during the cell cycle, including metabo-
lism, signal transduction, differentiation, and cell growth.
Such regulation is achieved by a molecular response to
physicochemical cues, such as light irradiation, changes in
temperature or pH, or binding ions and cofactor molecules.

Ongoing research in biomimetic systems chemistry
targets similar evolutionary processes in which simple
molecules—presumably peptides—emerge in the environ-

ment, combine, or gradually altered and transformed to
acquire structure and (catalytic) activity.[1] Accordingly,
numerous studies reported on the propensity of short
peptides to assemble into elongated structures, mostly fibres,
and catalyse chemical transformations.[2] Yet, temporal or
spatial regulation of the structure and function of such
assemblies by external triggering remains a great challenge.
We herein describe a two-step selection process for discov-
ering a photo-sensitive amphiphilic sequence in a small
library of peptides, each containing an azobenzene-based
light responsive side chain and a catalytic histidine residue
(Scheme 1). This photo-switchable peptide undergoes multi-
ple assembly-disassembly cycles in response to alternating
UV and visible light irradiation, which in-turn halt (off) or
restore (on) the stereo-selective hydrolysis of ester sub-
strates.
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Biomimetic peptide fibril catalysts can accelerate differ-
ent reactions in aqueous environments, including bond
breaking (e.g., hydrolysis), aldol-type C� C bond formation,

oxidation reactions, and more.[2a–c] The most efficient
assemblies achieve strong catalytic activity, comparable (by
weight) to those found in natural enzymes.[3] Remarkably,
only a handful of these systems present noticeable regio- or
stereo-selectivity.[4] A pioneering effort to regulate the
catalytic activity of amphiphilic peptides applied pH jumps
that induced the transition from an inactive random-coil
peptide into a β-turn architecture, which in-turn assembled
to fibres and enhanced ester hydrolysis.[5] Recently, recip-
rocal enzymatic reactions were used to interconvert catecho-
lase-mimicking peptides between active fibre assemblies and
inactive amorphous particles.[6] After several studies high-
lighted the spatiotemporal regulation of native protein
functions by light,[7] scientists have also used light irradiation
to manipulate the structure and catalytic activity of
supramolecular assemblies.[8] Very recently, Das and co-
workers have shown that short peptide assemblies can bind
photosensitive cofactors and modulate aldolase-like activity.
In their system, the catalytically more competent state was
accessed by continuously shining light with high-energy
photons.[9]

Here, we present an alternative strategy for regulating
peptide activity via incorporating, within a single sequence,
both a photo-switchable group that reversibly facilitates the
fibre assembly-disassembly process, and a catalytic group
that promotes ester hydrolysis (Scheme 1a). The selected
photo-switchable peptide possessed the azobenzene unit in
the middle of the sequence, at the hydrophobic face together
with His and Phe residues (Scheme 1a). Structure character-
ization assays revealed that this peptide gains a one order of
magnitude higher propensity to assemble when the azoben-
zene side chain is in the trans configuration versus the cis
configuration. Extensive molecular dynamics simulations
highlighted the origin of the different assemblies for the two
states, attributing it mainly to considerably strong interlayer
π–π interactions between trans-azobenzene units, which
were inaccessible to the tilted cis-azobenzene units. Con-
sequently, ester hydrolysis rates were enhanced by ca.
40 times (versus background hydrolysis) by the trans-
azobenzene peptide, about two times the rate enhancement
observed for the cis-azobenzene peptide. The photo-switch-
able peptide was furthermore found to be enantioselective,
displaying significant excess activity towards an L-amino
acid ester versus a D-amino acid ester. Importantly, the
above-mentioned structure and activity properties could be
actively switched back-and-forth multiple times leading to
disassembly and deactivation by UV light, and reassembly
and reactivation by visible light.

Results and Discussion

Molecular Design of Light-Activated Peptide Catalysts

The photo-switchable peptide sequences were derived from
the alternating “Glu-Phe” twelve L-amino acids sequence of
a ‘base’ peptide (Scheme 1b). The short sequence, and the
fact that the peptide sequence comprises only two types of
amino acids, namely a minimal amino acids alphabet,

Scheme 1. The photo-switchable esterase system. (a) Reaction scheme.
The initially assembled fibrils of the trans-APhe peptides are catalytically
active. Shining UV light facilitates isomerization to the cis-APhe, and
disassembles the supramolecular structures, practically abolishing the
catalytic activity. The reverse cis-to-trans APhe isomerization by visible
light readily affords reassembly and catalyst reactivation. (b) The basic
peptide sequence used for designing the photo-switchable peptides.[11c]

(c, d) Chemical structures and nomenclature of the APhe peptides used
for the investigation of photo-switched self-assembly studies (c), and
combined photo-switched self-assembly and catalysis studies (d).
Peptides synthesis and characterization are described in Supporting
Information Scheme S1 and Figures S1–S2.
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potentially supports its relevance to early chemical evolution
in the prebiotic environment.[1a,10] Like other peptides
comprising of repetitive dyads of hydrophilic and hydro-
phobic amino acid residues, the base peptide can readily
assemble into bilayer fibrillar architectures, in which the Phe
residues form the hydrophobic core, and the glutamate side
chains are pointing out to the aqueous environment. It was
further revealed that the terminal proline residue can be
used to enhance the formation of ordered β-sheet
assemblies.[11] We have previously shown that sequence
modification via the integration of catalytic and auxiliary
groups yields new derivatives that facilitate electron transfer
along the main fiber axis,[12] or catalyze aldol
condensation,[13] native chemical ligation and self-replication
reactions.[11d,14]

Here, in order to regulate the assembly propensity of
amphiphilic peptides by light, we modified the basic peptide
sequence by incorporating the light switchable phenyl-
alanine-4-azobenzene (‘Azo-phenylalanine’; APhe) residue
into the 2nd, 4th, or 6th positions of the fiber hydrophobic
core[11c] (peptides A2, A4, A6; APhe represented by χ1–χ3 in

Scheme 1c). Azobenzene derivatives have been frequently
employed for fast back-and-forth switching of molecular
structures—including peptide assemblies—and to induce
changes in molecular function.[15] For example, we have
recently demonstrated that incorporating APhe residues
into coiled-coil peptides can facilitate changes in peptide
folding via UV light irradiation.[16]

The presence of catalytic histidine residues at the active
sites of many hydrolytic enzymes inspired their incorpora-
tion into prebiotically relevant peptide catalysts.[2a,17] Con-
sequently, after initial structural characterization of A2, A4,
and A6 peptides, which showed the highest effect of the
azobenzene isomerization on the assembly of A6 (see below;
Figure 1a), we synthesized four derivatives of A6 as organo-
catalysts containing His moieties at different positions: a
solvent-exposed position (H5A6), within the hydrophobic
core (A6H8), at the N-terminus (H1A6), or C-terminus
(A6H12) of the sequence (ψ1–ψ3 positions in Scheme 1d).
Characterization of this small peptide library would allow us
to study the effect of light irradiation and consequent APhe

Figure 1. Self-assembly of amphiphilic β-sheet peptides possessing trans-APhe or cis-APhe residues. (a) TEM images of (200 μM) peptides
containing the t-APhe (top) and c-APhe (bottom) isomers. Samples were stained with uranyl acetate before imaging. (b) ThT staining of (200 μM)
peptides containing the t-APhe and c-APhe isomers. Fluorescence emission data at 500 nm (excitation at 440 nm) was normalized for emission of
the ThT solution. Original emission spectra are shown in the graph on the right for A6H8, and in Figure s6 for all other peptides. Experiments were
performed with 100 μM ThT in phosphate buffer pH 6.0 at 25 °C. (c) Critical aggregation concentration (CAC) values determined from the light
scattering plots (Figure S7).
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isomerization on the peptide assembly and derived catalytic
function.

Peptide Fibril Self-Assembly Regulated by Light

The effect of UV light illumination on the self-assembly
propensity of A2, A4, and the five A6-derived peptides was
investigated using various complementary tools (Figure 1).
In a typical assay, the stock solution of the studied trans-
APhe (t-APhe) peptide was prepared and either diluted into
the buffer for structural characterization, or first illuminated
(340–360 nm; 10–45 min, depending on the assay; see
Supporting Information Experimental Methods (h)) to drive
trans-to-cis isomerization and then diluted and investigated.
From UV/Vis absorbance characterization, the level of
trans-to-cis isomerization was found to be very similar for all
peptides (Figure S4). For all peptides, transmission electron
microscopy (TEM) images revealed the formation of
fibrillar structures for the t-APhe peptides, and amorphous,
or partially assembled aggregates for the corresponding cis-
APhe (c-APhe) peptides (Figure 1a and Figure S5). The
most significant differences in assembly morphology be-
tween the two states were observed for A6 and A6H8
(framed in yellow in Figure 1a). Thioflavin-T (ThT) staining
assays, a typical indicator for the formation of β-sheet
fibrillar structures, showed increased 500 nm fluorescence
emission for the t-APhe peptides, versus the respective c-
APhe peptides (Figure 1b). The largest difference was
observed for A6H8 with an almost 10-fold decrease in
emission after trans-to-cis isomerization. The critical aggre-
gation concentrations (CAC) of the t-APhe and c-APhe
peptides (at fixed salt concentrations) were determined via
light scattering. In all cases, except for H5A6, lower CAC
values were obtained for the t-APhe versus the c-APhe
peptides, indicating the tendency of the former to better
aggregate (Figure 1c and Figure S7). Here again, the largest
difference (ΔCAC) was observed for peptides A6 and
A6H8. Overall, the TEM, ThT assays and CAC measure-
ments reveal that peptides A6 and A6H8 show the largest
differences in assembly between the t-APhe and c-APhe
forms, making these peptides the most suitable for further
studies.

Characterization by circular dichroism (CD; Figure S8)
revealed the formation of β-sheet architectures for the t-
APhe A6 and t-APhe A6H8 assemblies, displaying a clear
minimum at 214 nm, like the base peptide spectrum. After
UV light illumination, the CD spectra of c-APhe peptides
accounted for less defined structures with positive cotton
effect peaks at ~220 nm. To gain a better understanding of
the distinction between the peptide assemblies in the dark
and after shining UV light, all-atom explicit molecular
dynamics (MD) simulations were performed on two compu-
tationally constructed models of A6H8—M1 and M2,
representing the peptide assemblies of t-APhe A6H8 and c-
APhe A6H8, respectively (Figure 2, Supporting Information
Computational Section, and Figure S9). Each model was
solvated in a TIP3P water box with counter ions to
neutralize the system. Then, independent simulations ran for

each model for 100 ns at 310 K, using the NPT ensemble, as
detailed in the Supporting Information section 2.[18] The M1
model predominantly acquired a fibrillar twisted structure

Figure 2. (a) Final simulated structure of the M1 model, representing
the trans-APhe A6H8 peptide fibrils. Most of the t-APhe groups are
shown in pale blue, while selected couples of t-APhe groups are
highlighted in purple/green to mark the inter-sheet π–π interactions.
Other side chain residues were omitted for clarity. Insert: higher
magnification of two t-APhe residues, highlighting the interlayer
interactions (from monomers 8 and 19); red lines mark the distances
between carbon atoms that were followed along the simulation to
estimate the persistence of the interactions, as presented in Figure s13.
(b) Final simulated structure of the M2 model, representing the cis-
APhe A6H8 peptide assemblies. MD simulations of M1 and M2 were
repeated more times (Figure S9) and showed very similar results to the
data in (a) and (b). (c) GBMV-based conformational energies of M1
and M2. (d) Average number of water molecules around each amino
acid in the sequence of each monomer along the fibril of M1 and M2,
as calculated for the last 10 ns of the simulation. In all cases, layer 1
consisted of monomers 1–12 and layer 2 consisted of monomers 13–
24. For more simulation details see Supporting Information Computa-
tional Section.
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(Figure 2a, Scheme S3 and Table S1)—note that such a twist
was also observed in TEM images of the t-APhe A6H8
(Figure S11) and analogous previously studied peptide[12b]

fibrils—whereas the M2 model exhibited structural defects
even at the monomeric level (Figure 2b). Both models
showed a convergence trend in the root-mean square
deviation (RMSD) analysis (Figure S12), indicating that that
the simulation timescale was reasonable, and M1 exhibited a
significantly lower conformational energy compared to M2
(Figure 2c). The structural integrity of the M1 model was
further evidenced by the formation of hydrophobic and π–π
interactions between the t-APhe residues (insert to Fig-
ure 2a), which formed immediately and remained conserved
throughout the entire simulation time (Figure S13). Based
on the solvation analysis of the water molecules around each
amino acid of the peptide monomers, considerable hydro-
phobicity was observed between the layers of M1, whereas
the M2 model allowed many more water molecules to enter
the inter-sheet regions (Figure 2d). In further character-
ization of the final simulated structures, we found that the
distances between monomers (for each sheet) and the inter-
sheet distances within M1 were significantly smaller than
those within M2 (Tables S1 and S2). Taking together all the
analyzed structural features, we conclude that maintaining
the intact β-sheet bilayer via formation of inter-sheet
aromatic interactions makes the t-APhe A6H8 fibrils
significantly more stable than fibrils formed by c-APhe
A6H8, leading to conversion of the latter into amorphous
aggregates.

Selecting the Most Efficient Photo-Switchable Catalyst

Following the characterization of the photo-switched self-
assembly process, we explored the effect of illumination and
concomitant APhe isomerization on the hydrolytic activity
of the His-containing peptides H1A6, H5A6, A6H8 and
A6H12 (Figure 3 and Supporting Information Experimental
methods). The catalytic capacity was evaluated by monitor-
ing the rate of hydrolysis of the classical substrate 4-
nitrophenyl acetate (p-NPA) in the presence of the studied
catalyst, υi(cat), in comparison to the rate of the background
catalyst-free hydrolysis, υι(BG) (Figure 3a and Figure S15).
All four peptides, possessing either the t-APhe or c-APhe
residues, catalysed the reaction, namely induced faster than
background hydrolysis, and they were found to be more
active than the control A6 and base peptides that lack the
His residue (Figure 3a). Certain histidine positions along the
sequence were found to be more efficient than others for
enhancing activity, as well as for emphasizing the activity
difference between the (t-APhe) fibrillar versus (c-APhe)
unassembled peptides. The most active peptides contained a
His residue on the same face as the APhe moiety, namely, at
the hydrophobic face also containing the Phe residues, as
can be seen by >20 times rate enhancement for A6H8 and
A6H12 versus background (Figure 3a). The most significant
difference between the hydrolysis rates in the dark and after
illumination was observed for peptide A6H8 for which the t-
APhe isomer was twice as active as the c-APhe isomer

(Figure 3b). This result perfectly correlates with the large
difference in assembly morphology observed above for t-
APhe A6H8 and c-APhe A6H8 (Figures 1 and 2), again
supporting the selection of A6H8 as the most useful photo-
switchable peptide in our library.

Analysis of the p-NPA hydrolysis by different concen-
trations of t-APhe A6H8 (100-600 μM) revealed a monoton-
ic increase in rate with elevated concentrations (Figure 3c).
The turnover frequency (TOF) values extracted from this
assay showed an optimal efficiency for hydrolysis at 300 μM
peptide (Figure 3c; light blue), and accordingly this concen-
tration was used for the following studies. The Michaelis–
Menten constants for the esterase-like kinetics were de-

Figure 3. Light-dependent esterase activity of the A6-derived peptides.
(a) Rate enhancement of (240 μM) p-NPA hydrolysis by all peptides
(300 μM) containing the trans-APhe and cis-APhe residues. Bars
showing the initial rate of the catalytic reaction divided by the initial
rate of the catalyst-free hydrolysis (υi(cat)/υi(BG)). The Y-axis threshold
is taken at rate enhancement=7.57 as calculated for hydrolysis by the
base peptide. (b) p-nitrophenol (p-NP) concentrations as a function of
time for reactions catalysed by t-APhe A6H8 and c-APhe A6H8; net
activity is shown after subtracting p-NP amounts formed in the
catalyst-free hydrolysis. (c) Rate enhancement of (240 μM) p-NPA
hydrolysis with different concentrations of t-APhe A6H8 (dark blue
curve), and the respective turnover frequencies obtained by dividing
the net rate in the presence of catalyst (μM/min) by the catalyst (μM)
amount (light blue). (d) Lineweaver–Burk plot calculated from the initial
hydrolysis rates of variable p-NPA substrate concentrations (100–
300 μM) by (300 μM) t-APhe A6H8. Raw kinetic data is given in Figure
s15. All experiments were carried out in 50 mM phosphate buffer
pH 6.0 at 25 °C.
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duced from the double-reciprocal plot of the initial rates
versus substrate concentrations (Figure 3d): KM was found
to be 1.52�0.15 mM, the rate constant kcat=1.32�
0.16 ·10� 4 S� 1, and the catalytic efficiency (kcat/KM) 0.086�
0.03 M� 1 · s� 1. While, as expected, the ester hydrolysis by
A6H8 was less efficient than that observed for natural
esterase enzymes or metallopeptides,[19] the current kcat/KM

value is comparable to previous reports of catalysis by His-
containing β-sheet fibres, and related supramolecular
organocatalysts.[15c,20] We noted that hydrolysis by c-APhe
A6H8 did not follow Michaelis–Menten kinetics.

Alternating Control Over the Self-Assembly and Catalytic
Activity by Light

We next explored the possibility of reversibly switch the
assembly morphology and catalytic activity of A6H8 by
alternate illumination with UV light for trans-to-cis isomer-
ization, and visible light for the reverse cis-to-trans isomer-
ization (Scheme 1a and Figure 4). Azobenzene typically
presents high stability against photobleaching.[15d] To con-
firm the durability of the APhe group when attached to the
A6H8 sequence, five photoisomerization cycles were per-
formed, during which reasonable reversibility was found
with little fatigue, and a recovery ratio �91% for each cycle
(Figure 4a and Figure S4e). The self-assembly switch was
characterized using the ThT staining assay (Figure 4b),
AFM (Figure 4c), and TEM (Figure 4d). For the microscopy
studies, a stock solution of A6H8 at pH 6.0 was prepared
and alternatingly exposed to the UV and Vis irradiation
(30 min each). A defined amount was withdrawn from this
solution after each illumination step, diluted in buffer to get
the final 200 μM peptide concentration, and subsequently
drop-cast on a mica/grid surface to record the AFM or TEM
images (Experimental section, SI). It can be clearly seen
from these assays that fibrillar aggregates were obtained for
the t-APhe A6H8; such fibrils were absent (or minimally
retained) after UV irradiation and isomerization to c-APhe
A6H8, and then regenerated following irradiation with
visible light, albeit reflecting nominal structure degradation
due probably to the incomplete APhe residue isomerization
(Figure 4a).

The catalytic activity switch of A6H8 was also inves-
tigated under alternating illumination conditions, affecting
multiple assembly-disassembly cycles, in-turn significantly
enhancing (on) or halting (off) p-NPA hydrolysis (Fig-
ure 4e). The experiments were performed in a similar way to
the assembly switch, by exposing the A6H8 stock solutions
to UV and Vis irradiation cycles (30 min each step), while
removing aliquots after each step. These aliquots were
diluted into the buffer solution, reaching 300 μM peptide
and 200 μM p-NPA concentrations, and the catalytic activity
was monitored. The activity could be reasonably switched to
the expected levels during the first three cycles, while some
fatigue was observed for the 4th and 5th cycles, after which
the experiment ended. The fatigue may result from the
partial bleaching of the azobenzene groups (panel a) and

some irreversibility in the assembly process, as seen in
panels (c) and (d).

Enantioselective Hydrolysis by the Photo-Switchable Catalyst

Similar to hydrolysis by other peptide fibril catalysts, A6H8
activity is affected by substrate recognition at the fibre

Figure 4. Continuous switching of A6H8 assembly and catalytic activity.
(a) UV/Vis spectra measured over five illumination cycles for A6H8
solutions after UV light illumination (355 nm) for trans-to-cis APhe
isomerization and visible light illumination (420 nm) for the reverse cis-
to-trans APhe isomerization. (b) Fluorescence emission spectra
obtained for (200 μM) A6H8 staining by (100 μM) ThT in a complete
photoisomerization cycle. Control results show the background ThT
emission. (c) AFM and (d) TEM images of (200 μM) A6H8 assemblies
obtained in a complete photoisomerization cycle. (e) Catalytic rate of p-
NPA hydrolysis by A6H8 over five APhe isomerization cycles. The net
hydrolysis rate by t-APhe A6H8 at initiation was taken as 100% activity.
All experiments were carried out in 50 mM phosphate buffer pH 6.0 at
25 °C.
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vicinity and the increased basicity of His residues that are
hydrogen-bonded to nearby functional groups (including
adjacent His groups).[21] Unlike the active sites of globular
enzymes that induce regioselective and stereoselective
catalysis, except for rare cases, the peptide fibres shallow
interaction interfaces could not support (or have not been
assayed for) stereoselective substrate recognition and enan-
tioselective reactions. Yet, since only all L-amino acid
peptides were employed here for forming the fibrils, we
postulated that enantioselectivity (even if modest) could be
achieved (Figure 5) and furthermore modulated by light.

To explore the enantioselectivity by A6H8, the hydrol-
ysis rate enhancement was assayed towards the chiral ester
substrates 4-nitrophenyl-(tert-butoxycarbonyl)-L/D-alani-
nate, named Boc-L-Ala-ONp and Boc-D-Ala-ONp (Fig-
ure 5). Indeed, even for these non-bulky chiral substrates, t-
APhe A6H8 was found to be significantly more active for
the hydrolysis of one enantiomer, Boc-L-Ala-ONp, versus
the other, Boc-D-Ala-ONp. Figure 5b, and the reactivity
profile for the hydrolysis of Boc-L/D-Ala-ONp mixtures at
different ratios by t-APhe A6H8 (Figure S20b), reveal more
than 4-fold initial rate difference towards the L-substrate,
equivalent to >60% enantiomeric excess in the hydrolysis
of racemic mixtures. This performance is comparable to that
of the best chiroselective fibril esterases previously reported
in aqueous mixtures.[4a,b] The kinetic constants determined
for the hydrolysis of Boc-L-Ala-ONp using the double-
reciprocal plot of the initial rates versus variable substrate
concentrations are: KM=1.23�0.11 mM, kcat=2.90�
0.2 ·10� 4 s� 1, kcat/KM=0.235�0.013 M� 1 · s� 1 (Figure 5c).

By studying the effect of alternate illumination on the
enantioselective system we revealed similar behaviour to
that observed for the p-NPA catalytic switch. The trans-to-
cis APhe isomerization by UV light led to a significant
reduction in activity towards both the L-Ala (blue/red bars
in Figure 5d) and D-Ala (light blue/pink bars) substrates,
and furthermore, the activity was perfectly restored after
APhe cis-to-trans isomerization by visible light (Figure 5d
and Figure S22). This result point to a potentially interesting
prebiotic mechanism, by which one compound in a racemic
mixture (e.g. the L-amino acid), is formed through catalysis
by the trans-azobenzene isomer and selected over a com-
petitor molecule that, following catalyst irradiation, is
formed much more slowly by the cis-isomer.

Conclusions

This study describes reversible control over several cycles of
peptide esterase activity. Light triggering is used for
temporal, on-demand stimulation of an interesting mecha-
nistic sequence, where the trans/cis molecular isomerization
leads to changes in the peptide self-assembly state, which in
turn controls the catalytic activity. This demonstration might
be relevant for scenarios that facilitated the emergence of
function in the prebiotic environment, and for the develop-
ment of new devices for bio-nanotechnology.

It is already accepted that spontaneous oligomerization
of short peptides could take place during early chemical

evolution by various routes of (carboxylic acid) monomer
activation, and furthermore that amphiphilic sequences
which were formed in the prebiotic soup could interact with
each other and assemble in aqueous environments.[1c,10] Now,
after several groups, including our team, have shown that
aggregation of the prebiotic peptides into supramolecular

Figure 5. Enantioselective hydrolysis by A6H8. (a) Schematic descrip-
tion of the hydrolysis of Boc-L-Ala-ONp and Boc-D-Ala-ONp substrates
in the presence of the strong and weak catalysts, t-APhe A6H8 and c-
APhe A6H8, respectively. (b) Net formation of p-NP over time in
reactions of the enantiomeric substrates (200 μM) in the presence of
300 μM t-APhe A6H8. (c) Lineweaver–Burk plot calculated for hydrolytic
reactions of 300 μM t-APhe A6H8 with variable Boc-L-Ala-ONp
concentrations (100–300 μM). (d) Initial rate of (net) p-NP formation
during hydrolysis of Boc-L-Ala-ONp and Boc-D-Ala-ONp, alternately
catalyzed by t-APhe A6H8, c-APhe A6H8, and again t-APhe A6H8.
Reactions were performed in 50 mM phosphate buffer pH 6.5 at 25 °C.
The synthesis of Boc-L-Ala-ONp and Boc-D-Ala-ONp from the amino
acid precursors and their characterizations are described in Figur-
es S17–S19, and Scheme S2, and the raw kinetic data is shown in
Figures S20–S22.
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architectures such as spheres, fibres and nanotubes, can
induce their catalytic activity, we confirmed that an addi-
tional minor modification, namely the replacement (‘muta-
tion’) of a Phe residue for APhe, is sufficient for the
emergence of new regulatory machinery, potentially pro-
pelled by sunlight on the early Earth.

Recent advances in the development of supramolecular
peptide assemblies revealed their utility in various applica-
tions beyond catalysis, such as electroactive, coatings, and
gel phase materials. The design of these materials is flexible
and typically cost effective, and the products are biocompat-
ible and ecologically friendly. We propose that incorporating
light-driven functionality into molecules driving such devices
may expand their appeal for potential industrial in the near
future.
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