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The functional role of molecular chirality in trans-
membrane transport, a fundamental feature of bio-
logical channels, remains elusive. To address this,
we employ artificial biomimetic systems as a well-
defined investigative platform. We report a series of
bilateral alkylamide phenylalanine hydrazone deriva-
tives that self-assemble into ion-transporting nano-
pores within lipid membranes. Among these, the
enantiomeric pair L5 and D5 exhibits the highest
activity, with L5 consistently outperforming D5. This
enantiomeric preference is attributed to the more
efficient membrane insertion of L5 in chiral lipid
environments. Remarkably, transport activity drops
sharply in an equimolar mixture of L5 and D5. Sys-
tematic evaluation uncovers a distinct V-shaped
dependence of activity on enantiomeric excess,
enabling chirality-gated transport behavior. This reg-
ulation arises from heterochiral coassembly, which
drives dense packing and closes the nanopores,

Introduction

Natural transmembrane channels are indispensable to
living systems, where they regulate the transport of ions
and molecules across lipid bilayers to maintain cellular
homeostasis and enable signal transduction and energy
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thereby inhibiting ion translocation. Our work eluci-
dates a fundamental chirality-assembly-function re-
lationship in transmembrane transport, provides a
functional perspective on biological homochirality,
and establishes a design strategy for biomimetic ion
channels whose activity can be programmed and
gated by enantiomeric composition.
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conversion."® These channels are predominantly protein-
based and inherently chiral, exhibiting a strong prefer-
ence for homochiral architectures, as exemplified by the
chiral organization of transmembrane helices in chloride
channels,”® and the chirality-dependent tetrameric as-
sembly of aquaporins (e.g. aquaporin 1)."° Despite their

Gy


mailto:ybjiang@xmu.edu.cn
mailto:xshyan@xmu.edu.cn
https://doi.org/10.31635/ccschem.026.202607795
https://doi.org/10.31635/ccschem.026.202607795

©CCS

COMMUNICATION

Chemistry

importance, the mechanisms by which chirality governs
channel structure and transport function remain poorly
understood, owing to their structural complexity and
limited stability under in vitro conditions.

Artificial transmembrane transport systems have
emerged as well-defined, stable, and tunable platforms
that mimic natural channels, enabling systematic studies
of structure-function relationships and offering potential
biomedical applications.®™ Such features make them
particularly well suited for investigating how molecular
chirality influences transmembrane transport.

In this context, several elegant studies have demon-
strated that chirality can impart selectivity in artificial
transport systems. For example, Hou and coworkers
developed peptide-functionalized pillararene channels
capable of enantioselective amino acid transport,”® while
Liu and coworkers employed homochiral zirconium met-
al-organic cages to achieve enantioselective transmem-
brane permeation.” In these cases, selectivity primarily
arises from stereospecific host-guest interactions.
Beyond molecular recognition, Shen and coworkers™
recently showed that the stereochemistry of cis- and
trans-1,2-diaminocyclohexane-derived polyimides fun-
damentally alters ion-transport preference, leading to
either Li*-selective or anion-selective channels. These
studies illustrate that chirality can influence transport

behavior across multiple structural and organizational
levels.

In parallel, supramolecular chiral assembly has increas-
ingly attracted attention due to its relevance to the
origin of biological homochirality and its applications in
chiral recognition, asymmetric catalysis, and biomedi-
cine.” % A defining characteristic of such assemblies is
their pronounced sensitivity to the enantiomeric excess
(ee) of the constituent building blocks.?*?* Relationships
between circular dichroism (CD) intensity and ee
have therefore been widely employed to diagnose chiral
amplification or heterochiral assembly, with S-shaped or
anti-S-shaped profiles serving as characteristic signa-
tures.?2 However, despite the widespread use of
supramolecular pores and channels in biomimetic trans-
membrane transport,?*3* the influence of enantiomeric
composition on transport efficiency has been scarcely
explored,®® and the underlying mechanisms remain
largely unresolved.

We reasoned that systematic variation of the ee could
provide direct insight into how chiral preference in mem-
brane-confined self-assembly governs transmembrane
transport function. Establishing a quantitative relation-
ship between transport activity and ee would not only
shed light on the functional advantages of homochirality
in natural transmembrane channels but also enable the
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Scheme 1| (a) Molecular structures of the designed phenylalanine-based peptidomimetic hydrazone derivatives L2~

L8 and D2-D8.

(b) Schematic illustration of the enantiomer-dependent transmembrane transport activity.

(c) Schematic of the assemblies formed by L5 and D5 within the lipid bilayer at ee = 100% and 0%.
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rational design of artificial transporters with programma-
ble activity and chirality-gated transport behavior.6-%

To test this hypothesis, we designed and synthesized a
series of bilateral chiral alkylamide phenylalanine hydra-
zone derivatives as artificial transmembrane transpor-
ters (Scheme 1a). These molecules integrate multiple
hydrogen-bonding motifs to promote supramolecular
assembly with hydrophobic alkyl chains and phenylala-
nine residues to facilitate membrane insertion. Screening
studies identified L5/D5 and L6/D6 as efficient trans-
porters that self-assemble into nanopores within biomi-
metic membranes. Systematic investigation revealed
pronounced enantiomer-dependent transport behavior:
L-enantiomers consistently exhibited higher activity than
their p-counterparts, attributable to more favorable
interactions with chiral lipid bilayers. Remarkably, trans-
port activity displayed a distinct V-shaped dependence
on ee, with high activity for enantiopure systems but a
dramatic minimum at ee = 0% (Scheme 1b). Mechanistic
studies indicate that heterochiral coassembly leads to
dense packing within the membrane, resulting in pore
closure and suppression of ion transport (Scheme 1c).
This work uncovers a previously unexplored activity, the
ee relationship in artificial transmembrane channels, and
elucidates how chirality governs transport through
membrane-confined supramolecular assembly. These
findings provide a conceptual framework for under-
standing the functional advantages of homochirality in
natural channels and open new avenues for the design of
intelligent, chirality-programmable, and gated biomi-
metic transport systems.

Results and Discussion

The phenylalanine-based peptidomimetic hydrazone
derivatives L2-L8 and D2-D8 were readily synthesized
in high yields through a concise synthetic sequence
involving amide coupling, hydrazinolysis, and imine for-
mation (Supporting Information Schemes S1 and S2).
Their transmembrane ion-transport activities were first
evaluated using the pH-sensitive fluorescent probe
8-hydroxypyrene-1,3,6-trisulfonic acid). In this assay,
HPTS was encapsulated within large unilamellar vesicles
(LUVs) composed of egg yolk phosphatidylcholine, with
a transmembrane pH gradient established between the
intravesicular (pH 7.0) and extravesicular (pH 8.0) solu-
tions in the presence of 100 mM NaCl (Figure 1a).
Upon addition of the compounds at 0.5 uM, only LS,
D5, L6, and D6 induced pronounced increases in fluo-
rescence (Supporting Information Figure S1 and
Figure 1b), indicative of efficient ion transport, with L5
exhibiting the highest activity (89% fluorescence
change). In contrast, a series of control compounds
(Supporting Information Schemes S3-S6) featuring
modified amino acid residues (L5A, L5V, L5L, L5T),
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altered central linkers (4F-L5, meta-L5, 20H-L5), or only
one side (L5-a), showed markedly diminished activity
(Supporting Information Figure S2 and Figure 1c). These
results highlight the critical importance of the bilateral
phenylalanine-based architecture for effective transmem-
brane transport. The transport activity of L5 remained
comparable when the extravesicular cations or anions
were varied (Supporting Information Figures S3 and
S4), indicating a lack of ion selectivity. This nonselective
transport behavior is likely attributable to the formation of
large nanopores that mediate transmembrane ion flow.

Dose-response curves obtained from the HPTS assay
were analyzed using the Hill equation, affording ECso
values of 0.29 uM for L5 and 0.41 uM for D5 (Supporting
Information Figure S5 and Table S1). The consistently
higher activity of L5 relative to its enantiomer suggests
an intrinsic chirality-dependent transport behavior. This
can be attributed to the greater membrane insertion
efficiency of L5,*® as indicated by absorbance measure-
ments in buffer and LUV-containing buffer solutions
(Supporting Information Figure S6), which reflect more
favorable interactions between the L-enantiomer and the
chiral lipid bilayer.*® Regarding the control compounds
(L2/D2, L7/D7, L8/D8), their transport activities do not
always consistently follow the L-enantiomer > p-enantio-
mer trend at a fixed concentration (0.5 pM, Figure 1b). This
is largely because their overall transport activities are
weak at this concentration, and the signal fluctuations
obscure the intrinsic enantiomeric preference. Neverthe-
less, ECsp values, which provide a more reliable compari-
son (Supporting Information Figure S5 and Table S1),
indeed show that L7 (1.95 pM) is more active than D7
(3.03 pM), supporting the general trend that L-enantio-
mers outperform their b-counterparts when activities are
measurable.

To further elucidate the role of chirality, we systemati-
cally investigated the transport activity of L5/D5 mixtures
at a fixed total concentration (0.5 pM) while varying the
ee. Strikingly, the resulting activity-ee plot displayed a
pronounced V-shaped profile (Figure 1d). While enantio-
pure samples (ee = +100%) exhibited high transport effi-
ciency, the racemic mixture (ee = 0%) retained only ~10%
of the maximal activity. An analogous enantiomeric de-
pendence was observed for the L6/D6 pair, which
showed ECsq values of 0.50 pM (L6) and 1.09 pM (D6)
(Supporting Information Figure S5 and Table S1), as well
as a similar V-shaped activity-ee relationship (Figure 1e).
These results reveal that transmembrane transport activ-
ity is exquisitely sensitive to enantiomeric composition.

Notably, the L5/D5 racemate shows efficient mem-
brane insertion performance (Supporting Information
Figure S6), excluding inefficient membrane incorpo-
ration as the origin of the diminished activity. We there-
fore attribute the suppressed transport to heterochiral
coassembly within the membrane, which gives rise to
supramolecular structures with markedly reduced

.
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Figure 1| (a) Schematic of the LUV-based HPTS assay. HPTS fluorescence increases with pH. (b) Comparative ion-
transport activity of L2=L8 and D2-D8 at 0.5 uM. (c) Transport activity of control compounds at 1 uM. ee-dependent
transport activity from the HPTS assay for the enantiomeric pairs (d) L5/D5 and (e) L6/D6. (f) Transport activity from
the HPTS assay upon alternating addition of L5 (0.5 uM) and D5 (0.5 uM), L6 (0.5 uM) and D6 (0.5 uM), demonstrating

chirality-gated transport behavior.

conductivity. Motivated by this insight, we constructed a
chirality-gated ion transport system by introducing the
enantiomer D5 during an ongoing L5-mediated transport
process. After ion transport was initiated by 0.5 uM LS5,
D5 was added at 10 s to modulate the transport behavior
(Supporting Information Figures S7 and S8). Progressive
addition of D5 led to a gradual decrease in transport
efficiency, with nearly complete inhibition observed up-
on addition of an equimolar amount of D5 (0.5 pM).
Further increasing the concentration of D5 beyond that
of L5 partially restored transport activity, attributable to
the intrinsic transport capability of excess D5. Finally, by
alternately adding equimolar L5 and D5 or L6 and D6, we
established a sequential chirality-gated ion transport
system (Figure 1f), demonstrating a novel gating mecha-
nism controlled by molecular chirality.

To probe the transport mechanism, a 5(6)-
carboxyfluorescein (CF) leakage assay was employed
(Figure 2a). Consistent with the HPTS results, LS5, L6, D5,
and D6 induced substantial CF leakage at 0.50 pM,
DOI: 10.31635/ccschem.026.202607795
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whereas the remaining derivatives were largely inactive
(Figure 2b,c). Dynamic light-scattering measurements
confirmed that the hydrodynamic size distribution of
the LUVs remained unchanged upon addition of L5,
D5, L6, D6, and the corresponding racemic mixtures of
L5/D5 and L6/D6 (Figure 2d), indicating that vesicle
integrity was preserved. Given the hydrodynamic diam-
eter of CF (~1.0 nm), these results collectively support
the formation of transmembrane nanopores rather than
a carrier-mediated or disruptive mechanism.

Hill analysis of the CF leakage data yielded ECsg values
of 0.29 uM (LS), 0.34 pM (L6), 0.40 uM (D5), and 0.41 uM
(D6) (Supporting Information Figure SO and Table S2).
Once again, the higher activity of the L-enantiomers
correlates with their superior membrane insertion effi-
ciency.®® Importantly, the activity-ee relationships de-
rived from the CF assay for both L5/D5 and L6/D6
pairs exhibited clear V-shaped profiles (Figure 2e,f),
enabling the implementation of chirality-gated trans-
membrane transport (Supporting Information Figures

-
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Figure 2 | (a) The CF dye leakage assay for qualitatively assessing the pore sizes of the formed channels by (b) L2-L8
and (c) D2-D8 at 0.5 uM. CF = 5(6)-carboxyfluorescein. (d) The hydrodynamic size distributions of LUV's before and
after the incorporation of L5, D5, L5+D5, L6, D6, and L6+D6. ee-dependent transport activity from the CF assay for the
enantiomeric pairs (e) L5/D5 and (f) L6/D6. (g) Single-channel current traces and current-voltage (I-V) curve for L5
recorded in symmetric baths (cis chamber = trans chamber = 1M KC/) at a concentration of L5/DiPhyPC = 1/5000 in
molar ratio, from which the ion conductance (y) was determined to be 302 # 15 pS.

S10 and S11). These results align with the trends observed
in the HPTS experiments, confirming that transport ac-
tivity can be finely tuned through chirality control.

Planar lipid bilayer electrophysiology was subsequently
employed to confirm nanopore formation at the single-
channel level. Measurements were conducted using a
DiPhyPC bilayer formed across a 200 pm aperture, sepa-
rating two chambers containing symmetric 1M KCI solu-
tions. Upon incorporation of L5, the compound with
the highest transport activity, well-defined rectangular
current traces characteristic of reversible channel
opening and closing, were observed under an applied
voltage. Analysis of the current-voltage relationship
revealed a single-channel K* conductance of 302 + 15 pS
(Figure 29). This high conductance provides direct evi-
dence of discrete nanoscale pore formation.*>*? We also
measured the single-channel conductance of D5 and the
L5/D5 racemate, obtaining values of 168 + 3and 47 + 2 pS,
respectively (Supporting Information Figure S12). The
conductance trend (L5 > D5 > L5/D5 racemate) is con-
sistent with the transport activities determined by the
HPTS assay (Figure 1d). For L6, D6, and the L6/D6 race-
mate, a similar tendency was observed (Supporting In-
formation Figure S13). Collectively, these results provide
direct evidence for the nonlinear regulation of nanopore
formation and ion transport by enantiomeric composi-
tion, corroborating the V-shaped activity-ee relationship
and the chirality-gated mechanism.

To gain mechanistic insight into the origin of the ee-
dependent transport behavior, we investigated the
DOI: 10.31635/ccschem.026.202607795
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supramolecular assembly of L5 and D5 in buffer solutions
containing LUVs. Absorption spectra revealed distinct
peaks at 325, 338, and 356 nm (Figure 3a), with both
spectral profile and intensity varying as a function of ee.
Compared with enantiopure L5 or D5 alone, their mix-
tures exhibited enhanced absorbance and more resolved
spectral peaks. Plotting the absorbance at 356 nm as a
function of ee yielded a bell-shaped profile (Figure 3b),
consistent with the presence of heterochiral coassembly
within the membrane environment.

Chiroptical properties were further examined by CD
spectroscopy (Figure 3c). Unexpectedly, enantiopure
L5 and D5 showed only weak CD signals, whereas de-
creasing the ee led to a gradual enhancement of CD
intensity, with well-defined bisignate Cotton effects
emerging at 360 and 320 nm and a crossover point at
338 nm, consistent with the absorption maximum
(Figure 3a). This spectral profile is characteristic of an
exciton-coupled Cotton effect, typically resulting from
coupling between chromophores via n-n stacking. This
observation suggests that enhanced n-= interactions be-
tween the central aromatic linkers facilitate heterochiral
coassembly. The CD intensity reached a maximum at
ee = +60%, followed by a sharp decrease to ee = 0%. The
resulting CD-ee plot exhibited an unconventional
Z-shaped dependence (Figure 3d).

This unconventional Z-shaped profile contrasts sharp-
ly with the classical “majority-rules”*® or “sergeants-and-
soldiers” effects** observed in chiral supramolecular
polymers, where CD signals increase nonlinearly with ee

e
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Figure 3 | (a) Absorption spectra of L5/D5 at varying ee in LUV solutions. (b) Absorbance at 356 nm as a function of
ee. (¢c) CD spectra of L5/D5 at varying ee in LUV solutions. (d) CD signal at 360 nm as a function of ee.
[L5] + [D5] = 10 uM. (e) Hydrogen-bonding pattern observed in the crystal structure of L5-a. (f) Structural model
of a hydrogen-bonded (L5)g assembly forming an open nanopore (2.5 nm in length, 1.0 nm in diameter), built by
manual assembly in GaussView and Avogadro. (g) Structural model of a twisted stack formed by the racemic mixture
(L5)5+(D5)s, leading to a closed-pore structure, constructed analogously.

or the fraction of chiral species and peak at enantiopur-
ity, reflecting chiral amplification.?® Here, the maximum
CD at ee = +60% and the weak signal at ee = +100%
reveal a distinct regime in which moderate enantiomeric
imbalance promotes heterochiral coassembly and
enhances exciton coupling, rather than amplifying
homochiral order. This unique behavior highlights the
competition between homochiral and heterochiral inter-
actions in membrane-confined assembly and suggests
that variations in ee may induce fundamentally different
supramolecular packing modes.

Indeed, related anomalous CD-ee relationships have
previously been associated with packing-mode transi-
tions in supramolecular assemblies, where enantiopure
and racemic systems adopt fundamentally different
morphologies such as flat nanostructures and twisted
ribbons, respectively.®® By analogy, we propose that
enantiopure L5 or D5 molecules pack in a relatively flat
arrangement within the membrane to form symmetric
conductive nanopores with weak chiroptical responses,
whereas heterochiral coassembly induces twisted pack-
ing that enhances CD signals but leads to pore closure
and transport inhibition.

Consistent trends were also observed in buffer solu-
tions in the absence of LUVs, where L5 and D5 displayed
similar absorption and CD features, including the uncon-
ventional Z-shaped CD-ee dependence (Supporting
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Information Figure S14). Scanning electron microscopy
(SEM) further revealed that enantiopure L5 and D5 form
fibrous aggregates, while the racemic mixture assembles
into particulate morphologies, corroborating the strong
preference for heterochiral coassembly (Supporting In-
formation Figure S15). This preference was further con-
firmed in a nonpolar solvent (CHCI3): a bell-shaped
absorbance-ee profile (Supporting Information Figure
S16) and distinct morphological differences between
enantiopure and racemic samples (Supporting Informa-
tion Figure S17) collectively support the occurrence of
heterochiral coassembly.

We successfully crystallized the unilateral analogue of
L5, thatis, L5-a (Supporting Information Table S3). In the
crystal lattice, molecules of L5-a engage with adjacent
molecules through double N-H°. . .20=C/N-H®. . .c<O=C
hydrogen bonds. This interaction drives a parallel pack-
ing arrangement along the a-axis, resulting in a one-
dimensional supramolecular chain (Figure 3e). Informed
by this hydrogen-bonding motif, we propose a plausible
assembly mode for L5 within LUV membranes. Four sets
of the aforementioned N-H-:..0O=C hydrogen bonds
connect molecules into a linear chain. This chain is in-
ferred to curve and close into a cyclic nanopore approxi-
mately 2.5 nm in length and 1.0 nm in diameter when
eight L5 molecules constitute the pore (Supporting In-
formation Figure S18 and Figure 3f). The central cavity of
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this pore facilitates the transport of ions and CF dye,
while its highly symmetric conformation accounts for
the observed weak CD signals.

By virtue of the nanopore structure established for LS,
we next rationalized the pronounced transport differ-
ences among the synthesized compounds. For L4
(shorter alkyl chains), strong exciton-coupled CD signals
are observed in LUV-coining buffer (Supporting Informa-
tion Figure S19), indicating extensive n-n stacking within
the membrane that likely leads to nonporous aggregates
and thus negligible transport activity. This behavior can
be attributed to hydrophobic mismatch:*® the shorter
molecular length of L4 relative to the hydrophobic core
of the bilayer likely enforces a more vertical membrane
orientation, promoting n-x stacking while disfavoring
bending and cyclization into pore structures (Supporting
Information Figure S20). In contrast, L7 (longer alkyl
chains) exhibits weak CD signals without obvious exci-
ton-coupled features in LUV solutions (Supporting Infor-
mation Figure S19), suggesting an assembly mode similar
to that of L5. However, because the molecular length of
L7 exceeds the membrane hydrophobic thickness, the
flexible terminal alkyl chains likely extend into the nano-
pore interior,*® thereby reducing the effective pore size
(Supporting Information Figure S20). Consistent with
this model, L7 shows moderate ion transport activity
(ECs0 = 1.95 puM; Supporting Information Figure S5 and
Table S1) but negligible transport of the larger CF dye
(Figure 2b). For L5A (altered amino acid residue) and
4F-L5 (modified central linker), exciton-coupled CD sig-
nals are likewise observed in LUV solutions (Supporting
Information Figure S21), indicating that these derivatives
fail to establish the hydrogen-bonding network required
for nanopore formation. Instead, they preferentially un-
dergo stacked assembly to generate pore-closed struc-
tures, consistent with their minimal transport activity
(Figure 1¢).

For the racemic L5/D5 mixture, we propose that
N-H¢. . .<O=C hydrogen bonding, along with n-x inter-
actions between heterochiral aromatic linkers, facilitates
a twisted and dense coassembly (Supporting Informa-
tion Figure S22 and Figure 39). This assembly leads to a
pore-closed structure that inhibits transport. The n-n
interactions are evidenced by the exciton-coupled Cot-
ton effect with a crossover at 338 nm (Figure 3a,c).
Notably, when one enantiomer is in excess, this hetero-
chiral twisted packing can develop a global preference in
its handedness. This chiral bias gives rise to the pro-
nounced CD signals and explains the unconventional
Z-shaped CD-ee dependence (Figure 3d).*° It should be
noted, however, that the particulate morphologies ob-
served by SEM (Supporting Information Figure S15) were
obtained from an aqueous H,O/dimethyl sulfoxide (99:1)
solution of racemic L5/D5 mixture after drying and may
not represent the actual assembly structure within the
lipid bilayer. Within the membrane, confinement and lipid
DOI: 10.31635/ccschem.026.202607795
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ordering likely direct the racemic mixture into a dense,
pore-closed packing that differs from the macroscopic
aggregates formed upon drying from bulk solution.

Whether the observed V-shaped activity-ee relation-
ship represents a general feature of nanopore-forming
systems remains an open question. We speculate that the
activity-ee profile is governed by the balance between
homochiral self-sorting and heterochiral coassembly
within the membrane.*’ In the present system, hetero-
chiral coassembly appears to generate densely packed,
nonconductive structures that suppress ion transport,
thereby producing the observed V-shaped dependence.
By contrast, systems in which heterochiral assembly
favors conductive channel formation exhibits inverted
(bell-shaped) activity-ee profiles, whereas complete
homochiral self-sorting would be expected to yield a
near-linear dependence, as the two enantiomers would
function independently without cooperative coassembly.
Future studies on structurally distinct nanopore scaffolds
will be required to determine the generality of these
assembly-activity relationships. Nevertheless, our results
establish the first ee-dependent gating mechanism in
artificial ion channels and suggest a broader design prin-
ciple whereby enantiomeric composition regulates supra-
molecular packing and transport function.

Conclusion

In conclusion, we report the design of chiral alkylamide
phenylalanine hydrazone derivatives that self-assemble
into functional nanopores within biomimetic phospholip-
id membranes, enabling efficient transmembrane ion
transport. Chirality is shown to play a decisive role
in regulating transport activity through membrane-
confined supramolecular assembly. While L enantiomers
consistently outperform their o counterparts, systematic
variation of the ee in enantiomeric pairs (e.g., L5/D5)
reveals a distinct V-shaped dependence of transport
activity, uncovering for the first time a nonlinear regula-
tory mechanism of enantiomeric composition on channel
performance. This is accompanied by an unconventional
Z-shaped CD-ee relationship. These chiral effects origi-
nate from the more favorable membrane insertion of L
enantiomers in chiral lipid environments, together with
heterochiral coassembly that promotes dense packing,
pore closure, and transport inhibition. Importantly, the
resulting activity-ee relationship enables the construction
of a chirality-gated transmembrane transport system,
representing a previously unexplored mode of chirality-
governed functional expression beyond classical CD-ee
profiles. This work establishes a direct structure-function
link between molecular chirality, supramolecular organi-
zation, and transmembrane transport. It provides a new
design principle for chirality-programmable biomimetic
ion channel systems.

Gerd


https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://doi.org/10.31635/ccschem.026.202607795
https://doi.org/10.31635/ccschem.026.202607795

@CCS

COMMUNICATION

Chemistry

Supporting Information

Supporting Information is available and includes detailed
experimental procedures, additional figures and charac-
terization data (Supporting Information Figures S23-
S88). The supplementary crystallographic data for depo-
sition were submitted to the Cambridge Crystallographic
Data Centre [(CCDC) database # 2520886].

Conflict of Interest

There is no conflict of interest to report.

Funding Information

We greatly appreciate the support of this work by the
National Natural Science Foundation of China (grant nos.
22101240, 22241503, and 92356308), the Fundamental
Research Funds for the Central Universities (grant nos.
20720252003 and 20720250104), the Natural Science
Foundation of Fujian Province of China (grant no.
2023J01038), the Jiangxi Provincial Natural Science
Foundation (grant no. 20252BAC240277), the Scientific
Research Foundation of State Key Laboratory of Vac-
cines for Infectious Diseases, the Xiang An Biomedicine
Laboratory (grant no. 2025XAKJ0102009), and the sci-
entific and technological project in Xiamen (grant no.
3502Z720251005).

Acknowledgments

We thank Prof. Huagiang Zeng and Prof. Jie Shen of
Fuzhou University for their help with the single-channel
current measurements.

References

1. Murata, K.; Mitsuoka, K.; Hirai, T.; Walz, T.; Agre, P,
Heymann, J. B.; Engel, A.; Fujiyoshi, Y. Structural Determi-
nants of Water Permeation Through Aquaporin-1. Nature
2000, 407, 599-605.

2.  Levin, E. J; Cao, Y.; Enkavi, G.; Quick, M.; Pan, Y.
Tajkhorshid, E.; Zhou, M. Structure and Permeation Mecha-
nism of a Mammalian Urea Transporter. Proc. Natl. Acad. Sci.
U.S.A. 2012, 709, 11194-11199.

3. Wang, Q.-C.;; Zheng, Q.; Tan, H.; Zhang, B.; Li, X.; Yang,
Y.; Yu, J.; Liu, Y.; Chai, H.; Wang, X,; Sun, Z.; Wang, J.-Q.; Zhu,
S.; Wang, F.; Yang, M.; Guo, C.; Wang, H.; Zheng, Q.; Li, Y;
Chen, Q.; Zhou, A.; Tang, T.-S. TMCOT1 is an ER Ca?" Load-
Activated Ca®" Channel. Cell 2016, 165, 1454-1466.

4. Lu, Y. Yue, C.-X,; Zhang, L.; Yao, D.; Xia, Y.; Zhang, Q,;
Zhang, X.; Li, S.; Shen, Y.; Cao, M.; Guo, C.-R.; Qin, A.; Zhao, J,;
Zhou, L.; Yu, Y.; Cao, Y. Structural Basis for Inositol Pyro-
phosphate Gating of the Phosphate Channel XPR1. Science
2024, 386, eadp3252.

DOI: 10.31635/ccschem.026.202607795
Citation: CCS Chem. 2026, 8, 4347-4355
Link to VoR: https://doi.org/10.31635/ccschem.026.202607795

5. Thompson, M. J.; Tessier, C. J. G.; Ananchenko, A,
Hénault, C.; Emlaw, J. R.; Dehez, F.; Zarkadas, E.; daCosta,
C. J. B,; Nury, H., Baenziger, J. E. Asynchronous Subunit
Transitions Prime Acetylcholine Receptor Activation. Sci-
ence 2026, 397, eadw1264.

6. Doyle, D. A.; Morais Cabral, J.; Pfuetzner, R. A.; Kuo, A,
Gulbis, J. M.; Cohen, S. L.; Chait, B. T.; MacKinnon, R. The
Structure of the Potassium Channel: Molecular Basis of K*
Conduction and Selectivity. Science 1998, 280, 69-77.

7. Dutzler, R.;; Campbell, E. B.; MacKinnon, R. Gating the
Selectivity Filter in CIC Chloride Channels. Science 2003,
300, 108-112.

8. Wang, K,; Preisler, S. S.; Zhang, L.; Cui, Y.; Missel, J. W.;
Grgnberg, C.; Gotfryd, K.; Lindahl, E.; Andersson, M.; Calloe,
K.; Egea, P. F.; Klaerke, D. A.; Pusch, M.; Pedersen, P. A.; Zhou,
Z. H.; Gourdon, P. Structure of the Human CIC-1 Chloride
Channel. PLoS Biol. 2019, 77, e3000218.

9. Tajkhorshid, E.; Nollert, P.; Jensen, M. @.; Miercke,
L. J. W,; O’Connell, J.; Stroud, R. M.; Schulten, K. Control
of the Selectivity of the Aquaporin Water Channel Family
by Global Orientational Tuning. Science 2002, 296, 525-
530.

10. Tabushi, |.; Kuroda, Y.; Yokota, K. A,B,D,F-Tetrasubsti-
tuted p-Cyclodextrin as Artificial Channel Compound. Tetra-
hedron Lett. 1982, 23, 4601-4604.

1. Davis, J. T,; Gale, P. A;; Quesada, R. Advances in Anion
Transport and Supramolecular Medicinal Chemistry. Chem.
Soc. Rev. 2020, 49, 6056-6086.

12. Cataldo, A.; Norvaisa, K.; Halgreen, L.; Bodman, S. E;
Bartik, K.; Butler, S. J.; Valkenier, H. Transmembrane Trans-
port of Inorganic Phosphate by a Strapped Calix[4]Pyrrole.
J. Am. Chem. Soc. 2023, 745, 16310-16314.

13. Yan, T, Liu, J. Transmembrane lon Channels: From
Natural to Artificial Systems. Angew. Chem. 2025, 64,
€202416200.

14. Li, N,; Shen, J.; Ang, G. K.; Ye, R.; Zeng, H. Molecular
Tetrahedrons as Selective and Efficient lon Transporters via
a Two-Station Swing-Relay Mechanism. CCS Chem. 2021, 3,
2269-2279.

15. Picci, G.; Marchesan, S.; Caltagirone, C. lon Channels and
Transporters as Therapeutic Agents: From Biomolecules to
Supramolecular Medicinal Chemistry. Biomedicines 2022,
10, 885.

16. Chen, L; Si, W.; Zhang, L.; Tang, G.; Li, Z.-T.; Hou, J.-L.
Chiral Selective Transmembrane Transport of Amino Acids
Through Artificial Channels. J. Am. Chem. Soc. 2013, 135,
2152-2155.

17. Li, Y.;Dong, J.; Gong, W.; Tang, X.; Liu, Y.; Cui, Y.; Liu, Y.
Artificial Biomolecular Channels: Enantioselective Trans-
membrane Transport of Amino Acids Mediated by Homo-
chiral Zirconium Metal-Organic Cages. J. Am. Chem. Soc.
2021, 743, 20939-20951.

18. Gou, F.;Yang, Z.; Wang, Q.; Chang, W.; Shen, J.; Zeng, H.
Chirality-Induced Split Personality in Polymer with Intrinsic
Microporosity-Based Artificial lon Channels. Angew. Chem.
2025, 64, e202516573.

19. Liu, M,; Zhang, L.; Wang, T. Supramolecular Chirality in
Self-Assembled Systems. Chem. Rev. 2015, 715, 7304-7397.

-


https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://www.chinesechemsoc.org/doi/suppl/10.31635/ccschem.026.202607795
https://doi.org/10.31635/ccschem.026.202607795
https://doi.org/10.31635/ccschem.026.202607795

@CCS

COMMUNICATION

Chemistry

20. Yashima, E.; Ousaka, N.; Taura, D.; Shimomura, K.; Ikai,
T.; Maeda, K. Supramolecular Helical Systems: Helical As-
semblies of Small Molecules, Foldamers, and Polymers with
Chiral Amplification and Their Functions. Chem. Rev. 2016,
116, 13752-13990.

21. Sang, Y. Liu, M. Hierarchical Self-Assembly into Chiral
Nanostructures. Chem. Sci. 2022, 13, 633-656.

22. Garcia, F.; Gomez, R.; Sdnchez, L. Chiral Supramolecular
Polymers. Chem. Soc. Rev. 2023, 52, 7524-7548.

23. Cheng, L,; Liu, K.; Duan, Y.; Duan, H,; Li, Y.; Gao, M,; Cao,
L. Adaptive Chirality of an Achiral Cage: Chirality Transfer,
Induction, and Circularly Polarized Luminescence Through
Aqgueous Host-Guest Complexation. CCS Chem. 2021, 3,
2749-2763.

24. Shang, X.; Song, |.; Han, M,; Lee, J. H.; Ohtsu, H.; Choi, W;
Kim, J. C.; Ahn, J.; Kwak, S. K.; Oh, J. H. “Majority-Rules” Effect
on Supramolecular Chirality and Optoelectronic Properties
of Chiral Tetrachloro-Perylene Diimides. Adv. Opt. Mater.
2021, 9, 2001911

25. Kumar, P,; Vo, T.; Cha, M.; Visheratina, A.; Kim, J.-Y.; Xu,
W.; Schwartz, J.; Simon, A.; Katz, D.; Nicu, V. P.; Marino, E.;
Choi, W. J.; Veksler, M.; Chen, S.; Murray, C.; Hovden, R,
Glotzer, S.; Kotov, N. A. Photonically Active Bowtie Nanoas-
semblies with Chirality Continuum. Nature 2023, 675, 418-
424,

26. Palmans, A. R. A.; Meijer, E. W. Amplification of Chirality
in Dynamic Supramolecular Aggregates. Angew. Chem.
2007, 46, 8948-8968.

27. Yan, X.; Wang, Q.; Chen, X.; Jiang, Y.-B. Supramolecular
Chiral Aggregates Exhibiting Nonlinear CD-ee Dependence.
Adv. Mater. 2020, 32, e1905667.

28. Lin, X.-Y,; Shi, J.-L.; Wang, Q.; Yu, Y.-B.; Chen, X.-X,; Yan,
X.; Wu, X.; Lin, J.-B.; Li, Z.; Jiang, Y.-B. Developing Chiral
Aggregates Exhibiting Anti-S-Shaped CD-ee Dependence:
Using a Meso-Isomer to Tune Dynamic Aggregates Induced
by Enantiomers. Chem. Commun. 2025, 67, 1818-1821.

29. Kaucher, M. S;; Harrell, W. A,; Davis, J. T. A Unimolecular
G-Quadruplex That Functions as a Synthetic Transmem-
brane Na* Transporter. J. Am. Chem. Soc. 2006, 728, 38-39.
30. Si, W.; Xin, P.; Li, Z.-T.; Hou, J.-L. Tubular Unimolecular
Transmembrane Channels: Construction Strategy and
Transport Activities. Acc. Chem. Res. 2015, 48, 1612-1619.
31. Saha, T.; Gautam, A.; Mukherjee, A.; Lahiri, M.; Talukdar,
P. Chloride Transport Through Supramolecular Barrel-
Rosette lon Channels: Lipophilic Control and Apoptosis-
Inducing Activity. J. Am. Chem. Soc. 2016, 138, 16443-16451.
32. Ren,C,;Zeng, F.;Shen, J.;Chen, F.;Roy, A,; Zhou, S.; Ren,
H.; Zeng, H. Pore-Forming Monopeptides as Exceptionally
Active Anion Channels. J. Am. Chem. Soc. 2018, 740, 8817-
8826.

33. Yan, T, Liu, S, Xu, J,; Sun, H; Yu, S.; Liu, J. Unimolecular
Helix-Based Transmembrane Nanochannel with a Smallest
Luminal Cavity of 1 A Expressing High Proton Selectivity and
Transport Activity. Nano Lett. 2021, 21, 10462-10468.

DOI: 10.31635/ccschem.026.202607795
Citation: CCS Chem. 2026, 8, 4347-4355
Link to VoR: https://doi.org/10.31635/ccschem.026.202607795

34. Qi,S.;Tian, J.; Zhang, J.; Zhang, L.; Zhang, C.; Lin, Z.; Min,
J.; Mao, S.; Dong, Z. Unimolecular Transmembrane Na* Chan-
nels Constructed by Pore-Forming Helical Polymers with a
2.3 A Aperture. CCS Chem. 2022, 4, 1850-1857.

35. Licsandru, E.; Kocsis, I.; Shen, Y.-X.; Murail, S.; Legrand,
Y.-M.; van der Lee, A, Tsai, D.; Baaden, M.; Kumar, M,;
Barboiu, M. Salt-Excluding Artificial Water Channels Exhibit-
ing Enhanced Dipolar Water and Proton Translocation. J.
Am. Chem. Soc. 2016, 138, 5403-54009.

36. Bai, D, Yan, T.; Wang, S.; Wang, Y,; Fu, J.; Fang, X.; Zhu,
J.; Liu, J. Reversible Ligand-Gated lon Channel via Intercon-
version Between Hollow Single Helix and Intertwined Double
Helix. Angew. Chem. 2020, 59, 13602-13607.

37. Johnson, T. G.; Sadeghi-Kelishadi, A.; Langton, M. J. A
Photo-Responsive Transmembrane Anion Transporter Re-
lay. J. Am. Chem. Soc. 2022, 744, 10455-10461.

38. Yan, T, Liu, S,; Li, C; Xu, J; Yu, S;; Wang, T.; Sun, H,;
Liu, J. Flexible Single-Chain-Heteropolymer-Derived Trans-
membrane lon Channels with High K* Selectivity and Tun-
able pH-Gated Characteristics. Angew. Chem. 2022, 6],
€202210214.

39. Hu, J.; Cochrane, W. G.; Jones, A. X.; Blackmond, D. G,;
Paegel, B. M. Chiral Lipid Bilayers Are Enantioselectively
Permeable. Nat. Chem. 2021, 13, 786-791.

40. Chen, Z.; Xie, X,; Jia, C.; Zhong, Q.; Zhang, Q.; Luo,
D.; Cao, Y.; Mu, Y.; Ren, C. Concentration-Driven Evolution
of Adaptive Artificial lon Channels or Nanopores with
Specific Anticancer Activities. Angew. Chem. 2024, 63,
e202318811.

41. Zhang, L.; Tian, J.; Lin, Z.; Dong, Z. Efficient Sodium
Transmembrane Permeation Through Helically Folded
Nanopores with Natural Channel-Like lon Selectivity. J. Am.
Chem. Soc. 2024, 146, 8500-8507.

42. Chattopadhayay, S.; Banzal, K. V.; Talukdar, P. Photo-
Activation of Tolane-Based Synthetic lon Channel for Trans-
membrane Chloride Transport. Angew. Chem. 2025, 64,
202414354,

43. van Gestel, J.; Palmans, A. R. A,; Titulaer, B.; Vekemans,
J. A. J. M,; Meijer, E. W. “Majority-Rules” Operative in Chiral
Columnar Stacks of Cz-Symmetrical Molecules. J. Am. Chem.
Soc. 2005, 727, 5490-5494.

44. Shi, L; Tian, F.; Wang, S. “Sergeants-and-Soldiers”
Effect and Modified Ising Model in Chiral Polymer Materials.
Sci. China Chem. 2025, 68, 3429-3448.

45. Cao, H.; Zhu, X.; Liu, M. Self-Assembly of Racemic Ala-
nine Derivatives: Unexpected Chiral Twist and Enhanced
Capacity for the Discrimination of Chiral Species. Angew.
Chem. 2013, 52, 4122-4126.

46. de Jesus, A. J; Allen, T. W. The Determinants of Hydro-
phobic Mismatch Response for Transmembrane Helices.
Biochim. Biophys. Acta 2013, 1828, 851-863.

47. Safont-Sempere, M. M,; Fernandez, G.; Wdlirthner, F.
Self-Sorting Phenomena in Complex Supramolecular Sys-
tems. Chem. Rev. 2011, 771, 5784-5814.

o


https://doi.org/10.31635/ccschem.026.202607795
https://doi.org/10.31635/ccschem.026.202607795

	Artificial Transmembrane Transport Nanopores Exhibiting V-Shaped Activity-ee Dependence
	Introduction
	Results and Discussion
	Conclusion
	Supporting Information
	Conflict of Interest
	Funding Information
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




