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Bilayer-Domain Formation of Thermoresponsive Amphiphilic 
Block Copolymers in Hybrid Liposomes for Synthetic Molecular 
Channels 
Naoki Ozawa, ‡a Shunji Kosaka, ‡a Shota Fujii, ¶b  and Tomoki Nishimura *a

Molecularly permeable vesicles have attracted interest as compartments for nanoreactors or artificial cells, as they can allow 
the transport of molecules from the exterior to the interior of the vesicles. One strategy to increase vesicle permeability is 
the incorporation of amphiphilic copolymers that contain thermoresponsive poly(propylene oxide) into phospholipid 
vesicles. However, the nanostructures of these polymers, which are directly related to the molecular permeability, remain 
to be elucidated. Here, we report on the nanostructures of polymers incorporated in such membranes and the permeability 
of the polymer/phospholipid hybrid vesicles against water-soluble molecules. Neutron-scattering experiments revealed that 
the polymers form disk-like bilayer domains on the membranes, whose thickness is almost equivalent to that of the bilayer 
membranes when the polymers alone are self-assembled into vesicles. These domains act as synthetic molecular channels 
for low-molecular-weight poly(ethylene glycol), and their permeability can be regulated by changing the molecular weight 
of the poly(propylene oxide). These findings provide valuable insight into the design of novel polymers for synthetic 
channels, the prediction of their permeability, and the preparation of permeable vesicles.

Introduction
Hybrid vesicles composed of amphiphilic copolymers and 
phospholipids have attracted increasing attention in recent 
years due to the unique advantages they offer over traditional 
phospholipid vesicles.1, 2, 3 The combination of properties from 
the polymers and phospholipids allows for a wide range of 
functionalities, such as biocompatibility, increased stability in 
aqueous solutions,4, 5, 6 controlled release by external stimuli,7, 8 
and targeted delivery to specific organs or tissues.9, 10 As a 
result, hybrid vesicles have been the subject of extensive 
research to understand their fundamental physical properties11, 

12, 13, 14, 15, 16, 17, 18 and to demonstrate their potential as carriers 
in drug -delivery systems and compartments for nanoreactors 
and artificial cells.19, 20, 21, 22, 23

In addition to the functionalities mentioned above, the 
incorporation of specific polymers into liposomes can endow 
the vesicles with bespoke permeability.24, 25 We have already 
reported intrinsically permeable polymer vesicles composed of 
thermoresponsive amphiphilic copolymers containing 
poly(propylene oxide) (PPO),18, 26, 27 polyoxazoline,28 and a 

polypeptoid.29 In particular, amphiphilic copolymers with PPO 
can be incorporated into phospholipid membranes, where they 
act as synthetic molecular channels for water-soluble 
molecules. The widespread use of liposomes or polymer 
vesicles as nanoreactors has so far been hindered by their low 
molecular permeability and the inability to allow the passage of 
substrates from the external environment to the interior of the 
vesicle.30, 31 In contrast, the hybrid vesicles we have developed 
exhibit improved molecular permeability, and we have 
demonstrated their ability to function as enzymatic reactors in 
which substrates can be supplied from the outside. However, 
the nanostructures of the incorporated polymers on the 
phospholipid membranes have not yet been investigated 
systematically.

The permeability of the hybrid vesicles can be expected to 
be influenced by the distribution of the polymer on the hybrid 
membranes, for example, by a homogeneous polymer 
distribution or the formation of polymer-rich domains, as well 
as the nanostructures of the polymer domains, such as bilayer 
formation or a state of simple insertion in the phospholipid 
membranes. Thus, gaining a deeper understanding of the 
structural characteristics of these hybrid membranes could 
potentially be useful for controlling their permeability and 
designing PPO-based polymers that act as synthetic channels. 
Additionally, the minimum molecular weight of PPO required 
for amphiphilic polymers that contain PPO to be incorporated 
into these membranes remains unclear. Therefore, further 
study in these areas would be beneficial for the prediction of 
the permeability and the design of novel synthetic molecular 
channels.
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Here, we report on the nanostructure of maltopentaose-b-
PPO incorporated in phospholipid vesicle membranes, which 
was examined using confocal laser scanning microscopy (CLSM), 
cryo-transmittance electron microscopy (cryo-TEM), and small-
angle neutron scattering (SANS). Although the formation of 
polymer-rich domains could be observed using CLSM and cryo-
TEM in the polymer/lipid hybrid membranes, the precise 
nanostructure of the incorporated polymers, specifically, 
whether they formed bilayers, could not be determined using 
these analytical methods. Consequently, an alternative 
technique, namely, contrast-matching SANS, was employed to 
investigate the structural information of the incorporated 
polymers. In contrast to the scattering of X-rays, which linearly 
increases with the atomic number, the scattering of neutron 
beams depends on the scattering length density (SLD) of the 
scattering nucleus. For example, there is a substantial 
difference in SLD between hydrogen and deuterium. Therefore, 
by mixing H2O and D2O in different proportions, the SLD of the 
solvent can be systematically varied and matched to the SLD of 
one of the components of the hybrid vesicle. By employing the 
technique known as contrast matching, it is possible to render 
a phospholipid invisible.32, 33 Thus, contrast-matching SANS 
measurements are able to provide structural information 
exclusively from the incorporated polymers and should deliver 
hard experimental evidence for the formation of polymer-rich 
domains on the hybrid membrane and allow quantification of 
their size. Through this combination of techniques, we 
confirmed the presence of heterogeneous polymer-rich 
domains composed of bilayer disk-like shapes on the hybrid 
vesicle membranes and demonstrated the function of the 
incorporated polymers as synthetic molecular channels for a 
water-soluble molecule (Fig. 1).

Fig. 1 Schematic illustration of the formation of polymer-rich domains that act as 
molecular channels in maltopetantaose-b-PPO/phospholipid hybrid vesicles.

Results and discussion
We first examined whether maltopentaose-b-PPO copolymers 
based on PPO with a molecular weight of 2.5K (henceforth 
referred to in this manuscript as maltopentaose-b-PPO2.5K) 
could be incorporated into phospholipid membranes and form 
polymer-rich domains on the membranes. For this purpose, we 
attempted to prepare micrometer-sized vesicles as follows. 
Methanol solutions of maltopentaose-b-PPO2.5K and 1,2-
dioleoyl-sn-glycero-3-phosphocholine (DOPC; the phase-
transition temperature of DOPC is ca. –17 °C) were mixed in a 

molar ratio of 1 : 9, before the methanol was removed under an 
argon flow to afford polymer/phospholipid films. To enable the 
polymer and the phospholipid to be distinguished using CLSM, 
we added a small amount of rhodamine-labeled polymer and 7-
nitrobenzofurazan (NBD)-labeled 1,2-dioleoyl-sn-glycero-3-
phosphoethanol amine (DOPE) to the polymer/phospholipid 
mixture. After the addition of distilled water, the films were 
hydrated at 25 °C for 24 h to yield micrometer-sized vesicles. 
Fig. 2a shows a CLSM image of polymer/phospholipid vesicles 
that contain 10 mol% of the block copolymer at 25 °C. The 
rhodamine fluorescence was distributed over the vesicle, 
suggesting that the polymer was successfully incorporated into 
the phospholipid membrane. Moreover, the heterogeneous 
distribution of the rhodamine fluorescence within the 
membrane indicates the formation of polymer-rich 
microdomains. The phase separation of the polymer and DOPC 
on the hybrid bilayer membrane can be attributed to the large 
difference between the thickness of the hydrophobic layers of 
DOPC (2.25 nm) and that of the polymer bilayers (9.5 nm) (Fig. 
S3 and Table S1). The mismatch in hydrophobic layers between 
DOPC and the polymer leads to the formation of domains and 
induces an increase in line tension at the phospholipid/polymer 
boundary. PPO has a low glass-transition temperature (Tg) and 
is flexible;34 the conformation of the PPO polymer chain 
changed to match the thickness of the DOPC hydrophobic 
bilayer in order to reduce the line tension, which facilitated the 
formation of the stable polymer-rich domains. Moreover, the 
hybrid vesicles were stable, and the polymer-rich domain did 
not exhibit budding into the polymer vesicles after 72 h (Fig. S4). 
Such long-term stability would be advantageous for the use of 
the hybrid vesicles in materials applications.

To further investigate the formation of the 
polymer/phospholipid hybrid vesicles, we prepared 
micrometer-sized giant vesicles using polymer : DOPC molar 
ratios ranging from 2 : 8 to 9 : 1. The fluorescence of rhodamine 
was colocalized with that of NBD for all vesicles (Figs. 2b–2i), 
suggesting that the polymers can insert into the phospholipid 
membranes at any composition. Interestingly, distinct polymer-
rich domains were present in the hybrid vesicles with 
polymer/phospholipid molar ratios of 2 : 8 to 4 : 6. When the 
polymer/phospholipid molar ratio reached 5 : 5, the clear 
microdomains observed in the hybrid vesicles with lower 
polymer ratios were no longer present. However, the 
fluorescence of rhodamine and NBD did not show large-scale 
heterogeneity for the hybrid vesicles with 
polymer/phospholipid compositions of 5 : 5 to 8 : 2, which was 
attributed to the formation of nanometer-sized polymer-rich 
domains on the phospholipid membranes. Thus, the formation 
of clear polymer-rich domains like those seen in Figs. 2a–2e 
depends on the molar fraction of the polymer in the hybrid 
vesicles. At low molar fractions of the polymer, few distinct 
polymer-rich domains are expected to be observed. In fact, 
sometimes no micrometer-sized domains were formed on some 
hybrid vesicles with polymer/phospholipid molar ratios of 1 : 9 
to 5 : 5, and only nanometer-sized domains were observed (Fig. 
S5). This is due to the fact that the polymer/phospholipid 
composition cannot be controlled within 
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Fig. 2 CLSM images of the polymer/lipid hybrid vesicles labeled with NBD-DOPE (green 
channel) and rhodamine-polymer (red channel) with different molar ratios of 
maltopentaose-b-PPO2.5K and DOPC. a) [polymer] : [DOPC] = 1 : 9; b) = 2 : 8; c) = 3 : 7; d) 
= 4 : 6; e) = 5 : 5; f) = 6 : 4; g) = 7 : 3; h) = 8 : 2; i) = 9 : 1; scale bars = 10 m.

the vesicle population because the vesicles are kinetic 
products.35

Having confirmed the formation of polymer-rich domains in 
the micrometer-sized giant hybrid vesicles, we next 
investigated the nanostructures of nanometer-sized 
polymer/DOPC hybrid vesicles using cryo-TEM. As a control 
experiment, we first performed cryo-TEM measurements on 
DOPC vesicle and maltopentaose-b-PPO2.5K polymer vesicle 
solutions. The solutions were prepared via film hydration 
followed by sequential extrusion using a polycarbonate 
membrane (pores: 0.1 m) at 25 °C. Cryo-TEM images of both 
vesicle solutions showed spherical vesicular structures, with an 
average membrane thickness of ca. 2.5 nm and ca. 6.5–7 nm for 
the DOPC vesicle and polymer vesicles, respectively (Figs. 3a 
and 3b). We then carried out cryo-TEM measurements on 
hybrid vesicles with a maltopentaose-b-PPO2.5K polymer : 
phospholipid molar composition of 1 : 9 (Figs. 3c and 3d). Only 
spherical vesicular structures were observed; other 
nanostructures such as wormlike micelles and spherical 
micelles were not observed. Careful observation of the images 
revealed that the thicknesses of the vesicle membranes varies, 
whereby the thicker areas correspond to the polymer bilayer 
membranes and the thinner areas to the DOPC bilayer 
membranes. Moreover, a solution of hybrid vesicles with a 
maltopentaose-b-PPO2.5K polymer : phospholipid molar 
composition of 2 : 8 was also examined using cryo-TEM, and 
both thin membranes and thick membranes co-existed within 
the membrane of the same hybrid vesicle. Interestingly, the 
CLSM images show that the hybrid domain vesicles have only 
one polymer-rich domain. This may be due to the fusion of 
several polymer-rich domains that formed immediately after 

the vesicles were prepared. Indeed, the nanometer-sized 
vesicles observed immediately after preparation showed some 
polymer-rich domains on the membrane (Fig. 3f). To prepare 
the micron-sized hybrid vesicles, the polymer/phospholipid thin 
films were hydrated and agitated to form vesicles. During this 
incubation, the polymer-rich domains would coalesce to reduce 
the in-line tension at the polymer/phospholipid interface, 
resulting in the formation of a polymer-rich domain on the 
membrane. Here, we have observed hybrid vesicles of different 
sizes using CLSM and Cryo-TEM, However, the differences 
between the micrometer-sized vesicles and the nanometer-
sized vesicles are not only in size but also in the curvature of the 
vesicles. The curvature of the vesicles could affect the 
thermodynamics of phase separation, such as the critical 
concentration of polymer required for phase separation and the 
size and stability of the resulting polymer-rich domains. In our 
system, vesicles of any size form polymer-rich domains and 
there is no size effect. However, their long-term stability 
remains unexplored and the effect of vesicle size on the stability 
of polymer-rich domains needs to be investigated. Overall, 
these data clearly suggest the presence of polymer-rich 
domains in the nanometer-sized hybrid vesicles.

Fig. 3 Cryo-TEM images of a) a DOPC liposome, b) a maltopentaose-b-PPO2.5K polymer 
vesicle, c, d) polymer/lipid hybrid vesicles with a maltopentaose-b-PPO2.5K : DOPC molar 
ratio of  1 : 9, and e, f) the polymer/lipid hybrid vesicles with a maltopentaose-b-PPO2.5K 
: DOPC molar ratio of 2 : 8; white arrows indicate thicker membrane regions, which 
correspond to polymer bilayer membranes; scale bars = 50 nm.
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The aforementioned studies confirmed that polymer-rich 
domains can be formed on the polymer/phospholipid hybrid 
vesicles. However, the CLSM and cryo-TEM observations are not 
able to paint a detailed picture of the nanostructures of these 
polymer-rich domains on the hybrid vesicles due to the 
limitations of their resolution. Therefore, it remained unknown 
at that point whether or not the polymers form bilayer 
structures in the domains and what their thickness is. To obtain 
further information regarding the nanostructure of these 
polymer-rich domain, we attempted to conduct a structural 
analysis of the hybrid vesicles using contrast-matching SANS 
measurements.  For this purpose, we prepared a mixed solution 
of the polymer maltopentaose-b-PPO2.5K and 1,2-dimyristoyl-
d54-sn-glycero-3-phosphocholine (DMPC-d54) with a 
polymer/phospholipid molar composition of 9 : 1. Since the SLD 
of DMPC-d54 matches that of a solvent consisting of D2O and 
H2O in an 86 : 14 ratio (Fig. S6),36 it is possible to render the 
phospholipid invisible and obtain only structural information 
from the polymer-rich domain in the hybrid vesicles. We 
therefore used DMPC-d54 instead of DOPC. Before conducting 
the SANS measurements, we prepared the polymer/DMPC-d54 
hybrid vesicles and confirmed that the polymers were 
incorporated into DMPC liposomes to form polymer-rich 
domains using CLSM (Fig. S7) and cryo-TEM (Fig. S8). We then 
subjected the polymer/DMPC-d54 hybrid vesicles in 86 vol% D2O 
(i.e., the contrast matching point of DMPC-d54) at 30 °C, which 
is above the phase transition temperature of DMPC, to SANS 
measurements (Fig. 4a). The SANS profile of the hybrid vesicle 
solution does not show a distinct minimum like that seen in the 
SANS profile of the DMPC-d54 liposome solution, indicating that 
the scattering profile does not reflect the spherical vesicular 
structures. We then attempted to fit the SANS profile using a 
core–shell disk model to obtain information about the polymer-
rich domains.37, 38 The model fitted the SANS profile well over 
the entire q-range and was consistent with a disk radius of 38 
nm, a hydrophobic layer thickness of 9.5 nm, and an overall 
thickness of 13.5 nm (Fig. 4b); these results clearly suggest that 
the polymer-rich phase forms disk-like bilayer structures. The 
overall thickness and the hydrophobic layer thickness of the 
polymer-rich domain are very similar to those of the bilayer of 
maltopentaose-b-PPO2.5K polymer vesicles (Table S1). The 
similar thickness of the domain and the bilayer of the polymer 
vesicles indicates that the conformation of the polymer chains 
in the domain is similar to that in the bilayer membrane. 
Although the SANS measurements prove that a disk-like 
polymer-rich domain is formed, the radius of the polymer-rich 
domain is somewhat large compared to the radius of the hybrid 
vesicles (60 nm by DLS). This might be attributed to the 
heterogeneous composition of the polymer and the 
phospholipid within each hybrid vesicle. It is difficult to achieve 
a uniform molar distribution when fabricating films composed 
of the polymers and DMPC, leading to the production of hybrid 
vesicles with either high-polymer or high-phospholipid 
compositions. This resulted in a large distribution in the size of 
the polymer-rich domains, resulting in larger domain sizes than 
we expected. A similar observation has also been reported by 

Le Meins et al.35 More importantly, the SLD value of the 
hydrophobic layer in the domain (1.0 × 1010 cm–2) was higher 
than the theoretical SLD value of PPO (0.34 × 1010 cm–2).39 Since 
the thickness of the hydrophobic layer did not change in the 
D2O/H2O solvent mixture, the enhancement of the SLD value 
can be attributed to the presence of D2O in the hydrophobic 
layer. We have previously demonstrated that the permeability 
of maltopentaose-b-PPO vesicles is predominantly due to the 
partitioning in the hydrated hydrophobic layer.40 The polymer 
domains with the hydrated hydrophobic layer are expected to 
act as synthetic molecular channels.

The formation of polymer-rich domains is facilitated by the 
large mismatch between the length of the polymer and the 
thickness of the hydrophobic layer of the lipids.1 In fact, 
maltopentaose-b-PPO2.5K (hydrophobic layer thickness: 9.5 nm) 
formed polymer-rich domains on DOPC and DMPC liposomes, 
which exhibit a thickness of the hydrophobic layer between 
2.25 nm and 2.55 nm. We then examined the effect of the 
hydrophobic layer thickness on the domain formation by using 
maltopentaose-b-PPO with a PPO molecular weight of 1.5K 
(henceforth referred to as maltopentaose-b-PPO1.5K in this 
manuscript). Maltopentaose-b-PPO1.5K self-assembled into 
spherical vesicles with a membrane thickness of 10.0 nm in 
water (Fig. S9) and was able to be incorporated into DOPC 

Fig. 4 a) SANS profile of the maltopentaose-b-PPO2.5K/DMPC-d54 hybrid vesicles at 30 °C 
in 86 : 14 D2O : H2O (open circles) and theoretical curves obtained from the core–shell 
disk model (red line). b) Structural parameters of the polymer assemblies in the hybrid 
vesicles.

and DMPC liposomes, as evident from the results shown in Fig. 
S10. We then investigated the nanostructure of the 
maltopentaose-b-PPO1.5K/DMPC-d54 hybrid vesicles under 
DMPC-d54-matching conditions using SANS measurements and 
observed that the SANS profiles were consistent with the core–
shell disk model (Fig. S11), indicating that maltopentaose-b-
PPO1.5K also formed polymer-rich domains on the liposome 
membranes. PPO with a molecular weight of less than 1.5 K 
lacks sufficient hydrophobicity at room temperature to function 
as a hydrophobic segment of amphiphilic polymers and does 
not form stable molecular assemblies. Therefore, a molecular 
weight of 1.5 K is the minimum necessary for the incorporation 
of PPO into phospholipid membranes. The overall thickness of 
the domain (8.0 nm) is slightly smaller than that of the 
maltopentaose-b-PPO1.5K bilayer membrane (10 nm), 
potentially due to shrinkage of the hydrophobic PPO segments. 
However, further investigation is needed to fully understand 
the mechanism of this conformational change. Overall, these 
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findings clearly demonstrate that block copolymers that contain 
PPO with a hydrophobic layer thickness of 6–9.5 nm are 
conducive to the formation of polymer-rich domains on 
phospholipid membranes, and that these domains adopt a 
bilayer disk-like shape.

Having established that polymer-rich domains adopt bilayer 
disk-like morphologies on the phospholipid membranes, we 
subsequently examined the potential of these domains to act as 
synthetic channels on liposomes. Previous research has shown 
that maltopentaose-b-PPO self-assembles into molecularly 
permeable polymer vesicles. Consequently, we hypothesized 
that the incorporation of these polymers into phospholipid 
membranes would enhance their permeability. To test the 
permeability, we prepared solutions of micrometer-sized giant 
vesicles with a maltopentaose-b-PPO2.5K : DOPC molar ratio of 1 
: 9 and then added water-soluble fluorescein isothiocyanate 
conjugated poly(ethylene glycol)(FITC-PEG) with a molecular 
weight of 550. We then directly observed their fluorescence 
intensity profiles 5, 30, and 60 minutes after the addition of 
FITC-PEG. After five minutes, the FITC intensity inside the vesicle 
was about ~50% that outside the vesicle (Fig. 5a), and the 
intensity increased with increasing incubation time (Fig. 5b). 

Fig. 5 Representative CLSM images of the maltopentaose-b-PPO2.5K/DOPC hybrid vesicles 
labeled with rhodamine-DOPE (red channel) a) 5 min, b) 30 min, and c) 60 min. after the 
addition of FITC-PEG550 (green channel); scale bars = 10 m. d) Changes in the ratio 
between the FITC fluorescence intensity inside and outside the maltopentaose-b-
PPO1.5K/DOPC hybrid vesicles (green open circles), maltopentaose-b-PPO2.5K/DOPC 
hybrid vesicles (red open circles), and DOPC liposomes (black open circles) after 5 min, 
30 min, and 60 min.

After one hour, the fluorescence intensity inside the vesicle 
reached ca. 80% relative to the outside fluorescence intensity 

(Fig. 5c). In contrast, the fluorescence intensity increased only 
slightly in the less-permeable DOPC liposomes (Figs. 5d and 
S12). These data clearly show that the incorporated polymers 
enhance the permeability of the hybrid liposomes toward 
hydrophilic FITC-PEG. We have previously reported that the 
permeation behavior of maltopentaose-b-PPO vesicles changes 
with temperature.40 Therefore, the polymer domains 
incorporated into phospholipid bilayers are expected to show 
similar permeation behaviour as the polymer vesicles with 
respect to temperature. We further investigated the 
permeability of vesicles incorporating maltopentaose-b-PPO1.5K 
into DOPC liposomes to understand the effect of the molecular 
weight of the PPO chains of the block polymer on the 
permeability of the hybrid vesicles toward FITC-PEG. As 
expected, the permeability increased with decreasing 
molecular weight of PPO, i.e., with decreasing bilayer thickness 
(Figs. 5d and S13). According to Fick’s first law, the permeability 
coefficient is proportional to the membrane thickness, and 
therefore, the permeability increased. Importantly, this result 
indicates that the permeability can be controlled by adjusting 
the molecular weight of the PPO chain. If amphiphlic 
copolymers with a high degree of polymerization PPO are used, 
the permeability of the artificial channels will decrease as the 
thickness of the polymer membrane increases due to Fick's first 
law. In addition, the interface between the phospholipid and 
polymer segments can generate a high interfacial tension, 
which can lead to instability and deformation of the vesicle 
structure. This would be further enhanced by the large size of 
the hydrophobic segment of the polymer, which can increase 
the interfacial tension at the interface. However, further studies 
are needed to obtain a more conclusive result. Overall, we have 
demonstrated that the polymers incorporated in the 
phospholipid membranes act as synthetic molecular channels 
for water-soluble molecules.

Conclusions
In conclusion, we have used CLSM and cryo-TEM to reveal the 
formation of heterogeneous polymer-rich domains upon the 
incorporation of maltopentaose-b-poly(propylene oxide) (PPO) 
with average bilayer membrane hydrophobic thicknesses of 6.0 
nm or 9.5 nm into phospholipid vesicles. The resulting polymer-
rich domains form disk-like bilayer structures, as verified by 
contrast-matching SANS experiments. The thicknesses of the 
polymer-rich domains were found to be very similar to those of 
the bilayer membranes when the polymers alone are self-
assembled into spherical vesicles. We have also demonstrated 
that the polymer-rich domains act as synthetic molecular 
channels for water-soluble PEG with an average molecular 
weight of 550, transporting the molecules into the inner phase 
of the hybrid vesicles. This study thus provides design guidelines 
for novel synthetic molecular channels based on amphiphilic 
copolymers that contain PPO. Although many synthetic 
channels that allow the permeation of ions and water have 
already been reported,41, 42, 43, 44 reports on synthetic channels 
that allow the permeation of  molecules with molecular weights 
of several hundreds of Daltons are limited.7, 8, 45 Therefore, 
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synthetic molecular channels based on polymers with PPO 
could facilitate the deployment of nanoreactors as therapeutic 
tools, e.g., for prodrug activation, and the development of 
compartments for novel artificial cell/organelle models.31, 46, 47, 

48
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