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ABSTRACT 
 
Functionalized nanocompartments (Synthosomes) are 

nanometer sized (50-1000 nm) hollow spheres consisting of 
a mechanically stable block copolymer membrane and an 
engineered transmembrane protein controlling compound 
fluxes in and out of the polymer vesicles. Progress in 
Synthosome research and potential applications of 
Synthosomes will be summarized in the following 
paragraphs. Achieved progress comprises potential 
applications in selective product recovery, triggered 
compound release and enzymatic bioconversions. Two 
engineered channel proteins (FhuA ∆1-127 and FhuA ∆1-
160) [1, 2, 3] and the triblock copolymer, PMOXA-PDMS-
PMOXA (PMOXA: poly(2-methyloxazoline), PDMS: 
poly(dimethylsiloxane)), have mainly been used for the 
proof of principles. 
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1 INTRODUCTION 
 
Nanometer sized containers have proven to be valuable 

vehicles for medical applications [4, 5], cosmetic 
formulation [6], sensing [7, 8], gene therapy [9],  food 
industry [10] since they offer the possibility to encapsulate 
molecules ranging from small ions to high molecular 
weight molecules such as proteins or DNA. A main 
advantage is that these guest molecules are protected in 
nanocompartments against hostile environments (e.g., 
proteases) [11]. Commonly used containers are liposomes 
consisting of lipids and mimicking biological membranes. 
Due to their application in living systems the membrane has 
to be fluidic at body temperature and cope with 
environmental temperatures and conditions. These design 
constraints limit their stability and many potential 
applications in industry such as drug delivery, controlled 
release, separations and sensing [12, 13]. Block copolymers 
mimic as alternative materials the amphiphilicity of lipids 
[14, 15]. Block copolymer vesicles (Polymersomes) are 
superior to liposome based vesicles in terms of mechanical 
and chemical stability. Block copolymers can be engineered 
for conditions that are “extreme” for liposomes such as high 

temperatures, acidic pH values and saturated salt medium. 
The higher thickness of polymeric nanocompartments 
prevents efficiently diffusion of hydrophilic solutes across 
polymeric membrane and results in higher stability. High 
stability and low permeability can limit potential 
applications of polymeric vesicles in drug release or 
selective product recovery. To overcome these challenges 
two recent approaches have been introduced to control the 
Polymersomes permeability [11]. The first approach is 
based on the adsorption of oppositely charged 
polyelectrolytes on a sacrificial colloidal particle [16] while 
the second relies on the insertion of membrane proteins into 
block copolymer membranes [17, 18]. In general, block 
copolymer based nanocontainers technology show possible 
great potentials in the encapsulation and controlled release 
phenomena. Our nanocontainers research field is based on 
the assembling of membrane proteins into block copolymer 
membranes to improve and to gain a better control of the 
release systems. 

By definition, functionalized nanocompartments 
(Synthosomes) are made by block copolymer vesicles 
which harbor a transmembrane channel protein in the 
polymer membrane and internally functionalized, for 
example, by enzyme encapsulation [1]. First reports on 
Synthosomes validated the chemical flux through 
transmembrane channels like OmpF [18, 19], Tsx [19] and 
FhuA [1, 2, 3] in ABA triblock (PMOXA-PDMS-PMOXA) 
copolymer vesicles. 

 

2 THE SYNTHOSOME SYSTEM 
 
Figure 1 shows a schematic sketch of a Synthosome 

system designed for different potential applications. The 
Synthosome membrane is a self-assembly result of block 
copolymers with an embedded transmembrane protein, 
acting as a selective gate able to control the chemical flux 
across the membrane. Synthosomes can be internally 
functionalized by loading reporter molecules such as 
calcein, horseradish peroxidase (HRP) or positively charged 
polylysine molecules [1]. In our Synthosome design an 
ABA (PMOXA–PDMS–PMOXA) triblock copolymer and 
two AB diblock copolymers (MPEG-PVL and PI-PEO) 
were investigated toward the nanocompartment formation. 
The ABA triblock copolymer successfully encapsulates 
horseradish peroxidase, in parallel with polylysine 

NSTI-Nanotech 2008, www.nsti.org, ISBN 978-1-4200-8504-4 Vol. 2 325



entrapment and transmembrane protein inclusion. More 
cost-effective AB diblock copolymers such as MPEG-PVL 
and PI-PEO are potential candidates for Synthosome 
formation. 
 

 

Figure 1: Schematic representation of a Synthosome 
consisting of an ABA triblock (PMOXA-PDMS-PMOXA) 

copolymer membrane with embedded outer membrane 
proteins, FhuA ∆1-160. Internally, the Synthosome is 

functionalized by loading HRP 
 
Diffusive channels in Synthosomes are up to now the 

FhuA channel and specifically engineered FhuA variants. 
Wild type FhuA (Ferric Hydroxamate uptake protein 
component A), is a large monomeric transmembrane 
protein consisting of a hollow, antiparallel, 22-stranded β-
barrel domain (residues 160 – 714) which is obstructed by 
an NH2-terminal plug domain (residues 5-160) [20, 21]. 
The FhuA monomer has an elliptical cross-section of 39-46 
Å and the presence of the NH2-terminal plug domain (cork 
domain) modulates the flux of small molecules like ions, 
nutrients, antibiotics, DNA fragments or substrates through 
FhuA for specific applications. A large passive diffusion 
channel was designed by removing the plug domain 
(deletion of amino acids, 5-160) [22]. Based on this report, 
we constructed two FhuA deletion variants (FhuA ∆1-127 
and FhuA ∆1-160) by removing fragments of varied lengths 
in the cork domain of FhuA in order to study the stability 
and transport properties of these variants. In FhuA ∆1-160 
variant the cork domain is removed forming a permanently 
open channel throughout the protein itself, while in the 
FhuA ∆1-127 variant, the first 127 amino acids were 
deleted leaving likely an additional β-strand inside the β-
barrel. This β-strand might provide a mechanical support to 
the β-barrel in case the FhuA channel protein contracts or 
collapse when included into the ABA triblock copolymer 
membrane. Among several potential application areas, 
FhuA ∆1-127 and FhuA ∆1-160 variants were used in two 
specific areas of application as proof of principle: a) 

selective product recovery and b) enzymatic conversions in 
nanocompartments. 
 

3 POTENTIAL APPLICATIONS OF 

SYNTHOSOMES 
 
The Synthosome system has great potential for 

applications in pharmacy, diagnostics and biotechnology 
like targeted drug delivery, pharmaceutical and cosmetic 
processes, triggered controlled release, multi-step synthesis 
and biosensing. From a biotechnological point of view, the 
ability to design a selective and controlled pathway into a 
nanocompartment shows an extremely interesting 
perspective with huge relevance into biotherapeutics and 
biosensors applications. For these purposes, we have been 
working on the development of enzymatic bioconversion 
system by employing Synthosomes. Horseradish peroxidase 
(HRP) has been encapsulated in functional form into the 
PMOXA-PDMS-PMOXA-Synthosome harboring FhuA 
∆1-127 or FhuA ∆1-160 variants. HRP uses hydrogen 
peroxidase as co-substrate to catalyze the oxidation of a 
broad range of compounds that are mainly used in 
diagnostic kits such as TMB (3,3’,5,5’-
Tetramethylbenzidine), DAB (3,3'-Diaminobenzidine) and 
chemiluminescent substrates (e.g., SuperSignal or ECL). In 
our system the TMB molecule was used as a bioconversion 
model in Synthosomes achieving its oxidation by 
encapsulated horseradish peroxidase. 

Significant progress has been also achieved in selective 
product recovery. In fact, Synthosomes encapsulating 
positively charged molecules could be used as a trap to 
isolate negatively charged molecules from their 
environment. Moreover, Synthosomes encapsulating 
nanophosphor particles for selective recovery of single 
stranded DNA might find various applications in 
diagnostics. In our Synthosome system, selective product 
recovery of Sulforhodamine B (negatively charged) and 
single stranded DNA was achieved by entrapping positively 
charged polylysines and nanophosphor particles, 
respectively. We believe that Synthosomes represent a 
promising technology platform for selective product 
recovery especially for selectively removing impurities of 
unwanted enantionmers. 

Actual improvement in Synthosomes technology is to 
develop the capability to respond to external stimuli such as 
temperature, pH and/or light. Engineered transmembrane 
channel proteins can be suitable trigger systems and/or 
showing stereoselectivity, making the system highly 
specific for the desired task [23]. Additionally, it is possible 
to enable targeted delivery of the carrier to specific cell 
lines or receptors in biological systems by chemically 
modifying the polymer surface bearing targeting function 
(e.g., antibodies [24], peptides [25], carbohydrates [26] or 
oligonucleotides [27]). The combination of these target-
specific nanometer sized polymer vesicles with a triggered 
transmembrane protein capable to respond to external 
stimuli is a break-on concept. The target-specific and 
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furthermore responsive nanosystem exhibits a controlled 
and triggered diagnostic signal or therapeutic effect upon 
activation. A combined system with sensing and 
functioning can be applicable in any biotechnological area 
from cosmetics and pharmacology, to laundry and 
agrochemical applications that depend on environmental 
conditions such as pH, substrate concentrations or 
temperature. Our current approach to build trigger systems 
is based on mainly by chemically modifying the engineered 
channel protein developing switchable channels which 
opens and closes depending on the environmental 
conditions by chemically modifying the engineered channel 
protein. 

Another field of application can be inside the multi-step 
syntheses techniques which are, in many cases, required for 
long term production of pharmaceutical agents and fine 
chemicals. The formation of the desired product involves 
multiple steps with associated isolation and purification 
processes as well as syntheses. Protein engineering, as 
discussed above, offer the possibility to build functions 
inside the transmembrane proteins for selective and 
controlled release in and out of vesicles. As a consequence, 
this technology could be used to generate a novel (bio-)-
synthetic pathway by combining Synthosomes with 
different chemical properties (e.g., different encapsulant or 
different trigger) so that the product of one of the 
Synthosomes could be the reactant of another chemically 
different Synthosome. Such systems could also be used to 
study metabolic networks and biosynthetic pathways. 
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