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A B S T R A C T   

Advances in polymer chemistry can provide convenient access to more complex polymeric architectures, such as 
miktoarm star polymers. In comparison to their linear counterparts, the physical properties of miktoarm star 
polymers can substantially differ. Their complex synthesis, characterization, and purification, however, makes it 
a challenging task to prepare well-defined structures with multiple arms of adjustable chemical nature. In this 
work, well-defined cross-linkable polypept(o)ide-based AB3 miktoarm star polymers were achieved, taking 
advantage of a novel asymmetric tetrafunctional initiator system with different orthogonal protecting groups. 
The first controlled living ring-opening polymerization (ROP) of sarcosine N-carboxyanhydride yields a three- 
armed polysarcosine (pSar) macroinitiator with low molecular weight dispersity (Đ ~ 1.1), while a reactive 
polypeptide arm can be synthesized upon cleavage of the remaining protective group. The established reactive S- 
alkylsulfonyl protecting group bearing polypeptides poly(S-ethylsulfonyl-L-cysteine) (pCys(SO2Et)) and poly(S- 
ethylsulfonyl-L-homocysteine) (pHcy(SO2Et) were implemented into the asymmetric star architecture. The 
presence of the well-defined cross-linkable AB3 PeptoMiktoStars was verified through the characterization via 1H 
NMR, 1H DOSY, and SEC, revealing structures with dispersity indices of 1.1–1.2 and precise control over the 
degree of polymerization of each individual polymer chain. In aqueous solution, both types of PeptoMiktoStars 
form polymeric micelles. The size and morphology can be tuned by secondary structure directed self-assembly: 
the pHcy(SO2Et)20(pSar100)3 polymers form spherical micelles whilst the pCys(SO2Et)20(pSar100)3 assembled into 
worm-like micelles. Therefore, this synthetic methodology provides not only access to well-defined reactive 
miktoarm star polymers, but also allows for the engineering of polymeric micelles based on PeptoMiktoStars.   

1. Introduction 

Multiple applications from life sciences to nanotechnology are in 
high demand for polymers with precisely controlled microstructure and 
functionality [1]. Despite the fact, that linear polymers have typically 
dominated in these domains, developments of new synthetic method-
ologies enabled the realization of more complex polymer structures [2]. 
As a result, star-shaped polymers, which are branched topologies with at 
least three linear polymer arms radiating from a central core, have 
attracted considerable attention [3]. Among star-shaped polymers, 
miktoarm star polymers, also referred to as heteroarm star polymers, 
build an interesting subgroup. The miktoarm star polymers possess an 
asymmetric AmBn-architecture and allow the adjustment of polymer 

density at the hydrophilic/hydrophobic interface in amphiphilic sys-
tems, making them most promising in improving the stealth-like nature 
of polymeric micelles, polyplexes, colloidal or lipid-based nanoparticles 
in therapy, diagnosis or theragnostic applications. These different 
polymeric arms can thereby differ in terms of the length, composition, 
topology, and functionalities [4]. This chemical flexibility allows 
convenient finetuning of nanoparticle properties, which can hardly be 
accomplished with the linear counterparts [5–7]. In general, the star- 
shaped polymers can be realized through the “core-first”, “arm-first” 
or “coupling onto” approach [8]. To implement the asymmetric topol-
ogy, multiple protection/deprotection steps, orthogonality, and varied 
polymerization techniques, are generally required in combination with 
aforementioned approaches, depending on the specific type of miktoarm 
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star polymer in need [2], thereof making their controlled synthesis the 
most challenging tasks in the field of modern polymer science [9]. 

As one of the numerous synthetic materials available for nano-
medicines, polypept(o)ides represent an interesting class of polymers for 
biomedical applications, since they allow the synthesis of functional 
polymers based exclusively on endogenous amino acids under 
controlled living conditions [10]. These hybrid systems combining 
polypeptoids, e.g., polysarcosine (pSar) or poly(N-ethylglycine) 
(pNEtGly), and multifunctional polypeptides, can be conveniently syn-
thesized by controlled living ring-opening polymerization (ROP) of the 
corresponding N-carboxyanhydrides (NCAs), yielding polymers with 
narrow molecular weight distributions and high end group fidelity 
[11,12]. Among them, pSar exists as a random coil structure in aqueous 
solution and represents exclusively an hydrogen bond acceptor and 
therefore adheres the Whitesides rules for protein resistant materials 
[13]. Therefore, pSar is considered a most promising alternative to poly 
(ethylene glycol) (PEG) in biomedical applications, due to its increased 
safety profile including a reduced cytokine release [14,15] and 
improved immunogenicity [16] to overcome PEG-related adverse ef-
fects, such as complement activation [17] and the accelerated blood 
clearance phenomenon induced by antiPEG-antibodies [18,19]. The 
stealth-like pSar has been successfully blocked with a variety of func-
tional polypeptides, resulting in core–shell structures, that excelled in 
nanomedicine studies [20–26]. Additionally, we have taken advantage 
from the realization of linear block copolypept(o)ides to create well- 
defined symmetrical 3-arm and 6-arm star block copolymers, referred 
to as PeptoStars, as drug delivery systems or functional carriers for 
siRNA delivery [27,28]. Moreover, several other research groups have 
demonstrated the benefits of symmetrical star-shaped polymers based 
on polypept(o)ides in various applications [29–31]. 

Importantly, the in vivo stability of non-cross-linked polymeric mi-
celles can be limited and disassemble may rapidly occur upon injection, 
as a result of dilution effect (making the concentration below the critical 
micelle concentration), followed by the binding of the resulting unimers 
to the blood components or cells [32,33]. In order to improve the sta-
bility of micelles and further prevent their disassembly in the blood-
stream, core cross-linking is an established methodology [34]. By 
introducing the reactive S-alkylsulfonyl protecting group to cysteine and 
homocysteine, our group has established the core cross-linked polymeric 
micelles by rapid and chemoselective disulfide formation [35–39]. By 
differentiating between soft and hard nucleophiles, this reactive group 
permits living amine-initiated ROP of S-alkylsulfonyl-protected NCAs. 
As outlined, the core cross-linking strategy already demonstrated the 
potential to introduce additional stabilizing factors and control over 
drug release in vivo into linear polypept(o)ide systems [40–42]. In order 
to synthesize cross-linkable miktoarm stars, we combined a core bearing 
multiple pSar arms with an arm of either poly(S-ethylsulfonyl-L-cysteine 
(pCys(SO2Et)) or poly(S–ethylsulfonyl-L-homocysteine (pHcy(SO2Et))). 
These two differ among reactivity and molecular weight in their sec-
ondary structure formation, since pCys(SO2Et) forms an anti-parallel 
β-sheet, while pHcy(SO2Et) adopts an α-helical topology [43]. Until 
now, these functional groups could not be incorporated into Pepto-
MiktoStars, since the S-alkylsulfonyl group is not stable under the 
commonly applied conditions, e.g., basic reactivation of the polypeptide 
macroinitiator [44]. It is therefore necessary to develop an alternative 
strategy that allows the integration of sensitive groups into the system in 
a final step. 

In this study, we report such a synthetic approach. Here, a “core- 
first” method utilizing orthogonal protecting groups, allows the intro-
duction of sensitive functional groups, such as the S-alkylsulfonyl pro-
tecting group, into the miktoarm star polymers. The synthesis was 
achieved by an inverse strategy in contrast to the established method 
[44]. This method provides the ability to combine the aforementioned 
advantages of the miktoarm star topology with those of core cross- 
linking by chemoselective disulfide formation, which in addition lays 
the foundation for the incorporation of additional reactive groups. 

2. Experimental section 

2.1. Materials and methods 

Materials, solvents and chemicals were purchased from Sigma 
Aldrich and used as received unless stated otherwise. Hexa-
fluoroisopropanol and potassium trifluoroacetate were bought from 
Fluorochem. N,N-Dimethylformamide (99.8 %, extra dry, over molec-
ular sieve) was bought from ACROS ORGANICS and handled under 
exclusion of light and oxygen. Prior to use as solvent for polymerization 
reactions, it was purified by multiple freeze–pump–thaw cycles to 
remove residual amine impurities. Diisopropylethylamine was purified/ 
dried by stirring over potassium hydroxide for three days, subsequential 
distillation into a pre-dried Schlenk flask equipped with molecular 
sieves and stored at − 20 ◦C under light and oxygen exclusion. Tri-
fluoracetic acid was purchased from Carl Roth. To monitor NCA poly-
merization progress, attenuated total reflectance Fourier transformed 
infrared (ATR-FTIR) spectroscopy was utilized, correlating progress to 
respective NCA carbonyl bands at 1853 cm− 1 and 1786 cm− 1. Mea-
surements were performed at ambient temperature on a FT/IR-4100 
(JASCO) equipped with an ATR sampling accessory (MIRacle TM, Pike 
Technologies) and spectra were visualized as well as analyzed using 
Spectra Manager 2.0 software (JASCO). Polymer analytics have been 
performed by 1H NMR spectroscopy, including Diffusion Ordered 
Spectroscopy (DOSY) experiments, carried out on a Bruker Avance I 
(AV-500 MHz) at ambient temperature and a concentration of 15 mg/ 
mL. MestReNova software (version 12.0.2) was used to analyze spectra 
with calibration by the solvent signal. Deuterated N,N-dimethyl sulf-
oxide as solvent for NMR experiments was purchased from Deutero 
GmbH. Further, polymers have been analyzed by Size Exclusion Chro-
matography (SEC), utilizing hexafluoroisopropanol as eluent containing 
3 mg/mL potassium trifluoroacetate. Measurements were carried out at 
40 ◦C with a flow rate of 1 mg/mL and calibrated by the toluene signals 
as internal standard. The column setup (PFG columns with modified 
silica gel, particle size 7 µm, porosity: 100 Å + 1000 Å) as well as the PSS 
WinGPC software to monitor and analyze elution diagrams were pur-
chased from PSS Polymer Standard Service GmbH. Millipore water was 
obtained from a Milli-Q A + system with resistivity of 18.2 MΩ/cm and 
values for organic carbon of < 5 ppb. Lyophilization to isolate polymers 
from aqueous solutions was performed on a VirTis BenchTop Pro Freeze 
Dryer from SP Scientific Products. Electrospray-ionization mass spec-
trometry (ESI-MS) mass spectra were recorded by an agilent 6545 
QTOF-MS (Santa Clara, Ca, USA). Samples were prepared in methanol at 
0.1 mg/mL. Transmission electron microscopy (TEM) was performed on 
a FEI Tecnai G2 Spirit microscope equipped with a Gatan US1000 2 k x 2 
k CCD camera an LaB6 cathode operated at 120 kV. Images were 
recorded using freshly glow discharged carbon coated copper grids 
(CF300-Cu, 300 mesh). For negatively stained samples, 5 µL nano-
particle solution (c = 25 mg⋅L− 1) was drop-coated on the TEM grid, 
removed with a filter paper after 1 m. Afterwards 5 µL uranyl acetate 
solution (2 wt% in ethanol) was added and removed after 15 s incuba-
tion time. All sample-deposited grids were air-dried overnight before 
measurements. Software ImageJ 1.52 h (National Institutes of Health, 
USA) was used for image evaluation. 

2.2. Synthesis 

Full synthetic procedures, including initiator and polymer synthesis, 
particle preparation, purification and characterization data are provided 
in the Supporting Information. 

3. Results and discussion 

3.1. Development of tetrafunctional initiators 

In order to establish a synthetic pathway for cross-linkable AB3 
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PeptoMiktoStars, the current strategy had to be further refined [44]. The 
confirmed method utilized a “core-first” approach with a tetrafunctional 
initiator (C1 in Fig. 1) bearing a carboxybenzyl (Cbz) and three tert- 
butyloxycarbonyl (Boc) groups to enable implementation of the 
orthogonal protecting group strategy. The corresponding linear poly-
peptide macro-. 

initiators were first synthesized and then subjected to several end- 
group modifications (acetylation of the first initiating site, Boc- 
deprotection and basic reactivation of the amine functionalities). 
Finally, these macroinitiators become well-defined AB3 miktoarm stars 
following simultaneous ROP of Sar-NCA at three initiating sites. The 
labile S-alkylsulfonyl protecting group, does not remain intact 
throughout the multistep synthesis. Therefore, we developed an alter-
native strategy that may enable the implementation of susceptible 
functionalities. Scheme 1 illustrates the approach chosen for this 
purpose. 

Contrary to the primary method, this methodology starts with the 
synthesis of a 3-arm macroinitiator, from which the S-alkylsulfonyl- 
cysteine or -homocysteine arm is synthesized in the final polymerization 
step (see Scheme 1). In light of these changes, the tetrafunctional initi-
ator must be optimized. A complete overview of the comprehensive 
initiator development process with all intermediate steps can be seen in 
Fig. S4, and the most promising representatives are summarized in 
Fig. 1. In this context, the initiator C1 represents the tetrafunctional core 
that was already successfully utilized in the realization of classic AB3 
PeptoMiktoStars and thus serves as the foundation for further de-
velopments. All tetrafunctional initiators could be obtained in a high 
degree of purity, as indicated by 1H NMR (Figs. S5–S17). The initiators’ 
purity is crucial for the subsequent controlled living ROP of NCAs to 
achieve well-defined structures. The impurities may act as chain- 
transfer agents, terminate growing species, or initiate themselves, 
resulting in linear homo polymer contaminants, which can be hardly 
removed from the final miktoarm star polymer. Following deprotection, 
C1 was initially used in the inverse approach after Boc-deprotection 
until the successful synthesis of the three-armed pSar macroinitiator 
(Figs. S25 and S30). 

Unluckily, the carboxybenzyl (Cbz) deprotection was not success-
fully executed at the macroinitiator level (Fig. S31), making the failure 
of this approach. The successful synthesis of initiators C2 and C3 has 
been achieved up to the stage of the macroinitiator analogous to C1. In 
both cases, well-defined three-armed cores could be obtained with 
narrow molecular weight distributions.(Đ = 1.1) and high control over 
the pSar chain lengths (Figs. S26, S27, S30). Moreover, neither C2 nor 

C3 suffered from the same problem as the Cbz-protected C1 core, since 
deprotection of both protecting groups (Fmoc and TFA) could be 
accomplished after formation of the corresponding macroinitiators. 
Unfortunately, in the final step neither of these two systems led to the 
desired well-defined miktoarm star architecture, as it is evident from the 
SEC curves that either linear polymers were formed from impurities or 
the integrity of the macroinitiator was impaired during deprotection 
(Fig. S31). In the course of further research, the C4 initiator was finally 
developed, which has the protective groups in vice versa arrangement 
compared to the C1 initiator. As part of a 6-step process, the C4 initiator 
was derived analogously to the other multifunctional cores from tris 
(hydroxymethyl)-aminomethane (TRIS) as starting material (Fig. 2). 
To minimize the risk of site reactions during NCA polymerizations, im-
purities were removed by column chromatography after each synthetic 
step. The chemical identity and purity of all intermediate products was 
confirmed by 1H NMR (Figs. S15–S17) and the purity of the final C4 
core was additionally analyzed via ESI mass spectrometry (Fig. S18). 

3.2. Core Cross-Linkable PeptoMiktoStars 

To use C4 in the macroinitiator synthesis, the related amine func-
tionalities need to be deprotected. Cleavage of the Cbz-protecting groups 
was achieved under reductive conditions using methanol and palladium 
in a hydrogen atmosphere, verified via 1H NMR (Fig. S23) and led to a 
trifunctional initiator with equally reactive initiation sites enabling 
simultaneous chain growth. The C4 core obtained in this manner was 
subsequently used for the preparation of the three-arm macroinitiator by 
utilization in a controlled living ROP with Sar-NCA. As this chain length 
has been established for non-cross-linkable PeptoMiktoStars, a degree of 
polymerization (DPn) of 300 (3 x 100) was chosen for pSar [44]. In 
accordance with the analytical results, the chain length could be 
controlled precisely by the monomer-to-initiator feed ratio. From the 1H 
NMR spectra, the DPn can be determined by relating the signals of the 
tert–butyloxycarbonyl (Boc) protecting group and the aminohexyl- 
spacer (Ahx) with the signals of the back-bone protons of pSar. Poly-
merizations were conducted in absolute DMF at 0 ◦C (less than 50 ppm 
water) and the monomer conversion was tracked in IR spectroscopy by 
disappearance of the NCA vibration bands at 1853 and 1786 cm− 1. 
Utilizing azide-containing capping agents, terminal functionalities can 
be introduced to the resulting macroinitiator during a quenching step 
after complete monomer conversion. As a result of the quantitative azide 
functionalization implemented in this manner, it is possible to benefit 
from the well-established strain-promoted-azide-alkyne cycloaddition 

Fig. 1. Most promising representatives from the tetrafunctional initiator development.  
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(SPAAC) by introducing e.g. targeting structures with a high selectivity 
under mild reaction conditions [20,37,45]. Afterwards, the pSar-based 
C4 macroinitiator was precipitated in cold diethyl ether and analyzed 
by 1H NMR and SEC in hexafluoroisopropanol (HFIP) (Fig. 4). Analytical 
data is summarized in Table 1. The three-arm C4 macroinitiator exhibits 
a monomodal molecular weight distribution with a low dispersity of Đ =
1.1, thus revealing simultaneous initiation and uniform chain growth. It 
is noteworthy, that the use of the different initiators (C1-C4) had in 
general no significant influence on the molecular weight distribution 
determined by SEC of the respective three-arm pSar cores. As demon-
strated in Fig. S30, the various macroinitiators result in almost 

identical SEC elugrams indicating that initiator effects are absent, 
and the polymerization proceeds under well controlled conditions and 
enables precise adjustments of the resulting molecular weights. As 
confirmed by 1H-DOSY NMR, there is only one diffusing species con-
taining all pSar and initiator signals with the same diffusion coefficients 
for all macroinitiators, which underlines the absence of linear homo 
polymers caused by impurities in the initiator, solvents, or the occur-
rence of chain transfer reactions (Fig. S29) [38]. Upon confirmation of 
the successful macroinitiator synthesis, the Boc-protecting group was 
quantitatively removed in a 1:1 mixture of H2O/TFA at rt. Liberation of 
the amine functionality was verified by disappearance of the charac-
teristic Boc signal at 1.3–1.5 ppm (Fig. S33). Following purification by 
dialysis against saturated sodium hydrogen carbonate solution and 
MilliQ water, it was verified via HFIP SEC that the three-arm macro-
initiator retained its integrity and is thus suitable for the synthesis of the 
thiol-reactive PeptoMiktoStars (Fig. S34). 

In the next step, the three-arm macroinitiator was applied in the 
synthesis of the poly(S-ethylsulfonyl-L-cysteine (pCys(SO2Et)) and poly 
(S–ethyl-sulfonyl-L-homocysteine (pHcy(SO2Et)) arms. The polymeri-
zation was carried out in the same manner as the macroinitiator syn-
thesis, but at − 10 ◦C, in order to preserve the functionality of the S- 
alkylsulfonyl groups during amine-initiated NCA polymerization and to 
increase the quality of the respective analytical data [39,46]. Charac-
terization of the final AB3 PeptoMiktoStars was performed by 1H NMR, 
1H DOSY and SEC in HFIP as summarized in Figs. 3 and 4. As expected 
for the ROP of NCAs, the ratio of monomer to macroinitiator is sufficient 
to precisely control the DPn for the two different hydrophobic poly-
peptide arms introduced. Arm lengths were determined via 1H NMR by 
relating the isolated signal of the α-proton at 4.68 ppm for pCys(SO2Et) 
and the amide proton at 8.32 ppm for pHcy(SO2Et), respectively, 
underlining that the desired DPn of 20 has been achieved. SEC analyses 
further reveals a clear shift in the elution volume maxima from higher to 
lower elution times and therefore, indicates successful chain extension 
and PeptoMiktoStars with narrow size distributions and low dispersities 
of Đ = 1.2 for both systems. The slight broadening of polymer elugrams 
is -in all probability- caused by the secondary structure formation of the 
polypeptide arm, which influences the hydrodynamic volume of poly-
peptides [47,48]. The successful and highly controlled synthesis of AB3 
miktoarm star polymers in the absence of linear homopolymer or sym-
metrical homoarm star polymer impurities were confirmed by SEC and 
1H DOSY NMR spectroscopy. Further, the presence of only one poly-
meric species and alignment of all polymer and initiator signals confirms 
the structural integrity of the final reactive PeptoMiktoStar polymers. 

Scheme 1. Strategy exemplified for the inverse approach facilitating core cross-linkable AB3 PeptoMiktoStars.  
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These results demonstrate that the controlled nature of the polymeri-
zation of both used NCAs is also preserved by the utilization of the three- 
arm macroinitiators. Consequently, the outlined synthetic approach 
enables the integration of reactive polypeptides into the AB3 architec-
ture of PeptoMiktoStars, which enables their use for bio reversible cross- 
linking in polymeric micelles or polyplexes. 

3.3. Solution Self-Assembly 

The self-assembly of the two obtained AB3 miktoarm star polymers 
was conducted using the established solvent switch method and the 
resulting nanoparticles were investigated in terms of size and shape in 
relation to their linear analogues [36]. To obtain the thermodynamically 
favored micelles, the PeptoMiktoStars were first dissolved in a good 
solvent (N,N–dimethylacetamide), followed by aggregation in the 
presence of 20 vol% 1 mM acetate buffer and subsequently dialyzed 

against 1 mM acetate buffer (over 24 h). Once the solvent exchange 
process was finished, the micelles underwent core cross-linking by 
introducing 1,6-hexanedithiol through chemoselective disulfide forma-
tion, which preserves the fixed morphology obtained by the aspired 
secondary structure-directed self-assembly [42,49]. 

The morphologies of the self-assembled structures were revealed by 
transmission electron microscopy (TEM) and the encoded secondary 
structures were validated by FTIR. As dictated by the TEM images in 
Fig. 5, the homocysteine based miktoarm star polymers formed spherical 
micelles with diameter of ~ 40 nm, whilst the cysteine-based equiva-
lents underwent the secondary structure directed self-assembly and 
formed worm-like micelles, with a similar diameter of ~ 40 nm and an 
average length of around 150 nm [36,43]. In contrast to their linear 
counterparts [36,42,49] the resulting worm-like micelles are shorter, 
with better flexibility and less rigidity, that can be attributed to the 
increased steric demand of the miktoarm architecture, which might 
further result in a less compact packing of cysteine blocks. 

The secondary structures in both miktoarm star polymers were 
characterized by FTIR in the solid state (Fig. S36) [43,47,50]. The 
predominant signals of the amide bands at 1547 and 1315 cm− 1 (Amide 
II, Amide III) revealed the α-helical structure of the pHcy(SO2Et) arm, 
despite the Amide I peak’s overlap with the random coil structure of 
pSar (1650 cm− 1). The shoulder at 1703 cm− 1 indicates the antiparallel 
alignment of the β-sheets, which is attributed to the pCys(SO2Et)-arm. 
Altogether, the high control achieved in the synthesis of PeptoMiktoS-
tars enables secondary structure-directed self-assembly as well as core 
cross-linking and functionalization, which provides access to a new 

Fig. 2. Synthetic pathway of the auspicious C4 initiator for the realization of cross-linkable AB3 PeptoMiktoStars.  

Table 1 
Analytical data of the different cross-linkable AB3 PeptoMiktoStars synthesized.  

Polymer DPn
a (calc.) DPn

b (found) Mn
c / g⋅mol− 1 Đd 

pCys(SO2Et)20(pSar100-N3)3 20/(100)3 20/(100)3 25,200  1.2 
pHcy(SO2Et)20(pSar100-N3)3 20/(100)3 20/(100)3 25,500  1.2  

a Calculated degree of polymerization using DPn = [M]/[I]. bDetermined by 
1H NMR in DMSO‑d6. cDetermined by obtained chain lengths from 1H NMR after 
subtraction of the corresponding initiator’s molecular weight. dDetermined by 
SEC in HFIP using PMMA standards. 
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Fig. 3. 1H NMR analysis of cross-linkable AB3 PeptoMiktoStars with variations in the S-alkylsulfonyl protecting group bearing section in DMSO‑d6. (A) 1H NMR 
spectrum of pCys(SO2Et)20(pSar100-N3)3. (B) 1H NMR spectrum of pHcy(SO2Et)20(pSar100-N3)3. 

Fig. 4. Analyses of the cross-linkable AB3 PeptoMiktoStars obtained from the investigated inverse approach with variations regarding the functional arm. (A) 
Characterization of the cysteine-based PeptoMiktoStar. (A1) HFIP SEC traces of pCys(SO2Et)20-(pSar100-N3)3. (A2) 1H DOSY NMR of pCys(SO2Et)20(pSar100-N3)3. (B) 
Characterization of the homocysteine-based PeptoMiktoStar. (B1) HFIP SEC traces of pHcy(SO2Et)20(pSar100-N3)3. (B2) 1H DOSY NMR of pHcy(SO2Et)20(-
pSar100-N3)3. 
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generation of core cross-linked PeptoMicelles. 

4. Conclusion 

To conclude, we developed a novel synthetic approach to success-
fully realize core cross-linkable micelles consisting of PeptoMiktoStars, 
miktoarm star polymers combining polypeptoids and polypeptides in a 
single polymer. Through the design of multiple tetrafunctional initiator 
systems and associated versatile orthogonal protecting group strategies, 
it is finally possible to advance to macroinitiator systems, which enabled 
the introduction of functional components as the S-alkylsulfonyl pro-
tected cysteine and homocysteine into the miktoarm architecture. This 
approach enables access to well-defined AB3 polypept(o)ide-based 
miktoarm star polymers with narrow molecular weight distributions, 
low dispersity indices of 1.1–1.2 and precise control over the resulting 
lengths of the individual arms. Depending on the choice of monomer, 
the morphology of the resulting micelles can be controlled by secondary 
structured self-assembly in aqueous solution. The overall behavior is 
comparable to linear polypept(o)ide block copolymers, but the 
enhanced bulkiness at the hydrophilic hydrophobic interphase in 
amphiphilic AB3 miktoarm star polymers reduces the rigidity of pCys 
(SO2Et) based worm-like micelles. In contrast, core cross-linking can be 
performed as efficiently as for the linear block copolypept(o)ides. 
Therefore, the presented strategy enables the combination of the ad-
vantages of miktoarm star polymers with those of the linear counter-
parts, namely morphology control and providing a framework for future 
drug delivery designs. 
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