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size range can be achieved by the use of 
higher molecular weight (MW) biode-
gradable carriers or the self-assembly of 
individual unimeric species to yield larger 
nanostructures. Acquired knowledge in the 
design of drug delivery systems (DDSs) 
is raising awareness about the need for 
fully biodegradable and biocompatible car-
riers.[5] In this framework, well-de�ned 
polypeptides with advanced engineered 
complexity and structural versatility arise 
as perfect candidates with proven thera-
peutic potential and clinical translation.[6] 
The intrinsic architectural, conformational, 
and multifunctional properties of branched 
polypeptides, inaccessible to linear poly-
mers, together with their tunable and fea-
ture accelerated manufacture compared 
to dendrimers, make their application as 
DDS a potentially exciting proposition.[7]

The rising potential of polymer self-assembled DDS is nowa-
days only limited to mastering the molecular interactions such 
as hydrophobic effect, host�guest or electrostatic interactions, 
among others.[8] While seemingly counterintuitive, charge-like 
macromolecule aggregation has been described from a theoret-
ical standpoint[9] and represents a ubiquitous phenomenon in 
biology, involved, for example, in virus capsid and microtubule 
(F-actin) self-assembly, DNA condensation, and chromosome 
motion.[10] The successful integration of mean �eld, counterion 
condensation, and Flory theories for polyelectrolyte solution 
has shed light on this self-assembly phenomenon.[11�13] Experi-
mental evidence for charge-like attraction arises from the obser-
vation of two diffusional regimes, the �fast� and �slow� modes 
observed from dynamic light-scattering (DLS) experiments.[13,14] 
Particularly relevant for the present work is the �slow� mode, 
also referred as �extraordinary� behavior, where polyions expe-
rience attraction at certain concentrations and low salt content 
to yield aggregated species. Experimental reports of such aggre-
gation mechanism have mainly been reported from scattering 
techniques and approached from a theoretical standpoint. This 
may be due to the transient, disordered, and reversible nature 
of these soft materials, which not only makes sample manipula-
tion and observation dif�cult, but also hinders their applicability.

In our attempts to develop improved nanosized DDSs based 
on star-shaped polyglutamates, we identi�ed this unexpected 
charge-like attraction mechanism of self-assembly. In this 
study, we used a wide array of techniques to provide consistent 

The rational design of nanomedicines is a challenging task given the com-
plex architectures required for the construction of nanosized carriers with 
embedded therapeutic properties and the complex interface of these mate-
rials with the biological environment. Herein, an unexpected charge-like 
attraction mechanism of self-assembly for star-shaped polyglutamates in 
nonsalty aqueous solutions is identi�ed, which matches the ubiquitous 
�ordinary�extraordinary� phenomenon previously described by physicists. For 
the �rst time, a bottom-up methodology for the stabilization of these nano-
sized soft-assembled star-shaped polyglutamates is also described, enabling 
the translation of theoretical research into nanomaterials with applicability 
within the drug-delivery �eld. Covalent capture of these labile assemblies 
provides access to unprecedented architectures to be used as nanocarriers. 
The enhanced in vitro and in vivo properties of these novel nanoconstructs 
as drug-delivery systems highlight the potential of this approach for tumor-
localized as well as lymphotropic delivery.

Nanocarriers

Nanomedicine and nanotechnology have emerged to address 
unmet medical needs in cancer treatment[1] and recently 
expanded into other areas including neurological disorders or 
infectious diseases.[2] The translation of nanoproducts to routine 
clinical use has demonstrated their potential.[3] A nanocarrier 
size range between 20 and 100 nm is optimal to enhance blood 
circulation times and promotes an effective passive targeting by 
the �enhanced permeability and retention (EPR) effect.�[4] This 

' 2017 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, 
Weinheim. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial License, which permits use, dis-
tribution and reproduction in any medium, provided the original work is 
properly cited and is not used for commercial purposes.

Adv. Mater. 2017, 29, 1702888



www.advmat.dewww.advancedsciencenews.com

' 2017 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim1702888  (2 of 12)Adv. Mater. 2017, 29, 1702888






















