JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Reversible Inside-Out Micellization of pH-responsive and
Water-Soluble Vesicles Based on Polypeptide Diblock Copolymers
Juan Rodrguez-Hernndez, and Shastien Lecommandoux
J. Am. Chem. Soc., 2005, 127 (7), 2026-2027+ DOI: 10.1021/ja043920g * Publication Date (Web): 28 January 2005
Downloaded from http://pubs.acs.org on March 24, 2009

acid pH (<4) basic pH (>10)
Neutral pH (5<pH<9)

.
e i
3

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 71 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja043920g

JIAIC[S

COMMUNICATIONS

Published on Web 01/28/2005

Reversible Inside —Out Micellization of pH-responsive and Water-Soluble
Vesicles Based on Polypeptide Diblock Copolymers

Juan Rodriguez-Hernandez and Sébastien Lecommandoux*

Laboratoire de Chimie des Polymes Organiques (LCPO-UMR5629), ENSCPB, démsity Bordeaux 1,
16, Avenue Pey Berland, 33607 Pessac-Cedex, France

Received October 6, 2004; E-mail: lecommandoux@enscpb.fr
Block copolymers with an amphiphilic character can self- basic pH (>10)
assemble into a variety of micellar structures, including spherical
micelles, rodlike micelles, or vesicles, at the mesoscopic fevel.
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Due to their macromolecular nature, an increase in stability can J——
generally be reached with polymer micelles as compared to low e
molecular weight surfactants. Among the structures obtained by pa e
self-assembly of amphiphilic diblock copolymers in aqueous media,
vesicles (“polymersomes®have been demonstrated to be particu-
larly interesting for a variety of applications such as biological e —

vectors? protective shells for sensitive enzynfest as containers
where chemical reactions can be performed at the molecularievel.
As the domain size that can be reached{200 nm) is similar to
that of viruses or lipoproteins, progressive interest is presently raised
in the use and application of these block copolymer nanoparticles grown2 Both polymerizations were performed in dried DMF at
as novel carriers in the field of drug targeting or drug delivery and room temperature during 5 days. Copolymers were precipitated in
more generally in nanobiotechnologfeSuch systems that can also  djethyl ether. Monomodal distributions obtained by gel permeation
respond to a stimulus such as pH are particularly attractive for chromatography (GPC) analysis with polydispersities ~ef.4
biological applications due to the large number of pH variations typical for this kind of polymerization confirmed the quantitative
that can be found in normal or infected tissﬁe%.peculiar class incorpora’[ion of the second monomer onto the preformed ho-
of polyampholyte copolymers has been recently developed by mopolymer. The length of both blocks was targeted to be 15 units
Armes et af and presents very interesting reversible self-assembly via monomeriinitiator ratio. Chemical composition was determined
properties from free chains to micelles, depending on the pH: thesepy 1H NMR in DMSO-d.6 Benzyl (Bn-) and trifluoroacetyl (TFA)
systems have been called “schizophrenic” micelles. Reversibility protective groups af-glutamic acid and-lysine are both base labile
of self-assembled vesicles with pH has also been recently reportedprotective group€ and can be completely removed after treatment
by Eisenberg et &from triblock copolymers in DMF/THF/water  with KOH (1.5 equiv) in THF at room temperature during 3 days.
mixtures. The zwitterionic diblock copolymer PGAb-PLyss was then

In this communication, we report for the first time the formation  obtained with positive charges of the protonated lysine and negative
of schizophrenic vesicles that can be reversibly produced in charges of the deprotonated glutamic acid at neutral pH. The self-
moderate acidic or basic aqueous solutions from polypeptide diblock assembly behavior in acid or basic conditions was studied by means
copolymers (Figure 1). Even if some block copolypeptides have of fluorescence spectroscopy) NMR, light scattering (SLS and
been already synthesized, especially by Derffriige self-assembly DLS), and small-angle neutron scattering (SANS).
of such systems that combine two different polypeptide segments  Upon dissolution of the diblock copolymer in aqueous basic and
to form a zwitterionic diblock copolymer poly{glutamic acid)- acid solutions, self-assembly occurred spontaneously as demon-
b-poly(L-lysine) (PGAb-PLys) has never been studied. As an strated by!H NMR and fluorescence spectroscopy. NMR spectra
attempt to prepare performing vectors, our group recently focused of the diblock copolypeptide obtained at both acid (pHB) and
on the preparation of water-soluble vesicles that exhibit stimuli- basic pH (pH~ 12) values (see Figure 2a) were compared with

PGA

Figure 1. Schematic representation of the self-assembly into vesicles of
the diblock copolymer PGA-b-PLys;s.

responsive properties. Polybutadigneely(L-glutamic acid) (PB-
b-PGA) and polyisoprene-poly(L-lysine) (Plb-PLys) diblock
copolymer micelles and vesicléshave been demonstrated to
respond to pH or to ionic strength with a change in the hydrody-

standard homopolymers. At acidic pH, the pakglutamic acid)
block is neutralized, and its secondary conformation changes from
a charged coil to a neutral and more compadtelical structure.
The structure variation is accompanied with a decrease in solubility;

namic radius. The observed size variations have been assigned tahis hydrophobicity is the driving force for self-assembly, and

the neutralization of the polypeptide block that changes from a
random coil conformation (charged form) into a neutral and compact
a-helical structure (“rod”) and was demonstrated to be reversible.
Poly(y-benzyl+ -glutamate)b-poly(Ne-trifluoroacetyl+ -lysine)
(PBLG-h-PTFALys) diblock copolymer was synthesized by se-
guential ring-opening polymerization of the correspondirgmino
acidN-carboxyanhydrides. The poly(trifluoroacetylysine) block
was prepared first using-hexylamine as the initiator. This led to
w-amino PTFALys homopolymer from which the PBLG block was
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insoluble PGA is forming the core of the aggregates while PLys
block forms the shell. At this pHiH NMR signals of the PGA
block at 2.6-2.4 ppm have almost completely disappeared,
indicating a relatively compact and nonpolar environment, while
the PLys segment remains fully solvated. Under basic conditions
the protonated polyflysine) block <NH3*) is transformed into
neutral and insoluble-NH, groups, forming the core of the
aggregates. This fact is supported by the observation of several
chemical shifts: the previous signal at 3.0 ppmGQH,—NHy)

10.1021/ja043920g CCC: $30.25 © 2005 American Chemical Society
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companied with additional SLS measurements. The radii of gyration
(Rg) thus obtained were 123 nm for acid and 174 nm basic pH.
From the ratidRs/Ry Which is sensitive to the particle morpholotfy,
values close to 1 were obtained in both cases indicating a vesicular
structure in acid as well as in basic conditions. The presence of
s hollow spheres or vesicles was further supported by neutron
scattering experiments performed irg@ange between 0.004 and
0.03 A1 where a typicalg2 slope confirms the presence of the
vesicle membrane with a flat interface.

In summary, new zwitterionic copolypeptides were synthesized,
and their original self-assembly behavior in water as a function of
pH was analyzed in detail. We evidenced here for the first time
the formation of schizophrenic vesicles that can be reversibly
produced as a function of pH in pure water. We believe that the
vesicle formation is related to the systematic presence of the
polypeptide in a rodlike conformation in the hydrophobic part of
the membrane, inducing a low interfacial curvature and as a result
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Figure 2. (a)H NMR spectra recorded in40: (i) poly(L-glutamic acid)
at pH 12, (ii) PGAb-PLys at pH 12, (iii) PGAb-PLys at pH 3.5, and (iv)
poly(L-lysine) at pH 3.5. (b) Fluorescence spectroscopy experiments. Red
dots: pyrene in water; blue circles: pyrene with block copolymer in water
at acid pH (left) and basic pH (right).
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1.0 10 pH~11-12 g (b) a hollow structure. These pH-sensitive nanoparticles are expected
0,8 0] = o to be very promising candidates in macromolecular nanobiotech-
06 o6l :2 r_lolog|es. Fu_ture wo_rk will focus on the development of_encapsula—
' : T tion strategies of different sensitive drugs and proteins and the
04 0,44 '».% B evaluation of the delivery properties as a function of pH.
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appears now at 3.6 ppm, and the two signals between 1.3 and 1.8Thjs material is available free of charge via the Internet at http://
ppm ([-CHz—]s) appear now as a single peak at 1.2 ppm. At pubs.acs.org.

intermediate pH values both segments are charged, the assembled
structures are disassembled, and eventually precipitation occursReferences

Figure 3. Autocorrelation functions (%) at pH= 3 (a) and at pH= 12
(b) of PGAs-b-PLysis. Inserted are the correspondiRg distributions after
CONTIN analysis.

However, the precipitate can be easily redissolved as cationic or
anionic polyelectrolyte aggregates by adding acid or base even at
high salt concentration. In addition to NMR, fluorescence spec-
troscopy was measured using pyrene as a probe (see Figure 2b).
Environmental changes of pyrene can be directly correlated to
modifications of its absorption and fluorescence spectra, and
therefore the micellization process can be addressed. For this
purpose, the relation in intensity of the signals at 370 and 381 nm
was plotted at different pH valuek¢/135; remains constant when
pyrene is dissolved in water at about 2.2 at all ranges of pH. On
the other side, when the diblock copolymer is added to acid and
basic pyrene/water solutions, the intensity ratio decreases to values
of 1.7-1.9, confirming the formation of supramolecular objects
with a hydrophobic environment.

Once the formation of aggregates at both extremes of pH has
been demonstrated, further analysis by dynamic light scattering
(DLS) focused on the evaluation of the size distribution and
morphology of the aggregates (Figure 3). Solution of the dipeptide
in water at acid and basic pH values revealed hydrodynamic radius
Ry = 110 and 175 nm, respectively, both showing a narrow size
distribution. The angular dependence obtained is linear and confirms
the spherical shape of the aggregates. Comparison of the small
molecular dimensions with the largBy values suggests the
formation of a vesicular structure. DLS experiments were ac-
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