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ABSTRACT: Peptide-brush polymers generated by graft-through living polymerization of peptide-modified monomers exhibit high
proteolytic stability, therapeutic efficacy, and potential as functional tandem repeat protein mimetics. Prior work has focused on
polymers generated from structurally disordered peptides that lack defined conformations. To obtain insight into how the structure of
these polymers is influenced by the folding of their peptide sidechains, a set of polymers with varying degrees of polymerization was
prepared from peptide monomers that adopt a-helical secondary structure for comparison to those having random coil structures.
Circular dichroism and nuclear magnetic resonance spectroscopy confirm the maintenance of the secondary structure of the
constituent peptide when polymerized. Small-angle X-ray scattering (SAXS) studies reveal the solution-phase conformation of PLPs
in different solvent environments. In particular, X-ray scattering shows that modulation of solvent hydrophobicity, as well as
hydrogen bonding patterns of the peptide sidechain, plays an important role in the degree of globularity and conformation of the
overall polymer, with polymers of helical peptide brushes showing less spherical compaction in conditions where greater helicity is
observed. These structural insights into peptide brush folding and polymer conformation inform the design of these proteomimetic
materials with promise for controlling and predicting their artificial fold and morphology.

The ability to discover and develop peptides to specifically
target and bind proteins has resulted in an increasing interest in
peptide-based or peptidomimetic therapeutics.** However,
cellular penetration, resistance to proteolysis® and multivalent,
high avidity binding to intracellular targets remain challenges
facing the translational potential of peptides generally. To this
end, cyclization,®® lipidation,®*' and peptide-stapling
approaches'>** have been and remain key strategies for
enabling the development of peptides and peptidomimetics.!>16
An emerging strategy involves coupling a polymerizable
moiety to a peptide of interest to yield a peptidyl-
macromonomer that is then subjected to graft-through
polymerization using ring-opening metathesis polymerization
(ROMP)Y"18 or controlled radical polymerization chemistry,
including photoinduced reversible addition—fragmentation
transfer radical polymerization (RAFT).1*20 The resulting
peptide-brush  polymers show enhanced resistance to
proteolysis,'® as well as the ability to internalize into cells and
to access intracellular, cytosolic targets with high affinities.?2*

The observed elevated resistance to proteolysis is ascribed to
the collapsed globular structures of the polymers observed in
water that arise, in particular in the case of brush polymers
generated from norbornenyl-peptides (polynorbornenes), due to
backbone hydrophobicity driving an entropically favorable
collapse. This collapse leads to sterically crowded peptide
brushes, rendering them less accessible to proteases, while
preserving their ability to interact with therapeutic targets and
cellular membranes due to polymer dynamics.®?° As a result of
these collective, emergent properties, we refer to these materials
as Protein-Like Polymers (PLPs).?2%

Despite initial success in implementing this strategy to achieve
desired biological properties and outcomes, an in-depth
understanding of how the polymer backbone influences the
folding and conformation of such peptide brushes, and vice
versa, is needed. One related example involves brush polymers
of poly(y-benzyl-L-glutamate) generated using norbornene
monomers with variable lengths of poly(y-benzyl-L-glutamate)
segments.?® The helicity of these polymers was assessed using
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'H NMR spectroscopy in 2% TFA-d/CDCls, and it was found
that brush polymers had slightly lower degrees of helicity than
the poly(y-benzyl-L-glutamate) segments by themselves. The
interruption of folding was reduced when grafting density was
lessened. Similar polymers generated by post-polymerization
modifications have been shown to form rod-like structures by
dry-state atomic force microscopy.?’ In general, experimental
and computational studies find that while hydrophobic
environments can promote helicity of peptide amphiphiles,?2°
steric crowding can also interrupt the uniform folding of
peptides into helices.*

Our mativation to understand these effects lies in the ability to
control folding and structure in a cooperative way, which will
influence the utility of these materials in a range of settings.
Greater structural insight into more complex peptide-brush
polymers would allow for the determination of structure-
function relationships for the targeted design of peptide-brush
polymer tools for engaging specific protein targets. In
particular, it may be important to preserve the organization of
functional groups on the face of helical peptide side chains, so
that they can readily inhibit particular protein—protein
interactions involved in disease progression.®*%? Herein, a
particular focus was to establish whether helicity could be
preserved or enhanced in aqueous environments when an a-
helical peptide is incorporated onto a polymer backbone.
Approaches described here were inspired, in part, by efforts to
characterize the folding of single-chain nanoparticle polymers
using techniques including small-angle X-ray scattering
(SAXS).333¢

Towards this end, polymers were designed to contain brushes
of peptides with a classical secondary structure, the a-helix, as
well as a peptide with an unstructured, random coil
configuration (Fig. 1). Using these peptides as macromonomers
allows the use of techniques probing the perturbation of peptide
folding, such as circular dichroism (CD) spectroscopy and
nuclear magnetic resonance (NMR) spectroscopy. A set of
polymers incorporating these peptide monomers was generated
and studied using spectroscopy and X-ray scattering, coupled
with atomistic metadynamics simulations, to gain a granular
understanding of peptide folding and polymer conformation.

DISCUSSION
POLYMER DESIGN AND SYNTHESIS

To understand the influence of secondary structure on polymer
dynamics, and vice versa, two sets of peptides were chosen
(Fig. 1). Firstly, we studied polymers derived from a helical
peptide. We employed as a guide, a crystal structure of a peptide
(Boc-WIABIVBLBP-OMe)* which is a-helical due to the high
content of 2-aminoisobutyric acid (Aib, B) residues. We then
mutated the sequence to further promote helicity by specifically
replacing the tryptophan and proline with lysine and alanine,
and added additional glutamic acid residues for solubility, to
generate the sequence KIABAVBLBAEE (“E-alpha”). Lysine,
alanine, and glutamic acid are known to favor helical
arrangements in proteins.*#2 We also synthesized a sequence
flipping the charged peptides to match the macrodipole of a
helix (EIABAVBLBAKK, “K-alpha”), as it is established that
positively charged residues at the negatively-charged C-
terminal end promote greater helix stability.*3#* A third peptide
was synthesized by replacing alanine with the helix-directing
amino acid Aib (EIAAAVALAAKK, “A-alpha”). Secondly,
we designed a random coil peptide sequence with a high

proportion of glycine and serine, with one arginine and one
glutamic acid to promote water solubility (GSGSGRGSGSGE,
“random”). This particular peptide is thus water soluble without
being likely to fold into any defined secondary structure, and its
lack of defined structure was further supported using
AlphaFold2 (Fig. 1e).%
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Figure 1. (a) Scheme showing the synthesis of peptide-brush
polymers using graft-through ROMP. (b) Peptide sequences of a-
helical monomers utilized to generate peptide-brush polymers,
including E-alpha (sequence = NorAhaKIABAVBLBAEE) and K-
alpha (sequence = NorAhaEIABAVBLBAKK), with hydrophobic
residues indicated in red and hydrophilic residues indicated in blue.
(c) Model of E-alpha peptide obtained from molecular dynamics
simulations. (d) Peptide sequence of random coil peptide monomer
utilized to generate peptide-brush polymers (sequence =
NorAhaGSGSGRGSGSGE), with hydrophilic residues indicated
inblue. (e) Model of random peptide obtained using AlphaFold2.%

The peptides were synthesized with exo-norbornene-2,3-
dicarboxyimide attached via an aminohexanoic acid linker
(denoted as “NorAha”) at the N-terminus using established
SPPS chemistry (SI Section 2 and SI Fig. S1-S8).4¢ After
purification, the resulting peptide macromonomers were
polymerized via ROMP to degrees of polymerization (DPs) of
15, 30, and 45 (SI Section 3). Additional DPs of 7 and 90 were
prepared for the helical sequence, E-alpha. All polymerizations
were monitored by 'H NMR spectroscopy (Sl Fig. $9-S11). The
molecular weights and polymer dispersities were determined by
size exclusion chromatography coupled with multi-angle light
scattering (SEC-MALS) and via sodium dodecyl sulfate—
polyacrylamide gel electrophoresis (SDS-PAGE) (Fig. 2, Table
1, and SI Fig. S12-14). The resulting polymers were analyzed
by dynamic light scattering revealing the polymers were not
aggregated, with radii of hydration in aqueous solutions ranging
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from 2 to 4 nanometers (SI Table S1). We note that the A-alpha
sequence could not be polymerized due to intractable
aggregation of the monomer during polymerization. However,
this peptide served as a reference for CD spectroscopy (see Sl
Fig. S15).
a
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Figure 2. (a) SDS-PAGE gel of E-alpha polymers and the
molecular weight ladder (MW), showing the approximate
molecular weight distributions of each polymer. (b) Aqueous
SEC-MALS of random peptide-based polymers (blue traces).

Table 1. Characterization of polymers, including theoretical
molecular weight Mn, experimental Mw and Mn, dispersity
(P), and approximate average molecular weight MW.

o

random,
random,,
— random,,

Normalized dRI (a.u.)

Polymer Theoretica ;varvir?elcltn D MW )
Sample I Mn (kDa) (kDa)? (Mw/Mn)? | (kDa)
E-alphay 10 - - 11
E-alphais 22 - - 18
E-alphaso 44 - - 37
E-alphass 66 - - 50
E-alphago 131 - - 120
randomas 19 18.8/18.6 | 1.01 20
randomao 38 40.7/405 | 1.01 30
randomas 56 53.0/51.5 1.03 50
randomgo 112.70 - - 95

2 Mw and Mn values for E-alpha PLPs could not be determined as
SDS-PAGE, the only method by which the molecular weight of the
polymer sample could be measured, does not allow for the
determination of these values. Further details are provided in Sl
Section 2, and additional polymer characterization is listed in SI
Table S1.

b MW values determined by estimating the middle of the sample
band via visual inspection of SDS-PAGE data (Fig. 2 and Figs.
S11-S14).

CHARACTERIZATION OF PEPTIDE BRUSH FOLDING BY
CD SPECTROSCOPY

The secondary structures of free peptide monomers and
polymers were determined by CD spectroscopy (Fig. 3 and Sl
Section 4, see S| Fig. S15-22). Generally, the polymers
displayed consistent structures to those of the monomeric
peptides, with the glycine-serine repeat peptide and polymers

showing characteristic features of random coil structure (Fig.
3). Likewise, the designed helical peptides displayed a strong
maximum at 195 nm, and two minima at approximately 205 and
220 nm in 50% methanol and 100% methanol, indicative of
helicity (Fig. 3 and SI Fig. S18 respectively).*” The polymers
of the two sequences match the CD spectra of the monomer
when all are plotted relative to the concentration of the
monomer unit. Additionally, the a-helical signal in 100%
methanol (at 193 nm, 29 x10° degecm?dmol) is stronger than in
50% methanol (at 193 nm, 13-16 x10° degecm?/dmol),
indicating that the more hydrophobic solvent promotes the
intramolecular hydrogen bonding of the peptide backbone
amides necessary for the a-helical fold.

Intriguingly, in aqueous buffer, the polymers of E-alpha and K-
alpha maintain a strong helical signal, while the peptide
monomers are almost completely unfolded (10-16% helicity by
analysis of CD data detailed in SI Section 4 and Sl Tables S2-
3). The intensity of helicity of the sample is clearly related to
the degree of polymerization, with shorter polymers having less
helical character (5% and 24% for E-alpha; and E-alphais
respectively), and longer polymers having greater degrees of
helicity (43% and 46% for E-alphass and E-alphago
respectively). This result suggests that the organization of
peptide units along the polymer backbone generates a local
hydrophobic environment, ascribed to the norbornene linker as
well as the large proportion of hydrophobic side chains on E-
alpha. This hydrophobic environment promotes the
intramolecular hydrogen bonding of the peptide, much like that
observed in methanol. However, the intensity of the signal in
water is still lower than that observed in methanol, likely due to
the dynamic nature of the polymer leading to globular, crowded
conformations. This result is consistent with previous
simulations and enzymatic assays,®??! where the polymer
evades proteolysis of otherwise susceptible peptides.

The helical CD signal of the polymer is also relatively
temperature stable. When the 30-mer is heated to 90 °C, while
some intensity at 220 nm is lost, the polymer’s degree of
secondary structure is completely regained when the sample is
cooled back to room temperature (SI Fig. S21). These variable
temperature curves do not show a clear sigmoidal melting
transition (Sl Fig. S22), similar to other variable temperature
CD studies performed on helical peptides in water,*84°
indicating that the folding of the polymer does not behave in a
cooperative, two-state fashion. Additionally, despite the loss of
some helicity at elevated temperatures, the polymer backbone
allows the peptide to reversibly recover its folding patterns
when cooled back to room temperature.

Well-tempered metadynamics simulations supported the
probability of a-helix of around 10% for the E-alpha peptide-
based macromonomer (Fig. 4 and Sl Figs. S23-S25). Further
analyses showed that the central portion of the peptide strongly
favors the formation of a-helix configuration (inset of Fig. 4,
Fig. S24. These results correlate well with the experimental
data, which supports 10% helical content in the peptide
monomer by CD spectroscopy (Table S2 and Table S3).
Although metadynamics simulations of the secondary structure
of the E-alphais polymer did not converge despite considerable
computational time (SI Section 5), hindering computational
confirmation of the helicity observed, the consistency observed
with monomer folding indicates that the polymer environment
likely significantly alters the folding of the peptide sidechains.
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Figure 3. Circular dichroism (CD) spectra of (a) random coil peptide-based monomer and polymers in water and (b) a-helical peptide (E-
alpha)-based monomer and polymers in 50 mM sodium carbonate buffer, and (c) helical peptide-based monomer and polymers in 50%
methanol with 50 mM sodium carbonate buffer.
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Figure 4. Free energy surface as a function of the probability of a-
helix for E-alpha obtained from well-tempered metadynamics
simulations. A probability of 10% is the most energetically stable
with a characteristic structure provided in the inset. The a-
helix/turn/random coil secondary structures of the peptide
backbone are colored in magenta/cyan/white, respectively; NorAha
atoms are colored in black.

NMR SPECTROSCOPY REVEALS FEATURES OF ALPHA
HELICAL FOLDING BY PEPTIDE BRUSHES

In conjunction with CD spectroscopy, NMR spectroscopic
studies of peptides and proteins provide critical insight into
their structure. For example, the rate of exchange of amide
protons with solvent protons is slowed down by intramolecular
hydrogen bonding, such as that which results in folded peptide
or protein structures.>® As a result, a qualitative understanding
of solvent-exposed regions of samples can be obtained by
experiments where samples are dissolved in deuterium oxide,
and the disappearance of peaks corresponding to exchangeable
protons, like amide NH peaks, is monitored. Such experiments
were conducted using D20 and CDsOD on the helical peptide-
based monomer K-alpha and its resulting 15-mer polymer (Fig.
5 and Sl Fig. S26-S43).

We focused on these and subsequent NMR studies of the K-
alpha monomer and K-alphais polymer due to the basic
conditions needed to dissolve the E-alpha peptide-based
samples, which hinder analysis of the amide NH peaks due to
their rapid exchange in basic solution.®.%2

Samples were dissolved and then monitored by 'H NMR
spectroscopy over time, showing that in D20, samples generally
show rapid disappearance of all NH peaks within one hour (Fig.
5 and SI Fig. S43). In contrast, in CDsOD both peptide
monomer and polymer retain many amide signals, with the
peptide monomer displaying less rapid amide peak
disappearance in comparison to the polymer (Fig. 5 and Sl Fig.
S43). Specifically, the polymer retains only three amide peaks
after one hour, whereas the monomer retains eleven peaks. The
retained polymer peaks correspond to the NH moieties of Aib7,
Leu8, and Aib9, while in the monomer case, only the Glul NH
peak disappears. The large difference between the monomer
and polymer in methanol indicates that although peptides
appear to be folded to the same degree by CD spectroscopy, the
polymeric system appears to be more dynamic than the
monomer in methanol, leading to an increased number of
interactions with the solvent that result in a more rapid loss of
signal. We note that more internal amino acids in the polymer
case are retained (Aib7 to Aib9), with a gradual loss of intensity
of residues next to this segment (Aib4, Ala5, and Val6). The
amino acids that retain intensity correspond well to residues
identified in metadynamics simulations of the E-alpha peptide
monomer that are more likely to be helical, specifically, B4 to
L8 (Fig. 4-5). In contrast, the NMR spectra of the peptide
monomer only shows loss of the Glul NH peak, which is right
next to the norbornene unit, and is consistent with observations
that helices unfold by fraying at the peptide ends.*%* The amino
acids at the ends of the helix are thus more likely to have
interactions with solvent and thus show loss of intensity in the
CD30D experiment. The dynamicity of the K-alphais polymer
is replicated in exchange studies performed on the random
peptide and randomss polymer (SI Fig. S42), where the polymer
shows more rapid exchange than the peptide.

In addition, 2D TOCSY and NOESY NMR spectra were
obtained for the K-alpha peptide monomer and K-alphais
polymer in H.0/D20 and CDsOH to determine the degree of
folding of the two samples as a function of the solvent
environment, as such experiments allow for the identification
of secondary structure (SI Fig. S32-41). Qualitatively, we
observe a much greater number of nuclear Overhauser effect
(NOE) features in the samples dissolved in CDsOH (e.g peptide
2D NOESY spectra in Sl Fig. S33-34 and S36-37; polymer 2D
NOESY spectra in SI Fig. S39-41). Moreover, the polymer
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spectra display a significant broadening of peaks in both
H20/D-0 and CD3OH relative to the peptide monomers (SI Fig.
S26-31). This broadening is due to both the polymer dispersity
and significant differences in the chemical environment along
the polymer, as well as more efficient relaxation of the larger
molecule (18 kDa vs. 1.5 kDa).
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Figure 5. *H NMR spectra of the K-alphais polymer. (a) Dissolved
in 100% D0 (blue traces). (b) Dissolved in 100% CDsOD (green
traces). Analysis shows the disappearance of NH amide peaks of
the peptide brush sequence upon exchange with the deuterated
solvent. The spectra at 0 min were obtained from separate
experiments where samples were dissolved in 90% H20 with 10%
D20 or 100% CDsOH. The sample dissolved in CDsOD shows a
slower loss of peaks, likely due to the greater folding observed in
this solvent.

The K-alpha peptide monomer displays some slight evidence of
helicity in H.O/D20, and even more clear evidence of helicity
in CDsOH, with strong NOE signals of NN(i, i+1) NOEs in both
being visible, as well as (i, i+4) NOEs in CDsOH (Sl Fig. S36-
37). We also note that the J-coupling values and Ha positions
of most amino acids, though likely perturbed due to being in
CD3OH, are more consistent with a-helicity than random coil
values.>>

While the broadness of the polymer data in H.0/D20 hinders
further analysis, the 2D NMR data of the sample dissolved in
CD3OH allows for the identification of the positions of NH and
Ha peaks corresponding to each amino acid of the monomer
unit (SI Fig. S31). Of interest is that the positions of Glul, lle2,
and Ala3 shift significantly downfield relative to their position
in the peptide monomer spectra, suggesting that these NH
groups experience a substantial change in their chemical
environment that is consistent with their position proximal to
the norbornene-based linker and polymer backbone.
Interestingly, Glul, lle2, and Val6 broaden significantly and

display two distinct peaks, possibly indicative of an
intermediate chemical exchange between two conformations of
peptide folding. While significant overlap of the peaks of some
residues (i.e. Ha of Ala3 and Ala5) hinders further analysis,
NOEs between the Ha of Val6 and NH peaks of i+1 (Aib7), i+2
(Leu8), i+3 (Aib9), and i+4 (Alal0) residues can be identified,
establishing the helical character of this segment in the polymer
(SI Fig. S41).

POLYMER CONFORMATION: INSIGHT FROM SAXS
AND CRYO-TEM DATA

In addition to the information obtained by CD spectroscopy, we
sought to obtain greater structural insight using small-angle X-
ray scattering (SAXS). Solutions of polymers dissolved in a
range of solvents were prepared and analyzed (Fig. 6; Sl
Section 7 Tables S4-S11 and Figs. S44-S57). In all cases, the
peptide-brush polymers displayed approximately globular
conformations, with a clear maximum near the ideal values for
a compact sphere in the normalized Kratky plot, which is a peak
in (QRg)2lg/l(0) Of 1.104 at gRq ~ 1.73 (Fig. 6). Consistent with
studies of other types of brush polymers that longer polymers
are more rod-like, as opposed to star-like at shorter lengths, the
90-mer polymers of the helical peptide and random coil peptide
monomers have a normalized Kratky plot with a maximum at
greater values than that of the ideal sphere (magenta traces in
Fig. 6a, c, and d).%®

In contrast to the results of PLPs dissolved in agueous solutions,
the E-alpha peptide brush polymers in 50% and 100% methanol
solutions show much greater extension and flexibility (Fig. 6d
and SI Fig. S47-49). Guinier analysis generally yields Rq values
much larger than those for the same samples measured in
aqueous buffers, and Guinier-Porod analysis yields larger
values of s, indicative of greater rod-like character (SI Table S4
and S7).%° Additionally, the normalized Kratky plots of these
samples in methanol deviate significantly from an ideal bell
curve representative of a compact sphere or globule. These
results are consistent with the observation that the more
hydrophobic solvent mixtures are better able to solvate the
hydrophobic polymer backbone. The greater helicity observed
in these polymers by CD and NMR spectroscopy is supported
by the more extended polymer conformations observed via
SAXS, wherein more rigid helical side chains resist collapse of
the polymers into more globular structures. This deviation from
globularity in 50% methanol of the helical PLPs can be
contrasted to the SAXS data and normalized Kratky plots of
scattering from the random coil PLPs, which show little change
relative to the Kratky plots of the polymers in water (Fig. 6a
and b). This result suggests that degree of solvation of the
hydrophobic polymer backbone is not the key factor influencing
conformation here, but rather the peptide plays a significant
role. Importantly, this suggests that peptide structure can be
designed to influence polymer conformations and their
prevalence in particular environments.
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Figure 6. Normalized Kratky plots of SAXS data of random (a, b) and a-helical brush-polymers derived from the E-alpha peptide sequence
(c, d) in water and 50% methanol. The dashed lines indicate the values for an ideal compact sphere (QRg = 1.73 and (qRg)2l(g/l(0) = 1.1).

Atomistic metadynamics simulations, while unable to
equilibrate sufficiently, did provide structural models of the E-
alphais polymer that were consistent with CD spectroscopy data
in that a portion of the peptide sidechains was folding as a-
helices (Fig. 4). We wished to corroborate whether the models
were consistent with the SAXS data provided. Accordingly, we
fit the experimental SAXS pattern of E-alphais in aqueous
buffer to one such model using the FoXS server,®%®! resulting
in a goodness-of-fit parameter of > = 0.47 (Fig. 8). This
correspondence between the in silico model and the
experimental data indicates that the model may be a reasonable
representation of the polymer’s conformation at longer length-
scales (>1 nm), and lends further insight into the structure of
these polymers complementary to the structural data obtained
from spectroscopic studies.

a b
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Figure 7. (a) Atomistic simulation structure of E-alphass. (b) Fit of
E-alphais structure from simulations to the experimental SAXS
pattern of E-alphazs.

To provide additional insight into polymer conformation in
solution, cryogenic transmission electron microscopy (cryo-
TEM) was employed (S| Section 8). This technique has been
successfully utilized to visualize conjugated polymers,®? self-
assembling amphiphilic polymers,5¢* and dendritic polymers.%®
The size of lower molecular weight polymers in this work, of
up to approximately 45 kDa, suggested that these samples might
be challenging to observe via cryo-TEM.%®" However, we
anticipated that alphas, which has an approximate molecular
weight of 120 kDa could provide enough contrast. Indeed, the
resulting micrographs of aqueous, unstained E-alphago revealed
distinct, low-dispersity particles aligning closely with the size
range predicted by the SAXS data, averaging around 16 £ 1 nm
in diameter (Fig. 8). Particle shapes appear roughly spherical,
which is likewise consistent with the observed sizes, which are
more collapsed than would be anticipated based on the polymer
length, as well as the SAXS data that suggests a collapsed
polymer conformation. We note that these micrographs are
similar to cryo-TEM results obtained for single-chain
nanoparticles®” and PEGylated bottlebrush polymers.
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Figure 8. (a) Cryo-TEM micrograph of unstained E-alphaso frozen
in aqueous sodium carbonate buffer. (b) Size distribution analysis
of particles found in the micrograph. Average particle size is 16 +
1 nm. The image was acquired with a total accumulated dose of
16.49 e /A2,

CONCLUSIONS

In conclusion, we describe a structural interrogation of peptide-
brush polymers incorporating o-helical peptide-based
monomers, as well as a random coil-based peptide monomer.
These peptides and polymers were investigated using CD
spectroscopy, NMR spectroscopy, small-angle X-ray
scattering, and atomistic metadynamics simulations,
confirming key differences in peptide folding on the polymer
backbone, as well as the overall polymer conformation.
Specifically, the polymer environment appears to enforce a
greater degree of helicity than is present in peptide monomers,
which increases in magnitude as the degree of polymerization
increases. NMR studies confirm the helicity for the polymer
structures and that helical folding is concentrated in central
residues of the peptide sequence in both monomer and polymer
brushes. SAXS analysis confirms that while both sets of
polymers are compact and globular in agueous environments,
the a-helical peptide-brush polymers are more extended and
flexible in more hydrophobic solvents, consistent with the
greater helicity observed in these environments. This result
suggests that peptide brushes that are completely folded may
resist forming compact polymeric structures, which would
make the peptides more accessible to protein targets of interest
as well as proteolytic enzymes. Overall, this demonstration of
the tunability of polymer conformation and peptide brush
folding is a key insight guiding future designs as we seek to
mimic both functional and structural aspects of proteins and to
engage natural proteins in specific ways for the development of
peptide brush polymers as proteomimetic therapeutics and
functional materials.
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