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We describe the synthesis and self-assembly of fisgheet forming metallopolymer-peptide conjugates. The

ability of the oligotetrapeptide sequence Gly-Ala-Gly-Ala (GAGA) to form antipargisheets was retained in
PFSbh-AGAG (PFS= polyferrocenylsilane) and PR$SAGAG conjugates with block and graft architectures,
respectively. In the solid state, DSC experiments suggest a phase separation between the peptide and PFS domains.
In toluene, PFSH-AGAG interestingly forms a fibrous network which consists of a core containing the self-
assembled antiparallglsheet peptide and a corona of organometallic PFS. The self-assembly of the peptide into
antiparallel 5-sheets is the driving force for the fiber formation, whereas PFS prevents uncontrolled lateral
aggregation of the fibers. The use of an oligopeptide to self-assemble an otherwise random coiled organometallic
polymer may be a useful strategy to enhance nanostructure formation. In the cases described here, the conjugates

may be used to create nanopatterned ceramics, and the redox properties of the resulting supramolecular aggregates
are of significant interest.

Introduction ability is retained in conjugates of the peptide and a synthetic
polymer1011.13-15 \We anticipated that the conjugation of such
The introduction of metal centers to polymeric structures a peptide sequence to PFS would result in nanostructure
offers access to new functional materials with interesting formation for the PFSpeptide conjugate. These self-assembled
properties and applicatiodsConjugates of metal complexes or  supramolecular structures would be of intrinsic interest due to
metallopolymers with biomacromolecules are of potential inter- their redox-activity. In addition, if the nanostructure is retained
est for the generation of self-assembled supramolecular materialsjuring pyrolysis, this could serve as a simple, alternative
with novel chemical and physical characteristics, such as redox,approach to enable the nanopatterning of catalytically active
catalytic, or anti-cancer activity.® Fe-based nanoparticles.

Polyferrocenylsilanes (PFSs) are a well-established class of  a peptide sequence with a high potential to achieve the above
metallopolymers which are available in the form of well-defined concept is Gly-Ala-Gly-Ala (GAGA). This sequence of four
and controlled architectures using living polymerization tech- aming acids constitutes the repeating pattern of the crystalline
niques’ These organometallic materials have been investigated g_sheet domain irB. mori silk, which is responsible for the
for a range of potential uses. For example, PFS materials haveinteresting mechanical properties of silk fibédhis very short

begn used as organometallic precursors to Fejbased Ceramic%eptide sequence contains the two most commonly available
which can be used to catalyze the formation of carbon 4nq cheapest amino acids glycine and alanine and is known to
nanotubed. Thus, thin films of self-assembled REPFS (PS torm antiparallel f-sheets through intermolecular hydrogen

= polystyrene) diblock copolymers consisting of spherical ponging. If g-sheet formation is retained upon attachment to
organometallic PFS nanodomains interspersed in a PS matrixpes e anticipated that the physical cross-linking caused by

have been shown to serve as precursors to catalytically activejyiermolecular hydrogen bonding might promote the retention

iron-rich ceramic nanodomains on thermal or plasma treatment ¢ 1he nanostructures for the PFBeptide conjugate after
where the PS matrix is volatilized. In addition, self-assembly pyrolysis.

of PFS block copolymers in selective solvents affords redox To the best of our knowledae. onlv two aroups have

active cylindrical structures which can be used to generate wire- . ge, y groups |

like structures. attempted to use this extremely short sequence to mediate the
Over the past decade or so. peptides have frequentl beenself-assembly of organic synthetic polymers. Sogah and co-

used to megiate the self-assénablgl of synthetic qpolyﬁzﬂlers. WO”‘eTS prepared a silk-inspired multit_)lock quc’lymer by

Peptides intrinsically have the ability to fold hierarchically into rep:lamﬂgl the almorlphous pepﬂglleldorr_laln of f]p'de(; S'lk.w'th

several superstructures, such as heligesheets, and coiled poly(ethylene gyc(;)s) (PEG).’ while leaving tesheet omain

coils, and several authors have shown that this intrinsic folding (GAGA,) untouched:* The solid-state structure O.f th? multiblock

copolymer was composed gfsheet nanodomains interspersed
in an amorphous PEG phase. In another approach, Sogah et al.

* To whom correspondence should be addressed. E-mail: imanners@

chem.utoronto.ca prepared segmented block copolymers containing PEG segments
* University of Toronto. and the peptide sequence GAGA derived fr@mmori silk,
* University of Bristol. templated by phenoxathiitt. The peptide segment retained its
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B-sheet structure, and transmission electron microscopy (TEM) PyBOP in DMF (19Qumol, 107 mg) and 3 equiv dfl,N-diisopropyl-
experiments showed that it was dispersed in a continuous ethylamine (66uL) were added. The reaction mixture was stirred for
polyether phase. Recently, van Hest and co-workers described?4 h at room temperature. The yellow turbid mixture was filtered, and
the synthesis and characterization of a well-defined PMMA  the residue was thoroughly washed with dichloromethane, tetrahydro-
poly(AGAG methacrylate}PMMA triblock copolymer using furan, water, and DMF to remove any excess peptide arjd reagents and
ATRP and a bifunctional initiatof® IR spectroscopy clearly ~ any partially reacted polymer derived from After drying under
showed that thg-sheet secondary structure had been introduced. V8¢ @ red solid was isolated in 59% yield (40 mg).
However, no specific structures could be detected by electron H NMR (400 MHz, DMSOgs, ppm): 0 8.1 (2H, t, NH[GIY]), 8.0
microscopy. The same group also recently described the self-(1H & CHCHNH), 7.8 (2H, d, NH[Ala)), 4'|2 (2H, CH[Ala]), 4.2
assembly of triblock copolymers of poly(ethylene glycol) and (4H, CpH), 4.0 (4H, CBY), 3.7 (4H, s, CL[G Y])' 3.0 (2H, ~CH>
) 4 o \ NHCO-), 1.8 (3H, s, ElsCO-), 1.5 (2H, m,—SiCH,CHy-), 1.2 (2H,

poly[(AG)sEG] into well-defined fibrils. Microscopy data sug- —SiCHy), 1.2 (3H, GigfAla]), 0.8 (3H, CHiAla]), 0.4 (3H, s

J . . . o i 27)s . Il 3| 3 . ’ 3 1 . ’ 1
gestan organl_zatlg)n in whlch the flt_)rlls_are formed |n/ﬂ=|sh_e_e_t ~SiCHy). DSC (10 K/min): T, = 15 °C, T = 115°C.
stacking d|rect_|or%. In this communication, we report our initial Synthesis of PFSs-AGAG (8). To a solution of amino-terminated
results rgggrdlng the S)/””!es's of Cor.“u9ates of GAGA and PFSPFS7 (50 mg, 0.0112 mmol) in dichloromethane was added a 10-fold
and preliminary investigations of their self-assembly behavior. gycess of Ac-Gly-Ala-Gly-Ala-OH (33 mg, 0.104 mmol) in DMF. The
resulting solution was stirred for 5 min. Subsequently, 20 equiv of
PyBOP in DMF (116 mg, 0.2066 mmol) and 30 equiv NfN-
diisopropylethylamine (53 mg, 0.4132 mmol) were added. The reaction
mixture was stirred for 24 h at room temperature. Solvents were
evaporated, and the residue was taken up in THF. The excess free
peptide is not soluble in THF. The mixture was filtered, and the THF

Experimental Section

Materials and Methods. Glycine, alanine, and benzotriazole-1-yl-
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBOP) were
purchased from Novabiochem. All other chemicals were purchased from solution was concentrated. Precipitation with methanol gave 45 mg of
Sigma-Aldrich Co. and used without further purification. an amber solid (yield: 85%).

1H NMR spectra (400 MHz) were recorded on a Varian Unity 400 1H NMR (400 MHz, CDC}, ppm): 6 8.06-8.04 (1H, d, NH[Ala]),
spectrometer. Molecular weights were estimated by gel permeation ;7 707 63 (1H, d, NH[Ala]), 7.59—7.55 (1H, t, NH[Gly]), 7.46—7.42
chromatography (GPC). The instrument was equipped with Styragel (1H, t, NH[GY]), 4.22 (4H, s, Cp), 4.02 (4H, s, Cp), 3.24 (2H, &
columns HR-1 and HR-5E, a Viscotek model 2501 UV absorbance NH-), 2.26 (3H, s, @|3CO-), 1.32 (SH, (E|3[Ala]), 1.23 (3H, Hy
detector, and a Waters R410 differential refractometer detector. Reagent[Na])] 0.91-0.87 (3H, t, G1sCHz-), 0.67-0.61 (3H, m, GisCH-), 0.46
grade THF was used as the eluent at a flow rate of 0.6 mL/min. The 6H, s, (HsSi-). GPC (THF, 25C): M, = 1180 g/molMy/M, = 1.1.

GPC instrument was calibrated using polystyrene standards purchasegygc (10K/min): Ty = 22 °C, Ty = 63 °C.

from American Polymer Standards. FT-IR (Nujol, NaCl) was performed

on a Perkin-Elmer Spectrum One IR Spectrometer. Thermal charac-

terizations were performed on a TA instruments 2920 modulated DSC Results and Discussion

equipped with a cooling unit. The ramp rate for scans was 10 K/min.

Transmission electron microscopy (TEM) was performed on a Hitachi ~ TWo0 approaches were followed in order to prepafesheet
H-600 microscope with 75 kV acceleration voltage. The TEM containing PFS conjugates which differ in the fraction of peptide
specimens were prepared on a carbon-coated copper grid (200 mesh)per ferrocenylsilane repeating unit. In the first approach, the
Atomic force microscopy (AFM) was performed on a NanoScope lll  3-sheet forming GAGA sequence was attached to the side chain
microscope in tapping mode. of every repeating unit of a polyferrocenylsilane resulting in

Synthesis of Ac-Gly-Ala-Gly-Ala-OH. The peptide Ac-Gly-Ala- the graft copolymer PF§-AGAG (Scheme 1). In the second
Gly-Ala-OH was prepared by solid-phase peptide synthesis (SPPS)approach, the peptide sequence was attached to a polyferro-
using Fmoc-chemistry. The amino acid residues were used as free acidgenyldimethylsilane end-functionalized with an amino group
and coupling was facilitated by the use of HBTO-benzotriazole- resulting in the block copolymer PRSAGAG (Scheme 2).
N,N,N',N'-tetramethyluronium hexafluorophosphate) and HOB# ( Synthesis of PFS3-AGAG. Polyferrocenylsiland contain-
hydroxybenzotriazole) were used as coupling agents. After assemblying a primary amino group in its side chain was prepared
of the peptide onto a Wang resin, the resin was cleaved by stirring for according to a previous report by our grotipn short, chlorine
1 hin a TFA/DCM (50% v/v) mixture. Subsequent evaporation of g pstitution in chloromethyl [1]-silaferrocenophabevith a

SGcilveTtso""”d precipirtlgtion Wi;h diethyl et”her rf‘:S“'ted g‘ AC'GI'V'A'?' protected lithiated propynyl reagent resulted in [1]ferro-
y-Ala-OH as a white powder. Typically, after a 1.0 mmol scale cenophane monome (Scheme 1).

synthesis, 254 mg (80%) of the tetrapeptide were obtaitédNMR This monomer was polymerized with P{Cht ambient

Eé?(;)MZHi ' (%O’Spfrg)o:g_";""l(i'_éé? ' d?[ga&é]')o é‘g__" [i/’l]cf'z:' temperature to obtain polym@&r Deprotection of the amine and
31g gl/m.ol) T o I T reduction of the triple bond with hydrazine resulted in amino-
Synthesis of Aminopropyl PFS (4) Aminopropyl PF4 with an propyl polyferrqcenylsﬂand conta_unlng ? prl.mary gmlno group
estimated molecular weight of 300 kg/mol and a polydispersity index " (€ side chain of every repeating unit. Since direct molecular

of 1.5 was prepared according to a previously published réport. weight estimation of polyelectrolytes is difficult to obtain and
Synthesis of Amino-Terminated PFS (7)Amino-terminated PFS ~ WaS not achleveq fof, we anticipate that the value is close to
7 was prepared using living anionic ring-opening polymerization of Its pr(_)teCte,d amino propyne preCL!erl(Mn ~ 300 kg/mol,
dimethyl-[1]-silaferrocenophar quenched with 1-(3-bromopropyl)-  Polydispersity index= 1.5). The peptide sequence Ac-Gly-Ala-
2,2,5,5-tetramethyl-1-aza-2,5-disilacyclopentane and subsequent depro-Gly'Ala'OH was prepared by solid-phase peptide synthesis

tection of the amine with a THF/methanol mixturéH NMR (400 using Fmoc-chemistry. Reaction 4fwith a 1.1-fold excess of
MHz, CDCk) revealed a degree of polymerization of 18. GAG; = Ac-Gly-Ala-Gly-Ala-OH per PFS amino group gave PES-
1230 g/mol,Mu/M, = 1.1. DSC (10 K/min): Ty = 22 °C. AGAG 5in 59% isolated yield. The conjugate was only soluble

Synthesis of PFS3-AGAG (5). To a solution of aminopropyl PFS  in dimethyl sulfoxide (DMSO) and in mixtures of water or
4 (0.105 mmol, 31.6 mg) in dichloromethane was added 1.1 equiv of organic solvents with trifluoroacetic acid (TFA). However, upon
Ac-GAGA-OH per amino group (0.127 mmol, 40 mg) as a solution in addition of TFA, the solution rapidly turned blue, indicating
DMF. The solution was stirred for 5 min. Subsequently, 1.5 equiv of oxidation of the Fe in the PFS backbone. Lithium bromid%BV
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typically used as an additive to dissociate aggregates in aqueous A). The absorptions at 1694 and 1622 énare typical for
or organic solutes and hence to enhance solubility, but addition antiparallels-sheet structures, whereas the absorption at 1651
of this salt, even in high concentrations (up to 6 M) and at cm~! most probably arises from amorphous peptide domains

elevated temperature (up to 8Q), did not result in a soluble
conjugate. By comparison 8H NMR signals in DMSOdg for

(random caoil). This absorption could also indicaiehelix
formation, but since the employed peptide sequence is extremely

Si—Me groups at 0.43 ppm and the methylene protons for short!® a-helix formation is highly improbable. No evidence
glycine at 3.7 ppm, we concluded that the peptide was attachedfor parallelS-sheet structures was observed as indicated by the
quantitatively to the PFS side chain. Unfortunately, it was not absence of a band at 1645 cmWe anticipated that intermo-

possible to determine the molecular weight of bioconjudate

lecular antiparalles-sheet formation would lead to a “phase-

by gel permeation chromatography (GPC), because of the lackseparated” lamellar-like morphology with alternating peptide

of solubility in GPC eluents such as tetrahydrofurdN-

and PFS layers (Figure 1B). Since the chain length of the peptide

dimethylformamide, or water. Based on the quantitative peptide is only about 1 nm, the separation of the peptide and PFS phases
coupling detected by NMR and a molecular weight of around would be on the nanoscale. Information about whether phase

300 kg/mol for precursoB, bioconjugate5 has a molecular
weight of around 600 kg/mol.
Self-Assembly of PFS3-AGAG. First, we investigated

separation occurs in a particular polymer can be obtained from
differential scanning calorimetry (DSC) analysis. The DSC
thermogram of the aminopropyl PFS precurgoshowed a

whether the introduction of GAGA peptide sequences into the transition at 15°C and a first-order transition at 7& (weak),

side chain of PFS leads to the formation/theet structural

whereas PF$-AGAG 5 showed transitions at 15 and 116

elements in the organometallic polymer PFS. FT-IR spectros- (weak) (Figure 1C). The transition at 2& can be assigned to
copy is an excellent method to check the secondary structurethe Ty of PFS, whereas the origin of the weak transition at 76
of peptides and proteins and was therefore employed here. The’C is unclear. The transition at 12& can be assigned to the
amide | carbonyl stretching region is highly sensitive to the T, of self-assembled peptide segme¥itIhe individual ob-
secondary structure of polypeptides and proteins in solution andservation of peptide and PFS thermal transitions in DSC
the solid staté? The sequence GAGA has been shown to have thermograms supports our hypothesis of a phase separated

a high tendency to form antiparall@-sheets in the solid
statel”18In the amide | carbonyl stretching region, the FT-IR
spectrum (NaCl, Nujol) of the aminopropyl PFS precurdor
shows no absorptions. PEEAGAG 5 shows amide | carbonyl
stretching frequencies at 1694, 1651, and 1622 c(Rrigure

structure. Scanning and transmission electron microscopies
(SEM and TEM) were used in an attempt to visualize the phase
separated structures, but it was unfortunately not possible to
obtain thin films of PFS3-AGAG. The bioconjugate is only

soluble in DMSO, and drop- and spin-casting of DM%%V
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Figure 1. (A) FT-IR spectrum of PFS-g-AGAG 5. (B) Schematic model of PFS-g-AGAG 5 self-assembly. The arrows represent the 3-sheets.
(C) DSC thermogram of PFS-g-NH, 4 (lower trace) and PFS-g-AGAG 5 (upper trace). (D) Thermal gravimetrical analysis of PFS-g-AGAG 5.

solutions of PFSyFAGAG were unsuccessful due to the low lone pairs of electrons such as amino groups can weakly interact
vapor pressure of the solvent. Microtome slicing proved with the GPC column materidl, this may explain why the
unsuccessful as well at this stage. No diffraction peaks were molecular weight of the precursor was found to be higher than
observed in small-angle X-ray scattering (SAXS) experiments. the bioconjugate.

Pyrolysis of PFS3-AGAG resulted in nearly complete Self-Assembly of PFSB-AGAG. The FT-IR spectrum of
thermal degradation of the peptide segment (Figure 1D). A PFSh-AGAG was measured before and after undergoing the 3
ceramic yield of 39% was obtained, which is comparable to heating-cooling cycles in the DSC (Figure 2B). Before an-
the ceramic yield of poly(ferrocenyldimethylsilane)35%6)2° nealing, only a broad absorption in the amide | carbonyl
We are currently investigating if the physical cross-linking of stretching region around 1650 chwas observed. After thermal
the PFS chains through interchain peptiisheet aggregation  annealing, sharp absorptions appeared at 1695, 1655, and 1620
is sufficient to retain the PFS nanostructure after pyrolysis.  cm™, which indicates the formation of antiparalltsheets

Synthesis of PF-AGAG. Dimethyl-[1]-silaferrocenophane (1695 and 1620 cr) and the presence of amorphous peptide
6 was polymerized anionically usingecbutyllithium as an ~ domains (1655 cm). Apparently, the chain mobility found in
initiator (Scheme 2). The living polymer was quenched with the isotropic state at elevated temperature is necessary for the
1-(3-bromopropyl)-2,2,5,5-tetramethyl-1-aza-2,5-disilacyclopen- Peptide domain to assemble. In the case of BFS5AG, the
tane and after deprotection of the amine with a THF/methanol annealing process is not necessary since the peptide sequences
mixture, amino-terminated PFB with an average degree of are present in much hlgher denSity. In this context, it should be
polymerization of 18 byH NMR spectroscopy was obtainéd. ~ noted that the intensities of the IR absorptions between 1700
The same condensation chemistry as for BFSSAG 5 was and 1600 cm! for PFSh-AGAG were much lower than those
used to obtain the PFSAGAG conjugate in 85% yield. The ~ for PFSg-AGAG.% This is because the latter contains one
conjugate now was soluble in common solvents for PFS, i.e., Peptide sequence per ferrocenylsilane unit whereas the former
THF, toluene, and chloroform, but not in common solvents for Only contains one peptide sequence for every 18 organometallic
the peptide segment, DMSO or DMF. The bioconjugate was Units.
characterized withH NMR spectroscopy and GPC with THF The DSC thermogram & showed transitions at 22 and 67
as the eluent to confirm the quantitative attachment of the °C (Figure 2C). The first transition can be attributed to Tge
peptide. The GPC trace (Figure 2A) was monomodal and of PFS, whereas the second transition may beTihdor the
showed a number-average molecular weidhi) (0f 1180 g/mol. peptide. The loweT, for PFSh-AGAG as compared with PFS-
The molecular weight is lower than expected frébkh NMR g-AGAG (115 °C) is an indication thaf-sheet formation is
(DP = 18, M, = 4670), but this may be explained by the use less extensive in the former. After thermal annealing, i.e., after
of polystyrene standards to calibrate the GPC instrument. Theundergoing the 3 heatinrgcooling cycles in the DSC, PF$-
GPC trace of the PFSNH, precursor polymer revealed a AGAG was not soluble anymore in toluene suggesting the
molecular weight of 1230 g/moMd NMR: DP = 18, M,, = formation of hydrogen bonds between the peptide segments.
4360). Since we have previously found that side groups with The hydrogen bonding could however be disrupted by heaéqu/
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Temperature (°C) organometallic PFS. The blue core contains the peptide, assembled
Figure 2. (A) GPC trace of PFS-b-AGAG 8. (B) FT-IR spectra of into antiparallel s-sheets oriented perpendicular to the surface. For
PFS-b-AGAG 8 before (upper trace) and after thermal annealing reasons of clarity only a few peptide chains (arrows) are shown.

(lower trace). (C) DSC thermogram of PFS-b-AGAG 8.

3). A 'H NMR spectrum of PF®-AGAG in toluene only
the mixture in toluene above 7. This resulted again in a  showed signals of the PFS, suggesting the formation of a-core
stable yellow solution. These observations are consistent with shell structure. Since the peptide is insoluble in toluene, it forms
the results from FT-IR and DSC analysis. Slow cooling of the the core of the fiber after antiparallgtsheet formation, while
hot toluene solution to room-temperature resulted in a viscous the PFS chains are highly soluble in toluene and wrap around
solution (concentratior 0.2 mg/mL). Increasing the concentra- the extendegs-sheet core. Atomic force microscopy (AFM)
tion up to 5 mg/mL did not lead to the formation of an experiments were performed to determine the dimensions of
organogel. Transmission electron microscopy (TEM) of the 0.2 these fibers (Figure 4). A fiber height oF% nm and a fiber
mg/mL viscous toluene solution after solvent evaporation, width of 22-50 nm were obtained. These findings may suggest
however, showed the formation of a fibrous network (Figure that the antiparallefs-sheet forming peptide in the core 8DV
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oriented perpendicular to the substrate (mica) (Figure 4B). (4) Kim, K. T.; Vandermeulen, G. W. M.; Winnik, M. A.; Manners, |.
However, a more detailed study is necessary to confirm this Macromolecule2005 38, 4958-4961.

suggestion. Intermolecular hydrogen bonding is the driving force () Neuse, E. WJ. Inorg. Organomet. Polym. Mate2005 15, 3-32
for the assembly of these fibers, while the organometallic PFS and references therein.

. (6) Johnson, R. M.; Fraser, C. Biomacromolecule2004 5, 580—
wraps around the peptide core and presumably prevents 588.

uncontrolled lateral aggregation. (7) (a) Manners, 1Chem. Commun1999 857-865. (b) Manners, |.
Science2001, 294, 1664-1666.
(8) (a) Lastella, S.; Jung, Y. J.; Yang, H.; Vajtai, R.; Ajayan, P. M,;

Summary Ryu, C. Y.; Rider, D. A.; Manners, . Mater. Chem2004 14,
1791-1794. (b) Lu, J. Q.; Kopley, T. E.; Moll, N.; Roitman, D.;
We have described the synthesis and self-assembly of two Chamberlin, D.; Fu, Q.; Liu, J.; Russell, T. P.; Rider, D. A.; Manners,
B-sheet containing organometallic polymers. The ability of the I; Winnik, M. A. Chem. Mater2005 17, 2227-2231. (c) Hinderling,
peptide sequence Gly-Ala-Gly-Ala to form antiparafiesheets C.; Keles, Y.; Stekli, T.; Knapp, H. F.; de los Acros, T.; Oelhafen,

. . . - P.; Korczagin, |.; Hempenius, M. A.; Vancso, J.; Pugin, R.;
was retained in both PFSAGAG conjugates. In the solid state, Heinzelmann, HAdv. Mater. 2004 16, 876-879.

DSC experiments suggest a phase separation between the (9) Wang, X.-S.; Wang, H.; Coombs, N. Winnik, M. A.; Manners]..

peptide and PFS domains. In toluene, RFSGAG interest- Am. Chem. SoQ005 127, 8924-8925.
ingly forms a fibrous network which consists of a core (10) Vandermeulen, G. W. M.; Klok, H.-Aviacromol. Biosci2004 4,
containing the self-assembled antiparafietheet peptide and 383-398.

a corona of organometallic PFS. The self-assembly of the (11) g‘laggfg'lg? Cammas, S.; Kataoka, Macromoleculesl996 29,
pepnde Into. antiparalleB-sheets is the driving force for the (12) For a review, seeSilk Polymers: Materials Science and Biotech-
fiber formatlon, whereas PFS prevents qncontrolled lateral nology Kaplan, D., Adams, W. W., Farmer, B., Viney, C., Eds.:
aggregation of the fibers. The use of a peptide to self-assemble American Chemical Society: Washington, DC, 1994.

an otherwise random coiled organometallic polymer may be a (13) Rathore, O.; Sogah, D. Wacromolecule2001, 34, 1477-1486.
useful strategy to enhance nanostructure formation. For example, (14) (a) Rathore, O.; Winningham, M. J.; Sogah, D.JY.Polym. Sci.
pyrolysis of these conjugates may lead to nanopatterned Part A: Polym. Chem200Q 38, 352-366. (b) Winningham, M. J.;
ceramics. This, among other options, such as studies of the redox . S°9ah. D. YMacromolecules997 30, 862-876.

. . . (15) (a) Ayres, L.; Adams, P. H. H. M.; wak, D. W. P. M.; van Hest,
properties of the supramolecular aggregates, will be the subject J. C. M. Biomacromolecule2005 6, 825831, (b) Smeenk, J. M.:

of further investigations. Otten, M. B. J.; Thies, J.; Tirrell, D. A.; Stunnenberg, H. G.; van
Hest, J. C. MAngew. Chem., Int. E005 44, 1968-1971.
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