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In two-dimensional self-assembled monolayers (2D SAMs) on
flat metal surfaces, the stability and the structure of the adsorbates
depend on the interactions among neighboring molecules; for o
example, in alkanethiolated 2D SAMs, the adsorbates interact PN
primarily through the intermolecular van der Waals forces and form N
well-packed and almost defect-free monolayeds the other hand,
in monolayer-protected nanopatrticles (3D SAMs), the interchain
distance increases as one moves outward from the core and th
adsorbate monolayer becomes progressively less dense, defect- Amide | Amide A

prone, and irregulaRecently, peptide-protected gold nanoparticles

(GNPs) have received significant attention due to their potential

relevance in biomedical applications. Demonstrations of nuclear a !
targeting® molecular recognitiod,and protein-like properti€sare

truly promising. However, the secondary structure of the peptide

é:igure 1. Molecular structure of the peptidsc10L.

-
is known to be highly dependent on the interactions with the - "‘) }:»J
surrounding environmefitand the effect of the curvature between b \ ! :f,
crystallographic faces of GNPs (which are polyhedral spetigs) ""{

the secondary structure of adsorbate peptides is still an unexplored
but potentially a critical issue. In this paper, we report the structural
investigation of a 16 amino acid containing peptide in both 2D
and 3D SAMs (having increasing core diameters: 5, 10, and 20
nm, and thereby decreasing the curvature between crystallographic

faces) on gold surfaces. We have found that the degree of surface
curvature has a profound effect on the secondary structure of the d ! !!
peptide, and a 3D SAM (on nanoparticles) does not always resemble

the 2D SAM.

The Leu-rich peptideAc10L (Ac-KTAL 10NPC-NH,) is a syn-
thetic model for theo-helical conformation observed in natural e
protein§ and possesses a thiol-functionalized Cys residue at the

C-terminal (Figure 1). A preliminary account of the design,

synthesis, and characterization of the peptide and preparation of 1600 1650 1700 1200 2300 3400

both 2D and 3D SAMs are provided in the Supporting Information. Figure 2. FT-IR spectra (KBr) ofAc10L: free state (a); on 5, 10, and 20
We have employédFourier transform infrared (FT-IR) spectros-  nm Au—-NPCs (b, ¢, and d, respectively); and FT-RAIRS on flat gold surface
copy to probe the structure of the peptide since this technique has(e). The light blue and pink shades show regions where absorptions due to
been one of the primary tools in understanding the secondary @ andj-sheet conformations occur, respectively.

structure of peptides in both 2D and 3D SAMs. ) )

The amide | band, which is well-known for its sensitivity to the ~ Interestingly, the IR spectrum (KBr) of the peptide on 5 nm
peptide secondary structure, appears at 1659'dor the free GNPs (Figure 2b) significantly differs from those of the free and
peptide in KBr (Figure 2a) and indicates that the peptide is 2D states. The amide | region is composed of two additional
a-helicalll On a flat gold surface (2D SAM), the peptide remains bands: an intense band at 1627 ¢nand a weak band at 1692
helical as Fourier transform reflection absorption infrared spec- ¢M™* which we assign to the presence of-gheet conformation
troscopy (FT-RAIRS) shows the amide | band at 1674 tm  of the peptidé34 For 10 and 20 nm GNPs (Figure 2c and d,
(Figure 2e). The band shifts by15 cnt® compared to that in  respectively), a new absorption band appears at 1673, aufich
KBr, which is not related to any structural change of thé@elix is close to the amide | for the peptide on the flat gold surface and
on the flat gold surface but rather due to the so-called optical assigned to the-helices present on the flat crystallographic faces
effectsiob-d12More specifically, this blue shift of the amide | band ~ of the GNPs (shifted due to the optical effects). The band is absent
depends on the orientation of the helix axis relative to the gold in 5 nm GNPs, and the relative intensity of the band is greater in
surface; the more vertical the arrangement, the higher is the shift. 20 nm GNPs compared to that in 10 nm, which may be correlated
Similar types of observation and interpretation were reported to a larger amount of faces in larger GNP4.In addition, by
previously for several helical peptides in 2D SAMs on gold comparing the spectra of the peptide on GNPs to that of the free
surfacegob-d state, we can conclude that the absorption at 1659' ¢figure
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Table 1. o-Helical and 5-Sheet Contents of Ac10L in Free, 2D, overall activity of the peptide-protected nanoparticles, and this work
and Different 3D SAMS from the Amide A Band may provide a somewhat cautionary note in selecting a particular
a-helical B-sheet peptide sequence for nanoparticle-based applications just by
content (%) content (%) considering the native structure. In addition, the size of the
free state 100 0 nanoparticle should also be taken into consideration.
3D SAMs
5 nm GNPs 22 78 Acknowledgment. We thank the Natural Science and Engineer-
%8 nm g“ﬁs 12% 43 ing Research Council of Canada for funding. H.-B.K. is the Canada
nm s i in Bi ;
2D SAM 100 0 Research Chair in Biomaterials.

Supporting Information Available: Design, synthesis, and char-
acterization details, CD and UWis absorption spectra, deconvoluted
tIR spectra with parameters, and TEM images. This material is available
free of charge via the Internet at http://pubs.acs.org.

2b—d) is due to the partially folded/intact helical conformation at

the edges and corners of GNPs where optical effects are absen
For 5 nm GNPs, an analogous situation is demonstrated in the

amide A region (Figure 2b). Two amide A bands are observed,
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