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The targets of proteins (also peptides) are normally biomolecules Table 1. Phage-Displayed Peptides with Selective Affinity for
present in the biological milieu. However, recent studies have It-PMMA

revealed that certain novel peptides, which were selected from a clone frequency  sequence® Kupp (10" M) ratio”
peptide library, bound specifically to artificial materidlsThe it-PMMA st-PMMA  (it/st)
sglection process was perfqr.med by cell-surface display or phage 6/30 ELWRETR 10 16 6.3
display methods. The specific targets of these peptides were the 3 2/30 QLOKYPS 85 29 29
surfaces of inorganic crystdland nanocarborisThe side chains cl8 6/30 ARPHLSF 6.2 2.5 2.5
of the amino acids in these peptides, which have three-dimensional €01 3730 TLHLSPA 5.4 2.9 1.9
structures that might be regulated, may fit into suitable positions zgg i’gg gg;;gf ig ig fg
on the crystal surfaces, resulting in specific interactions. Further- g4 7130 IS CWMRE 35 11 32
more, the peptides can be used as components for the modificatior ¢26 1/30 GIRHTNR 2.4 0.40 6.0
of inorganic crystal surfacésnd as reducing catalysts for metal cl0 2/30 NLQEFLF 0.69 0.76 0.9

ions# Therefore, the targets of peptides are not necessarily library - - 0.32 0.29 1.1

b'0m0|eCU|e_s'_ . . 2R (Arg) and P (Pro) are shown in red and green, respectively. S (Ser),
The possibility that synthetic polymers such as polystyremel T (Thr), and Y (Tyr) are shown in blué.Ratio betweerKappfor it-PMMA

cross-linked polymers of methacrylatesan be the targets of  and that for st:PMMA.

peptides was investigated. More recently, a 12-mer peptide that

specifically binds to films composed of a conducting polymer, difference in hydrophobicity was not a great factor for polymer
chlorine-doped polypyrrole, was selected from a phage display recognition. Biopanning is summarized in the Supporting Informa-
library.” The peptide was chemically conjugated with a well-known tion. In brief, PMMA films of approximately 20 nm thickness were
cell-adhesive peptide (RGDS), and then the films were coated with subjected to biopanning. Enzyme-linked immunosorbent assays
the conjugated peptide, resulting in cell-adhesive properties on the(ELISAs) revealed that the phage pool containing some phages with
films. These observations are significant because peptides have the specific affinity for it-PMMA were obtained after five rounds of
potential for recognizing the subtle aspects of the delicate chemicalbiopanning (see Figure S1). The relative affinity tended to increase
structure of polymers. Such polymer-binding peptides could be usedwith an increasing number of biopanning cycles. After cloning and
in the wide field of polymer science. It is, therefore, attractive to sequencing, nine clones were identified, as shown in Table 1. Some
develop novel peptides with selective affinity for polymers with  of the clones were observed at high frequencies, more than 6 out
regular nanostructures. Here, we report for the first time a peptide of 30 phages.

motif that specifically binds to a stereoregular polymer, isotactic  |n most clones, Ser, Thr, Tyr, and/or Arg with H-donor side
(it) poly(methyl methacrylate) (PMMA). This specificity was clearly  chains (hydroxyl and guanidium groups), which may interact with
demonstrated by using reference atactic (at) and syndiotactic (St)the ester groups of PMMA via hydrogen bonding, were included.
PMMAs, which have the same chemical composition as the target |, addition, the Pro, which induces a kink in peptides, was also
but have different stereoregularities. Our results further extend the |, ded, possibly forming a rigid structure. The frequencies of these
concept for the molecular recognition of artificial materials by ;1ino acids were not explained by those intrinsically expressed

peptides. . ) . ) ) by the phage. The importance of these amino acids as well as their
A phage library that displays a linear 7-mer peptide with a sequences is discussed later

diversity of ~1.28 x 1(° (Ph.D.-7 Phage Display Peptide Library The relative affinity of the phage clones for the PMMA films

Kit, New England Biolabs, Inc.) was used. It-PMMA{ = 35 500, was analyzed by ELISA, as shown in Figure 1. The affinity of all
Mw/M, = 1.12, mmmrirr = 98:2:0) (wheremm mr, and rr . L . .
] . L . clones for it-PMMA was significantly greater than their affinity
represent iso-, hetero-, and syndiotacticities, respectively) and st-
— - P for at- or st-PMMAs. For some clones, almost 2-fold more bound
PMMA (M, = 28 200,M/M, = 1.26,mmmr:rr = 0:11:89) were . .

) . . . - to it-PMMA, as compared to at- and st-PMMAs. The affinity of
synthesized by conventional living anion polymerization. At-PMMA the ph ib ind dent of th | t larit
(Mp = 28 750 M,y/M,, = 1.03,mmmr:rr = 10:15:75) was purchased edpthageﬁ'. .rt""“; W"’.‘ts ;”M&Ff” ento he Po %lme;hs erfﬁrteg‘]f alrl' Y
from Polymer Laboratories. The static contact angles of these aln e ah Inity t?r it : 'Woell's much Sm"’ll er darl] ato ?
PMMA films were approximately 6070°2 indicating that the gones. These o servatloqs indicate that selected clones pre eren-

tially bound to the target it-PMMA. On the other hand, slightly

S The University of Tokyo. greater amounts of the clones bound to the reference PMMAs as
Igﬁigﬂg’lgﬂme of Technology compared to the phage library binding to the PMMAs. This is due
TKeio University. to the fact that the selected peptides were constructed such that

13780 = J. AM. CHEM. SOC. 2005, 127, 13780—13781 10.1021/ja0544020 CCC: $30.25 © 2005 American Chemical Society
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Figure 2. Schematic illustration of the binding of the peptide motif

g —._'HF" (—RPTR-) with selective affinity for it-PMMA.
e The lower affinity for the references with slightly different structures
library % from the target suggests that the selected peptides bound to a single
na phage \ it-PMMA on the film surface, but did not cross-bind to plural it-
0 05 1 15 PMMA chains or to separated units in a single it-PMMA. Since
Abhsorbance the present peptides recognized this stereoregularity and since the

Figure 1. The affinity of phage clones selected from the phage display fully extended motif—Arg—Pro—Thr—Arg— has almost the same
library for it-PMMA. The blue, red, and pink bars indicate affinity for it-,  |ength as six units of fully extended PMMA, the present peptides
e T oo 1 Vet Conrtd 05cemed t ecognize he adacen€@unit numbers o -PNMA,
as schematically illustrated in Figure 2. We believe this interpreta-

tion, even though it-PMMA formed a helical structure on the film
surface?

The 7-mer peptides that specifically bind to a stereoregular

To quantitatively understand the binding affinity, the dependence POlYMer, itPMMA, were selected from the phage display library.
of the phage clone concentration against the relative affinity was 1€ motif —Arg—Pro—Thr—Arg— was essential for the affinity.
obtained for the target it-PMMA and the reference st-PMMA. The gnd selectivity for it PMMA. Th's IS the first repqrt on th_e recogni-
dependence was saturated to a certain level of affinity in all cases!ion Of polymer stereoregularity using short peptides. Itis necessary
(see Figure S2). Assuming a Langmuirian-type affinity (although to fur_ther mv_estlg_ate the m_echar_us_,m responsible for this recognition.
the affinity was analyzed by the binding of the anti-M13 antibody), Peptide motifs with selective aﬁ!nlty for st-PMMA as well as other
the curves were fitted to a Langmuirian equation, and then the Structurally regular polymers will be reported soon. Furthermore,
apparent affinity constantsg,) were obtained. All of the data polymer—blndlng peptides have the potential t(_)nact as polymerization
were fitted to the equation with coefficients of variation ranging Cat@lysts, peptide-surfactants, surface-modifiers, and so on. Such

0.965-0.997, indicating the reliability of the fit. The resultitg,,  Versatile applications of peptides will be also reported.

and the ratios betwee,p, against it-PMMA and that against st- Acknowledgment. We are grateful to Dr. K. Matsumura

PMMA, which correspond to the selectivity, are summarized in (Shibaura Inst. Tech.) for helpful discussions, and to Prof. Y.

Table 1. It was found that the frequency does not simply determine Okahata and Dr. H. Furusawa (Tokyo Inst. Tech.) for technical

the binding affinity. The apparent binding constants ranged in the support of QCM.

order of 18° M~ These constants were too great to be the constants  sypporting Information Available: Biopanning, ELISA of phage

of the peptides only. Since the whole phage nonspecifically ad- pools, dependence of the phage concentration against the relative

sorbed onto the PMMA films, greater constants might be obtained. affinity, and QCM analysis of binding of peptides to it-PMMA. This

Accordingly, we did not discuss the absolute values of the constants. material is available free of charge via the Internet at http://pubs.acs.org.
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