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A model protein was fused with the ELWRPTR peptide,
which binds specifically to the isotactic poly(methyl methacry-
late) (it-PMMA) film surface, and its adsorption on PMMA film
surfaces was then investigated by surface plasmon resonance
measurements. We found that the adsorption constant of the fu-
sion protein for the it-PMMA film surface was 75-fold greater
than that of native protein.

The surface modification of polymeric materials with func-
tional proteins is useful for biomedical applications. Among the
various methods,1 noncovalent immobilization by physical ad-
sorption is the simplest; however, the proteins may desorb read-
ily from the material surfaces. In general, with respect to chemi-
cally inert polymers, reactive groups suitable for covalent pro-
tein immobilization must be first introduced as coupling sites
by methods such as grafting, photooxidation, or plasma.2

In the past decade, various inorganic/organic material-bind-
ing peptides (MBPs) have been identified by combinatorial bio-
technology.3 We also reported a heptapeptide (c02: ELWRPTR)
that specifically binds to an it-PMMA film surface through
hydrogen-bonding interactions.4 The affinity constant for it-
PMMA (Ka ¼ 3:50� 105 M�1 at 20 �C) was 43-fold greater
than that for the reference syndiotactic (st) PMMA.4a

MBPs have been used as efficient tools for protein modifica-
tion. For instance, apoferritin,5 cytokine,6 and green fluorescent
protein7 have been fused with adequate MBPs such that the fused
proteins were more stably immobilized onto inorganic and car-
bonaceous materials through noncovalent bonding. Despite the
considerable contribution to MBPs identification,3 research into
fusion proteins is still limited. It is, therefore, worthwhile to in-
vestigate whether MBPs are useful as fusion partners.

Herein, we report the extremely enhanced adsorption of a
model protein onto the it-PMMA film surface after fusion with
the c02 peptide (Figure 1). It is known that DnaK419-607 (a
blocking peptide fragment; BPF), which is part of the substrate-
binding domain of the molecular chaperon DnaK from E. coli,8

behaves like an effective blocking reagent due to good adsorp-
tion properties for plastic substrates through its hydrophobic re-
gion.9 Also, an E. coli over-expression system for recombinant
BPF has already been established.9 In this study, a BPF deriva-
tive (dBPF) fused with a C-terminal RGD, which promotes cell
adhesion on material surfaces,10 was selected as a model protein.
Therefore, stable immobilization of dBPF is meaningful. Sur-

face plasmon resonance (SPR) measurements kinetically ana-
lyzed protein adsorption. We will demonstrate, for the first time,
the potential of MBPs as fusion partners in the polymeric mate-
rials field.

Chloroform solutions of commercially available it-PMMA
(Mn ¼ 19000, Mw=Mn ¼ 1:10, mm:mr:rr = 96:2:2) and atactic
(at) PMMA (Mn ¼ 22000, Mw=Mn ¼ 1:03, mm:mr:rr =
5:36:59) were prepared, and PMMA films of approximately 10-
nm thickness were fabricated by spin-coating onto gold-coated
glass slides. dBPF (22.4 kDa as a monomer) and the N-terminal
fusion protein (c02–dBPF, 23.3 kDa as a monomer) were overex-
pressed in E. coli as His-tagged proteins and were purified as a
homodimer using Ni–NTA columns. SPR measurements were
performed with a BIAcore X (GE Healthcare) in 10mM HEPES
buffer (pH 7.4) containing 150mM NaCl at 20 �C. The experi-
mental details are summarized in the Supporting Information.11

Figure 2 shows typical examples of SPR sensorgrams of the
adsorption of c02–dBPF and dBPF for the it-PMMA film sur-
faces. It is obvious that the amount of c02–dBPF adsorbed was
greater than dBPF at similar protein concentrations. Assuming
a Langmuir adsorption model, the adsorption rate constant k1
(M�1 s�1) and desorption rate constant k�1 (s

�1) were estimated
by plotting the observed rate constant kobs as a function of the
protein concentration and fitting by the following equation:
kobs ¼ k1C þ k�1, where C was the concentration of the proteins
(Figure 3). Finally, the adsorption constant Ka was calculated by
the following equation: Ka ¼ k1=k�1 (M�1). The obtained pa-
rameters are summarized in Table 1.
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Figure 1. (a) A model and construct of the fusion protein c02–
dBPF. A BPF (DnaK419-607) region was schematically drawn
referring the 3D structural data for the substrate-binding domain
(DnaK389-607: 1DKZ). The fused peptide chains at the N- and
C-terminals of BPF were additionally depicted. (b) A schematic
illustration of c02 peptide-dependent protein adsorption on the
it-PMMA film surface.
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TheKa value of c02–dBPF for the it-PMMAfilm surface was
determined to be 4:9� 108 M�1 and was 75-fold greater than that
of dBPF. In fact, the peptide fusion resulted in a threefold increase
in k1 values and a 26-fold decrease in k�1 values for the it-PMMA
film surface, suggesting that the fusion suppressed protein de-
sorption rather than promoted protein adsorption. In previous
studies, we estimated the Ka values of various proteins with dif-
ferent molecular weights and isoelectric points to be 104–
107 M�1 for the it-PMMA film surface,12 and the Ka value of
dBPF was ranged within previous results. Therefore, the afore-
mentioned value of c02–dBPF was considered to be significantly
greater. Shiba and co-workers reported the dissociation constant
Kd (¼K�1

a ) of L-apoferritin fusedwith the Ti-binding hexapeptide
to be 3.82 nM for a Ti surface.5a Similar to the modified L-apo-
ferritin, c02–dBPF showed a high affinity for its designed target.

The Ka value of c02–dBPF for the reference at-PMMA film
surface was 7.5-fold greater than that of dBPF. Since the c02
peptide nonspecifically adsorbs onto a st-PMMA film surface,4a

the affinity for the at-PMMA film surface was somewhat pro-
moted. Furthermore, comparing the adsorption of dBPF for
PMMA film surfaces, the Ka value for the at-PMMA film surface
was slightly greater than that for the it-PMMA film surface. This
observation is consistent with our previous studies on protein ad-
sorption.12b Therefore, the fused peptide obviously promoted the
affinity of dBPF for the it-PMMA film surface.

In conclusion, we investigated the adsorption of a protein
fused with the it-PMMA-binding c02 peptide for PMMA film
surfaces by SPR measurements. The fusion protein showed an
extremely high affinity for it-PMMA film surfaces, thus indicat-
ing that the c02 peptide functioned as a specific immobilization
platform for the it-PMMA film surface. Accordingly, it was con-
firmed that MBPs are useful as fusion partners, even in the poly-
meric materials field. We believe that this methodology will be
useful for polymer-surface modification with functional proteins
in biomedical applications.
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Figure 3. Plots of the kobs of c02–dBPF ( ) and dBPF ( ) for
it-PMMA, c02–dBPF ( ) and dBPF ( ) for at-PMMA, respec-
tively, as a function of the dimer concentration.

Table 1. Adsorption constants and kinetic parameters of c02–
dBPF and dBPF for PMMA film surfaces

Polymer
film

Protein
Ka

/108 M�1

k1
/104 M�1 s�1

k�1

/10�4 s�1

it-PMMA c02–dBPF 4.9 21 4.3
dBPF 0.065 7.1 110

at-PMMA c02–dBPF 0.82 5.4 6.6
dBPF 0.11 1.5 14
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Figure 2. SPR sensorgrams of: (top) c02–dBPF and (bottom)
dBPF for it-PMMA at the dimer concentrations indicated.
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