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Pathogenesis in protein conformational diseases is initiated by changes in protein secondary structure. This molecular
restructuring presents an opportunity for novel shape-based detection approaches, as protein molecular weight
and chemistry are otherwise unaltered. Here we apply molecular imprinting to discriminate between distinct
conformations of the model proteinâ-lactoglobulin (BLG). Thermal- and fluoro-alcohol-induced BLG isoforms
were imprinted in thin films of 3-aminophenylboronic acid on quartz crystal microbalance chips. Enhanced rebinding
of the template isoform was observed in all cases when compared to the binding of nontemplate isoforms over
the concentration range of 1-100 µg mL-1. Furthermore, it was observed that the greater the changes in the
secondary structure of the template protein the lower the binding of native BLG challenges to the imprint, suggesting
a strong steric influence in the recognition system. This feasibility study is a first demonstration of molecular
imprints for recognition of distinct conformations of the same protein.

Introduction

Protein Conformation and Disease.Pathogenesis in the so-
called “protein conformational diseases” is initiated by molec-
ular-scale changes in the secondary structure of a specific
protein, typically involving a transition fromR-helix to â-sheet.
These changes can elicit major shifts in the biological properties
of the proteins, leading to phenomena such as insolubility,
plaque formation, and resistance to proteases. Examples include
Alzheimer’s,1 Parkinson’s,2 R1-antitrypsin deficiency,3 the
formation of cataracts,4 and transmissible spongiform encepha-
lopathies (TSEs) such as Creutzfeldt-Jakob disease (CJD),
bovine spongiform encephalopathy (BSE), scrapie, and chronic
wasting disease.5-8 Studies of theR f â transitions and the
properties of the distinct isoforms are therefore extremely
important for the development of diagnostics as well as an
elucidating the underlying mechanisms of these diseases.

â-Lactoglobulin Conformational Isomers.The whey protein
â-lactoglobulin (BLG) has been studied extensively as a model
protein exhibiting multiple stable conformations. BLG consists
of 162 amino acid residues and has aMW of about 18.3 kD and
an isoelectric point at pH 5.1. BLG exhibits a dimeric structure
at physiological pH, with each subunit consisting of nine
antiparallelâ-barrels and one small helix.9 BLG also has a high
R-helical propensity, and its ability to shift between conforma-
tional states is well documented.10-12

Thermal denaturation of BLG has been extensively investi-
gated (with some differences in opinion).13-18 Qi et al. have
shown that upon heating BLG at pH 6.7, a progressive loss of
â-sheet structure is observed, beginning below the denaturation

temperature, with an abrupt loss ofR-helical structure occurring
above 65°C.18 The reversibility of BLG unfolding has also been
investigated. Bhattacharjee and Das found that even at 85-90
°C the protein retains some of its folded structure, but upon
cooling, the structure does not return to its native state. Using
an extrinsic fluorescence probe they demonstrated the formation
of deep hydrophobic clefts within the heat-treated protein, which
are absent in native BLG.19 This was further supported by Kim
et al. using circular dichroism (CD) and interfacial measure-
ments.20 However, recent work using combined CD and FT-IR
data indicates that the refolded form of BLG could be character-
ized as a molten globule state as it had native-like secondary
structure and compromised tertiary structure.13 This contradicts
the work by Kim et al.20 and Qi et al.,18 who suggested that
upon cooling the secondary structure maintains a non-native
state.

BLG conformational changes can also be induced by altering
the solvent surrounding the protein. By reducing the water
content of reverse micelles containing BLG a distortedâ-sheet
structure was reported.21 Alcohol-induced stabilization of the
BLG R-helical structure also occurs through a weakening of
nonlocal hydrophobic interactions and an enhancement of local
polar interactions.22,23 This R-helix stabilizing effect is most
prominent for 1,1,1,3,3,3-hexafluoroisopropanol (HFIP), fol-
lowed by trifluoroethanol (TFE), with simpler alkyl-alcohols
having a lesser influence. It is thought that the high polarity of
fluoro-alcohols favors formation of micelle-like clusters that
strongly affect the local solvent environment around the
protein.24,25

Here, both thermal- and HFIP-induced BLG conformations
are employed as distinct isoforms that are used as templates
for forming synthetic recognition elements via molecular
imprinting.

Molecular Imprinting. Molecularly imprinted polymers
(MIPs) are made by forming a scaffold of functional monomers
around a target template molecule followed by cross-linking.
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Upon template removal, the imprinted specific recognition sites
are exposed in the polymer. Specific rebinding of the template
occurs within these imprints, which are complementary to the
template with respect to its surface properties, shape, and
structure.26,27 This technology has demonstrated potential in a
variety of fields including separations,28,29sensing,30-32 cataly-
sis,33,34 and drug delivery.35

Traditionally, molecular imprinting has been applied to small
molecules such as amino acids,36,37toxins,38-40 and drugs.41-43

Selectivity between enantiomers44,45has been demonstrated, and
affinities comparable to those obtained with antibodies have
been achieved.39 Although MIPs have been successfully devel-
oped against a wide range of small molecules, the imprinting
of macromolecules, such as proteins, has proven more prob-
lematic.46 Inherent technical problems include entrapment of
the macromolecular template in the polymer matrix, poor mass
transfer, low integrity of the polymer structure, restricted solvent
compatibility, and the production of heterogeneous binding sites
due to the geometric and chemical complexity of proteins.47-49

Although surface imprinting approaches improve the mass
transferandreducepermanententrapmentofproteintemplates,50-54

these methods also reduce the number of imprint sites, requiring
sensitive techniques to detect rebinding events. Recent advances
in the field suggest that these difficulties have been overcome
and significant recognition of proteins can be achieved.55,56

Protein Imprinting in 3-Aminophenylboronic Acid. 3-Ami-
nophenylboronic acid (APBA) is an attractive matrix for protein
imprinting, providing a mild aqueous environment during
polymerization while offering a high number of favorable
interactions with amino acids on the protein, as illustrated in
Figure 1. Extending upon poly(APBA) as a matrix for small
molecule imprinting,57 Bossi et al. constructed poly(APBA)
MIPs against a range of proteins in an effective microwell plate
format.58 The versatility of this polymer system was later

demonstrated through the separation of diastereoisomers (ascor-
bic and isoascorbic acid) as well as protein separations
(hemoglobin and glycosylated hemoglobin) in capillary elec-
trophoresis (CE).28

Rick and Chou produced thin films of poly(APBA) on glass,
imprinted with cytochromec or lysozyme.59,60 Using micro-
calorimetry they demonstrated imprint specificity through
enthalpic changes associated with rebinding. Using quartz crystal
microgravimetry (QCM) they further demonstrated the selectiv-
ity of cytochromec and lysozyme MIPs for their respective
templates. This work was recently extended to integration with
an electrochemical sensor platform.61

Here we employ APBA as a protein imprint matrix for
discriminating between native and thermal- or solvent-induced
protein conformations of the model protein, bovineâ-lactoglo-
bulin. Circular dichroism is used here to confirm protein
conformation changes. Protein (re)binding to imprinted and
control poly(APBA) thin films is monitored using the quartz
crystal microbalance. The surface properties of poly(APBA) at
various stages of polymerization are further characterized using
atomic force microscopy and sessile water drop contact angle
analysis.

Materials and Methods

Materials. 3-Aminophenylboronic acid (APBA), ammonium per-
sulfate, 1,1,1,3,3,3-hexafluoroisopropanol (HFIP), acetic acid, and
Tween 20 were purchased from Sigma (St. Louis, MO). All other
chemicals and solvents were of commercial grade and used as received.
Double-distilled deionized (DDI) water was prepared in-house. All
reagents were stored at 4°C and used at room temperature (22°C). A
running buffer of 50 mM sodium phosphate (pH 7) and a washing
buffer of 3% acetic acid with 10 mM Tween 20 were prepared fresh
for each experiment.

Protein. Bovineâ-lactoglobulin (BLG) (95%) was purchased from
Sigma (St. Louis, MO) and prepared as a 10 mg mL-1 stock solution
in running buffer (50 mM sodium phosphate buffer, pH 7). This native
form is referred to as N-BLG.

Heat-Treated Protein.A 10 mg mL-1 solution (in running buffer)
of BLG was heated at 95°C for 15 min in a water bath to induce an
irreversible conformation change.20 This isoform is referred to as heat-
treatedâ-lactoglobulin (HT-BLG).

Fluoro-Alcohol-Exposed Protein.Fluoro-alcohol-induced isoforms
were prepared by the addition of either 1% or 8% v/v of HFIP to 10
mg mL-1 solutions (in running buffer) of BLG. These are referred to
as 1%HFIP-BLG and 8%HFIP-BLG, respectively.

Protein stock solutions were stored at 4°C. For rebinding experi-
ments protein solutions were serially diluted to the required concentra-
tion. For the HFIP-protein solutions, the desired HFIP/buffer solution
ratios were maintained upon dilution.

Circular Dichroism. N-BLG and HT-BLG solutions (0.1 mg mL-1)
were prepared in running buffer. CD spectra of native, thermal-, and
alcohol-induced BLG isoforms were measured with a CD spectropo-
larimeter (Aviv 62DS, Aviv, Japan). Sample volumes of 400µL were
placed in a 0.1 cm path length quartz cuvette, and spectra were collected
by averaging five scans at 0.5 nm s-1 over the wavelength range of
300-190 nm, with background subtraction using protein-free solutions.
These results are presented in terms of mean residual, or molar,
ellipticity (Φ) in the units of mdeg cm2 dmol-1.

Polymer Preparation. QCM crystals (5 MHz Au/Ti, Stanford
Research Systems) were cleaned with ethanol, followed by etching with
oxygen plasma (O2, 200 mtorr, 50 W, 1 min) in a plasma chamber
(Plasmod, Tegal Corp.) resulting in a fully water-wettable surface, as
confirmed by contact angle measurements (VCA Optima, AST
Products,).

Figure 1. Possible interactions between APBA monomer and chain
groups of amino acids.
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General protocols for imprinting of proteins within poly(APBA)
matrixes have been described previously.58,60Briefly, nonimprinted films
were formed as follows. Solutions of monomer, APBA (100 mM in
buffer), and initiator, ammonium persulfate (50 mM in buffer), were
prepared. Equal volumes were placed in glass vials followed by
thorough mixing. Then, 50µL aliquots were spread on QCM crystals,
ensuring that the entire surface was covered within 30 s of the initial
mixing.

Protein MIPs were prepared by adding the template protein to the
100 mM APBA solution at a concentration of 1 mg mL-1 and left to
stand for 20 min. Next, an equal volume of the 50 mM ammonium
persulfate initiator was added, yielding a final protein concentration of
0.5 mg mL-1. For the imprinting of 1%HFIP-BLG and 8%HFIP-BLG,
the 50 mM ammonium persulfate solution contained the appropriate
fraction of HFIP. Imprinted polymer films were prepared on the surface
of QCM crystals in the same manner as the nonimprinted films.

Polymer films were left to cure at room temperature in a covered
Petri dish for 90 min followed by repeated washing with copious
amounts of water and washing buffer (3% acetic acid containing 10
mM Tween 20) to remove weakly bound polymer/template. Following
a final water rinse, the modified QCM chips were stored at 4°C in 50
mM sodium phosphate buffer, pH 7.

Polymer Growth, Washing, and Surface Analysis.The poly-
merization process and integrity of the thin polymer films were further
analyzed using atomic force microscopy (AFM) and water contact angle.
At set time intervals the polymerization was stopped, and the polymers
were washed as previously described. The films were dried in air, and
the surface topology was analyzed using a Bioscope AFM with an
NSIIIa controller (Digital Instruments, Inc.) in tapping mode with NSC-
12 tips (Mikromash, Inc.). All samples were imaged between 1× 1
µm2 and 50× 50 µm2 and at several rotations. The rms roughness was
calculated from 1× 1 µm2 images. Water contact angle measurements
(VCA Optima, AST Products) were performed on the same films using
1 µL sessile drops of double-distilled water.

Microgravimetric Analysis of Protein Binding to APBA Layers.
Protein adsorption to the blank and MIP poly(APBA) films was
monitored using a 5 MHz quartz crystal microbalance (QCM200,
Stanford Research Systems). The modified QCM chips were maintained
hydrated during mounting in the QCM flowcell. Protein and rinse
buffers were introduced using a gravity-driven flow setup designed to
maintain a uniform hydrostatic pressure on the QCM chip.

The modified QCM chip was first stabilized in running buffer (50
mM sodium phosphate, pH 7) by passing several sample volumes from
the feed reservoir. This was continued until the system reached
equilibrium, indicated by frequency changes of less than 0.1 MHz upon
running buffer exchanges. After recording a baseline signal for several
minutes, the feed reservoir was filled with a protein solution, which
was then passed through the flowcell. The flow was immediately
stopped by a valve located on the downstream side and positioned at
the same height as the flowcell, and the rinse reservoir was refilled.
This careful placement of the flow control valve combined with refilling
of the open rinse reservoir ensured a constant hydrostatic pressure on
the QCM chip during measurements. Protein adsorption was then
allowed to proceed under hydrostatic conditions until the QCM signal
reached equilibrium. This titration process was repeated over the
concentration range of 0.001-0.1 mg mL-1. For experiments requiring
HFIP, the system was pre-equilibrated using a 1% v/v HFIP solution.
Binding isotherms are presented as normalized frequency changes
plotted against bulk protein concentration on a logarithmic scale. It
was assumed that polymer layers are rigid, and therefore, the Sauerbrey
equation can be applied.

Results and Discussion

Formation of Polymers on Sensor Surfaces.The evolution
of imprinted and nonimprinted poly(APBA) films was charac-
terized using AFM and contact angle analysis. AFM images of
imprinted films where polymerization was quenched by washing
at 2, 10, 30, 60, and 120 min are presented in Figure 2.

AFM reveals discrete poly(APBA) islands (2 min), which
begin to coalesce at 10 min polymerization time. By 30 min a
confluent, but rough, film has formed. After 60 min the gross
morphology did not appear to change, suggesting there was a
limit to the thickness of the layer remaining post washing/
rinsing. The morphology shown in these latter images is
consistent with that obtained by Rick and Chou who analyzed
confluent poly(APBA) layers before and after washing.59

From the images in Figure 2 the surface roughness of each
sample was calculated and is presented along with the corre-
sponding water contact angle in Figure 3. The water contact
angle and rms data exhibit similar trends that indicate the

Figure 2. AFM images of BLG-imprinted poly(APBA) films. Polymerization of each film was stopped after predetermined intervals, and the
resultant film was stopped by washing films with 3% acetic acid containing 10 mM Tween 20 at the following times: (A) 2, (B) 10, (C) 30, (D)
60, and (E) 120 min.
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polymerization results in a near complete coverage of the gold
surface within 10 min, with the remainder of the surface filled
in by 60 min. AFM analysis of the polymer measured the
thickness of the APBA layers with respect to the underlying
substrate to∼90-100 nm, consistent across all samples.

Similar trends were observed for blank poly(APBA) layers
(data not shown), suggesting that the presence of protein does
not significantly affect the growth of the polymer. This was
also observed in SPR polymerization kinetics (data not shown).
It was also noted that the addition of Tween 20 significantly
slowed the polymerization/deposition rate (data not shown). In
previous work Tween 20 had been used to suppress nonspecific
interactions, during polymer formation and protein rebinding.58,60

However, for these experiments we chose to omit this. This
was done to avoid any potentially adverse effect on the
formation of the polymer layer during polymerization and to
ensure the interactions between polymer and template protein
were maximized, as our different targets are similar in nature.
More importantly, the presence of a surfactant will potentially
interfere with the minor protein conformational changes induced
here.

(Re)binding of Native BLG to Imprinted and Blank Poly-
(APBA). Films prepared in the presence of native BLG (N-
BLG) and the corresponding nonimprinted films were chal-
lenged with N-BLG to assess the imprinting effect versus
nonspecific binding. Figure 4 shows a slightly enhanced
rebinding of N-BLG to its imprinted film (closed squares) versus
adsorption in the nonimprinted control (open squares). This
suggests an imprinting effect, attributed to the formation of
BLG-specific binding pockets within the poly(APBA) film. A
two-factor ANOVA was performed on the two sets of data,
giving a p-value of 0.00164 indicating that the observed
differences are significant. The high nonspecific binding, as
shown by the interaction between N-BLG and nonimprinted
films, was attributed to the absence of a blocking agent during
the rebinding process. Previous poly(APBA) protein imprinting
employed Tween 20 to minimize nonspecific interactions
between polymer and proteins.58,60 However, for the reasons
noted above, surfactant was omitted here. This resulted in a
lower observed contrast between imprint and control when
compared to previous measurements of protein/poly(APBA)
interactions obtained using QCM.60

Demonstration of Conformational Changes Using Circu-
lar Dichroism. To test conformational specificity, poly(APBA)
films were imprinted with distinct BLG isoforms and cross-
challenged. Figure 5 presents the CD spectra of N-BLG and
thermal- and alcohol-induced isoforms. HT-BLG (spectrum 2,

Figure 5) exhibited changes relative to the native protein
(spectrum 1, Figure 5), which suggests that an increase in
R-helix structure has occurred (indicated by a more pronounced
minimum in ellipticity at 208 nm). This conclusion is supported
by previously published work showing altered BLG secondary
structure on heating, the extent of the change being dependent
on the pH, temperature, and duration.18,20The thermally induced
conformational change is irreversible over several days,19

presenting an ideal situation in the context of this work as it
provided two stable, but distinct, protein conformations under
the same environmental conditions.

A second approach to inducing BLG conformational changes
was to add HFIP to the BLG solutions. Fluoro-alcohols are
known to dramatically alter the secondary structures of proteins,
and in the case of BLG shift the predominatelyâ-sheet
conformation toward anâ-helical structure. Of the fluoro-
alcohols, HFIP has been shown to be one of the strongest
producers of this phenomenon.25 The addition of 1% v/v HFIP
to the protein solution shifted the CD spectrum downward
slightly (spectrum 3, Figure 5), which probably represents an
initial change into new secondary structure. This shift continues
toward a state with highR-helical character upon addition of
higher concentrations of HFIP (see Figure 8).

Figure 3. Water contact angle (left y-axis, diamonds) and relative
roughness (right y-axis, squares) as a function of polymerization time
for imprinted poly(APBA) layers on gold surfaces. The clean gold
surface had a water contact angle of zero and a surface roughness
of less than 1 nm.

Figure 4. Rebinding of native â-lactoglobulin (N-BLG) in 50 mM
phosphate buffer, pH 7, to poly(APBA) layers imprinted with 0.5 mg
mL-1 native BLG (closed squares), and nonspecific adsorption to the
corresponding nonimprinted poly(APBA) layer (open squares) deter-
mined by QCM. Error bars represent one standard deviation, n ) 3.
Some error bars are hidden by point markers.

Figure 5. Circular dichroism spectra of â-lactoglobulin in (1) DDI
water (black) (N-BLG), (2) DDI water after heat treatment at 95 °C
for 15 min (red) (HT-BLG), and (3) DDI water containing 1% HFIP
(blue) (1%HFIP-BLG). Mean residual ellipticity (Φ) is in the units of
mdeg cm2 dmol-1.
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Imprinting of Alternate Conformations of BLG in APBA
Matrix. The HT-BLG isoform and native (N-BLG) were both
imprinted in the poly(APBA) matrix using the same protocol.
After washing to remove the original template proteins, the
imprints were challenged with the native and altered BLG, using
the QCM to measure affinity of the protein to the immobilized
films.

Figure 6A shows the rebinding of N-BLG to films imprinted
with N-BLG and binding to control films imprinted with HT-
BLG. In support of conformation-specific imprinting, it is seen
that the N-BLG MIPs bound more of the N-BLG isoform than
did MIPs imprinted with the heat-treated isoform. As further
evidence of conformation selectivity, when the challenger
protein is switched to HT-BLG (Figure 6B), the adsorption trend
is reversed. In this case HT-BLG showed greater binding to
the HT-BLG-imprinted films than to noncomplimentary films
imprinted with the native protein. To our knowledge, this is
the first demonstration of the selective recognition of different
conformational isomers of proteins by imprinted polymer films.

To further test this selectivity, we investigated imprints of
another system. HFIP-induced conformational changes were
formed and tested against native protein, and vice versa. HFIP
(1% v/v) was added to the protein solution used for imprinting,
allowing 20 min for the protein and fluoro-alcohol to interact
before the initiator was added. Imprinted films were prepared

using this isoform and the native form as a control, following
the same protocol as that described above. Once the template
proteins were removed, the imprints were challenged with both
N-BLG and HFIP-BLG.

Although it was possible to keep the buffer solutions identical
when comparing binding affinities of HT-BLG with N-BLG,
for the HFIP-BLG isoform the running and rinse buffers
contained 1% HFIP. Before the addition of any protein, the
QCM was stabilized in this solvent mixture. The presence of
HFIP in the running solutions resulted in a slight change (∼2
Hz) in the frequency recorded by the QCM, relative to that of
neat buffer, as a result of a slight increase in the density of the
solution. Higher concentrations of HFIP, shown to produce
greater conformational changes in the protein, could not be used
as they had a detrimental effect on the stability of the QCM
(data not shown). However, as will be shown later, it was
possible to form poly(APBA) MIPs in the presence of up to
8% HFIP, allowing the MIP selectivity to be tested against
native BLG in the QCM.

Figure 7A shows the binding of N-BLG to N-BLG MIPs and
nonspecific binding to 1%HFIP-BLG MIPs. The N-BLG-
imprinted film showed greater affinity for N-BLG than the film
imprinted with the fluoro-alcohol-induced isoform. The comple-
mentary experiment mirrored this, with preferential binding of
the template 1%HFIP-BLG to the 1%HFIP-BLG-imprinted film
than to that imprinted with N-BLG (Figure 7B). These results
parallel the binding trends observed for the thermally induced
conformers, demonstrating that BLG conformers derived from
two distinct mechanisms can be imprinted and discriminated
from native BLG through molecular imprinting.

In both these cases, where pairs of isoforms were used to
challenge their corresponding pairs of imprinted films, greater
binding of the templates to their respective imprints was seen.
This suggests that specific imprints for each isoform were
created, and these possess enhanced affinity for the conforma-
tional form of the protein used as template. As the underlying
chemistry of the polymer films is the same in all experiments,
recognition is expected to arise from a combination of steric
factors and from the positioning of complementary functionality
within the imprint sites. In order to study the importance of
imprint shape on recognition, a range of isoforms, prepared by
the action of the fluoro-alcohol HFIP on BLG, were imprinted,
and the polymers were challenged with the native protein. We
hypothesize that the greater the conformational change shown
by the template isoform, the lower should be the binding of the
native protein to this MIP.

Figure 8 shows the CD spectra obtained for these isoforms.
Curves 1 and 2 are the native and 1% HFIP isoforms described
above. A range of HFIP concentrations was tested for their effect
on the conformation of BLG, as assessed from their CD spectra
(data not shown). The greatest conformational change, observed
as a large increase inR-helical character (at 208 and 222 nm),
was generated with 8% HFIP (curve 3, Figure 8). These three
conformations were then imprinted in the poly(APBA) matrix,
as described above, and the films were challenged with the
native isoform (N-BLG) in 50 mM phosphate buffer, pH 7. The
rebinding data is presented in Figure 9. The observed binding
was greatest between N-BLG and the N-BLG-imprinted film,
less binding was seen with the 1%HFIP-BLG-imprinted poly-
mer, and the least with the 8%HFIP-BLG-imprinted film. The
affinity of N-BLG for the imprinted films was therefore
observed to decrease as the extent of conformational change of
the template protein was increased, as illustrated schematically
in Figure 10.

Figure 6. (A) Native â-lactoglobulin (N-BLG) rebinding to compli-
mentary N-BLG imprints (closed squares), and N-BLG nonspecific
binding to HT-BLG imprints (open squares). (B) HT-BLG rebinding
to complimentary HT-BLG imprints (closed squares), and HT-BLG
nonspecific binding to N-BLG imprints (open squares). Experiments
carried out in 50 mM phosphate buffer, pH 7. Error bars represent
one standard deviation, n ) 3. Some error bars are hidden by point
markers.
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Conclusions

Different isoforms of BLG were created by thermal treatment
and by the use of different concentrations of a fluoro-alcohol.
APBA-derived polymer films were imprinted with these dif-
ferent isoforms of BLG and tested against the same set of
isoforms. The production of these films was monitored by AFM
and water contact angle measurements. It was found that growth
in all polymers was comparable. Using QCM to monitor protein

adsorption, the greatest affinity was observed for rebinding of
the isoforms to their own imprints, demonstrating the importance
of steric contributions to the creation of protein-imprinted
cavities. The results presented here are modest in terms of the
magnitude of their effect, when compared to the recognition
obtained by certain recent advances in protein imprinting.55,56,61

They however demonstrate the validity of the molecular

Figure 7. (A) Rebinding of native â-lactoglobulin (N-BLG) in 50 mM
phosphate buffer, pH 7, to N-BLG MIPs (closed diamonds), and
nonspecific binding to HFIP-BLG MIPs, also in 50 mM phosphate
buffer, pH 7 (open diamonds). (B) Rebinding of HFIP-BLG in 50 mM
phosphate buffer + 1% v/v HFIP, pH 7, to HFIP-BLG MIPs (closed
diamonds), and nonspecific binding to N-BLG MIPs (open diamonds).
Error bars represent one standard deviation, n ) 3. Some error bars
are hidden by point markers.

Figure 8. Circular dichroism spectra of â-lactoglobulin in (1) DDI
water (N-BLG), (2) DDI water containing 1% HFIP (1%HFIP-BLG),
and (3) DDI water containing 8% HFIP (8%HFIP-BLG). Mean residual
ellipticity (Φ) is in the units of mdeg cm2 dmol-1.

Figure 9. Rebinding of native â-lactoglobulin (N-BLG) in 50 mM
phosphate buffer, pH 7, to an N-BLG MIP (diamonds), to 1% HFIP-
BLG MIP (triangles), and to 8% HFIP-BLG MIP (squares). Error bars
represent one standard deviation, n ) 2 for squares and triangles,
and n ) 3 for diamonds. Some error bars are hidden by point markers.

Figure 10. Schematic representation of conformational protein
molecular imprinting on a gold QCM crystal: (A) The template isoform
of the protein (black) and APBA (gray) are mixed together to form a
complex (B). Upon polymerization this complex is trapped within a
poly(APBA) matrix which is adsorbed onto a surface (C). The template
protein is extracted (D) to leave an imprint. When challenged with
the template isoform or an alternative isoform of the same protein
the imprint favors the template (E). The greater the difference between
the protein structure used in the imprinting step and that used for
rebinding, the less likely it is to bind (F).
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imprinting technique for the detection ofdistinctconformations
of the same protein. This is a step forward from recognition
between different proteins and, despite the modest selectivity,
demonstrates the flexibility of the molecular imprinting tech-
nique. The clear importance of the steric contribution to
recognition suggests that imprinting could be used for the
creation of materials capable of differentiating between con-
formers in systems that exhibit major changes in conformation.
These could include proteins such as scrapie native prion PrPc
and its pathogenic PrPSc form, which differ by a 40% increase
in â-sheet and∼15% decrease inR-helix in the latter over
the former.62,63 Protein conformational imprinting may thus
offer a unique means to detect non-native pathogenic proteins
in situ. Greater discrimination may be attainable by using
more complex imprint matrixes as well as incorporation of
blocking agents to reduce nonspecific binding outside of the
imprint sites.
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