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ABSTRACT: The ability to design surfaces with reversible, high affinity protein binding sites represents a significant step forward 

in the advancement of analytical methods for diverse biochemical and biomedical applications. Herein, we report a dynamic supra-

molecular strategy to directly assemble proteins on surfaces based on multivalent host-guest interactions. The host-guest interac-

tions are achieved by one-step nanofabrication of a well-oriented β-cyclodextrin host-derived self-assembled monolayer on gold (β-

CD-SAM) that forms specific inclusion complexes with hydrophobic amino acids located on the protein’s surface. Cytochrome C, 

insulin, -chymotrypsin and RNase A are used as model guest proteins. Surface plasmon resonance (SPR) and static time of flight 

secondary ion mass spectrometry (ToF-SIMS) studies demonstrate that all four proteins interact with the β-CD-SAM in a specific 

manner via the hydrophobic amino acids on the surface of the protein. The β-CD-SAMs bind the proteins with high nanomolar to 

single-digit micromolar dissociation constants (KD). Importantly, while the proteins can be captured with high affinity, their release 

from the surface can be achieved under very mild conditions. Our results expose the great advantages of using a supramolecular 

approach for controlling protein immobilization, in which the strategy described herein provides unprecedented opportunities to 

create advanced bioanalytic and biosensor technologies. 

Introduction 

Protein immobilization on material surfaces is at the heart of 

many biochemical and biomedical applications, ranging from 

development of biosensors,1  bioanalytical tools,2 to biocataly-

sis3 and drug delivery.4 Along with the widespread application 

of protein immobilization technology, there are also signifi-

cant challenges to overcome and practical difficulties to re-

solve. Notably, proteins are required to be strongly linked onto 

the surface with high density without adversely affecting their 

activity.5 Concomitantly, suitable immobilization methods are 

required that facilitate the facile release of the bound proteins 

to regenerate and reuse the assay, material or device.6 

Over the years, many different approaches have been devel-

oped for protein immobilization on surfaces utilizing phy-

sisorption,7 bioaffinity interaction8 and covalent coupling.9 

There are advantages and disadvantages to each of the afore-

mentioned approaches, pertaining to simplicity of fabrication, 

reusability, stability of immobilized protein and retention of 

protein conformation and activity.9,10 A relatively unexplored 

strategy, although with vast potential, involves the use of  non-

covalent supramolecular interactions.11-13 Taking advantage of 

the highly stable chemistry of cucurbituril-ferrocene inclusion 

complexes, proteins have been site-specifically modified with 

ferrocene to be reversibly and stably immobilized  onto a cu-

curbit[7]uril (CB[7]) monolayer.14 In a recent example,11 pro-

teins have been tagged with a different number of hexahisti-

dines (His6) at specific positions on the protein to understand 

its effect on protein orientation and binding strength upon 

interaction with nickel nitrilotriacetic acid (Ni-NTA) self-

assembled monolayers. This strategy gave access to a high 

degree of control not only over the orientation of the proteins 

on the surfaces but also to the binding strength of the proteins 

with the surface. Moreover the multivalency effect yielded 

dissociation constant values in the low nM regime. These and 

other examples in the literature15-17 illustrate how supramolec-

ular interactions and their predictability can be used to design 

protein immobilization systems with enhanced features and 

improved ability to tune their properties as required. Much 

though remains to be uncovered regarding the potential of 

supramolecular assembly for devising protein immobilization 

systems with emergent properties amenable to current needs. 

With this proviso in mind, in this work we investigated the 

ability of surface-tethered β-cyclodextrins (β-CDs) to promote 

facile, versatile and stable protein assembly but yet disassem-

bly obviating the use of harsh conditions and protein denatura-

tion. 

CDs are macrocyclic oligosaccharide-derived non-

symmetrical host molecules that selectively recognize, as a 

result of their apolar cone-shaped cavity, among other hydro-

phobic moieties,  hydrophobic amino acids.18 Notably, β-CDs 

have been demonstrated to form inclusion complexes with 

hydrophobic amino acids on the surfaces of proteins, namely 

phenylalanine (Phe), tyrosine (Tyr), leucine (Leu) and trypto-

phan (Trp).18-22 These amino acids in the proteins can be 
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strongly and selectively included into the β-CD cavity, forming 

complexes with mM binding affinity.23 This capability has 

been used to good advantage in drug delivery24 and formula-

tion of pharmaceutical proteins.25 However, there is clear 

scope to broaden the ways in which the unique β-CD-protein 

non-covalent interactions can be utilized to the modulation and 

assembly of proteins. In this framework, we present a study, 

enabled by the non-covalent interactions between β-CD and 

proteins, which demonstrates previously unmatched simplici-

ty, versatility and capability to create highly stable, yet re-

versible, protein assemblies on material surfaces. Considering 

that proteins display at their surfaces multiple hydrophobic 

amino acids, we have harnessed the concept of multivalency26 

to promote the simultaneous binding of multiple amino acids 

on the protein to multiple well-oriented β-CD moieties teth-

ered onto a gold surface. The heptathiolated derivative of β-

CD (β-CD–(SH)7), in which the seven thiol moieties are in-

stalled on the smaller primary rim of the β-CD, was used to 

directly create a β-CD-terminated self-assembled monolayer 

(SAM) via multiple thiolate-gold covalent bonds (Scheme 1). 

This approach allows the larger secondary rim to be exposed 

at the interface, facilitating the binding of the amino acid resi-

dues from the protein surface inside the cavity. Four model 

proteins, namely cytochrome C, insulin, -chymotrypsin and 

RNase A, which display randomly distributed hydrophobic 

amino acids throughout their surfaces (Figure 1) for β-CD 

binding, were investigated to assess the generality of our ob-

servations. 

 

Results and discussion 

Since concentration and time play an important role on 

SAM formation and organization,27,28 these parameters were 

investigated to evaluate the optimum conditions to create well-

oriented surface tethered β-CDs. β-CD–(SH)7 SAMs were 

formed by immersing freshly cleaned gold substrates in either 

0.1 mM or 1 mM DMF solutions of β-CD–(SH)7 for either 12, 

24 or 48 h. In order to ascertain the properties of the formed β-

CD–(SH)7 SAMs, contact angle, ellipsometry and X-ray pho-

toelectron spectroscopy (XPS) analysis were carried out (Fig-

ure 2).  

As illustrated by the water contact angle, all β-CD–(SH)7 

SAMs exhibit hydrophilic properties (Figure 2a) due to the 

presence of the hydroxyl groups on the outer edge of the am-

phiphilic β-CD molecules. However, their hydrophilicity dif-

fers, with advancing contact angle ranging from 250 (0.1 mM-

12 h) to 550 (1 mM-48 h). These differences in hydrophilicity 

can provide some indication of the orientation of the CD mac-

rocycle on the surface, where a decrease in hydrophobicity of 

the SAM might suggest the presence of a more exposed hy-

drophobic cavity at the interface. While significant contact 

angle differences were observed between 0.1 mM-12 h and 1 

mM-48 h, the intermediate conditions show comparable ad-

vancing and receding contact angles. The hysteresis (θAdv - 

θRec) values for all the β-CD–(SH)7 SAMs vary from 80 to 15o, 

suggesting the formation of relatively ordered and well de-

fined monolayers.   

 

Scheme 1. Schematic representation of an effective supramolecu-

lar strategy to promote high and strong protein binding, which can 

be reversed under mild conditions. The strategy involves for-

mation of a well-oriented β-CD–(SH)7 SAM, which forms multi-

valent interactions with hydrophobic  moieties (shown as blue 

hexagons) present on the protein surface. 

 

Ellipsometry data (Figure 2b) provided further information 

regarding the organization of the SAMs, in which thickness 

dimensions close to the theoretical height of the β-CD mole-

cule (0.78 nm)29 were observed in all but one instance. These 

findings are consistent with the SAMs being packed with the 

CD orientated with the macrocycle parallel to the plane of the 

gold surface. The SAM fabricated  with a 0.1 mM solution of 

β-CD–(SH)7 incubated for 12 h exhibited a layer thickness of 

1.60 nm, which is comparable to the theoretical outer diameter 

of the β-CD (1.54 nm).29 This suggesting that the macrocycle 

might be orientated perpendicular to the gold surface in this 

instance. 

Further studies were carried out by XPS to probe the chemi-

cal composition and further understand the packing density of 

the SAMs. XPS data confirms the formation of the β-CD–

(SH)7 SAMs, showing signals from the S (2p), O (1s) and C 

(1s) binding energies on all surfaces (data not shown). Inter-

estingly, the ratios of S to Au (Figure 2c) and bound (S-Au) to 

unbound (SH) sulfur (Figure 2d) vary, depending mainly on 

the concentration used.  The SAMs created by incubation of a 

0.1 mM β-CD–(SH)7 solution exhibited a higher ratio of 

bound sulfur, even after only 12 h of incubation. The SAMs 

formulated with 0.1 mM solutions of β-CD–(SH)7 are at-

tached to the surface via an average of 5 S-Au bonds, whereas 

3-4 S-Au bonds are observed for the SAMs formed using 

1 mM solutions of β-CD–(SH)7. As previously reported,30 this 

 

Figure 1. Overall structures of -chymotrypsin, insulin, RNAse A and cytochrome C, with the hydrophobic amino acids on the surfaces of 

proteins (i.e. Phe, Tyr, Leu and Trp) highlighted in blue.  The structural images were generated using PyMol.  



 

difference in the number of covalent bonds formed can affect 

lateral diffusion during SAM formation and consequently sur-

face molecular coverage. Indeed, the increased mobility re-

strictions imposed by the multiple thiol anchors associated 

with SAMs fabricated from 0.1 mM solutions could explain 

the lower sulfur content at these surfaces as established by 

calculating the XPS S/Au ratios. On the other hand, the higher 

sulfur content in SAMs formulated in a 1 mM solution pro-

vides an indication of a more tightly packed monolayer when 

compared with the SAMs formed from the 0.1 mM concentra-

tion. This characteristic is important for protein surface immo-

bilization since sparsely packed CDs on the surface could lead 

to non-specific binding. 

In order to further ascertain the density or permeability of 

the β-CD–(SH)7 SAMs, cyclic voltammetry (CV) studies were 

undertaken. Since β-CD moieties are known to form stable 

complexes with ferrocene and its derivatives,31,32 water soluble 

ferrocene carboxylic acid (FCA) was used as a redox-active 

probe to quantify the β-CD surface density. β-CD–(SH)7 

SAMs were immersed in a 0.1 M FCA solution for 4 hours 

and then rinsed with ultra-high quality (UHQ) water. Subse-

quently, the oxidation and the reduction potentials of FCA at 

the modified gold surfaces were investigated by cyclic volt-

ammetry (Figure 3).  

The cyclic voltammograms associated with surfaces modi-

fied with the 1 mM SAMs displayed the lowest anodic and 

cathodic current peak intensities. Interestingly the peak separa-

tion observed at CVs obtained for the 0.1 mM and 1 mM 

SAM-modified surfaces yielded peak separations of 41 ± 5 

mV and 32 ± 3 mV, respectively. When peak separations fall 

below 59 mV, this is indicative of an electrochemical surface 

bound process occurring.33 This is further supported by the 

data in Figure S1, in which anodic peak currents obtained at 

varying scan rates are reported. Proportionality between peak 

current and scan rate indicated that ferrocene was bound to the 

surface. If it were under diffusion control however, propor-

tionality to the square route of scan rate would be predicted, 

which was not observed. Interestingly, the higher concentra-

tion of CD found on SAMs fabricated from 1 mM solutions 

resulted in a lower peak separation, which is indicative of fast-

er electron transfer kinetics vs the surface modified at lower 

concentrations.  Based on the CV data obtained for all differ-

ent SAM conditions (i.e. varying concentration and incubation 

time), the surface coverages (Γ), as displayed in Figure 4,  

were determined according to the Laviron-derived equation 

for surface-confined electroactive species (Equation 1).34 

 

Γ =
Ip4RT 

n2F2Aν
 (1) 

Where Ip represents the peak current, R the gas constant, T 

the temperature, n the number of electrons in the Fe redox 

reaction (n=1), F the Faraday Constant, A the electroactive 

area (A= 0.785 cm2) and 𝜈 the scan rate (𝜈 = 0.3 V/s). 

 
 

Figure 3. Typical cyclic voltammograms obtained in 0.2 M sodi-

um sulfate solutions at a scan rate of 0.3 V/s of 0.1 mM SAMs 

and 1 mM SAMs, both formed for 24 hours. All the surfaces were 

exposed to a FCA solution for 4 hours.  

 

For reference purposes, the maximum theoretical ferrocene 

coverage (MTFC) on a CD SAM was also determined. By 

considering the 1:1 complexation between the CD and ferro-

cene in addition to the theoretical outer diameter of the β-CD 

(1.54 nm)29 the MTFC was calculated to be 8.9 × 10-11 mol 

cm-2. When comparing this theoretical value with the experi-

mental values obtained for the 0.1 mM SAMs, it is evident 

that ferrocene interacts directly with the gold surface in addi-

  

Figure 2. a) Advancing and receding water contact angles, b) ellipsometric thickness, c) S/Au ratio as determined by XPS analysis and d) 

Bound S/Unbound S ratio as determined by XPS analysis for the β-CD–(SH)7 SAMs formed using different concentrations and times. 

 

 



 

tion to the CD modified SAM, thus increasing the overall cur-

rent associated with the ferrocene electrochemistry. This be-

havior is likely to be a consequence of entrapment of ferrocene 

between the CD moieties indicated by the relatively larger 

peak separation.  

 
 

Figure 4. Ferrocene surface coverage obtained, as determined by 

CV analysis, for the β-CD–(SH)7 SAMs formed using different 

concentrations (0.1 mM and 1 mM) and times (12 h, 24 h and 48 

h). 

 

In cyclic voltammetry, the resultant current has two contri-

butions. One is faradaic and another is capacitance (charging 

currents). The charging current was larger (~16.2 A at 0 V) 

for surface modified at the lower concentration of CD versus 

higher concentration (~8.0 A at 0 V) as a result of lower 

packing density of the SAM. Therefore, ions can migrate to 

and from the electrode surface more readily in a given time, 

giving rise to the observed increase in charging current.35-37  

The data suggest that the 0.1 mM SAMs form loosely-packed 

structures, wherein the spaces between CDs are large enough 

for the ferrocene molecules to partake in electrochemical reac-

tion at the bare gold surface. This results in a larger electro-

chemically active area which is revealed by the greater cur-

rents. In contrast, the SAMs formulated from 1 mM solutions 

display ferrocene surface coverages below but closer to the 

MTFC on a CD SAM, thus suggesting that ferrocene primarily 

complexes with the closely packed CD monolayer on the sur-

face.  

Each of the analytical techniques provided information re-

garding the packing and orientation of the CDs on the different 

β-CD–(SH)7 SAMs. Based on the hydrophilicity, the thick-

ness of the monolayers and the number of bound thiols as de-

termined by XPS, the CDs in both 0.1 mM and 1 mM SAMs 

are predominantly oriented with the macrocycle's cavity ex-

posed at the interface. This orientation allows for maximum 

contact between the hydrophobic amino acid in the protein and 

the apolar CD cavity. However, the concentration used for 

SAM formation has an effect on the packing of the CDs on the 

gold surface. As highlighted by the reduced amount of S/Au 

ratio and increased permeability as demonstrated by cyclic 

voltammetry, SAMs fabricated with 0.1 mM solutions exhibit-

ed a less well packed structure of CDs. Thus, based on these 

findings, 1 mM SAMs incubated for 24 hours were chosen as 

the optimum surface to promote high protein binding while 

simultaneously limiting non-specific binding throught the 

presence of a packed CD surface. 

Protein immobilization studies using surface plasmon res-

onance (SPR) spectroscopy demonstrated the assembly of the 

-chymotrypsin, insulin, RNAse A and cytochrome C proteins 

on the β-CD–(SH)7 SAMs (Figure 5). Whilst the binding 

properties are somewhat dependent on the protein characteris-

tics, all proteins bound to the CD functionalized surfaces with 

high nanomolar/low micromolar dissociation constants (KD) as 

shown in Table 1.  

 
Table 1. SPR-derived KD values for the interaction between the 1 

mM β-CD–(SH)7 SAM and the different proteins and protein 

binding capacity of the surface. 

Protein 
KD (M) Protein binding    

capacity (ng/nm2) 

-chymotrypsin 

Insulin 

RNAse A 

Cytochrome C 

0.63 ± 0.20 

0.82 ± 0.35 

1.12 ± 1.04 

3.21 ± 0.90 









 

Req =  (
Cp

Cp+ KD
) Rmax  (2) 

 

The KDs were calculated based on the SPR responses at 

equilibrium (Req), which were plotted against the concentra-

 

 

Figure 5.  SPR sensorgram traces performed with 1 mM 24 h β-CD–(SH)7 SAMs and different concentrations of -chymotrypsin, insulin, 

RNAse A and cytochrome C. 



 

tion of injected protein (Cp) and fitted to a 1:1 steady-state 

affinity model. The model utilizes a nonlinear least-squares 

regression method to fit data to the Langmuir adsorption iso-

therm (Equation 2). The equation not only allows calculating 

KD but also the surface saturation response, Rmax. 

The interaction between a single CD moiety and a hydro-

phobic binding site on the surface of a protein is weak, with 

KDs typically in the mM range.23 Thus, the recognition events 

occurring between the studied proteins and the CD–(SH)7 

SAMs are characterized by multiple interactions acting simul-

taneously, affording more than 1000-fold increase in binding 

affinity. Chymotrypsin, insulin and RNAse A display, within 

the error, comparable binding affinities, while cytochrome C 

binds to the surface with the lowest affinity (KD=3.21 M). 

These finding are consistent with the surface percentage of 

hydrophobic amino acids on the four proteins as determined 

by PyMol (chymotrypsin, 19.0%; insulin 25.5%; RNAse A 

19.9%; cytochrome C 15.6%). The lowest affinity obtained for 

cytochrome C might be correlated with the lowest surface 

percentage of hydrophobic amino acids in this protein. How-

ever, other parameters, which can possibly include type, orien-

tation and accessibility of hydrophobic amino acids at the pro-

tein surface, might play a role in the overall affinity obtained. 

It is, though, important to note that while the formation of 

the CD inclusion complexes with hydrophobic amino acids on 

the protein’s surface has a large contribution to the SPR re-

sponse and, thus binding affinity, other non-covalent interac-

tions, such as hydrogen bonding, between the protein and the 

CD glucose units also play a role. This effect has been demon-

strated by creating a gold-tethered SAM of glucose moieties as 

a control and conducting SPR spectroscopy analysis upon 

exposure to the different proteins. CDs are comprised of glu-

cose monomers and thus the glucose-terminated SAM embod-

ies similar functionalities at the interface but where the apolar 

cavity is not present. As shown in Figure S1, all the proteins 

bind to the glucose-terminated SAMs, however the SPR re-

sponse is significantly lower than that seen for the β-CD–

(SH)7 SAMs. 

As anticipated, the SPR response for the β-CD–(SH)7 

SAMs and the protein analytes are dependent on the protein 

molecular weight (Mw), with the lower Mw insulin displaying 

the lowest response. By considering Rmax and that 100 re-

sponse units (RUs) is equivalent to 0.1 ng/mm2,38,39 the maxi-

mum protein binding capacity of the β-CD–(SH)7 SAM can 

be determined. As illustrated in Table 1, the β-CD–(SH)7 

SAM possess a high capacity for protein binding with protein 

densities ranging from ca. 0.5 ng/nm2 to ca. 2 ng/nm2, which 

are largely dependent on the protein Mw. 

Moreover, as a result of the noncovalent nature of the CD–

amino acid interactions, the captured proteins could be easily 

released from the surface by exposure to sodium dodecyl sul-

fate (SDS) (Figure 6). This “use-regenerate” cycle could be 

repeated multiple times with minimal loss of binding capabil-

ity.  

Time of flight secondary ion mass spectrometry (ToF-

SIMS) studies were also conducted to understand whether the 

β-CD–(SH)7 SAM can induce a particular protein orientation 

on the surface. Static ToF-SIMS, which allows analysing the 

outermost 2 nm of the surface with high chemical specificity, 

has been previously used40-42 to investigate the identity and 

orientation of surface-tethered proteins and a similar strategy 

was employed herein. 

 
Figure 6. SPR responses from 9 SPR cycles that were per-

formed using 2.5 M -chymotrypsin PBS solution on 1 mM 

24 h β-CD–(SH)7 SAMs. The green arrows indicate the protein 

injection time and the red arrows show the beginning of the SDS 

regeneration step. 

 

Cytochrome C, which contains a rigid porphyrin ring coor-

dinated with a single iron atom, was used as the model protein 

to be studied by ToF-SIMS. The SAM fabricated by incuba-

tion of a 1 mM solution of β-CD–(SH)7 for 24 hours  was 

exposed to a 1 mM cytochrome C solution in PBS for 2 hours, 

and subsequently rinsed in UHQ water. As a control, glucose-

terminated SAMs were also exposed to similar cytochrome C 

incubation conditions. For further control bare gold and both 

types of SAMs without protein exposure have been analyzed 

(Figure S3). 

Since two types of chips: cytochrome C on glucose-

terminated SAMs  and cytochrome C on β-CD–(SH)7 SAMs 

have the same overall chemical composition, statistical analy-

sis is required to identify more subtle differences between 

samples. Variance patterns within the ToF‐SIMS secondary 

ion peak intensities between cytochrome C on the β-CD–

(SH)7 SAM and the glucose-terminated SAM were analyzed 

by multivariate analysis in order to understand if differences in 

protein orientation could be inferred.43,44 The ToF-SIMS rela-

tive ion intensities for cytochrome C on a β-CD–(SH)7 SAM 

and cytochrome C on a glucose-terminated SAM are signifi-

cantly different from each other (Figure S4). To obtain more 

detailed information about protein orientation, the distinctive 

iron-porphyrin fragment (C34H33N4O4Fe+, 617.27 m/z) of cy-

tochrome C was examined on both protein surfaces (Figure 

7a).  

The ion intensity of the iron-porphyrin (Mw = 618 Da) in 

both protein surfaces are remarkably different, with a lower 

ion intensity for the protein immobilized on the β-CD–(SH)7 

functionalized SAM (Figure 7). As static ToF-SIMS collects 

chemical information from outermost 2 nm of the surface, 

these results indicate that on the β-CD–(SH)7 functionalized 

SAM, the cytochrome C prevalently adopts an orientation with 

the porphyrin ring pointing down towards the CD molecules 

and less available to the primary ion beam. On the glucose-

terminated SAMs, the cytochrome C porphyrin ring is more 

exposed to the analytical probe, resulting in a greater peak 

intensity. To support this hypothesis, other distinct fragments 

of cytochrome C were considered. The ion chosen was 145.10 

m/z (C5H9N2O3
+), indicating the Gly1-Asp2 residue, which is 

located at the opposite side of the cytochrome C compared to 

the porphyrin ring. In this case, the trend in both protein sur-

faces is inverted, with a higher ion intensity for the protein 



 

immobilized on the β-CD–(SH)7 SAM (Figure 7b). These 

effects are not believed to have resulted from different protein 

amounts immobilized on the surfaces as although then overall 

peak intensities would change, normalized intensity patterns 

would be unaffected, as shown by Park et al.43. This suggests 

that the interaction between the hydrophobic amino acids and 

the CD cavities in the β-CD–(SH)7 functionalized SAM are 

capable of inducing a defined protein orientation, which is 

different from that induced by other non-covalent interactions. 

There is the likelihood that this orientation is dictated by the 

position of the hydrophobic amino acids on the protein surface 

that can form stronger interactions with the surface-tethered 

CDs. 

 

 
Figure 7. a) An overlay of the ToF-SIMS peak intensities and 

b) pattern peak intensities for cytrochrome C iron-porphyrin 

fragment, wherein the protein has been immobilized on either 

a glucose-terminated SAM or a β-CD–(SH)7 SAM. Peak areas 

are normalized to total ion count. Each bar shows peak area 

average of 12 measurements and standard deviation within 

sample set. Significance of differences between samples was 

confirmed by T-test.  

 

Conclusions 

An efficient strategy for the construction of protein assem-

blies through a bottom-up approach which harnesses non-

covalent interfaces has been described. Furthermore, the facile 

approach does not require any protein modification process. 

Even though the exact binding properties and orientation of 

the protein on the CD-modified surface will always be dictated 

by the protein structure (i.e. unique distribution of hydropho-

bic groups on the surface of proteins), the strategy can be ap-

plied to a wide range of proteins and provide high nanomolar 

to low micromolar dissociation constants. Additionally, while 

the proteins are tightly bound to the surface due to multivalen-

cy, the CD-terminated surfaces can be readily addressed to 

regenerate the free CDs. Moreover, the surface can be reused 

for protein immobilization post-regeneration. Considering all 

these attributes of broad applicability and versatility of CD-

terminated surfaces to immobilize proteins, this work opens up 

new, efficient routes towards the realization of advanced bio-

analytic and biosensor technologies.  
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