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The adsorption of proteins at solid–liquid interfaces is important in biosensor and biomaterial applications. Marine mussels
affix themselves to surfaces using a highly cross-linked, protein-based adhesive containing a high proportion of L-3,4-
dihydroxyphenylalanine (DOPA) residues. In this work, the effect of DOPA residues on protein adhesion on stainless steel
surfaces was studied using a quartz crystal microbalance with dissipation system. The adsorption of two repetitive peptide
motifs, KGYKYYGGSS and KGYKYY, from the mussel Mytilus edulis foot protein 5 on stainless steel was studied before and
after chemo-enzymatic modification of tyrosine residues to DOPA using mushroom tyrosinase. Conversion from tyrosine
to DOPA, evaluated by HPLC, was in the range 70–99%. DOPA-modified sequences showed fourfold greater adhesion than
unmodified M. edulis foot protein 5 motifs. Copyright © 2015 European Peptide Society and John Wiley & Sons, Ltd.
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Introduction

Nature has been developing adhesives for millions of years. There
aremany examples of natural adhesives, such as the glue produced
by large kelps that cling to rocky shorelines [1] and plant adhesives
for self-healing and protection against defects in wood [2,3]. Some
animals produce sticky compounds to defend themselves against
predators, while others use them to hunt their prey [4,5].

The earliest reported uses of adhesives by man were to caulk
ships with tars for watertightness and to seal jars of spices with
asphalt [6]. The industrial development of adhesives first occurred
in the 15th century with the increased production of paper and
associated use of natural glues. Naturally available adhesives widely
exploited for technical applications include casein-based glues
derived frommilk, latex rubber, and tree gum [7]. Although natural
adhesives remain important, modern adhesives in the 20th century
have involved the development of synthetic polymers [6].

Biomimetic adhesives are synthetic adhesives designed tomimic
the characteristics of adhesives sourced from biological species.
The key objective when creating biomimetic adhesives is to repli-
cate the original interactions between the adhesive material and
a surface, whether the surface is of biological or non-biological
origin [8] and can be based not only on structural features but on
specific functions exhibited by natural organisms, such as the
extremely strong, multi-surface, and water-resistant adhesion capa-
bilities of mussels. The common blue mussel (Mytilus edulis) is
emerging as an effective model organism for studying biological
adhesion to a variety of surfaces [9–11]. Mussels affix themselves
to various substrates, in particular wet surfaces, through specific
adhesive protein molecules, commonly referred to as mussel adhe-
sive proteins (MAPs), present in their byssal threads. Waite et al., in
the 1980s, first pioneered the study of these byssal proteins and
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identified the biochemistry behind mussel adhesion [12–14],
focusing on the characterization of the byssal proteins present
in the closest proximity to the adhering surface [15]. It is now
well known that these proteins contain a high proportion of
post-translationally modified amino acids, the most prominent
being 3,4-dihydroxyphenylalanine (DOPA), formed through
hydroxylation of tyrosine residues by a polyphenoloxidase
enzyme [16]. The prominence of DOPA in MAPs suggests its
importance in mussel bioadhesion [17]. In particular, DOPA
molecules present in MAPs are able to form strong complexes with
metal ions and metal oxides through coordination metal bridges
[18,19]. Furthermore, the high degree of polyhydroxylated
residues encountered in MAPs enables the formation of multiple
hydrogen bonds [20]. Another remarkable property of DOPA is
its structural simplicity: DOPA and its analogs are small and are
therefore easily incorporated into materials destined for adhesion
to a wide variety of substrates [21].
Mytilus edulis has been the most studied amongst the various

species of mussels, and six major types of foot protein have been
identified (M. edulis foot proteins, Mefp’s, 1–6), each playing a spe-
Copyright © 2015 European Peptide Society and John Wiley & Sons, Ltd.
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cific role in the byssal thread [9]. Amongst these, Mefp-5, with amo-
lecular weight (MW) of 9.5 kDa, lies closest to the substrate surface
and is found to contain the highest DOPA content (~30%) [22].
In this study, we compared the adhesive properties of DOPA-

containing peptides with those of the corresponding tyrosine-
containing peptides. Two peptide sequences with high tyrosine
content, inspired by the full protein sequence of Mefp-5, were
synthesized. The wild-type Mefp-5 sequence contains DOPA
residues, whereas the synthetic peptide fragments used in this
study initially contained only tyrosine residues. These were
subsequently chemo-enzymatically hydroxylated to DOPA using
mushroom tyrosinase to resemble wild-type Mefp-5 peptide
sequences. Adsorption of the unmodified and modified peptides
on stainless steel surfaces was studied using a quartz crystal
microbalance with dissipation (QCM-D) system, and the extent of
adhesion was correlated to the conversion of tyrosine to DOPA.
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Materials and Methods

Reagents

Peptides I and II (KGYKYYGGSS and KGYKYY, respectively) were
ordered from Genscript (Piscataway, NJ, USA). These synthetic
fragments contained tyrosine residues that could subsequently be
modified chemo-enzymatically to DOPA. Trichloroacetic anhydride
was obtained from Merck & Co., Inc. (NJ, USA). Argon and nitrogen
gases were obtained from BOC gases (Christchurch, New Zealand).
HPLC-grade acetonitrile was obtained from JT Baker®, Mallinckrodt
Baker Inc. (PA, USA). Decon-90 was purchased from Agar Scientific
(Chelmsford, United Kingdom). All other chemicals used in this
work, including L-tyrosine, L-DOPA, mushroom tyrosinase (~2000
units/mg), mercaptoacetic acid, phenol, sodium carbonate salt, Trizma
salt, and anhydrous trifluoroacetic acid (TFA), were obtained fromSigma
Aldrich (St. Louis, MO, USA). All buffers were degassed prior to use.

Modification of Tyrosine to DOPA in Peptide Sequences

Tyrosine residues present in the peptide fragments were converted
to DOPA by incubation with mushroom tyrosinase, following the
methods previously described by Ito et al. [23] and Gieseg et al.
[24]. Briefly, 100nmol/ml of the peptide fragments were incubated
with 200 units/ml of mushroom tyrosinase for 0 (control), 2, 4, and
6h in a final volume of 1ml of 100 mM sodium phosphate buffer
pH7.4 (one tyrosinase unit is defined as the amount of enzyme that
produces a 0.001/min increase in absorbance at 280 nm in a 3 ml
reaction mixture containing L-tyrosine at pH 6.5 and 25 °C).
Reactionwas quenched by denaturing the tyrosinase enzyme using
0.5ml of 5% v/v trichloroacetic anhydride solution.

Separation of Unreacted Tyrosinase from Peptide Samples and
Buffer Exchange

Through a 0.22-μm syringe filter (MS ® PES syringe filter, Membrane-
Solutions, OH, USA), 500μl of the reaction mixture were pre-
filtered and injected onto a SephadexTM Peptide SEC column
10/300 GL (GE Healthcare Technologies, Uppsala, Sweden) con-
nected to an AKTAexplorer 10XT liquid chromatography system
(Amersham Pharmacia Biotech, Uppsala, Sweden), using 10-mM
Tris, pH 7.5 as running buffer at a flow rate of 0.25ml/min. This
procedure simultaneously enabled the following: (i) the separa-
tion of the modified peptide fragments from the mushroom
tyrosinase enzyme and (ii) buffer exchange from the phosphate
J. Pept. Sci. 2015; 21: 630–635 Copyright © 2015 European Peptide Society a
buffer used in the reaction step into Tris buffer. The peak contain-
ing the peptide fragments was collected, and its concentration
was measured using a NanodropTM Spectrophotometer A280
nm (ThermoFisher Scientific, Waltham, MA, USA).

Hydrolysis of Peptide Sequences

Peptide hydrolysis was carried out on the DOPA-modified samples
using acid vapor, following a protocol similar to the one previously
described by Ito et al. [23] and Gieseg et al. [24]. In brief, 200μl of
the purified peptide fractions were placed in a 7.5 mm i.d. glass
Durham tube anddried under vacuumovernight. The Durham tube
containing the dried peptide sample was then placed into a
Pico-Tag vial (Millipore, Bedford, MA, USA) containing 1ml of 6 M
HCl, 1% w/v phenol, and 50 μl mercaptoacetic acid. Argon was
thoroughly flushed through the Pico-Tag vials for 5min to remove
oxygen; then the argon was extracted using a vacuum pump
connected to a Speed Vac ® Plus AR system (Savant Instruments,
Farmingdale, NY, USA) for 5 s, ensuring that the vacuum gauge
pressure was below 200mTorr. Acid hydrolysis was eventually
carried out by incubating the vials in an oven at 110 °C for 24 h.
The samples were then lyophilized using the Speed Vac system
connected to a �110 °C freeze trap. The lyophilized samples were
re-dissolved in 200μl of 0.1% TFA, transferred to Eppendorf tubes,
and centrifuged at 20 000×g for 10min. Twenty microliter of the
supernatant was used for the identification and quantification of
the hydrolyzed amino acid residues by HPLC as described later.

Quantification of DOPA and Tyrosine Residues in Peptide
Hydrolysate

Analytical HPLC was carried out using a Shimadzu™ 10A instru-
ment (Shimadzu Corporation, Kyoto, Japan) with 10 AD pumps,
column oven, and RF-10AXL Shimazdu fluorescence detector
Model-1050 (Shimadzu Corporation). The separation of the
hydrolysed components was performed by gradient reverse
phase HPLC using an Aqua™ C18 HPLC column, (250 × 4.6mm
ID, 5 μm column, Phenomenex, Auckland, New Zealand) run at
1ml/min. Twenty microliter of the hydrolysate was injected,
and the amino acid eluted using two subsequent linear gradi-
ents, the first from 1% acetonitrile in 0.1% TFA pH 2.5–15%
acetonitrile in same TFA buffer in 14min, followed by an increase
to 50% acetonitrile in 2min. The eluted DOPA and tyrosine were
detected at their native fluorescence (excitation wavelength
280 nm/emission wavelength 320 nm). The hydrolyzed samples
were analyzed in triplicate. The identities and concentrations of
DOPA and tyrosine in the hydrolyzed samples were confirmed
using pure samples as reference standards. The analysis of
reference standards and samples resulted in highly repeatable
peak areas with retention times varying within 5% between runs.

Adsorption of Peptide Sequences on Stainless Steel Surfaces

Cleaned stainless steel-coated quartz sensors were mounted in a
Q-Sense E4 QCM-D system equipped with four measuring cham-
bers (ATA Scientific, Tarren Point, New South Wales, Australia). The
sensor crystals used in the experiments were coated with stainless
steel grade 316, characterized by an isoelectric point of ~3–4. The
detailed chemical composition of the metal surfaces, X-ray photon
scattering survey reports, roughness data, and methods for deposi-
tion of the stainless steel coating on the sensor crystals were
described in detail by Anand et al. [25]. The peptide solutions were
nd John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci



Figure 1. High performance liquid chromatography chromatograms of
hydrolyzed Peptide I fragment incubated with mushroom tyrosinase for 0,
2, 4, and 6 h. The peaks at retention times of ~5 and 7.1min correspond to
3,4-dihydroxyphenylalanine and L-tyrosine, respectively, as determined
using pure standards for the two amino acids.
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fed using a peristaltic pump (Ismatec IPC-N Pump, IDEX Health &
Science, Wertheim, Germany) at a flow rate of 0.1ml/min. The
adsorption tests included an initial sensor equilibration step carried
out with 10 mM Tris buffer, followed by an adsorption step, in
which solutions containing the purified peptides at 1mg/ml were
fed to the system until stable frequency and dissipation signals
were obtained. The sensors were then washed using Tris buffer,
and removal/desorption of the protein from the surface was moni-
tored until stable frequency and dissipation signals were obtained.
The measurements were recorded using QSoft™ control software
and further analyzed by applying the Sauerbrey model in QTools™

software (both programs supplied with the QCM-D instrument).
Cleaning of the sensors was performed as described in the study

of Chandrasekaran et al. [26]. Briefly, at the end of each adsorption
experiment, the sensor surface was cleaned with 1% Decon
solution in MilliQ water. A second ex situ cleaning of the stainless
steel sensors was performed between experiments using Pirhana
solution [5 : 1 : 1 mixture of MilliQ water, ammonia (25%), and hy-
drogen peroxide (30%)], followed by a MilliQ water rinse. Sensors
were then dried using nitrogen and UV irradiated for 10min [26,27].

As described in the Results and Discussion section, the dissipa-
tion changes observed during the adsorption experiments were
negligible. Therefore, the adsorbed layer was considered rigidly
adsorbed on the stainless steel surface, and the amounts of peptide
adsorbed were determined using the Sauerbrey model, in which
the change in resonant frequency, Δf, is directly proportional to
the mass accumulated on the surface, Δm, as follows [28]:

Δm ¼ � ρνΔf
2 f 0 n

¼ � ρ tΔf
f 0n

¼ �C
Δf
n
; (1)

where f0 is the fundamental frequency when the sensor surface is
clean; ρ, ν, and t are the specific density, the shear wave velocity,
and the thickness of the quartz sensor, respectively; and n is the
overtone of the acoustic oscillation. For a 5-MHz quartz crystal,
the constant C is equal to 17.7 ng/cm2Hz [29].

Results and Discussion

Mussel adhesive proteins are characterized by high DOPA content,
which is considered to be the key inmussel adhesion and cohesion.
In nature, post-translational modification of tyrosine to DOPA
occurs at the highest levels in proteins located near the adhesion
plaque–substratum interface. Amongst the six Mefp’s contained
in the mussel thread, Mefp-5 and Mefp-6 have been found in the
region of the adhesive pad in contact with the substrate and are
therefore considered to be mainly responsible for interfacial adhe-
sion to surfaces [13,30,31]. In the present study, we considered
two synthetic peptide fragments derived from the Mefp-5 regions
with high DOPA content, namely, KGYKYYGGSS (Peptide I) contain-
ing 30% tyrosine and KGYKYY (Peptide II) containing 50% tyrosine.
Both synthetic peptides initially contained three tyrosine residues,
which were subsequently converted to DOPA through post-
translational hydroxylation using mushroom tyrosinase. The spe-
cific influence of DOPA content on peptide adhesion was deter-
mined by partial conversion of the tyrosine residues. To this aim,
the peptide fragments were incubated with mushroom tyrosinase
for different times, i.e. 0, 2, 4, and 6h. Zero-h samples, used as a
negative control, were treated identically with the other samples.
After the enzyme catalyzed reaction was quenched and the
deactivated mushroom tyrosinase was removed, DOPA and
tyrosine content in the purified peptides was determined by acid
wileyonlinelibrary.com/journal/jpepsci Copyright © 2015 European Pe
hydrolysis, followed by reversed-phase HPLC. In parallel experi-
ments, surface adsorption of the peptides containing different
levels of DOPA content/conversion was studied using QCM-D.

Conversion of Tyrosine to DOPA in Peptide Fragments

Figure 1 shows the reversed-phase chromatograms for hydrolyzed
Peptide I after incubation withmushroom tyrosinase. Similar results
were obtained for Peptide II. The chromatogram shows retention
times from 4.5 to 7.5min, during which period tyrosine and DOPA
elute from the column. The control (0h) sample showed a single
large peak corresponding to tyrosine. However, HPLC analysis of
the modified peptide fragments showed a peak at 5min corre-
sponding to the presence of DOPA in the sample. The area of the
DOPA peak increased at 2, 4, and 6h, with corresponding decreases
in the peak areas corresponding to tyrosine. This result clearly
demonstrates the increasing conversion of tyrosine to DOPA in
the peptide fragments with time. The concentration of DOPA and
tyrosine in the samples was determined from the area under the
peaks by reference to the peak areas of DOPA and tyrosine
standard solutions at known concentrations.
Fractional conversion of the tyrosine residues, χ, was defined as

the amount of tyrosine consumed with respect to its initial amount:

x ¼ cinTyr � cfinTyr
cinTyr

; (2)

where cinTyr and c
fin
Tyr are the initial and final concentrations of tyrosine

in the peptide sample. Assuming the reaction from tyrosine to DOPA
is stoichiometric (i.e. one molecule of DOPA is formed from one
molecule of tyrosine) and no side reactions occur, then the amount
of DOPA produced corresponds to the tyrosine residues consumed,
cinTyr � cfinTyr ¼ cfinDOPA; hence, the conversion can be rewritten as:

x ¼ cfinDOPA
cinTyr

; (3)

where cfinDOPA represents the final concentration of DOPA in the
peptide samples after conversion by tyrosinase.
Figure 2 represents the decrease in concentration of tyrosine and

corresponding increase in concentration of DOPA at 2, 4, and 6h of
incubation with tyrosinase enzyme. Note that the concentration
ptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2015; 21: 630–635



Figure 2. Concentration of tyrosine (circles) and 3,4-dihydroxyphenylalanine
(triangles) for Peptide I (full symbols) and Peptide II (empty symbols) at 0, 2,
4, and 6 h of incubation with mushroom tyrosinase. Data were normalized
against initial concentration of tyrosine residues. Note that data for DOPA
correspond to fractional conversion.

Figure 3. Adsorption of unmodified (0-h control) peptide fragments and
those modified under different tyrosinase incubation times on stainless
steel surfaces. Peptide I (diamonds) and Peptide II (squares).
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data are normalized against the initial concentration of tyrosine
present in the samples; hence, the normalized concentration for
DOPA also corresponds to the conversion previously defined. After
2 h of incubation with mushroom tyrosinase, conversion was in the
order of 80% for both peptides, indicating that, on average, at least
two of the three tyrosine residues present in the peptide backbones
had been converted to DOPA by this time. Conversion steadily
increased with time, and after 6 h of incubation with the enzyme,
both peptides showed conversions in the range ~97–99%, indicat-
ing that virtually, all of the tyrosine in the peptide sample was
converted to DOPA in the time range investigated. After 2 h
incubation, conversion is slightly higher for Peptide II than for
Peptide I, but this difference is practically lost after 4-h incubation.
For this reason, it is safe to conclude that the conversion kinetics
is similar for the two peptides.

Surface Adsorption of Modified Peptides Using QCM-D

The main objective of this study was to compare the adsorption of
modified with unmodified peptide fragments on a stainless steel
surface. Note that two separate and independent control
experiments were performed, one with peptides as received (no
incubation in mushroom tyrosinase) and a second one with
peptides incubated for 0 h in mushroom tyrosinase. The adsorption
results were comparable, reflecting the negligible conversion of
tyrosine to DOPA in the 0-h control, as also presented in the
previous section. For this reason, only adsorption results for the
0-h incubated peptides will be presented in the following.
Quartz crystal microbalance with dissipation measures simulta-

neous changes in resonance frequency (f) and dissipation (D)
caused by adsorption on the sensor surface. Changes in frequency
correspond to variations in the mass adsorbed, while changes in
dissipation relate to modifications in the viscoelastic properties
(shear, viscosity, and density) of the adsorbed layer. An indication
ofwhether the adsorbed layer is rigid or viscoelastic can be attained
through an evaluation of the dimensional ratio ΔD/(�Δf/n), i.e. the
slope of a ΔD versus Δf plot. As a rule of thumb, for a 5-MHz sensor,
if the dissipation shift observed with respect to the frequency
change is small (ΔD/(�Δf/n)< 4×10�7Hz�1), then viscoelastic dis-
sipation of energy can be neglected, and the Sauerbrey model can
be used to interpret QCM-D data [28,32–34]. For all experiments,
the dimensional ratio fell in the range 1.5–2.2 × 10�7 Hz-1; hence,
J. Pept. Sci. 2015; 21: 630–635 Copyright © 2015 European Peptide Society a
it is reasonable to consider that the adsorbed layers were rigidly
coupled to the sensor surface, consistent with the formation of a
thin layer composed of the small peptidemolecules. Figure 3 shows
the mass of peptide adsorbed per unit surface area, q, for the
modified and unmodified peptide samples.

The adsorption results reveal that unmodified peptides are able
to adsorb onto the stainless steel surface creating a layer in the
order of 2mg/m2. This result is not surprising as adsorption of
peptide fragments and proteins on stainless steel is a known
phenomenon, mostly associated to the formation of a fouling layer
deleterious to process equipment [26]. Adsorption of the investi-
gated peptides can be mediated through electrostatic bonds
between the polar lysine residues to the charged stainless steel
surface, as well as the interactions between the π-electrons of the
aromatic ring present in the tyrosine residues [35].

Surface adsorption progressively increased with the incubation
times between peptides and mushroom tyrosinase. In particular,
compared with the native peptide control samples, the adsorption
of the 2-h modified samples showed an approximately twofold
increase; 4-h modified samples showed a 2.5-fold increase; and
the 6-h modified samples showed a fivefold increase. The higher
amount of adsorbed peptides following modification with respect
to the control is uniquely due to the presence of DOPA. The en-
hanced propensity for adsorption of DOPA-containing peptides
can be primarily associated with the interaction of the catechol
moieties. The two hydroxyl groups on the benzene ring of DOPA
are able to form strong metal ion chelate complexes, linking the
DOPA molecule with metal surfaces [36–38]. Also, catechol groups
are capable of being both hydrogen donor and acceptor, hence
allowing DOPA molecules to compete with water for hydrogen
bonding sites on hydrophilic surfaces such as stainless steel [35].
It is also plausible that the difference in adsorption observed is
related to different orientations and conformations of the adsorbed
peptides. In fact, adsorbed aromatic amino acids orient parallel to
metal surfaces [39], while DOPA molecules interact with surfaces
in an ‘upright’ position thanks to the formation of bidentate
complexes between the two hydroxyl groups and surface metal
ions [40,41]. Such difference allows a higher surface concentration
of the modified peptides with respect to unmodified tyrosine-
containing peptides. Finally, the higher amount of adsorption for
the modified peptides can be partly explained by the tendency of
DOPA to self-aggregate and cross-link through quinone and
eumelanin formation [36,42–44].
nd John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/jpepsci
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Similar considerations can be reasonably extended to longer
amino acidic sequences including large proteins such as Mefp’s,
even though in this case, statistical and entropic factors will also
contribute to further enhance surface adsorption [45]. Future work
is planned with additional peptides of similar molecular weights
but containing different amounts of DOPA residues, as well as
adsorption experiments with natural and recombinant Mefp’s.
Results of these experiments will help separate the different
contributing factors to adsorption of DOPA containing sequences.

From the data presented in Figure 3, it appears that Peptide II has
a greater propensity to interact with and adsorb on the stainless
steel substrate than Peptide I. This difference is even more
pronounced if the amount adsorbed is plotted in molar terms as
Peptide I (ten amino acid residues, MW 1.1 kDa) is larger than
Peptide II (six amino acid residues, MW 0.8 kDa). This observation
can be derived, amongst others, from the following: (i) differences
in the global amino acid sequence of the two peptides, (ii) differ-
ences in the amino acid residues other than tyrosine/DOPA, and
(iii) differences in the location/s of the tyrosine residues converted
to DOPA. Peptide I is extremely similar to Peptide II but in the four
amino acids at the C-terminus, namely, two glycine followed by two
serine residues. The steric effect associated to these additional
residues likely hinders the surface interactions of the two vicinal
DOPA molecules, which are instead positioned at the C-terminus
in Peptide II and with higher ability to adsorb to the stainless steel
substrate. Also, it is reasonable to suppose that Peptide I has a
smaller adsorption energy than Peptide II, mainly due to the
additional nonpolar glycine residues that display relatively low
affinity towards the charged and polar metal oxides ubiquitously
present on the stainless steel surface [25]. Finally, the differences
in the peptide sequence might also affect the action of the
mushroom tyrosinase enzyme and the location of the tyrosine
residues hydroxylated to DOPA, hence the adsorption behavior of
the two peptides.
Conclusions

In this study, the influence of DOPA residues on peptide adhesion
onto stainless steel surfaces was studied. Two peptide fragments
inspired from Mefp-5, KGYKYYGGSS and KGYKYY, were studied
because of their high relative tyrosine contents. Tyrosine residues
in the peptide fragments were enzymatically converted to DOPA
by mushroom tyrosinase. The degree of the conversion increased
with tyrosinase incubation time, with almost complete conversion
of the tyrosine residues to DOPA after 6 h.

Adsorption of the native andmodified peptides on stainless steel
surfaces were carried out by QCM-D, demonstrating a strong
correlation between the degree of DOPA conversion and surface
adsorption. Maximum adsorption was observed with the peptides
incubated for 6 h. At this time, almost complete conversion of
tyrosine to DOPA was associated with a fourfold increase in surface
adsorption compared with the unmodified peptides containing
only tyrosine residues.

Comparable results were obtained with the two peptides
fragments studied, suggesting that similar results might be
expected with other DOPA-containing peptides and, by extension,
polypeptides, e.g. proteins containing the catechol side chain.

This study offers an approach to the manufacture of adhesive
polypeptides, starting from tyrosine-containing peptide sequences,
by using tyrosine hydroxylases enzymes to convert tyrosine
residues to DOPA residues. Future work will focus on the extension
wileyonlinelibrary.com/journal/jpepsci Copyright © 2015 European Pe
of this preparation protocol to other sequences and the use of
modified peptides to create antifouling agents for stainless steel
by coupling the adhesive peptide sequence to an antifouling agent
as polyethylene glycol.
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