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Abstract. Metal-chelating peptides (MCP), are considered as indirect antioxidants due to
their capacity to inhibit radical chain reaction and oxidation. Here, we propose a new proof-
of-concept for the screening of MCPs present in protein hydrolysates for valorizing their
antioxidant properties by using emerging time-resolved molecular dynamics technology,
switchSENSE®. This method unveils possible interactions between MCPs and
immobilized nickel ions using fluorescence and electro-switchable DNA chip. The
switchSENSE® method was first set up on synthetic peptides known for their metal-
chelating properties. Then, it was applied to soy and tilapia viscera protein hydrolysates.
Their Cu?-chelation capacity was, in addition, determined by UV-visible
spectrophotometry as a reference method. The switchSENSE® method has displayed a
high sensitivity to evidence the presence of MCPs in both hydrolysates. Hence, we
demonstrate for the first time that this newly introduced technology is a convenient
methodology to screen protein hydrolysates in order to determine the presence of MCPs

before launching time-consuming separations.

Key words: electro-switchable chip, metal-chelating peptide, hydrolysate, soy protein,

tilapia protein.
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Introduction

Nowadays, biomolecules are gaining attention as alternatives to chemicals in various
industrial applications such as nutrition, cosmetics, and pharmaceutics. Bioactive peptides
with biological activities (e.g., antioxidant, antihypertensive, anticancer activity)! based on
their amino acid composition and their primary sequence, have been produced by
enzymatic hydrolysis.? Metal ion chelation is a functional property commonly investigated
in literature.®* Indeed, metals ions such as iron, zinc, calcium and copper are essential
for several biological functions such as enzyme catalysis, oxygen transport, and
neurotransmitter release.® However, their bioavailability is poor due to their low solubility
in human fluids.® Metal-chelating peptides (MCPs) contribute to minerals absorption and
bioavailability,® thus regulating ion concentrations through selective bindings.* Finally, iron
and copper-chelating peptides - while complexing these transient metal ions - can act as
indirect antioxidants by inhibiting in vivo the Fenton and Haber-Weiss reactions
responsible for the formation of reactive oxygen species (including the hydroxyl radical)
and subsequent radical chain reactions.

Protein hydrolysates constitute interesting sources of metal-chelating peptides to explore.
Among natural resources, hydrolysates produced from soy proteins,” barley hordein,? and
milk whey,® were reported to contain MCPs. In the present study, two sources of potential
MCPs were investigated: a tilapia by-product and soy protein isolate. Tilapia is one of the
species with the highest aquaculture production in the world, and represents 10% of all
finfish species.'® Yet, by-products generated by its aquaculture production are about 60%
of the animal total weight.** Enzymatic hydrolysis of tilapia by-products is a convenient

method to generate protein hydrolysates with high content of bioactive peptides.'?# In
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the case of soy protein isolates, enzyme technology is often developed to unveil protein-
encrypted bioactive sequences with potential health benefits (e.g., antioxidant activities),
and to improve the techno-functional properties for instance.*®

To date, the selective separation of bioactive peptides from a hydrolysate is still studied
empirically: peptides are separated into various fractions, each one being evaluated for
its bioactivity up to isolate the target peptide and to identify its sequence by tandem mass
spectrometry. For MCPs separation, immobilized metal ion affinity chromatography
(IMAC) is a technique that takes advantage of the interaction between an immobilized
metal ion and a protein or a peptide present in complex biological samples. IMAC can
separate peptides or proteins efficiently ¢ and has been investigated for several years.'’
Nevertheless, the IMAC phase has a moderate sensitivity,'¢ limited performance and
flexibility, in addition to the waste of molecules of interest upon the washing up of the non-
specific binding molecules,'® which constitute main disadvantages of IMAC.

Hence, MCP screening in hydrolysates is a priority before launching time-consuming
separation. Among various screening approaches, the differential analysis of mass
spectra of hydrolysates was carried out in the presence and in the absence of metal ion
using liquid chromatography coupled to high resolution mass spectrometry in order to
detect iron(ll)-chelating peptide in protein hydrolysates.® In addition, Surface Plasmon
Resonance (SPR) was reported to compare the affinity constant of different tagged
proteins bound to metal ions 2%-22 or to study the affinity of His-tag peptides to Ni%* ions.??
Recently, our team developed a strategy to screen MCPs using affinity constants
determined in SPR %% and to simulate their IMAC separation.?® Like SPR, the newly
introduced switchSENSE® technology allows to analyse biomolecular interactions in real

time. The originality of this latter technology is based on the use of electro-switchable
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fluorescent DNA nanolevers in which one DNA strand bears a fluorophore while its
complementary strand is functionalized by a capture molecule (i.e. complexing agent),
itself coupled to a ligand (e.g., metal ion). 26 Once the target MCP interacts with the metal
ion immobilized on the complexing agent, the fluorescence is quenched and the
alternating mobility of the DNA nanolevers is altered. These changes allow to determine
kinetics and affinity constants in addition to other information related to the analyte (MCPs
herein) such as structural and conformational characteristics. As immobilized metals,
nickel ions are widely used for protein purification due to their affinity with the exposed
side chains of histidine and cysteine in proteins.?” With six coordination sites, Ni?* can
strongly bind to a complexing agent such as the tetradentate nitrilotriacetic acid (NTA),
while some sites still remain available to interact with the target peptide.?’

The aim of this study is to make a proof-of-concept for the screening of metal-chelation
activity of peptides present in protein hydrolysates. To that purpose, the switchSENSE®
methodology was first set up under static and dynamic modes with small synthetic MCPs,
and then with protein hydrolysates, i.e. soy protein hydrolysate (SPH) and Tilapia protein
hydrolysate (TPH). Prior to that, the global capacity of protein hydrolysates to chelate

nickel was checked by standard spectrometry methods.

Material and Methods

Production of protein hydrolysates

Soy protein hydrolysate. Soy protein isolate (kindly provided by SAS improve, Dury,
France) was composed of 87% (w/w) pure proteins. The soy protein isolate powder was

dissolved in 50 mM ammonium bicarbonate (2% wi/v) and pre-heated at 90 °C for 5 min.
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Indeed, this ammonium bicarbonate solution has a good buffering capacity in order to
regulate well the pH of the medium according to the optimum activity of the enzymes.
Besides, this solution does not contain ionic element that might interfere in metal-
chelation.

Alcalase® (= 2.4 U/g), Protamex® (= 1.5 U/g), or Flavourzyme® (= 500 U/g), purchased
from Sigma-Aldrich (St. Louis, MO, USA) were the proteolytic enzymes used. Hydrolysis
was performed with Enzyme/ Substrate ratio equal to 1% (w/w) for 1 h or 3 h, in a beaker
equipped with a thermostatic water jacket at the enzymes’ optimal working temperature
(55 °C) at pH 8.0 (with Alcalase®) and pH 7.0 (with Protamex®, or Flavourzyme®). As
described in Figure S1, enzymes were then inactivated at 100 °C for 15 min by incubating
in boiling water. Then, soy protein hydrolysates (SPHs) were cooled at room temperature,
centrifuged (10,000 g, 15 min), freeze-dried by lyophilization for 48 hours and stored at -
20°C until used.

Tilapia viscera protein hydrolysate. Fresh red tilapia viscera (Oreochromis spp.; kindly
provided by Piscicola El Gaitero Antioquia, Colombia) were minced immediately upon
arrival using a blender (Black & Decker, Hampstead, MD, USA). Hydrolysate preparation
is schematized on Figure S2. Tilapia viscera were heated at 90 °C for 20 min to inactivate
endogenous enzymes. Upon heating, the fat melted and separated from other
components of the viscera. Then, sample was frozen at -20 °C for 24 h to easily remove
the solidified fat by phase separation. Viscera were then packed in PVC bags and stored
at -20 °C until further use. Enzymatic hydrolysis of tilapia viscera was carried out in a
batch reactor Bioflo 310 (New Brunswick Scientific Co., Enfield, CT, USA) with pH and
temperature maintained at 10 and 59 °C, respectively, through the automatic control of

the Bioflo reactor 310® (New Brunswick Scientific Co., Inc. USA). The reaction was
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started by the addition of Alcalase® 2.4 L (Novozymes, Copenhagen, Denmark) at
enzyme/substrate mass ratio of 1:10. The hydrolysis was monitored by pH-stat method
for 3 h. Once produced, the tilapia protein hydrolysate (TPH) was freeze-dried and stored
at -20 °C until use. Then, a purification step was carried out on Sep-Pak C18 cartridges
(Waters Associates, Milford, MA, USA) to remove salts and other impurities. The
cartridges were equilibrated with an aqueous eluent containing 1% (v/v) acetonitrile and
0.01% (v/v) trifluoroacetic acid. The TPH hydrolysate was solubilized at 10 mg/mL in the
same equilibration eluent and loaded (1 mL) onto the cartridge. After loading, the cartridge
was washed with the same eluent (3 mL), and TPH was then eluted with a mixture of 30%
acetonitrile and 0.01% trifluoroacetic acid in water. The eluted desalted hydrolysate was

then freeze-dried and stored at -20 °C until further analyses.?®

Peptide characterization

Peptide concentration in hydrolysates (i.e., TPH and SPHSs) was quantified using ortho-
phthaldialdehyde-based assay (OPA; ThermoFisher Scientific, Loughborough, UK) in the
presence of N,N-dimethyl-2-mercaptoethyl-ammonium (ThermoFisher).?42° The results
were expressed as mM equivalent (eq.) NH2 using a calibration curve performed with
glycine (Table S1).

SPHs fractions were analyzed for size distribution by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) 15% (v/v) by comparison with molecular
weight marker (Bio-Rad, Marnes La Coquette, France) according to the Laemmli

method.3°
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The molecular weight distribution of tilapia hydrolysate was determined by size-exclusion
chromatography in a previous study that showed the presence of peptides below 6511

Da, with a striking amount around 336 Da.>!

Real-time switchSENSE® analysis

Synthetic peptides (i.e. HHHHHH, HHH, HGH, HW, and BAH also called carnosine;
Sigma-Aldrich), able to bind nickel ions (see peptide chemical structures on Figure S3),
TPH, and SPH were prepared in 10 mM Tris-HCI buffer, pH 7.4, containing 40 mM NaCl,
and 0.05% (v/v) Tween 20 (buffer T40). The switchSENSE® experiments were carried out
with a biosensor analyzer DRX (SwitchSENSE® Dynamic Biosensors GmbH, Planegg,
Germany). An electro-switchable DNA chip MPC-48-2-R1-S containing tris-nitrilotriacetic
acid and the fluorescent probe Cy5, was used according to the instructions supplied with
the Tris-NTA kit of Dynamic Biosensors. The chip is composed by 6 electrodes connected
to 2 spots used as references and 4 sample spots carrying the Ni%* functionalized acid
(NTAs)-tagged DNA nanolevers. The principle of the switchSENSE® technology (Figure
S4, panels A and B) is explained in details by Langer et al.?® Fluorescence static
measurements (at 25 °C) were performed on one spot out of the 4 sample spots. Several
concentrations of synthetic peptides (0.5, 1 and 10 uM), TPH (5 and 10 uM eq. NH2), and
SPH (10, 100, and 1000 pM eq. NH2) were injected in the microfluidic device at a flow rate
of 10 pL.mint for 10 min (association phase). Then, buffer was injected at 30 pL.min* for
120 min to release the analytes (dissociation phase). All over the kinetic experiments
(static measurements), a blank control was performed with peptide-free buffer and

subtracted to normalize the signal.
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Between the former association and dissociation phases, the flow was stopped, and
dynamic measurements were performed with all samples in order to determine the
specificity of the interaction. The dynamic response (DR) was deduced from fluorescence
relaxation measurements of the switching nanolevers present on all the 6 spots of the chip
(reference and sample spots). The difference in motion rates between peptide-free DNA
nanolevers and MCP-carrying nanolevers was expressed as relative ADR (in %). All
curves were analysed by nonlinear fitting of single-exponential functions with the
switchANALYSIS® software from Dynamic Biosensors. The error presented with the

results corresponds to the global fit error of all measurements.

Metal-chelation test

The global chelation capacity of hydrolysates was determined upon Cu?* chelation by
spectrophotometry using murexide as colour indicator. This test was carried out as
described in several studies.?*3233 Hydrolysates were prepared at different concentrations
varying between 2 and 40 g-L* also expressed in mM eq. NH2. EDTA and carnosine were
both used as positive controls for metal chelation and prepared in a range of 0.4 - 40mM.
EDTA, carnosine and hydrolysate solutions were directly diluted in a microplate with
hexamine buffer for a total volume of 143 pL. Then, 143 puL of a 3 mM CuSO4 in hexamine
buffer and 14 pL of 1 mM murexide solution were added in each well (total volume: 300
pL). The 96-well plate was incubated for 3 min at room temperature and the absorbance
was read at two wavelengths, i.e. 485 nm and 520 nm, for the copper-murexide complex
and the murexide alone, respectively. The Aass/As2o ratio was considered as proportional

to the free copper ion (Cu?*) concentration.
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%)= [(Asgs/As20)0-(Adgs/As20)s] 100 [1]

Cu®" complexation
P ( (A4g5/As20)0

With (A4ss/As20)0 = ratio of absorbances measured in the absence of sample, and
(Asss/As20)s = ratio of absorbances measured in the presence of sample (EDTA, carnosine

or hydrolysate).

Results and Discussion

SwitchSENSE® measurements with model peptides

As a starting point, static and dynamic measurements of switcthSENSE® were performed
with synthetic peptides having 2—6 residues in order to test if this new emerging
biosensing technology was sensitive enough to detect the binding of small-sized MCPs.
Carnosine, HHHHHH, HHH, HW and HGH are known to chelate transition metals due to
the presence of histidine residues.3*

Static measurement for fluorescence proximity sensing is a real-time measurement of
kinetics responding to changes to the molecular environment upon analyte binding. The
fluorescence is partly quenched when the analyte binds to nickel ions (association), which
is close to the fluorescent probe while it increases if the analyte is released (dissociation).
The real-time molecular interaction kinetics are shown in Figure 1. As observed for all the
samples, the measured fluorescence signal has always decreased (fluorescence
guenching), highlighting an association of the peptides on the immobilized nickel ions.
However, the dissociation phase was not observed for the investigated synthetic peptides.
This can be explained by their high affinity for nickel ions (three nickel ions are immobilized
per DNA nanolever) leading to a very slow dissociation that cannot be observed within the
two hours of the dissociation phase measurement. The observed rate constant (Kobs)

determined for carnosine, HHHHHH, HW, HGH and HHH according to the data depicted

10
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in Figure 1 are summarized in Table 1. The results showed no significant variation in the
kobs values as a function of peptide concentrations, suggesting that saturation has been
reached with the peptide concentrations (Ko < 0.5 pM) used. Due to the low signal
intensity, it is not possible to use lower concentrations of peptides. Therefore, the values
of the equilibrium constants of association and dissociation (Ka and Kp) cannot be
determined. In addition, comparison of the association kobs values at a defined peptide
concentration could give information on the relative association rate. Consequently, and
according to Table 1, the fastest observed association rate is obtained with HHHHHH,
then with the di- and tri-peptides and finally with carnosine.

In order to find a more sensitive approach, the effect of bounded peptides on molecular
motion of the nanolevers was studied by carrying out experiments in dynamic mode. To
that purpose, the up-to-down motion of the nanolevers was tracked in real time through
fluorescence measurement. Upon binding of an analyte (MCP herein), the hydrodynamic
friction and the subsequent motion of the nanolevers are in theory both affected. The
dynamic response (DR) decreases when an analyte (peptide herein) binds to the
immobilized ligand (nickel ions in the present study). The strategy used is explained on
Figure 2. First, T40 buffer (see Materials and Methods) was injected through the
microfluidic of the biochip and the DR of the reference electrodes E1 and E2 (in the
absence of Ni2* immobilized) and of the sample electrodes E3 to E6 (in the presence of
Ni%* immobilized) were determined. Secondly, peptide samples were loaded and the DR
was determined.

Thus, the five synthetic peptides (10 uM in T40 buffer) were investigated by the molecular
dynamic mode. The differences of dynamic response between control (i.e. peptide-free

buffer) and investigated synthetic peptides, defined as ADR, are depicted in Figure 3. The

11
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conformational study displays poor sensitivity for low-molecular weight and small-sized
peptides (2 or 3 amino-acid residues) probably because the molecular friction was not
sufficiently slowed down by the binding of such small-sized materials onto the nanolevers.
However, it was possible to unveil weak response for HHH, which marked the sensitivity
limit of the dynamic mode, while the hexapeptide HHHHHH led to a strong dynamic
response.

Therefore, these results show that switchSENSE® technology is applicable on small
synthetic MCPs and that the two modes can give different information, as the static mode
is size-independent but not very sensitive for high affinity MCP-Ni?* association, whereas
the dynamic mode seems to have restrictions for very low molecular weight peptides but

is much sensitive with peptides able to alter the motion of the nanolevers.

Metal-chelation capacity of Tilapia viscera and soy proteins hydrolysates

Based on their protein composition, and in particular in histidyl residues usually involved
in metal ions chelation, soy and Tilapia viscera protein hydrolysates were selected for this
study. Indeed, in the soy protein isolate, B-conglycinin 7S (30 His; UniProtKB accession
numbers P11827 and P25974) and glycinin G5 (5 His; P04347) represent 80% of the total
protein.®>3¢ In TPH, histidine was found at a concentration of 12 mg/g of protein.3!
Besides, the chelating activity may also be influenced by the presence of negatively
charged amino acids, present in 63 mg/g of protein in TPH.3%:37

Many studies have extracted and screened metal-chelating peptides after similar

enzymatic hydrolysis for soy and tilapia proteins.?83° Alcalase®, Protamex® and

12
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Flavourzyme® enzymes are widely listed in literature for producing antioxidant

hydrolysates with their hydrolysing optimum conditions.*°

Prior to launching switchSENSE® measurements, the ability of TPH and SPH to bind
copper ion was investigated by UV-visible spectrophotometry. It is noteworthy to mention
that despite the difference in metal ion used, Ni?* in switchSENSE® or Cu?* in
spectrophotometry, these two metal ions have similar metal chelation properties in
regards to the HSAB theory. Indeed, both belong to the intermediate acids according to
the HSAB theory and are able to deprotonate the peptide’s amide functions, and induce
metal coordination.** Figure 4, Panel A, presents the Cu?* chelation capacity as a
function of molar ratio (mM eq. NH2 of hydrolysate /mM CuSQa). Saturation was observed
for all hydrolysates, showing the presence of peptides with affinity for copper. Moreover,
a quantitative method previously developed in our group was applied in order to compare
M?2* chelation capacities between hydrolysates.?* Two indices, EDTA Equivalent Chelating
Capacity (EECC) and Carnosine Equivalent Chelating Capacity (CECC) were calculated
from the slopes of the linear parts of the Cu?* chelation graphs of SPH, EDTA and
carnosine (Figure 4, Panels A & B), where:

EECC-= (slope)H/ (slope)epta [2]

CECC= (slope)+/ (slope)carnosine [3]

The EECC and CECC values were calculated for all hydrolysates (H is either TPH or SPH)
and presented in Table 2. From this latter, TPH is clearly the best preparation in terms of
copper chelation activity. Concerning SPHs, a limited hydrolysis time (1 h) is sufficient to

reveal metal chelation activity. Besides, the SPH obtained with Flavourzyme® is largely

better in terms of chelation capacity than the two other SPHs although hydrolysis by

13
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Flavourzyme® is not completed. Note that the hydrolysis with Alcalase® and Protamex®
were more extensive as shown by SDS-PAGE analysis (Figure S5). Therefore, the metal-

chelation test validates the presence of MCPs in all investigated hydrolysates.

SwitchSENSE® measurements for screening MCPs in hydrolysates

To check if the switchSENSE® technology is sensitive enough to detect MCPs present in
a complex mixture of peptides, the static and the dynamic fluorescent measurements were
applied to SPHs (1 h hydrolysis) and TPH.

The static measurements carried out on all the hydrolysates showed that they display a
specific interaction with nickel ions, except the SPH obtained by Flavourzyme® treatment,
even at its highest concentration of 1 mM eq. NH2 (Figure 5A). This result suggests that
MCP concentration in this latter hydrolysate is lower than in the two other SPHs, as shown

by the low yield of hydrolysis of this sample (Figure S5). In addition, the observed rate

constants (kobs) determined for the two other SPHs (obtained by Alcalase® and

Protamex®) were largely slower than kobs determined for TPH (Table 1). Indeed, a minimal

concentration of 100 puM eq. NHz of each kind of SPH was required to allow the
determination of a kobs value with accuracy whereas 5 uM is sufficient for TPH (Table 1).
These results evidence the presence of MCPs able to bind nickel ions specifically, at least
in 3 of 4 investigated hydrolysates.

When the dynamic mode was applied for the 4 hydrolysates, no or almost no peptides
were stuck onto the DNA nanolevers, showing that there is no unspecific binding also with
complex mixtures (reference electrodes E1 and E2) (Figure 5B). However, it was difficult

to determine any change in the motion of the DNA nanolevers with TPH. Based on the

14
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size distribution chromatographic analysis carried out on TPH,° this can be due to the
presence of a majority of small size peptides (di- and tri-peptides). On the other hand, a
great change of the molecular friction of the DNA nanolevers was observed for all SPHs.
Especially, the hydrolysate produced with Flavourzyme® displayed the most important

decrease in motion, probably due to the presence of longer-sized peptides.

Altogether, it is interesting to note that the presence of small MCPs in TPH is only
detectable with the static mode, whereas long MCPs present in SPH produced with
Flavourzyme® are only revealed with the dynamic mode. Thus, switchSENSE® technology
is relevant to screen MCPs in complex mixtures of peptides such as hydrolysates. As
already observed for the synthetic peptides, the static and dynamic modes give different
but complementary pieces of information. Static mode is relevant for high concentration
and small peptides, whereas dynamic mode is more sensitive for longer peptides. Tilapia
viscera as well as soy isolates were good sources of MCPs and therefore, their by-
products might be studied for their putative biological properties, related especially to their
antioxidant properties. For the future, Immobilized Metal ion Affinity Chromatography
(IMAC) coupled to mass spectrometry experiments will be performed on-line in order to
isolate and to identify some MCPs present in these hydrolysates and that possess

potential interesting antioxidant properties.

List of abbreviations
IMAC: Immobilized Metal lon Affinity Chromatography
MCP: Metal-Chelating Peptides

NTA: NitriloTriacetic Acid

15
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PBS: Phosphate-Buffered Saline

T40: NaCl 40 mM-containing Tris Buffer

SDS-PAGE: Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis

SPH: Soy Protein Hydrolysate

SPR: Surface Plasmon Resonance

TPH: Tilapia Protein Hydrolysate
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Captions to Figures

Figure 1. Association kinetics analysis of synthetic peptides onto immobilized nickel ions

by using the switchSENSE® technology. Raw data are superimposed by global
exponential fits for various concentrations of each peptide. A blank control
performed with T40 buffer instead of analyte was subtracted to normalize the
signal. The kobs were determined for each kinetics measurement. Fnorm,

normalized fluorescence.

Figure 2. Real-time switchSENSE® analysis of molecular interaction between the

investigated analyte (synthetic peptides or hydrolysates (TPH, SPHs)) and
nickel ions immobilized on DNA nanolevers attached to the gold surface of the
chip. The chip is composed of six switchable electrodes, all in contact with the
running buffer or analytes loaded into the microfluidic. In molecular dynamics
mode, nanolevers are deliberately moved by way of alternating the voltage
across the surface. The motion of the levers s tracked in real time. Upon analyte
binding, the hydrodynamic friction of the nanolevers and their movement are
affected. (A) Reference electrodes E1 and E2 in the presence of T40 buffer, (B)
Sample electrodes E3 to E6 in the presence of T40 buffer, (C) Reference
electrodes in the presence of analyte (i.e. synthetic peptides or hydrolysates),

(D) Sample electrodes in the presence of analyte.

Figure 3. Molecular dynamics experiments performed by switchSENSE® technology with
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Figure 4.

Figure 5.
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synthetic peptides. Experiments were performed in T40 buffer, then in the
presence of sample (at 10 uM). Nanolevers’ motions were expressed as
dynamic response (DR). The relative difference ADR (in %) was calculated from
the various motions determined in the presence and in the absence of sample.
Unspecific binding onto the DNA double strands was determined from the ADR
of the reference electrodes E1 and E2 free of nickel, whereas specific
interaction with nickel was determined from the ADR of the sample electrodes

E3 to EG6.

Copper chelation capacity (%) of the different hydrolysates (A), EDTA and
carnosine (B) as a function of molar ratio (mM eq NH2 of hydrolysate or mM
EDTA, carnosine/ mM CuSQa). SPHs were prepared by Alcalase®, Protamex®,
or Flavourzyme® one- or three-hour treatment. The TPH was prepared by

Alcalase® three-hours treatment.

Association kinetics analysis (A) and Molecular dynamics experiments (B) of
SPHs and TPH onto immobilized nickel ions by using the switchSENSE®
technology. The SPHs were prepared by Alcalase®, Protamex®, or
Flavourzyme® one-hour treatment. The TPH was prepared by Alcalase® three-
hours treatment. The kinetics raw data are superimposed by global exponential
fits for various concentrations of each analyte. The kobs were determined for
each kinetics measurement. Fnorm, normalized fluorescence. For the motion

determination, experiments were performed in T40 buffer, then in the presence
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of sample (SPH at 1000 pM eq. NH2 & TPH at 100 uM eq. NH2) and the
nanolevers’ motions were expressed as dynamic response (DR). The relative
difference ADR (in %) was calculated from the various motions determined in
the presence and in the absence of sample. Unspecific binding onto the DNA
double strands was determined from the ADR of the reference electrodes E1
and E2 free of nickel, whereas specific interaction with nickel was determined

from the ADR of the sample electrodes E3 to EG6.

Table of Content. Screening Metal-Chelating Peptides in Hydrolysates using

switchSENSE®.
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Tables

Table 1. Observed rate constants (kobs) of synthetic peptides, SPHs and TPH association

to immobilized nickel ions determined with the switchSENSE® method. Results are

presented as mean * standard deviation.

Sample Kobs (s71)2 Kobs (s71)P
Carnosine (BAH) 0.013 £ 0.001 0.046 + 0.003
HHHHHH 0.140 £ 0.015 0.07 £0.02
HW 0.095 £+ 0.008 0.067 = 0.007
HGH 0.130 + 0.006 0.085 £ 0.010
HHH 0.10+0.02 0.064 + 0.004
SPH (Alcalase® 1 h) 0.09£0.01 0.08 £0.01
SPH (Protamex® 1 h) (1.1 +0.9) x10°3 (1.0£0.2) x103
SPH (Flavourzyme® 1 h) not observed not observed
TPH (Alcalase® 3 h) (1.9 +0.2) 10 (29.5 £5.4) x1073

akons determined at 0.5 uM for synthetic peptides, 5 uM and 0.1 mM eq. NH2 for TPH and SPHs,

respectively

bKobs determined at 1 uM for synthetic peptides, 10 uM and 1 mM eq. NH2 for TPH and SPHs,

respectively
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Table 2. EECC and CECC values determined for TPH and SPHs

EECC2 CECCP
EDTA 1 -
Carnosine - 1
SPH (Alcalase® 1 h) 2.53 3.60
SPH (Alcalase® 3 h) 2.85 4.06
SPH (Protamex® 1 h) 4,51 6.41
SPH (Protamex® 3 h) 3.37 4.79
SPHe¢ (Flavourzyme® 1 h) 11.23 15.96
SPH (Flavourzyme® 3 h) 5.38 7.65
TPH (Alcalase® 3 h) 13.84 19.67

8EECC (EDTA Equivalent Chelating Capacity)
bCECC (Carnosine Equivalent Chelating Capacity)
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Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
A
SPH ( Alcalase®) MM eq. NH,
1.04}
g 1.02} 10
LE'5 100} 100
0.98} 1000
0'96 L L L L L
0 100 200 300 400 500 600
Time (s)
SPH ( Protamex® )
1.041
10
E- 1.02 100
© 1.00|
(=
L 0.98}-
0.96 s s s . .
0 100 200 300 400 500 600
Time (s)
SPH ( Flavourzyme® )
1.20
115}
£
5 1.10f . = 100
1S - 10
1.05|-
1.00 . . . . .
0 100 200 300 400 500 600
Time (s)
TPH ( Alcalase® )
0.04
£ o
T . = 10
5
-0.080 ' ' ' ' '
50 100 150 200 250 300

Time (s)

DDR (%)

DDR (%)

DDR (%)

DDR (%)

SPH (Alcalase® )

0 - I
b
2F
3F i
E1 E2 E3 E4 E5 E6
SPH (Protamex® )
oOF —= =
A
2F
3
E1 E2 E3 E4 E5 E6
SPH ( Flavourzyme® )
OF - — —
2L
4
-6F
8L :
10
E1 E2 E3 E4 E5 E6
) TPH ( Alcalase® )
1L
-1}
2
E1 E2 E3 E4 E5 E6

ACS Paragon Plus Environment

32

Page 32 of 33



Page 33 of 33 Journal of Agricultural and Food Chemistry

Table of Content

Fluorescent NTA-Niz+ Metal-Chelating
dye ® .Peptides

DNA

molecule
Synthetic peptides
(+ control)

‘ ‘ Sensitive method for MCPs
Protein hydrolysates screening in hydrolysates
(Soy & Tilapia) M Static mode: for small-sized peptides
} Dynamic mode: for long-sized peptides

Gold surface of sensor chip

33

ACS Paragon Plus Environment





