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Abstract The shrimp processing byproducts were
hydrolyzed by various proteases, and calcium binding
activity of the hydrolysates was examined. Among the
digests, trypsin digest showed the most potent calcium
binding activity (0.294 mmol/g-protein) and highest degree
of hydrolysis (18.4%). The trypsin hydrolysate was frac-
tionated according to the molecular weights using ultrafil-
tration membrane system. The lowest molecular weight
fraction (<1 kDa) showed the highest calcium binding
activity. Then, the lowest molecular weight fraction was
isolated and purified by ion-exchange chromatography, gel
filtration, and ODS reversed high-performance liquid
chromatography. The purified peptide showed the highest
calcium binding activity of 2.70 mmol/g-protein, and its
structure was identified as Thr-Cys-His by ESI/MS/MS.
Therefore, these results suggested that the peptide derived
from shrimp processing byproducts protein hydrolysates is
responsible for higher calcium binding properties and may
be as natural functional additive in food industry.

Keywords Calcium binding peptide - Enzymatic
hydrolysis - Shrimp processing byproducts - Purification
Introduction

Metal ions play a role in many, if not most, metabolic

processes, such as, triggering mechanisms, stabilizing
structure, and controlling redox behavior. Of all the divalent
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metallic cations, calcium plays the most important role,
such as, providing rigidity to the skeleton, acting as a sec-
ondary messenger in regulating numerous intracellular
events, taking advantage of its large membranous concen-
tration gradient. Calcium deficiency causes osteoporosis,
and calcium supplements from the diet are essential. To
enhance the bioavailability of calcium, it is important to
consider not only the amount of calcium ingested but also
the substances coexisting with it. Milk or dairy products are
the most common and trusted source of calcium. Casein
phosphopeptides (CPP) derived from the intestinal diges-
tion of casein has the capacity of chelating calcium,
increasing the amount of soluble calcium availability for
absorption, and then enhancing bone -calcification [1].
However, some oriental people do not drink milk because of
lactose indigestion or intolerance. Thus, many other sources
of calcium supplements as alternatives have been studied
over recent years, for examples, soybean protein [2], fructo-
oligosaccharides [3], fish meal [4], etc. Recently, some
small peptides have been reported to posses the capacity of
calcium binding and enhance the calcium bioavailability
from fish bone [5-8], whey protein [9], egg yolk [10], and
soybean protein [11]. However, studies on the utilization of
shrimp processing byproducts hydrolysates as source of
calcium binding peptides are scarce.

World production of shrimp, both captured and farmed, is
around six million tonnes, about 60 percent of which enters
the world market. Annual exports of shrimp are currently
worth more than US$10 billion, or 16 percent of all fishery
exports [12]. Considerable amounts of shrimp processing
byproducts, mainly composed of head and body carapace,
are discarded each year, but the shrimp processing byprod-
ucts are important source of bioactive molecules. The
shrimp processing will generate solid biowaste ranging from
48 to 56% of the whole shrimp depending on the species
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[13]. Only a little few shrimp processing byproducts are
actually used in some way, mostly for animal feed or chitin
production; the remainder is discarded and represents an
environmental problem. These byproducts are highly per-
ishable material and seasonally produced, which deteriorate
fast due to bacterial contamination resulting in decomposi-
tion before any possible use.

Investigations have therefore been conducted into gen-
erating value-added products from these shrimp processing
byproducts, including extraction of chitin [14, 15], pro-
duction of protein hydrolysates for use in food and animal
feed [14, 16, 17], and extraction of carotenoids [13, 18].
The potential for producing functional bioactive peptides
through enzymatic hydrolysis of shrimp texture or shrimp
processing byproducts has also been suggested by several
recent research reports, for example, antioxidant peptides
[19], angiotensin-I-converting enzyme (ACE) inhibitory
peptides [20], and antimicrobial peptides [21]. In our pre-
vious studies [22], iron-binding peptides were isolated and
purified from shrimp processing byproducts hydrolysates.
Now, we will discuss the purification of a calcium binding
peptide from shrimp processing byproducts hydrolysates
expecting to be a calcium supplement as the alternative for
dairy products.

Materials and methods
Materials

Shrimp processing byproducts were bought from aquatic
product market in Wenzhou City, Zhejiang Province, China,
and stored at —18 °C until use. Flavourzyme (500 LAPU/g),
protamex (1.5 AU/g), and alcalase (2.4 AU/g) were pur-
chased from Novzyme China Investment Company. Pepsin
(12.5 U/mg) and trypsin (200 U/mg) were purchased from
Huadong Pharmaceuticals Company, China. Chemicals and
solvents were of analytical and high-performance liquid
chromatography (HPLC) grade. All other reagents were of
the highest grade available commercially.

Preparation of shrimp processing byproducts
hydrolysates

Shrimp processing byproducts were crushed into powder
after dried at 80 °C under vacuum. The shrimp processing
byproducts protein solution (20 mg protein/mL) was
hydrolyzed with various enzymes at optimal temperature
(flavourzyme, 50 °C; protamex, 50 °C; alcalase, 55 °C;
pepsin, 37 °C; trypsin, 40 °C). The enzyme to substrate
ration (E/S) was 1:1000 (w/v). The pH of the protein
solution was adjusted to the optimal values (flavourzyme,
pH 7.0; protamex, pH 6.5; alcalase, pH 8.0; pepsin, pH 2.0;
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trypsin, pH 8.2) before hydrolysis was initiated, and it was
readjusted to the optimal values every 15 min during
hydrolysis with 1 M NaOH or 1 M HCL

After hydrolysis for 6 h, the pH of the solution was
adjusted to 7.0, and then the solution was heated at 95 °C
for 10 min to inactive the enzyme. The hydrolysate was
filtered through a filter paper and centrifuged at 6,000g for
20 min, then stored at —18 °C until analysis. Degree of
hydrolysis (DH) and protein content of the hydrolysates
were determined using trinitrobenzensulfonic acid (TNBS)
method [23] and Lowry method [24], respectively.

Calcium binding activity analysis

The calcium binding activity analysis was performed
according to the method of Jung [7] with some modifications.
After demineralization by D751 Chelex resin, the protein
content of the hydrolysate was adjusted to 1.0 mg/mL, and
then the hydrolysates were mixed with 10 mM CaCl, and
20 mM sodium phosphate buffer (pH 7.8). The mixture was
stirred at 22 °C for 30 min, and the pH was maintained at 7.8
with a pH meter. After the removal of insoluble calcium
phosphate salts, calcium contents in the supernatant were
determined by flame atomic absorption spectrometry
(FAAS). The experiments were performed in triplicate, and
values were expressed as mean % standard error (SD).

Isolation and purification of calcium binding peptides

After demineralization by D751 Chelex resin, the protease
hydrolysate was fractionated by ultrafiltration system with
two different molecular weight cutoffs (1 and 5 kDa).
Three fractions (<1 kDa, 1-5 kDa, and >5 kDa) were
separated. The calcium binding activities of these three
fractions were determined.

After ultrafiltration, the active fractions were concen-
trated and applied on a SP-Sepharose Fast Flow anionic
exchange column (15 mm x 500 mm), which was pre-
equilibrated with 20 mM pH 4.0 sodium acetate buffer. A
linear gradient of NaCl (0-1 M) in the same buffer was
maintained at a flow rate of 1.5 mL/min and monitored at
280 nm. The ultraviolet (UV) absorption peaks were col-
lected. The protein and calcium binding activities of the
fractions were determined. The fraction with the highest
calcium binding activity was pooled and lyophilized. The
active fraction was dissolved in distilled water and isolated
on a Sephadex G-25 column (16 mm x 600 mm) equili-
brated and eluted with distilled water at a flow rate of
0.8 mL/min. All eluted peaks were monitored at 214 nm,
and also collected for calcium binding capacity analysis.
The active fraction was collected and lyophilized. The active
fraction was dissolved in distilled water and purified by
reversed-phase high-performance liquid chromatography
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(RP-HPLC) on an ODS semi-preparative column (Inertsil
ODS-SP, 5 pm, 20 mm x 250 mm) using linear gradient
elution from A (0.05% trifluoroacetic acid (TFA) in water)
to B (0.05% TFA in 50% acetonitrile) within 50 min at a
flow rate of 15 mL/min. The elution was monitored at
214 nm. The active fraction was collected and lyophilized.
The active fraction was dissolved in distilled water and
further purified by RP-HPLC on an ODS analytical column
(Inertsil ODS-SP, 5 um, 4.6 mm x 250 mm) with the same
gradient of acetonitrile at 0.8 mL/min.

Peptide sequence analysis

Molecular weight (MW) and peptide amino acid sequence
of the purified calcium binding activity fraction were
determined in positive ion mode using electrospray ioni-
zation (ESI) and ESI/MS/MS, respectively. ESI mass
spectrometry was performed using a triple quadrupole
instrument Applied Biosystems API 3000 (PE Sciex, Tor-
onto, Canada). The amino acid sequence of active peptide
was obtained over the m/z range 50-1,500 and was iden-
tified using the SEQUEST sequencing algorithm.

Results and discussion

Degradation of shrimp processing byproducts protein
by various proteases

To produce calcium binding capacity peptides, shrimp
processing byproducts protein was separately hydrolyzed
using various commercial digestive enzymes. In this
experiment, five proteolytic enzymes such as alcalase,
trypsin, pepsin, flavourzyme, and protamex were selected
to evaluate their effectiveness on degradation of shrimp
processing byproducts protein for calcium binding activity.
DH after proteolytic digestion was observed to be 15.2 and
18.4% for protamex and trypsin, respectively. However,
the other proteolytic enzymes showed DH around 10%
(Fig. 1). In the calcium binding activity assay (Fig. 1), the
hydrolysate from trypsin or alcalase proteolysis showed
higher calcium binding activity (0.294 and 0.217 mmol/g-
protein, respectively) among the tested hydrolysates. The
trypsin-proteolytic hydrolysate, which showed the highest
DH and calcium binding activity, was selected for further
study. Alcalase and trypsin have been used for the prepa-
ration of bioactive molecules from shrimp protein [15, 18—
20, 25] or other marine protein [26-28].

Purification of the calcium binding peptide

To purify the calcium binding activity peptides, hydroly-
sate with 18.4% DH by trypsin, which exhibited the highest
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Fig. 1 The calcium binding activity and degree of hydrolysis of
shrimp processing byproducts protein by various proteases. The
enzyme to substrate ration (E/S) was 1:1,000 (w/v). All data were

expressed as mean values (mean =+ SD, n = 3)

Table 1 Calcium binding activity of ultrafiltration fractions from
trypsin hydrolysates

Fractions Calcium binding activity

(mmol/g-protein)*

Fraction I (<1 kDa) 0.445 £ 0.016
Fraction II (1-5 kDa) 0.199 £ 0.013
Fraction III (>5 kDa) 0.082 £ 0.021

4 All data were expressed as mean values (mean & SD, n = 3)

calcium binding activity, was initially ultrafiltrated into
three fractions (Table 1), Fraction I (<1 kDa), Fraction II
(1-5 kDa) and Fraction III (>5 kDa), using ultrafiltration
membrane. The three MW groups were lyophilized and
investigated by calcium binding activity assay. Among the
all MW groups, shown in Table 1, Fraction I exhibited
highest calcium binding activity (0.445 mmol/g-protein).
Bioactive peptides usually contain 3-20 amino acid resi-
dues, and low MW peptides are more potent as bioactive
peptides than high MW peptides [29]. Some calcium
binding peptides from other marine protein hydrolysates
had been identified to be 1-3.5 kDa [6-8]. But in our
experiment, the fraction of less than 1 kDa has more
potential calcium binding activity. Some antioxidant pep-
tides, as well as to be having metal chelating activity,
with MW less than 1 kDa had been identified [30, 31].
Oligo-peptides of carnosine (MW = 226) and anserine
(MW = 240) also had been identified to be having high
metal chelating activity [32]. Therefore, we selected
Fraction I for purification of the calcium binding activity
peptide.

The Fraction I with MW <1 kDa was shown to exhibit
the highest calcium binding activity and then was sepa-
rated into seven fractions (F1-F7) by anionic exchange
chromatography on SP-Sepharose Fast Flow column with a
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linear gradient of NaCl (0-1 M) at a flow rate of 1.5 mL/
min (Fig. 2). Each fraction was pooled, lyophilized and its
calcium binding activity was assayed. As shown in Fig. 2,
fraction F5 possessed the highest calcium binding activity
(0.77 mmol/g-protein) among all fractions. This fraction
was further separated by size exclusion chromatography on
Sephadex G-25 column. Each fraction was pooled, lyoph-
ilized and its calcium binding activity was assayed. The
elution profile of the peptides and the calcium binding
capacity were shown in Fig. 3. The fraction F53 showed

Fraction  Calcium binding activity
(mmol/g-protein)

F1 0.00 = 0.002
F2 0.04 = 0.016
F3 0.05+ 0.013
F4 0.33 + 0.021
F5 0.77 = 0.025
600 - F6 0.02 + 0.010
F2 F7 0.00 # 0.001 k1.2
500 A
F1.0
400 -
I 08 :
g H
300 A =
& Los =
‘5 —
O
5 200 A L %
2 04 3
£
100 A L 0.2
0 - 0.0
T T T T T T T T
0 25 50 75 100 125 150 175 200

Time (min)

Fig. 2 Elution profile of trypsin hydrolysate (DH of 18.3%) by SP-
Sepharose Fast Flow anionic exchange chromatography. The column
(15 mm x 500 mm) was equilibrated and eluted by 20 mM pH 4.0
sodium acetate buffer with a linear gradient of NaCl (0—1 M) at a flow
rate of 1.5 mL/min and the elution was monitored at 280 nm. All data
were expressed as mean values (mean £ SD, n = 3)
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Fig. 3 Elution profile of the active fraction from ion-exchange
chromatography was further purified by Sephadex G-25 size exclu-
sion chromatography. The column (16 mm x 600 mm) was equili-
brated and eluted with distilled water at a flow rate of 0.8 mL/min,
and the elution was monitored at 214 nm. All data were expressed as
mean values (mean & SD, n = 3)
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the highest calcium binding activity of 1.49 mmol/g-pro-
tein among the four fractions. The fraction F53 was further
purified by semi-preparative reversed-phase HPLC and
fractionated into four major fractions. The elution profile of
peptides is shown in Fig. 4. Fraction F531 showed the
highest calcium binding activity (2.70 mmol/g-protein).
The fraction F531 was pooled, lyophilized and separated
through repeated chromatography using analytical RP-
HPLC column. The repeated chromatography (Fig. 5)
showed that there was only one major fraction. Therefore,
we selected fraction F531 for the amino acid sequence
identification of the calcium binding activity peptide.

Fraction  Calcium binding activity
450 — (mmol/g-protein) - 100
i F531 2.70 £0.063
400 4 F531 F532 0.72£0.044 - 90
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Fig. 4 RP-HPLC elution profile pattern on a semi-preparative Inertsil
ODS-SP column (20 mm x 250 mm) of the fraction F53. Elution
was achieved with a linear gradient of acetonitrile (0-50%) at a flow
rate of 15 mL/min. The elution was monitored at 214 nm. All data
were expressed as mean values (mean + SD, n = 3)
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Fig. 5 A rechromatogram of fraction F531 by RP-HPLC on Inertsil
ODS-SP analytical column (4.6 mm x 250 mm). Elution was
achieved with a linear gradient of acetonitrile (0-50%) at a flow
rate of 0.8 mL/min. The elution was monitored at 214 nm
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Fig. 6 a ESI/MS spectrum of
the active fraction F531. b ESI/
MS/MS spectrum of the active
fraction F53. MS and MS/MS
measurements were performed
in positive ion mode using
electrospray ionization (ESI)
and ESI/MS/MS, respectively
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Identification of the calcium binding activity peptide

The fraction F531, shown the highest calcium binding
activity, was analyzed by ESI-MS for molecular mass
determination and ESI-MS/MS for the characterization of
the peptide. The peptide (fraction F531) was identified to
be Thr-Cys-His (Fig. 6). In fact, the antioxidant activity
of histidine (His)-containing peptides has been reported to
be attributed to the chelating and lipid radical-trapping
ability of the imidazole ring [33-36]. Scogin [37] indi-
cated that divalent metal ions such as zinc ion were bound
to bacitracin (histidine-containing decapeptide) through
the 6-N of the imidazole ring of His. Graham [38] also
reported that histidine-containing peptides had high
affinity to divalent ions. The calcium binding activity of
this peptide (2.70 mmol/g-protein) was approximately
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equal with that of CPP-II [6], but slightly higher than that
of hoki frame peptide (2.06 mmol/g-protein) [6] or oligo-
phosphopeptide from hen egg yolk phosvitin (2.19 mmol/
g-protein) [10]. The Thr-Cys-His peptide from shrimp
process byproducts gives about 1:1 stoichiometry
(0.95 mol calcium per mol peptide) and which may
contribute to the imidazole ring of His. From this view,
the calcium binding activity of this peptide was lower
than that of hoki frame peptide (3.21 mol calcium per
mol peptide) [6].

In this study, one calcium binding peptide was identified
to have His residue. Further, Thr-Cys-His peptide that
displayed highest calcium binding activity may be due to
the presence of the sequence of His residue. This His-
containing peptide is a novel peptide with calcium binding
activity that had never been reported.
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