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ABSTRACT: A peptide that exerts antihyperuricemic activity after oral administration was identified from a microbial protease
(alcalase) digest of the water extract of shark cartilage by in vivo activity-guided fractionation, using oxonate-induced
hyperuricemic rats. Water extract of shark cartilage was first fractionated by preparative ampholine-free isoelectric focusing,
followed by preparative reversed-phase liquid chromatography. The antihyperuricemic activity of the alcalse digests of the
obtained fractions was evaluated using an animal model. Alcalase digests of the basic and hydrophobic fractions exerted
antihyperuricemic activity. A total of 18 peptides were identified in the alcalase digest of the final active fraction. These peptides
were chemically synthesized and evaluated for antihyperuricemic activity. Tyr-Leu-Asp-Asn-Tyr and Ser-Pro-Pro-Tyr-Trp-Pro-
Tyr lowered the serum uric acid level via intravenous injection at 5 mg/kg of body weight. Furthermore, orally administered Tyr-
Leu-Asp-Asn-Tyr showed antihyperuricemic activity. Therefore, these peptides are at least partially responsible for the
antihyperuricemic activity of the alcalase digest of shark cartilage.
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■ INTRODUCTION
With changes in eating habits, hyperuricemia has become
prevalent worldwide.1,2 Hyperuricemia can induce crystalliza-
tion of uric acid in the feet, fingers, kidneys, etc., resulting in
severe inflammation, also known as gout. For prevention and
treatment of gout, drugs that inhibit synthesis of uric acid or
enhance urinary excretion of uric acid have been used, including
allopurinol, benzbromarone, probenecid, and others.3−5 For
dietary control of uric acid levels in the blood, patients suffering
from gout are encouraged to eat foods with low purine content,
because the food-derived purine bases are metabolized into uric
acid. For this purpose, low-purine beverages have been
developed.6,7 In addition, some forms of dietary fiber, such as
chitosan, can moderate hyperuricemia by suppressing absorp-
tion of purine from food.8 More recently, it has been
demonstrated that oral administration of a crude proteolytic
digest of shark cartilage lowers serum uric acid levels in the
oxonate-induced hyperuricemic rat.9 The crude digest con-
tained a mixture of chondroitin sulfate and peptides. A previous
study demonstrated that chondroitin sulfate has no significant
antihyperuricemic activity. These results imply that peptides
may be responsible for the antihyperuricemic activity.10

However, the antihyperuricemic peptide in the digest has not
yet been identified.
Our objective was to identify the active peptide that shows

antihyperuricemic activity by oral ingestion in an animal model.

■ MATERIALS AND METHODS
Reagents. Synthetic peptides were purchased from ILS (Ibaraki,

Japan). These peptides were synthesized using the 9-fluorenylmethy-

loxycarbonyl (Fmoc) strategy. The purity of the peptides was checked
by an electron spray ionization mass spectrometer using a LCQ
Advantage (Thermo Fisher Scientific, Waltham, MA). The Uric Acid
Test Wako Kit, trifluoroacetic acid (TFA), and acetonitrile [high-
performance liquid chromatography (HPLC) grade] were purchased
from Wako Pure Chemical (Osaka, Japan). Potassium oxonate was
purchased from Across Organics (Geel, Belgium). Shark cartilage
chondroitin sulfate C was purchased from Sigma (St. Louis, MO).
Alcalase (5 U/g) was obtained from Novozymes (Bagsvaerd,
Denmark). Other reagents were of analytical grade or better.

Preparation of the Shark Cartilage Water Extract. The water
extract of cartilage from blue shark (Prionace glauca) fin was prepared
using the previously reported method.11 Blue sharks were caught by
longline fishing and stored at Kesen-Numa Port in Miyagi Prefecture,
Japan. The fin was collected and solar-dried. The dried fin was
rehydrated in 50−60 °C water for approximately 30 min. The fin was
skinned, and collagenous transparent fibers, which are used in gourmet
Chinese cuisine, were removed. The remaining cartilage was solar-
dried. The dried fin cartilage was crushed with liquid nitrogen in a
Lindex mill (Hosokawa Micron, Osaka, Japan). A total of 300 g of the
fine powder (60 μm in average diameter) was mixed with 1.5 L of cold
water. The suspension was allowed to stand for 30 min with occasional
stirring. The supernatant was harvested by centrifugation at 1000g
using a number 9 rotor (Tomy Seiko, Tokyo, Japan). The pellet was
further extracted with 500 mL of cold water. The supernatants were
combined and used for the following experiments.

Fractionation of Water-Soluble Components for Animal
Experiments. Compounds in the water extract were fractionated by
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ampholyte-free preparative isoelectric focusing, which is referred to as
autofocusing, using the method described by Hashimoto et al.,12 using
an autofocusing apparatus with 10 sample compartments (75 mm in
length × 80 mm in width × 85 mm in height for each compartment).
The water extract was placed in sample compartments 5 and 6. The
other compartments were filled with deionized water. Autofocusing
was carried out at 500 V for 18 h. The autofocusing fractions were
freeze-dried.
The autofocusing fraction that exerted antihyperuricemic activity

after alcalase digestion was subjected to preparative reversed-phase
liquid chromatography. YFLC gel C18 (particle size of 40 μm in
diameter, Yamazen, Osaka, Japan) was packed into a column (250 ×
15 mm inner diameter) and equilibrated with 10% (v/v) acetonitrile in
the presence of 0.1% TFA. A total of 2 g of the dried active
autofocusing fraction without alcalase digestion was dissolved in 100
mL of the equilibrium solvent and loaded into the column using a
MPLC system (Yamazen) at 10 mL/min. After loading of the sample,
the column was washed with 100 mL of the equilibrium solvent. After
elution of the non-absorbed components, the absorbed components
were eluted with a linear gradient of acetonitrile from 10 to 80% in the
presence of 0.1% TFA over 20 min. Fractions were collected every 1
min. Elution was monitored by absorbance at 280 nm.
Alcalase Digestion. Prior to conducting the animal experiment,

an aliquot of each fraction was digested with alcalase. The sample was
dissolved in water to yield 8% (w/v) and adjusted to pH 8.0 by the
addition of NaOH or HCl. Alcalase (liquid form) was added at a ratio
of 0.04% (v/v) to the reaction mixture and reacted at 60 °C for 4 h.
The reaction was terminated by heating to 85 °C for 10 min. The
reaction product was freeze-dried and stored at −20 °C until use.
Animal Experiment. Male Wistar rats were purchased from

Charles River Laboratories Japan (Yokohama, Japan). All diet pellets
were purchased from Oriental Yeast (Tokyo, Japan). All animals were
housed (temperature, 22−24 °C; humidity, 40−60%) in the same
building under a 12 h light−dark cycle and given free access to diet
pellets and filtered water. The rats were allowed to adapt to the
environment for 1 week before the start of the experiment. This study
was conducted in accordance with the standards established by the
Guide for the Care and Use of Laboratory Animals of Maruha Nichiro
Holdings Central Research Institute (Tsukuba, Japan).
The test components were suspended in distilled water at an

appropriate concentration and administered at a constant volume of 5
mL/kg of body weight to the rats via a stomach sonde. The doses of
fractions (mg/kg of body weight) are shown in the figures. The rats in
the control group were administered the same volume of distilled
water (vehicle). In some cases, test components were dissolved in
saline and injected into the tail vein. Before the injection, the sample
was sterilized by passing through a filter (0.45 μm pore size, GL
Sciences, Tokyo, Japan). At 1 h after the administration of test
components, rats received a potassium oxonate solution (250 mg/2
mL of 3% gum arabic saline/kg of body weight) by intraperitoneal
injection to elevate their blood uric acid level.9,10,13 At 1 h after the
oxonate injection, blood samples were collected from the caudal artery
under pentobarbital anesthesia. Rats were starved for more than 12 h
before their blood was drawn.
Isolation of Peptides from the Alcalase Digest of the Active

Fraction. Peptides were obtained from the alcalase digest of the active
fraction by preparative reversed-phase liquid chromatography and
were resolved by size-exclusion chromatography (SEC) and reversed-
phase high-performance liquid chromatography (RP-HPLC). A total
of 1 mg of the alcalase digest of the active fraction was dissolved in 200
μL of 30% acetonitrile in the presence of 0.1% TFA and loaded into a
Superdex peptide 10/30 HR (GE Healthcare, Buckinghamshire, U.K.),
which had been equilibrated with 30% acetonitrile in the presence of
0.1% TFA at a flow rate of 0.5 mL/min. Fractions were collected every
1 min. The SEC fractions were dried under vacuum and dissolved in
200 μL of 10% acetonitrile in the presence of 0.1% TFA and further
fractionated using a Cosmosil 5C18-MS-II (250 × 4.6 mm inner
diameter, Nacalai Tesque, Kyoto, Japan). Elution was performed using
a linear gradient of acetonitrile from 10 to 80% in the presence of 0.1%

TFA for 30 min at a flow rate of 1 mL/min. Absorbance at 214 nm was
monitored. The column was maintained at 40 °C.

Other Analytical Methods. The protein content was evaluated by
amino acid analysis after HCl hydrolysis. Amino acid analysis was
performed according to the method described by Bidlingmeyer et al.,14

with slight modifications.15 The peptide sequence was analyzed using
the Edman degradation procedure using a PPSQ-21 (Shimadzu,
Kyoto, Japan). Chondroitin sulfate was determined by the carbazole
sulfate method using shark cartilage chondroitin sulfate C as a
standard.16

The xanthine oxidase assay was performed according to the method
by Osada et al.,13 with slight modifications.10 Xanthine was dissolved
in 50 mM Tris−HCl buffer at pH 7.4 to give 15 mM. Xanthine oxidase
was resolved in the same buffer to give 0.1 mU/mL. The sample was
dissolved in the same buffer to give a suitable concentration. The
substrate (40 μL), enzyme (10 μL), and sample solution (1950 μL)
were mixed and incubated for 10 min at 37 °C. The reaction was
terminated by the addition of 50 μL of 3.2% (v/v) perchloric acid.
Absorbance at 292 nm was measured. Allopurinol and the buffer were
used as positive and negative controls, respectively. Inhibitory activity
is expressed as the remaining activity against the negative control (%).
For the evaluation of the effect of ingestion of Tyr-Leu-Asp-Asn-Tyr
on the serum xanthine oxidase inhibitory activity, 100 μL of serum
from the rats that received the peptide, vehicle, or allopurinol were
mixed with the buffer (1850 μL) and used as sample solution.

Statistical Analysis. Data are presented as the mean ± standard
deviation. Statistical significance (p < 0.05 and 0.01) was analyzed by
one-way analysis of variance followed by Scheffe’s post-hoc test using
StatView 4.11 (Abacus Concepts, Inc., Berkeley, CA).

■ RESULTS
As shown in Figure 1, the intact water extract did not show
significant antihyperuricemic activity. However, the alcalase

digest showed significant uric acid lowering activity to the
oxonate-induced hyperuricemic rat by oral administration at 1
g/kg of body weight, indicating that peptides produced from
the parent proteins in the water extract by alcalase digestion are
responsible for the antihyperuricemic activity. The intact water-
soluble components of the shark cartilage were fractionated on
the basis of their isoelectric points by autofocusing. As shown in
Figure 2, acidic (fraction numbers 1−5), weakly acidic (fraction
numbers 6−7), and basic (fraction numbers 8−10) fractions
were collected. Solid components were recovered from the
acidic, weakly acidic, and basic fractions at 66, 24, and 10%,
respectively. The acidic and weakly acidic fractions consisted of
protein and chondroitin sulfate. In contrast, the basic fraction
predominantly consisted of protein. The three fractions were
digested with alcalase, and the digests were orally administered

Figure 1. Effect of supplementation of the water extract of shark
cartilage (undigest) and its alcalase digest (digest) on serum uric acid
levels of rats treated with potassium oxonate. Data present the mean ±
standard deviation (n = 6). Data points marked with different letters
indicate significant differences (p < 0.01).
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to the oxonate-induced hyperuricemic rats. The dose of each
fraction was determined on the basis of the recovery
percentage. Only the alcalase digest of the basic fraction
significantly reduced the serum uric acid level at 0.1 g/kg of
body weight, which is less than that of the water extract (1 g/kg
of body weight) or the other fractions.
The proteins in the basic fraction were further fractionated

by preparative reversed-phase liquid chromatography without
alcalase digestion. As shown in Figure 3, three peaks (fractions
2−4) were eluted by gradient elution after elution of the
unabsorbed components (fraction 1). These fractions were also
digested with alcalase and evaluated for their antihyperuricemic
activity. The dose of each fraction was determined on the basis
of the recovery percentage. Only the alcalase digest of fraction 4
showed significant antihyperuricemic activity by oral admin-
istration at 50 mg/kg of body weight.
The peptides in the alcalase digest of fraction 4 were first

resolved by SEC. Fractions were collected every 1 min. The
SEC fractions eluted between 29 and 35 min were subjected to
analytical RP-HPLC. As shown in Figure 4, the two-
dimensional HPLC provided excellent resolution of the
constituent peptides. The peptides marked with large characters
were collected and subjected to sequence analysis. The
obtained sequences are summarized in Table 1. All peptides
contained aromatic amino acids: tyrosine, phenylalanine, and
tryptophan. On the basis of the sequence data, all peptides were
chemically synthesized and evaluated for antihyperuricemic
activity. As shown in Figure 5, Tyr-Leu-Asp-Asn-Tyr (YLDNY)
and Ser-Pro-Pro-Tyr-Trp-Pro-Tyr (SPPYWPY) showed sig-

nificant antihyperuricemic activity by intravenous injection at 5
mg/kg (p < 0.01 and 0.05, respectively). However, Asp-Phe-
Trp-Arg-Tyr (DFWRY) and other peptides did not show
significant antihyperuricemic activity (data not shown). Oral
administration of Tyr-Leu-Asp-Asn-Tyr also significantly
reduced serum uric acid at 50 mg/kg of body weight (Figure
5), while Ser-Pro-Pro-Tyr-Trp-Pro-Tyr did not show significant
activity by oral ingestion. Oral administration of Tyr-Leu-Asp-
Asn-Tyr also significantly increased serum inhibitory activity
against xanthine oxidase at the same dose (Figure 6). The

Figure 2. First purification of the protein that produces peptides with
antihyperuricemic activity after alcalase digestion using ampholyte-free
preparative isoelectric focusing (autofocusing). The water extract of
shark cartilage without alcalase digestion was fractionated by
autofocusing (lower panel). Acidic, weakly acidic, and basic fractions
were collected as indicated by bars. (∗) Protein content is expressed as
the sum of the constituting amino acids in the HCl hydrolysate. An
aliquot of each fraction was evaluated for antihyperuricemic activity
after alcalase digestion (upper panel). Dosages were determined by the
following equation: (ratio of each fraction to the start material) × 1 g/
kg of body weight. Data present the mean ± standard deviation (n =
6). Data marked with ∗∗ are significantly different from the cntrol
group treated with potassium oxonate at p < 0.01.

Figure 3. Second purification of the protein that produces peptides
with antihyperuricemic activity after alcalase digestion by preparative
reversed-phase chromatography. The basic fraction shown in Figure 2,
without alcalase digestion, was used (lower). The arrow represents the
start of gradient elution. Effluents were collected every minute and
gathered to fractions 1−4, as shown. An aliquot of each fraction was
evaluated for antihyperuricemic activity after alcalase digestion
(upper). Data present the mean ± standard deviation (n = 6). (∗
and ∗∗) Significant differences from the control group (vehicle)
treated with potassium oxonate at p < 0.05 and 0.01, respectively.

Figure 4. Isolation of peptides from the alcalase digest of the
hydrophobic fraction (fraction 4 in Figure 3). The alcalase digest was
first subjected to SEC. Fractions were collected every 1 min. SEC
fractions (fractions 31−35) were further fractionated by RP-HPLC.
Peaks marked with large characters were collected and subjected to
sequence analysis. Sequences of the identified peptides are
summarized in Table 1.
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xanthine oxidase inhibitory activity of Tyr-Leu-Asp-Asn-Tyr
and possible fragment peptides is shown in Table 2. Asp-Asn,
Leu-Asp-Asn, Asp-Asn-Tyr, and Leu-Asp-Asn-Tyr showed
inhibitory activity, while Tyr-Leu-Asp-Asn-Tyr and constituting
amino acids did not show the inhibitory activity. The IC50
values of these fragment peptides were 13−23 times higher
than that of allopurinol.

■ DISCUSSION
Over the last few decades, numerous studies have demonstrated
that ingestion of food protein hydrolysates has significant
biological effects, such as moderation of hypertension, hyper-
triglyceridemia, hypercholesteremia, etc. The active peptides

have been identified using activity-guided fractionation based
on in vitro assay systems using enzyme reactions and cell
culture systems. Using this approach, many peptides have been
apparently identified as active compounds. However, unlike
other functional ingredients, proteins and peptides are further
degraded into smaller peptides and constituent amino acids
during digestion and absorption. As a result, the peptides in
food may lose the potential biological activity detected by in
vitro assays. Therefore, the in vitro activity of the peptides in the
food cannot be directly linked to their biological activity after
ingestion. To resolve these questions, the biological activity of
potentially active peptides should be evaluated by feeding
experiments using animal models. However, this approach
requires relatively large amounts of peptide in comparison to
the in vitro assays. For this approach, we have developed large-
scale ampholyte-free preparative isoelectric focusing, referred to
as autofocusing, which can process peptide samples up to 50−
500 g.12 Coupled with preparative reversed-phase chromatog-
raphy, the parent protein, which produced antihyperuricemic
peptides after alcalase digestion, was recovered from the basic
and hydrophobic fractions (Figures 2 and 3). The alcalase
digest of the final fraction exerted significant uric acid lowering
activity at a 1/20 dose in comparison to the crude digest. All
peptides identified in the digest consisted of aromatic amino
acids. Similarity research analyses using FAST and BLAST
protocols revealed that these peptide sequences are similar to
mammalian hypothetical proteins, of which the function is
unknown. Using peptides synthesized on the basis of the
sequence data, two peptides were identified, which exerted
antihyperuricemic activity by intravenous injection at 5 mg/kg
of body weight. Among these peptides, oral administration of
Tyr-Leu-Asp-Asn-Tyr at 50 mg/kg of body weight exerted
antihyperuricemic activity, which indicates that this peptide
plays a significant role in the antihyperuricemic activity of shark
cartilage extract. However, the dose of Tyr-Leu-Asp-Asn-Tyr
necessary for the significant antihyperuricemic activity by oral
ingestion was comparable to the required dose of the alcalase
digest of the final fraction (fraction 4 in Figure 3). The
presence of other peptides in the digest may enhance the
antihyperuricemic activity of Tyr-Leu-Asp-Asn-Tyr by oral
ingestion.
Our previous study demonstrated that ingestion of a protease

digest of shark cartilage increases serum inhibitory activity
against xanthine oxidase, a key enzyme for uric acid synthesis,
whereas the digest has no in vitro xanthine oxidase inhibitory
activity. Tyr-Leu-Asp-Asn-Tyr also had no in vitro xanthine

Table 1. Summary of Sequences of Peptides from the
Alcalase Digest of Fraction 4

peaka sequence

A Leu-Pro-Tyr
B Tyr-Leu-Asp-Asn-Tyr
C Asp-Phe-Trp-Arg-Tyr
D Ser-Pro-Pro-Tyr-Trp-Pro-Tyr
E Ser-Leu-Pro-Tyr-Trp-Pro-Tyr
F Ile-Asn-Tyr
G Val-Tyr-Gln
H Tyr-Asn-Leu
I Leu-Tyr
J Ser-Ile-Tyr-Asp
K Phe-Tyr
L Tyr-Leu
M Arg-Tyr-Leu
N Gly-Tyr-Leu
O Tyr-Phe
P Tyr-Tyr
Q Ser-Asn-Trp-Gln
R Phe-Tyr

aRefer to Figure 4 for peak names.

Figure 5. Antihyperuricemic activity of the synthetic peptides. Asp-
Phe-Trp-Arg-Tyr (DFWRY), Tyr-Leu-Asp-Asn-Tyr (YLDNY), and
Ser-Pro-Pro-Tyr-Trp-Pro-Tyr (SPPYWPY) were injected into the tail
vein (5 mg/kg of body weight) (upper panel). YLDNY was also orally
administered (lower panel).

Figure 6. Inhibitory activity against xanthine oxidase by serum from
the rat that had ingested vehicle (V), allopurinol (AP), and Tyr-Leu-
Asp-Asn-Tyr. Data present the mean ± standard deviation (n = 6). (∗)
Significant difference from the control group (V) at p < 0.05.
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oxidase inhibitory activity (Table 2), whereas it increased serum
xanthine oxidase inhibitory activity by ingestion (Figure 6). It
has been demonstrated that most of the food-derived peptides
in blood are tri- and dipeptides even after ingestion of larger
peptides.17−19 Then, Tyr-Leu-Asp-Asn-Tyr may be further
degraded into smaller peptides with xanthine oxidase inhibitory
activity and absorbed into the blood system. Indeed, some di-
and tripeptides, which could be potentially derived from Tyr-
Leu-Asp-Asn-Tyr, show xanthine oxidase inhibitory activity.
The Asp-Asn motif is contained in all xanthine oxidase
inhibitory peptides. These facts suggest that these fragment
peptides might be absorbed in the blood and exert
antihyperuricemic activity by inhibition of xanthine oxidase.
Alternatively, the degradation peptides may induce endogenous
xanthine oxidase inhibitors. Further studies on the metabolic
fate of Tyr-Leu-Asp-Asn-Tyr and other peptides in the active
fraction and on the identification of increased endogenous or
food-derived xanthine oxidase inhibitors in serum after
ingestion of these peptides are currently in progress to
elucidate the mechanism of the antihyperuricemic activity.
The active peptide Tyr-Leu-Asp-Asn-Tyr in the alcalase

digest of crude shark cartilage can be separated from
chondroichin sulfate and other high-molecular-weight compo-
nents by a simple selective precipitation technique using 75%
ethanol, which can decrease dose to exert antihyperurecemic
activity by ingestion.17 Therefore, the peptide concentrate has
potential as a functional food ingredient with antihyperuricemic
activity.
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