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Sunflower proteins were hydrolyzed with Flavourzyme for the production of antioxi-
dant peptide. DEAE-Sepharose Fast Flow, Sephadex G-25 gel filtration chromatography
and reversed-phase HPLC were consecutively employed to purify a novel sunflower anti-
oxidant peptide, and the ability to inhibit the autoxidation of pyrogallol was expressed as
the antioxidative activity of the peptide. The amino acid sequence was identified as Ala-
-Cys-Ala-His-Asp-Lys-Val by a Q-Tof2 mass spectrometer. This novel peptide exhibited a
high antioxidative activity of 79.42 U/mL, which is expected to protect against oxidative
damage in living systems in relation to aging and carcinogenesis. Higher antioxidative
activities were presumed mainly due to the presence of hydrophobic amino acids in its
sequence.
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Introduction

Lipid oxidation is of great concern for the food in-
dustry and consumers because it deteriorates food qual-
ity and shortens the shelf life of products. Furthermore,
lipid oxidation may lead to diseases following consump-
tion of potentially toxic reaction products (1). An anti-
oxidant is defined as any substance that, when present
at low concentrations compared to that of an oxidizable
substrate, significantly delays or inhibits oxidation of the
substrate (2). Currently, synthetic antioxidants such as
butylated hydroxyanisole (BHA), butylated hydroxyto-
luene (BHT), tertiary butylhydroquinone, and propyl gal-
late are added to food products to retard lipid oxidation.
However, these compounds must be used under strict
regulation due to their potential health hazards. There-
fore, new interest has been developed as purifying and

characterizing safe antioxidants from natural sources
(34).

Many investigations have been carried out on the
purification and characterization of antioxidant peptides
from natural sources, such as bullfrog skin (1), lecithin-
-free egg yolk (2), yellowfin sole frame protein (5), corn
gluten (6), skin of sole and squid (7) and fermented mus-
sel sauce (8). However, little is known about the struc-
ture of antioxidant peptides from sunflower.

Sunflower is one of five major oil plants in the
world. The defatted sunflower meal has a relatively high
content of protein, and a great economic value as food
additive. Sunflower production and utilization have in-
creased in many countries, and many investigations have
been carried out on the processing, nutrition, and func-
tional properties of sunflower (9-16).
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Thus, the objective of the present study is to purify
and characterize an antioxidant peptide from a sun-
flower protein hydrolysate.

Materials and Methods

Materials and chemicals

Sunflower (with high linoleic acid, grown in Hei-
LongJiang Province, PR China) was obtained from Qiqi-
har local market. Flavourzyme (500 leucine aminopepti-
dase units (LAPU)/g) was purchased from Novo Nordisk
(Bagsvaerd, Denmark). DEAE-Sepharose Fast Flow and
Sephadex G-25 were purchased from Pharmacia (Upp-
sala, Sweden). C-18 column was purchased from Waters
(Milford, MA, USA). The ultrafiltration (UF) membrane
system was purchased from Millipore Co. (Bedford, MA,
USA). All other chemicals used in the experiments were
of analytical grade and purchased from Sigma Chemical
Co. (St. Louis, MO, USA).

Preparation of sunflower protein hydrolysate

The factors for the hydrolysis of sunflower protein
were optimized in our previous study (unpublished data).
Thus, in this work, sunflower proteins were hydrolyzed
at 53 °C, pH=7.0, substrate concentration 5.5 % (m/V),
enzyme to substrate mass ratio 5 %, for 60 min by Fla-
vourzyme. The pH of the mixture was kept constant by
continuously adding 1 M NaOH solution to the reaction
medium. The enzyme was inactivated by heating in a
boiling water bath for 10 min. Then, the sunflower pro-
tein hydrolysate was centrifuged at 10 000xg for 20 min
and the supernatant was used for the determination of
antioxidative activity. In the end, the active fractions of
molecular mass<6000 Da were separated by ultrafiltra-
tion and lyophilized (7).

Determination of antioxidative activity of the
sunflower protein hydrolysate

The ability to inhibit the autoxidation of pyrogallol
was expressed as the antioxidative activity of the sample
according to the method of Marklund and Marklund
(17). A volume of 4.5 mL of Tris—=HCI buffer (50 mM,
pH=8.2) was kept in a water bath (25 °C) for 20 min.
Then, 0.01 mL of 45 mM pyrogallol was added to the
above buffer solution. The rate of autoxidation was de-
termined at 325 nm. One unit of antioxidative activity
was defined as the amount of sample needed to obtain
50 % inhibition of pyrogallol oxidation (6).

Purification of antioxidant peptide

The lyophilized hydrolysate was dissolved in 25 mM
Tris—-HCl buffer (pH=8.9), loaded onto a column (1.6x20
cm) of DEAE-Sepharose Fast Flow equilibrated with the
same buffer, and then eluted with a linear gradient of
NaCl from 0 to 1.0 M. Fractions were collected at a flow
rate of 1.5 mL/min. A strong antioxidant fraction was
lyophilized, and gel filtration chromatography was used
as the next step.

The above lyophilized fraction was dissolved in
distilled water, centrifuged at 10 000xg for 20 min and
the supernatant was loaded on a Sephadex G-25 gel fil-

tration column (1.6x100 cm) equilibrated previously with
distilled water. The column was then eluted with dis-
tilled water and the fractions were collected at a flow
rate of 2 mL/min. The fractions showing higher anti-
oxidative activity were pooled and lyophilized for fur-
ther use.

The above lyophilized fraction was dissolved in
acetonitrile at 2 % (by volume) in water with 0.065 %
(by volume) of trifluoroacetic acid (TFA) and separated
using reversed-phase HPLC on a ZORBAX SB-C18
column with a linear gradient of acetonitrile (2-80 % in
45 mL) in 0.065 % TFA and 1 mL/min flow rate. Absor-
bance was monitored at 214 nm, and the active peaks
were collected and concentrated by lyophilization. The
lyophilized active peaks were further chromatographed
on a ZORBAX SB-C18 column using a linear gradient of
acetonitrile (10-60 % in 45 mL) in 0.065 % TFA at a flow
rate of 1 mL/min. The finally purified peptide was ana-
lyzed for its amino acid sequence (1,6,8).

Identification of a peptide sequence

The sequence of the antioxidant peptide was deter-
mined by Q-Tef2 mass spectrometer (Waters, Milford,
MA, USA). The antioxidant peptide was firstly injected
into the electrospray source and then dissolved in 50 %
methanol solution (by volume). The molecular mass of
the purified peptide was measured by a doubly charged
(M+2H)*? state. The sequence of the peptide was deter-
mined by tandem mass spectrometry analysis (1,6).

Comparison of peptide sequence

The identified peptide sequence data were compared
with a protein database (PIR-NREF) and a bioactive poly-
peptide database in order to make sure whether the anti-
oxidant peptide was novel (18,19).

Results and Discussion

Molecular mass profile

Molecular mass of peptides is an important factor in
producing protein hydrolysates with desired antioxi-
dative activity. The use of ultrafiltration (UF) membrane
system is appropriate to obtain protein hydrolysates
with desired molecular mass range (20,21). Therefore,
the sunflower protein hydrolysate was fractionated using
three ultrafiltration membranes according to the mole-
cular size, and thus four types of hydrolysates (>20 000,
20 000-10 000, 10 000-6000, <6000) were obtained, and
the yields of each fraction were 14.12, 1.33, 56.31 and
28.24 %, respectively. It has been reported that peptides
with lower molecular mass are responsible for a range
of biological activities including antioxidation (20). Higher
antioxidative properties of low molecular mass peptides
are thought to be due to their low molecular mass as
they can easily react with lipid radicals and thereby re-
duce radical-mediated lipid peroxidation (22). Thus, the
active fractions of molecular mass<6000 Da were lyo-
philized and used in the next purification step, and their
antioxidative activity was 120.42 U/mL.
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Purification of antioxidant peptide

Throughout the purification process, anion exchange
chromatography was used as the first step and 50 mL
of the sunflower protein hydrolysate (<6000 Da, 2.256
mg/mL) were loaded onto a DEAE-Sepharose Fast Flow.
Adsorbed fractions were eluted with a linear gradient of
NaCl (0-1 M) (Fig. 1). The fractions of 204-222 mL were
pooled and applied onto a Sephadex G-25 gel filtration
chromatography column (Fig. 2). The active fractions of
277-301 mL were collected and purified further by re-
versed-phase HPLC on a ZORBAX SB-C18 column with
a linear gradient of acetonitrile/water (2-80 % (by vol-
ume) in 45 mL) in 0.065 % TFA and at a flow rate of 1
mL/min. The results showed that the strongest active
peak with antioxidative activity of 73.04 U/mL was ob-
tained at a retention time of 33.320 min. This active frac-
tion was finally loaded on a ZORBAX SB-C18 column
using a linear gradient of acetonitrile (10-60 % in 45 mL)
in 0.065 % TFA at a flow rate of 1 mL/min. As observed
in Fig. 3, the strongest active peak with an antioxidative
activity of 79.42 U/mL was obtained at a retention time
of 35.095 min. In the end, a purified sunflower protein
peptide was obtained. Moreover, the antioxidative ac-
tivity of this purified peptide (79.42 U/mL) was a little
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higher than that (78.1 U/mL) of the peptide in the re-
ported work (6).

Determination of a peptide sequence

The sequence of this sunflower protein peptide was
Ala-Cys-Ala-His-Asp-Lys-Val, determined at the Nation-
al Center of Biomedical Analysis (Beijing, PR China).
Compared with the sequences of other known proteins
and active peptides (18,19), it was found that the se-
quence of this antioxidant peptide was novel. The mass
spectrogram of this new antioxidant peptide is present-
ed in Fig. 4.

Many reports have shown that the antioxidant ac-
tivity of peptides was highly dependent on their se-
quence and the amino acid composition. Hydrophobic
amino acid residues Val or Leu at the N-terminus end
and Pro, Asp, His or Tyr in the sequences of antioxi-
dative peptides have been reported to be important in
antioxidative activity (2,8,23-27). Therefore, the presence
of some hydrophobic amino acid residues and their
better positioning in the sequence could be attributed to
the antioxidative activity of this sunflower protein
peptide.
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Fig. 1. DEAE-Sepharose Fast Flow ion exchange chromatography elution profile of the sunflower protein hydrolysate
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Fig. 2. Sephadex G-25 gel filtration chromatography elution profile of the sunflower protein hydrolysate
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Fig. 3. Reversed-phase HPLC elution profile of an active fraction with the strongest peak on a ZORBAX SB-C18 column
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Fig. 4. The mass spectrogram of the new sunflower protein peptide

Conclusions

In the present study, DEAE-Sepharose Fast Flow, 2.

Sephadex G-25 gel filtration chromatography and re-
versed-phase HPLC were combined to purify a novel
sunflower protein peptide, and the sequence of this

novel peptide was Ala-Cys-Ala-His-Asp-Lys-Val. It ex- 3.

hibited a high antioxidative activity of 79.42 U/mlL,

which may protect against oxidative damage in living 4.

systems in relation to aging and carcinogenesis. The
purified sunflower protein peptide has a great potential
to be used in food systems as a natural antioxidant.
Furthermore, the data presented in this article demon-
strate the feasibility of hydrolyzing antioxidant peptide
from sunflower protein.
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