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Phosvitin from chicken egg yolk, known as a phosphoglycoprotein, owns
a very strong metal chelating property due to its polyanionic character.
This study aimed to evaluate the factors affecting the purification process
and suitable conditions to increase phosvitin’s purity. Phosvitin was sep-
arated from yolk granules by using 10% of NaCl solution in 0.05 M
NaOH solution and heat treatment which removes lipoprotein from the
extracted solution. The highest phosphorus content (58.14 mg) and phos-
phorus recovery rate (32.4%) were obtained at thermal treatment of 30°C
for 30 minutes. In addition, phosvitin was purified using anion-exchange
chromatography (AEC) and gel-filtration chromatography (GFC). The
fraction 1 (F1) obtained from AEC using UNO-Sphere Q at pH 8 had the
recovery rate of phosvitin approximately 72.73%. Furthermore, fraction
F1 was separated on GFC to obtain two main sub-fractions (F1 and F>).
Sub-fraction Fi1 from gel filtration was composed mostly of f-phosvitin
with a high recovery rate (81.93%) while F2 was dominant with o-
phosvitin in a lower phosvitin recovery rate (16.89%). These findings will
provide useful information for further researches on other properties of
phosvitin so that it can be applied widely in human needs.

1. INTRODUCTION

lized more commonly in food products as it com-
bines various nutritional and functional properties

Eggs of avian species have been considered as a
valuable source of nutrients for humans. In recent
years, the egg’s structural and functional character-
istics have been researched, which increased an
understanding not only of the nutritional contribu-
tion of eggs but also their bioactive properties.

Overall, eggs are composed of three main parts,
including 63% egg whites, 27.5% egg yolk, and
9.5% eggshell with the eggshell membrane (Ber-
trand, 2012). On top of that, egg yolkis uti-
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(Anton et al., 2007). Egg yolk has a complex struc-
ture with two main fractions (granules and plasma).
Plasma accounts for 78% of yolk dry matter and
consists of 85% low-density lipoproteins (LDL)
and 15% livetin (Burley & Cook, 1961). Granules
represent about 22% of yolk solids on a dry weight
basis corresponding to 70% high-density lipopro-
teins (HDL), 16% phosvitin, and 12% LDL (Bur-
ley & Cook, 1961). HDL-phosvitin complex is a
basic unit of granule linked by phosphocalcic
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bridges between the phosphate groups of their
phosphoserine residues (Causeret et al., 1991).

Phosvitin is a major protein in the egg yolk with a
large number of phosphate groups in its structure
(Mecham & Olcott, 1949). More than 50% of ami-
no acids in the polypeptide chain of phosvitin are
serine and most of them are phosphorylated. There-
fore, phosvitin has a strong metal chelating capaci-
ty, which makes it a potential candidate for natural
antioxidant and antibacterial agents (Khan et al.,
2000; Ishikawa et al., 2004).

Over the last 60 years, various separation and puri-
fication methods for phosvitin from the egg yolk
had been developed using a 3-step process, includ-
ing lipid removal using ethanol, hexane, methanol;
extraction of phosvitin from lipid-free fraction us-
ing NaCl; and finally, precipitation of the extracted
phosvitin using NaCl, (NH4),SOa. For further puri-
fication, AEC and GFC were used (Castellani et
al., 2003; Lei & Wu, 2012; Zhang et al., 2011).

Most of the separation processes of phosvitin re-
ported in the previous studies were used organic
solvents like chloroform, hexane, methanol, and
ethanol to remove lipid and phospholipid from the
yolk granules. Therefore, the extracted phosvitin
has limited use, especially for human demand. Al-
so, these methods are relatively complicated, and
the solvents cause denaturation and modification of
phosvitin structure and reduce the recovery rate
(Ko et al., 2011). Several methods for phosvitin
purification have been introduced to improve the
purity of phosvitin. Therefore, the objective of this
study is to build the optimal procedure to increase
the purity of phosvitin and get a high yield of
phosvitin.

2. MATERIALS AND METHODS
2.1. Materials

Chicken eggs less than 7 days old were purchased
from the Coopmart supermarket, Can Tho city,
Viet Nam. UNO-Sphere Q and Sephadex G-75
resins were bought from Bio-Rad Laboratory
(USA) and Pharmacia Fine Chemicals (Sweden),
respectively. Bovine Serum Albumin and Coo-
massie Brilliant Blue G-250 (CBB) were obtained
from Merck (Germany). Other reagents were of
analytical grade from local sources.

2.2. Preparation of phosvitin

Phosvitin was extracted from the egg yolk accord-
ing to the method described by Lee et al. (2014)
with some modifications. The egg yolk was sepa-

78

Vol. 13, No. 2 (2021): 77-84

rated from egg white, homogenized with two vol-
umes of distilled water, and centrifuged at 7,000
rpm for 15 minutes. The precipitant containing
yolk granule was collected, homogenized with four
volumes of 10% NaCl solution (wt/w) in 0.05 M
NaOH solution using a cell disruptor (Microson,
USA). The homogenate was diluted with an equal
volume of distilled water and centrifuged at the
same speed and time to extract phosvitin. The su-
pernatant was collected and desalted using dialysis.

2.3. Investigation of the effects of temperature
on the phosvitin extraction process

The desalted phosvitin was heat-treated in a water
bath at 30, 70, 80, 90, and 100°C for 30 minutes.
After heating, the sample solution was kept for 30
minutes at room temperature before centrifugation
at 10,000 rpm for 10 minutes. The supernatant was
collected and used to determine the total protein
content using Bradford’s method (1976) and the
phosphorus content.

Phosphorus content was determined using colori-
metric measurement of phosphorus as molybdenum
blue after dry-ashing (Pulliainen & Wallin, 1994).
Phosvitin contains 10% phosphorus and accounts
for 80% phosphorus in the egg yolk (Mecham &
Oclott, 1949), so the phosvitin content was calcu-
lated by multiplying the phosphorus content by 8.
The phosphorus recovery was obtained based on
the assumption that 17 mg of egg yolk contains
66.2 mg of phosphorus.

2.4. Anion-exchange chromatography

The best treatment from the preceding experiment
was chosen for this experiment. 20 mL (62.53 mg)
of the phosvitin extract obtained from the best
treatment was loaded to a UNO-Sphere Q column
equilibrated with 0.02 M Tris-HCI buffer pH 8 in
advance. The chromatographic elution was run by
a Biorad system (USA) at the flow rate of 1
mL/min with buffer A as 0.02 M Tris-HCI pH 8
and buffer B as 1 M NaCl in buffer A. The effluent
was monitored at 280 nm.

2.5. Gel-filtration chromatography

30 mL (33 mg) of protein obtained from the F;
fraction of anion-exchange chromatography was
loaded into the Sephadex G-75 column (2 x 60
cm). The column was equilibrated in advance with
0.1 M ammonium acetate buffer pH 5. The elution
was carried out with the same buffer at the flow
rate of 0.75 mL/min. The effluent was collected in
5 mL fractions and was monitored at 280 nm.
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2.6. Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

SDS-PAGE technique was performed using 1 mm-
thickness gel with 10% separating gel containing
30% acrylamide solution, Tris-HCI 1.5 M (pH 8.8),
10% SDS solution, 10% ammonium persulfate, and
Tetramethylethylenediamine (TEMED). The ex-
tracted phosvitin obtained from each experiment
was mixed with sample buffer and heated at 100°C
in a water bath for 10 min. Standard proteins (14.4
— 116 kDa) were used as molecular markers.

Electrophoresis was performed with Bio-Rad sys-
tem (Bio-Rad Laboratory, Inc. USA) by applying
20 mA in current at the first 30 minutes and 30 mA
for 1 hour in the running buffer that was prepared
by dissolving 6.0 g Tris-base, 28.8 g glycine, and
1.0 g SDS in distilled water and then adjusting the
volume up to one litter. The proteins in the gel
were stained with CBB and destained with 10%
acetic acid solution.

2.7. Statistical analysis

The mean total protein content and phosphorus
content were calculated using Statgraphic Centuri-
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on XV. Comparison of treatment means was per-
formed by one-way analysis of variance (ANO-
VA), followed by LSD’multiple range test of Stat-
graphic Centurion XV, and p < 0.05 was signifi-
cantly different.

3. RESULTS AND DISCUSSION

3.1. The effects of temperature on the purity of
phosvitin

Among the purification methods, thermal precipita-
tion is relatively simple and an environmentally
friendly technique to extract and purify proteins
(Jung et al., 2013). Proteins in yolk granules have
different thermal stabilities (Anton et al., 2007).
Phosvitin and B-HDL are stable with temperature
up to 82°C, while LDL and a-HDL are denatured
at 72°C and 76°C, respectively. Furthermore, pro-
teins denatured by thermal treatment can be re-
moved by centrifugation (Burgess, 2009). There-
fore, phosvitin prepared by the method of Lee et al.
(2014) was heat-treated at different temperatures
(30°C, 70°C, 80°C, 90°C, and 100°C) in a water
bath for 30 min to find out the optimal temperature
for impurities removal from phosvitin extract (Ta-
ble 1).

Table 1. The temperature effect on purification of phosvitin

Temperature Total protein content Phosphorus content Phosphorus recovery
(O (mg) (mg) (%)
30 684.45+ 11.032 58.14+0.938 32.40+ 0.532
70 506.10+ 13.77P 57.10+ 0.262 31.80+0.1728
80 457.70+ 30.89¢ 55.61+ (.77° 30.90+ 0.40P
90 418.21+ 3.82¢ 54.87 + 0.68° 30.60+ 0.36P
100 386.16+ 18.32¢4 9.85+ 0.20¢ 5.50+0.10°¢
CV (%) 3.66 1.37 1.33

*Note: Means in the same column that share a letter are not significantly different at P<0.05.

It was evident from Table 1 that the total protein
content, phosphorus content, and phosphorus re-
covery rate decreased when the temperature in-
creased. The total protein content was highest at
30°C treatment (684.45 mg) and lowest at 100°C
treatment (386.16 mg). The phosphorus content
and phosphorus recovery rate were highest at 30°C
(58.14 mg), this value did not significantly differ
from that at 70°C (57.10 mg). At 100°C the phos-
phorus content and phosphorus recovery rate were
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lowest, 9.85 mg and 5.50%, respectively. This re-
sult was due to the denaturation and precipitation
of all other granular proteins in the extracted phos-
vitin at high temperatures. The present work did
not agree with the results of Jung et al. (2013); the
total protein content, phosphorus content, and
phosphorus recovery rate were not highest at 90°C.
The controversy in the protein content and phos-
vitin content might be due to the difference in the
method of phosvitin separation and purification.



Can Tho University Journal of Science

Vol. 13, No. 2 (2021): 77-84

C

Fig. 1. Native polyacrylamide gel electrophoresis results

*Note:

A. Lane 1: Phosvitin standard (1 ug); Lane 2: Molecular marker (116 kDa) (5 uL); Lane 3: Empty, Lane 4: 30°C
B. Lane 1: Empty; Lane 2: Phosvitin standard (1 pg); Lane 3: Molecular marker (116 kDa) (5 uL)
C. Lane 1 and 2: Empty, Lane 3: Molecular marker (200 kDa) (5 uL); Lane 4. Empty; Lane 5: 70°C; Lane 6: 80°C;

Lane 7: 90°C; Lane 8: 100°C

The SDS-PAGE results of phosvitin extract at dif-
ferent temperatures displayed that the phosvitin
standard’s molecular weight ranged from 31 kDa to
41 kDa (Fig. 1B). The final protein heat-treated at
different temperatures had 3 main bands with a
molecular weight of 29, 37, and 48 kDa (Fig. 1A
and 1C). To compare with other researches (Abe et
al., 1982; Anton et al., 2007), they confirmed that
the extracted phosvitins were identical to standard
phosvitin and 3 bands in the red square were phos-
vitin bands. In addition, when the temperature in-

creased, some bands with molecular weight more
3.5

3

OD 280 nm
.

[
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than 66.2 kDa disappeared. This result was con-
sistent with an earlier study (Jung et al., 2013).
When the temperature was over 80°C, most granu-
lar proteins were denatured and removed after cen-
trifugation. However, the decreasing rate of these
lipoprotein bands in the extracted solutions was not
significant, so the suitable temperature for remov-
ing other proteins from phosvitin extracts was
30°C. Furthermore, using 30°C to purify phosvitins
can save energy and reduce the production cost.

3.2. Anion-exchange chromatography

1.2
F1

o
NaCl concentration (M)

40 50 60

Fraction (mL)

——a— 0D 280

—a— NaCl concentration (M)

Fig. 2. Chromatographic profile of anion-exchange chromatography
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The phosvitin preparation obtained by the method
of Lee et al. (2014) and heat-treated in a water bath
at 30°C for 30 min was fractionated by AEC using
UNO-Sphere Q column at the buffer solution of pH
8.0. The elution profile showed two peaks, the first
one corresponding to the UB fraction and the larger

Vol. 13, No. 2 (2021): 77-84

one corresponding to fraction 1 (F1). F1 was eluted
at 0.33 M NaCl. This result was in line with studies
of Castellani et al. (2003) and Zhang et al. (2011),
which reported that phosvitin was eluted at 0.3 M
and 0.35 M NaCl by AEC using DEAE column at
the buffer of pH 7.5, respectively.

Table 2. The results of anion-exchange chromatography

Total protein content

Phosvitin content

Phosvitin recovery  Phosvitin/protein

Fraction (mg) (mg) (%) ratio (%)
Crude 62.53+ 1.68 39.50+0.11 100.00 63.19
UB 1.28+0.04 0.00+0.00 0.00 0.00
F1 (AEC) 38.53+0.58 28.73+0.32 72.73 74.56

*Note: UB: unbound protein; Fa: fraction 1; AEC: anion-exchange chromatography

Table 2 showed that the total protein content of F;
was 38.53 mg and the phosvitin content was 28.73
mg while UB fraction had a total protein content of
1.28 mg and contained no phosvitin. This result
indicated that most proteins in the isolated phosvit-
ins obtained from 30°C-treatment were bound to
the resin in the chromatographic column. The fifth
column in Table 2 also illustrated that the phos-
vitin/protein ratio increased from 63.19% in crude
phosvitin extract to 74.56% in Fi, meaning that
only 11% of impurities were removed by AEC,
therefore, the purity of phosvitin was not highly
increased. Castellani et al. (2003) had reported that
the eluted protein from AEC at pH 7.5 contained

high levels of impurities such as HDL and LDL
contamination. F; had the phosvitin recovery rate
of 72.73% (calculated from crude phosvitin solu-
tion). This recovery rate was higher than that from
Lei and Wu’s (2012) research (35.4%). It had re-
ported that granules were directly loaded to the
AEC column, so the high amount of lipid content
had contaminated the column (Lei & Wu, 2012).
The presence of phosvitin in F; was characterized
using polyacrylamide-gel electrophoresis. Two
similar gels were performed, one was stained with
CBB (Fig. 3A), and the other with silver stain (Fig.
3B).

MW
(kDa)

Ladder
116 kDa

116 kDa

25kDa

18,4 kDa
14,4 kDa

66,2kDa Phosvitin

45kDa 47 kDa

35kDa S 41 kDa
30 kDa

12283
st

116@"!
55:2"0‘ -
45 kDa
35 kDa

Phosvitin

47 kDa

===

41kDa
25 kDa

18,4 kDa
14,4 kDa

A

B

Fig. 3. Polyacrylamide electrophoresis of the fractions from anion-exchange chromatography in the
normal form (A) and silver staining form (B)

*Note:

A: Lane 1: UB; Lane 2: Phosvitin standard (1 ug); Lane 3: Molecular marker (116 kDa) (5 uL); Lane 4 and 5: F1

(AEC) (6 ug)

B: Lane 1: Molecular marker (116 kDa) (5 uL); Lane 2: Phosvitin standard (1 ug); Lane 3: F1 (AEC) (6 ug)

From electrophoretic results, F, obtained from the
AEC at pH 8 using UNO-Sphere Q resin had 3
major bands with molecular weights ranging from
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30 to 47 kDa and several bands spread in the slow-
er moving region. However, the intensity of con-
taminated bands in the slower moving region was
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reduced in comparison to that in the crude sample.
In contrast, UB fraction included many bands with
no bands at the position of phosvitin standard. The
electrophoretic results supported the results from
Table 2 and agreed with the result of Castellani et
al. (2003), which proved that F; obtained from
AEC using DEAE-Cellulose at pH 7.5 contained
high levels of contamination such as HDL and
LDL. This might be because at this pH most pro-
teins in the crude phosvitin extract were negatively
charged and bound tightly to the resins. Therefore,
further purification (gel filtration) was carried out

35
3
25 F1
o 2 [ %
K F 3
15 / \
: |
1 f) .n
0.5 4
#
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to improve the purity of phosvitin and get highly
purified phosvitin.

3.3. Gel-filtration chromatography

F. from AEC at pH 8 was fractionated into two
peaks by gel filtration using Sephadex G-75 col-
umn named as F1 (GFC) and F, (GFC). This result
shared some similarities with previous results (Abe
et al., 1982; Tsutsui & Obara, 1982). In accordance
with Abe et al. (1982), phosvitin was fractionated
into two fractions on a Sephadex G-200 column.

Elution volume (mL)

—e— OD 280

Fig. 4. Chromatographic profile of gel filtration chromatography

Table 3. The results from gel-filtration chromatography compared with anion-exchange chromatog-

raphy
Fraction Total protein content  Phosvitin content  Phosvitin recovery Phosvitin/protein
(mg) (mg) (%) ratio (%)
Crude 62.53+ 1.68 39.50+0.11 100.00 63.19
F1 (AEC) 38.53+0.58 28.73+0.32 72.73 74.56
F1 (GFC) 5.78+0.53 473+ 0.74 12.00 81.93
F2 (GFC) 12.73+0.87 2.1+0.28 5.40 16.89

*Note: F1: fraction 1; F2: fraction 2; AEC: anion-exchange chromatography; GFC: gel-filtration chromatography

Table 3 showed that F1 (GFC) had a total protein
content (5.78 mg) lower than in F, (12.73 mg).
However, the phosvitin content in F1 (GFC) (4.73
mg) was higher than that in F» (2.1 mg). This might
be speculated that F1 (GFC) contained mostly of -
phosvitin, which possesses a much higher phos-
phorus content than a-phosvitin (Abe et al., 1982).
Furthermore, the phosvitin content was calculated
based on the phosphorus content, thus the phosvitin
recovery rate of F1 (GFC) (12%) higher than that of
F2 (5.4%). Interestingly, the phosvitin/protein ratio
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in F1 (GFC) reached 81.93%, which was higher
than that of F, (AEC) at pH 8 (74.56%). This indi-
cated that the purity of the isolated phosvitin was
increased after gel filtration.

Electrophoresis results demonstrated that F; (GFC)
had one band at a position around 45 kDa and
some minor bands in the slower region (Fig. 5B)
while F included three major bands located in the
region ranging from 30 to 47 kDa and some bands
with molecular weight more than 66.2 kDa. In ac-
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cordance with findings of Anton et al. (2007), a-
phosvitin are composed of 3 or 4 small subunits
with a molecular weight ranging from 30 to 45 kDa
while B-phosvitin contains 4 or 5 subunits with
molecular weight mainly of 45 kDa. Therefore, it
was confirmed that F; (GFC) was composed main-
ly of pB-phosvitin, F, was abundant with a-
phosvitin. This result was in line with theory, [-
phosvitin was more soluble than a-phosvitin in the
presence of Ca despite its higher phosphorus con-
tent (Abe et al., 1982), besides, B-phosvitin was
resulted in a short elution time and eluted before -
phosvitin because B-phosvitin had a higher molecu-

Phosvitin  aqader
rd

A
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lar weight than a-phosvitin. As can be seen from
the electrophoresis results in Fig. 5 and protein
content in Table 3, phosvitin obtained from F;
(AEC) at pH 8 was dominant with a-phosvitin. The
rate of a-phosvitin and B-phosvitin in the extracted
phosvitin rely on the kinds of chicken eggs and the
method used to separate and purify phosvitin. Ul-
timately, phosvitin extracted from chicken eggs
was fractioned into 2 fractions known as F; and F,
by gel filtration using Sephadex G-75 column and
the purity of phosvitin was improved after gel fil-
tration.

MW
(kDa)

116 kDa
66,2 kDa
45 kDa
35 kDa

25 kDa

18.4 kDa
14,4 kDa

B

Fig. 5. Native polyacryamide electrophoresis of the fractions from gel filtration chromatography

*Note:

A: Lane 1: UB (5 ug); Lane 2: Phosvitin standard (1 ug); Lane 3: Molecular marker (116 kDa) (5 uL); Lane 4 and 5:

F1 (GFC) (1 ug); Lane 6 and 7: F2 (GFC) (2 ug)

B: Lane 1: Empty, Lane 2: Molecular marker (116 kDa) (5 uL); Lane 3, 4 and 5: F1 (GFC) (1 ug)

CONCLUSIONS

In summary, the crude extract heat-treated at 30°C
for 30 minutes gave the highest phosvitin and
phosphorus contents, and phosphorus recovery
yield. A consecutive procedure of anion-exchange
and gel-filtration chromatography separated phos-
vitin into two sub-fractions, which were F, (GFC)
with a high amount of B-phosvitin and F, (GFC)
dominant with a-phosvitin.

The high phosphorus content of phosvitin makes it
an ideal protein to be used in many fields of human
life. Although the phosvitin recovery rate from
yolk granules in this study was not higher than
80%, this method was relatively straightforward to
manipulate, economical, ecologically friendly, and
feasible for large-scale production. Taken together,
this study provides a basis for future works on
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phosvitin’s biological properties or antioxidant,
antimicrobial, and metal chelating abilities.
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