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ABSTRACT Objective: Extracting and purifying the water-soluble protein from Porphyra haitanensis, and to investigate the inhi-
bitory activity on Staphyloccocus aureu. Methods: The water-soluble protein was hydrolysated by pepsin at 37°C and pH1.8 for 3h. The
hydrolysates were purified sequentially by ultrafiltration, Bio-Gel P-10 and DEAE Sephadex A-50 chromatography. The molecular
weight of antibacterial polypeptides was detcted by SDS-PAGE. The antimicrobial activity of every fraction obtained during purification
procedures was detected by plat stiletto method. The inhibitory effect on Staphyloccocus aureu, and the activity influencing factors of
polypeptides were detected. Results: The molecular weight f antibacterial polypeptides was between 43.0KD and 66.2KD. The antibacte-
rial peptides' antimicrobial activity to Staphyloccocus aureus was affected by temperature intensively. On the other hand, the synergistic
effects were observed in all combination of DSA-1 + 5%EDTA, DSA-1+ 5% citric acid, DSA-1 + 5%Vc¢ or DSA-1+ 25%DMSO, and an-
tagonistic effects were observed in combination of DSA-1 + 5%VE+ 25%DMSO. Conclusion: The antibacterial polypeptides was puri-
fied from water-soluble protein of Porphyra haitanensis, which molecular weight was between 43.0KD and 66.2KD. The antibacterial

activity of the antibacterial polypeptides was affected by temperature, some organic acid and some vitamine.
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Introduction

Porphyra haitanensis, attached to Rhodophyta, Bangiaceae,
Porphyra, is important economic seaweed in our country. Further-
more, traditional Chinese medicine thought that Porphyra has
some pharmaceutical functions such as dispelling heat, inducing
diuresis for removing edema, reinforcing kidney and so on. How-
ever, up to now, the research have showed that the active sub-
stances mainly concentrated in laver polysaccharide. For example,
sulfated polysaccharide fraction F2 from Porphyra haitanesis
(Rhodephyta) showed inhibitory effect on the lipid per-oxidation
in vitro ['. Porphyra yezoensis polysaccharide (PYP) was found to
decrease the activities of alanine aminotransferase (ALT) and as-
partate aminotransferase (AST) significantly (P <0.05), lower the
liver indexes and malondialdehyde level in hepatical tissues in
mice remarkably (P < 0.05), and upregulate the total superoxide
dismutase (T-SOD) level in liver homogenate (P<0.01) . Polysac-
charides isolated from Porphyra was degraded into different
molecular weight fractions and it was found that fractions with
Mr= 49 kDa and 30 kDa can significantly increase the life span of
D. melanogaster . Additionally, one antihypertensive peptide
from Porphyra yezoensis had a high ACE inhibition rate of 55.0%
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, a low IC50 value of 1.6 g/L and remained high stability at tem-
peratures of 4°C, 25°C, and 37°C, pH 2.0 and 8.0, and after pepsin
and trypsin treatments . This paper was to investigate the extrac-
tion, purification and activity affecting factors of antimicrobial

polypeptides from Porphyra haitanensis.

1 Materials and Methods

1.1 Materials

Porphyra haitanensis was bought from supermarket in Qing-
dao; Bacteria: Vibrio anguillarum, Bacillus subtilis, Micrococcus
tetragenus, Escherichia coli, Vibrio parahaemolyticus, Staphylo-
coccus aureus were supplied by Yellow Sea Fisheries Research In-
stitute, Chinese Academy of Fishery Sciences.
1.2 Methods
1.2.1 Extraction of Water —Soluble Protein from P. haita—
nensis 300 mL water was added to 15g dry seaweed. The mix-
ture was stirred and then cell was broken by ultrasonic wave to ob-
tain supernatant liquor after freeze centrifugation at 7500 rpm for
30 minutes. 95% ethanol was added to it with the end concentra-
tion of ethanol was 89% and stayed at -20°C for 12 hours. The wa-
ter-soluble protein was precipitated and the precipitation was fur-

ther freeze dried and conserved at -20°C &7,
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1.2.2 Hydrolysis of the water—soluble protein from P. hai—
tanensis 300 ml water was added to 17g water-soluble protein.
The mixture was stirred and then the hydrolysis was started by the
addition of 1% pepsin at 37°C, pH1.8 for 1~5h. In order to obtain
the optium reaction time, the hydrolysates liquor (60 mL) at differ-
ent times was removed and centrifuged at 10000 rpm. for 10 min-
utes. The supernatant liquor of different time was freeze dried and
the dry hydrolysate was stored at -20°C #1,

1.2.3 Screening the antimicrobial activity of the hydrolysates at
each hour by water-soluble protein enzymolysis from P. haitanen-
sis  According to Bluet's method with some improvements [ 12,
Bceteria (including Bacillus subtilis, Staphylococcus aureus, Es-
cherichia coli, Micrococcus tetragenus, Vibrio parahaemolyticus
and Vibrio anguillarum) were activated and bacterial suspension
(density: 10%10° cfu/ml) was prepared. Bacterial suspension
(100p L) was spread onto the Petri dishes. The hydrolysates with
the same concentration (120mg/ml) and volume (10u L) of differ-
ent time period were injected into the holes. The terrestrial bacteri-
a and marine bacteria were cultivated at 37°C and 28°C for 24 h,
respectively ' Choose one of the 6 bacteria as the indicative
bacterium in the followed steps.

1.2.4 Ultrafiltration of hydrolysate solution by LabScale
TFF System The pepsin hydrolysate which has the strongest an-
timicrobial activity was divided into three components by Lab-
Scale TFF System: LTS-1 (molecular weight>50,000), LTS-2
(molecular weight among 5,000-50,000), LTS-3 (molecular
weight<5,000). The hydrolysate with the strongest antimicrobial
activity was freeze dried and conserved at -20°C.

1.2.5 Gel —filtration chromatography by Bio —Gel P —10
The maximum absorption wavelength of component chosen in
section 1.2.4 was determined by spectrum scanning . Then, the
component was purified by Bio-Gel P-10 chromatography. The e-
lution curve was based on elution volume and absorbance at the
maximum absorption wavelength of the component. Fractions
which have strong antimicrobial activity among one peak in differ-
ent tubes were merged, freeze dried and conserved at -20‘C!#1],
1.2.6 Ion—change chromatography by DEAE Sephadex A—
50 The fraction which has the strongest antimicrobial activity is
further purified by Bio-Gel P-10 chromatography. And the DEAE
Sephadex A-50 chromatography contained 0.1mol/L, 0.2mol/L,
0.3mol/L, 0.4mol/L, 0.5mol/L and 0.6mol/L NacCl as elution solu-
tion of discontinuous gradient elution., The elution curve was
based on elution volume and absorbance at the maximum absorp-
tion wavelength of the component. Fractions which had strong an-
timicrobial activity among one peak in different tubes are merged,
freeze dried and conserved at -20°C ['¢!¥, Desalting and molecular
weight determination of the fraction (DSA) selected above were
carried out by ultrafiltration and SDS-PAGE ™.

1.2.7 Influence factors of DSA’s antimicrobial activity

Temperature DSA solution (120mg/mL) was treated at 10C ,
30°C, 50°C, 70°C,90Cand 100°C for 30 min., Respectively. Then
the solution was rapidly cooled down by ice water. The diameter
of inhibition zone from different treatment groups was determined
as above. The control group was treated at 25°C 2%,

Organic acids DSA was added into 5% EDTA solution and
5% citric acid solution (final concentration of DSA was
120mg/mL), respectively. The diameter of inhibition zone of dif-
ferent treatment groups was determined as above. The control
group was added 5% EDTA solution, 5% citric acid liquor and
120mg/mL DSA solution, respectively 2.

Vitamins DSA was added into 5% Vc solution and 5% VE
solution (including 25% DMSO as solvent), respectively, and the
final concentration of DSA was 120mg/mL. The diameter of inhi-
bition zone of different treatment groups was determined as above.

The control group was 5% Vc solution, 5% VE solution (including
25%DMSO0) and 120mg/mL DSA-1 solution .

2 Results

2.1 Antimicrobial activity screening result of the hy—
drolysates by water —soluble protein enzymolysis from P.
haitanensis

The hydrolysates by water-soluble protein enzymolysis from
P. haitanensis only had strong antimicrobial activity to Staphyloc-
cocus aureus, and hydrolysates obtained in different enzymolysis
time presented different antimicrobial activity. Among these, hy-
drolysate (H-3) in 3 hours posessed the largest inhibition zone (di-
ameter: 2.8cm) (Fig.1). Therefore, Staphyloccocus aureus was se-

lected as the indicative bacterium for antibacterial activity test.

Fig.1 Effects of different enzymolysis time on the antimicrobial activity of

the hydrolasate to Staphyloccocus aureus

2.2 Antimicrobial Activity of varied molecular —weight
fractions of H—3 by ultrafiltration

H-3 could be divided into three components by LabScale TFF
System: LTS-1(molecular weight range: >50,000), LTS-2(molecu-
lar weight range: 5,000-50,000) and LTS-3 (molecular weight
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range: <5,000). Although all the three components had antimicro-
bial activity to Staphyloccocus aureus, LTS-1 has the largest inhi-
bition zone (diameter: 3.2cm) (Fig.2). So LTS-1 was chosen to be
further purified by chromatography.

Fig.2 The antimicrobial activity of LTS-1, LTS-2 and LTS-3 to

Staphyloccocus aureus

2.3 Purification result of LTS—1 by Bio—Gel P—10

LTS-1 solution was scanning under 200nm~600nm by
UV-vis spectrophotometer. The result showed that 245nm is the
maximum absorption wavelength of LTS-1 (Fig.3), which can be
the UV detecting wavelength when LTS-1 was purified by chro-
matography.

Fig.3 The maximum absorption wavelength Scanning result of LTS-1 by

UV-vis spectrophotometer

There were three clear absorption peaks in the elution curve
of LTS-1 by Bio-Gel P-10 chromatography (Fig.4). Peak 1 was
much wider than the other two peaks. The result of antimicrobial
(BGP-1) in

peakl presented antimicrobial activity to Staphyloccocus aureus.

activity determination showed that only fraction 1

Therefore, BGP-1 still needed further purification.

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.
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Fig.4 Elution Curve of LTS-1 by Bio-Gel P-10 chromatography

2.4 Purification result of BGP—1 by DEAE Sephadex A—50
chromatography and SDS—PAGE analysis

There were five absorption peaks in the elution curve of
BGP-1 by DEAE Sephadex A-50 chromatography (Fig.5). The de-
termination result of antimicrobial activity to Staphyloccocus au-
reus indicated that only fractions (DSA-1 and DSA-2) in peak 1
and peak 2 showed antimicrobial activity (Fig.6). Moreover, the
diameter of inhibition zone (3.9cm) of DSA-1 is bigger than that
of DSA-2 (0.8cm). So DSA-1 as the optimum fraction was further
studied in the follows.

DSA-1 was still polypeptide mixture, and its molecular
weight range was between 66.2KD and 43.0KD. This result also
indicated that DSA-1 needed further purification(Fig.7).
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Fig.5 Elution Curve of BGP-1 by DEAE Sephadex A-50 chromatography

Fig.6 DSA-1 and DSA-2's antimicrobial activity to Staphyloccocus aureus
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Fig.7 Result of molecular weight determination of DSA-1 by SDS-PAGE

2.5 Influence factors of DSA—1"s antimicrobial activity
Influence of temperature on antibacterial activity of DSA-1

was shown in Fig. 8. It could be seen that DSA-1 showed the

biggest diameter of inhibition zone (1.1cm) below 50°C. But when

the temperature exceeded 55°C, the diameter of inhibition zone

Diametere of Irhibition
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Fig.8 Influence of temperature on DSA-1's antimicrobial activity to

Staphyloccocus aureus

decreased obviously. However, it seemed that the diameter of inhi-
bition zone tended to be a stable value and thus DSA-1 showed
certain stability to high temperature.

Influence of organic acids on antibacterial activity of DSA-1
was shown in Table.1. It can be seen that 120mg/mL DSA-1 and
5%EDTA all presented antimicrobial activity to Staphyloccocus
aureus, and 5% citric acid did not indicate any antimicrobial activ-
ity to Staphyloccocus aureus. However, when DSA-1 mixed with
5% EDTA or 5% citric acid, the diameter of inhibition zone was
much bigger than that of single DSA-1. The results revealed that
there was synergistic effect for 5%EDTA or 5% citric acid on an-
tibacterial activity of DAS-1.

Table 1 Influence of organic acids to the DSA-1'S antimicrobial activity to Staphyloccocus aureus

DSA-1 5%EDTA

DSA-1+5%EDTA 5% Citric Acid DSA-1+ 5%Citric Acid

inhibition zone

diameter (cm) 1.1 0.8

2.4 - 1.9

Influence of vitamins on the antibacterial activity DSA-1 was
shown in Table.2. 5%Vc showed antimicrobial activity to Staphy-
loccocus aureus, but neither 25%DMSO nor 5% VE presented the
antimicrobial activity. However, when DSA-1 mixed with 5% Vc
or 25%DMSO, the diameter of inhibition zone was bigger than
that of single DSA-1. When 5% VE +25% DMSO was added to

DSA-1 solution, the diameter of inhibition zone was smaller than
that of single DSA-1. Therefore, there was synergistic effects ob-
served in combination of DSA-1 + 5%Vc¢ or DSA-1+ 25%DMSO,
but there was antagonistic effects in combination of DSA-1 + 5%
VE+ 25%DMSO.

Table 2 Influence of vitamins on DSA-1'S antimicrobial activity to Staphyloccocus aureus

DSA-1+25% DSA-1+5 %
DSA-1 5%Vce DSA-1+ 5%Vce 25%DMSO 5%VE
DMSO VE+25%DMSO
inhibition zone
diameter (cm) 1.1 1.3 1.6 - 1.3 - 1.0

3 Discussion

With the development of the biology technology, more and
more antibacterial polypeptides were discoverded. P. haitanensis ,
as a important economic corp, has the wide planting area in our
country and is loved by people in their daily diet. The technology

of organic solvent precipitation is the common technology in ex-

tracting protein. In this research, water-soluble protein from P. hai-
tanensis was obtained by procedures of water extraction and or-
ganic solvent precipitation,. Different enayme has the different
condition, in which it has the best hydrolysis. When the reaction
condition is set in 37°C and PH in 1.8, the pepsin has the best hy-
drolysis. So in this research, the condition above-mentioned was

set as the pepsin reaction condition, and the best pepsin hydrolysis
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time of water-soluble protein was set at 3h. In spread plate
method, the larger inhibition zone implicates the strong antibac-
terail activity. The hydrolysates thus obtained showed strong an-
timicrobial activity to Staphyloccocus aureus by Spread Plate
Method in this research. Fraction (molecular weight range: >50,
000) obtained by ulrofiltration from the hydrolysates was further
purified by Bio-Gel P-10 and DEAE Sephadex A-50 chromatogra-
phy.Different polypeptides were separated according to the molec-
ular weight by Bio-Gel P-10 and according to the electric charge
by DEAE Sephadex A-50 chromatography. SDS-PAGE results
showed that the molecular weight range of the antibacterial pep-
tides from P. haitanensis was between 43.0KD and 66.2KD. Fur-
thermore, the antibacterial peptides’ antimicrobial activity to
Staphyloccocus aureus was affected by temperature intensively,
high temperature commonly can cause degradation of peptides. On
the other hand, the synergistic effects were observed in all combi-
nation of DSA-1 + 5%EDTA, DSA-1+ 5% citric acid, DSA-1 +
5% Ve or DSA-1+ 25%DMSO, and antagonistic effects were ob-
served in combination of DSA-1 + 5% VE+ 25%DMSO. There-
fore, though there are still much work to do about the further pu-
rification of antibacterial peptides in the future, research on an-
tibacterial peptides from Porphyra haitanensis as a kind of impor-
tant economic seaweed, has a bright future in medicine as well as
in diet nutrition.
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