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Sea squirt (Halocynthia roretzi) hydrolysates 

: Preparation, antioxidant, and anti-cancer effects 

 

Sam Sun Kim 

 

Department of Marine-Bio Convergence Science 

Specialized Graduate School Science & Technology Convergence 

Pukyong National University 

 

Abstract 

Sea squirt is widely used as a food material in Korea. The flesh tissue of sea squirt contains about 

65 % protein, and it could be a good candidate for antioxidant and anticancer materials. In this study, 

sea squirt protein hydrolysates were prepared by pepsin hydrolysis at pH 2 and 37°C. Sea squirt 

protein hydrolysates were separated  to purify antioxidant  peptides using different chromato -

graphic techniques, including gelfiltration chromatography and reverse phase-high performance 

liquid chromatography. Three antioxidant peptide of Met-Thr-Thr-Leu (P1, 464.58 Da), Leu-Glu-

Trp (P2, 446.50 Da) and Tyr-Tyr-Pro-Tyr-Gln-Leu (P3, 845.95 Da) were identifed and the 

antioxidant activities of three antioxidant peptides were evaluated by DPPH radical scavenging, 

ABTS+ radical scavenging, Fe2+ chelating activity, ORAC and reducing power. All antioxidant 

peptides exhibited comparable ORAC values than that of glutathione as a positive control and 
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showed significantly higher Fe2+ chelating activity than glutathione. Among three peptides, P2 

exhibited higher antioxidant acitivies than P1 and P3. Additionally, anticancer effect of peptic 

hydrolysates of sea squirts (SSQ) was evaluated on HT-29 human colon cancer cell line. SSQ 

inhibited cell viability and induced apoptosis in HT-29 ells via intracellular reactive oxygen species 

(ROS) production. In response to oxidative DNA damage, flow cytometry analysis was carried out 

for analysis of cell cycle phase transtions by SSQ and the result showed that treatment with SSQ 

induced G2/M phase arrest in HT-29 cells in a dose-dependent manner. Western blot and real-time 

PCR analysis showed that treatment with SSQ increased apoptotic caspase-2 expression in HT-29 

cells. 

Taken together, SSQ and/or its related bioactive peptides may be useful as functional food 

ingredients and/or potential candidates for oxidative stress-mediated disease and colon cancer 

treatment. 
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Ⅰ. Introduction 

Marine organisms have been captivated more and more scientific attention due to 

various biological activities. Considering their diversity, study of marine organism-derived 

bioactive compounds is almost unlimited. They live photic or non-photic zones under a 

wide pressure range from 1 atm to 1,000 atm, and they are exposed to high salinity as well 

[1, 2]. Even though some marine organisms live in a high oxygen area that lead to 

generating free radicals, they do not suffer from any serious problems in vivo. The harsh 

circumstances render them special [3, 4]. They synthesize the ingredients beneficial for 

human health, which cannot be found in terrestrial organisms. More than 5,000 novel 

compounds have been detected from marine organisms. For example, trabectidin has been 

isolated from the Caribbean marine tunicate, Ecteinascidia turbinate. It has anticancer 

effects in breast and prostate and has been approved for use as an anticancer agent in 

Europe [1].  

More than 2,000 species of sea squirts have been reported all over the world [5, 6]. 

Halocynthia roretzi, Halocynthia aurantium and Pyura vittata are sea squirts inhabiting in 

the eastern and southern coasts of Korea [7]. Interestingly, protein content is 10 % (w/b) 

or more not only in cultured sea squirts but also in wild sea squirts on a wet basis. It varies 

with the season. It is maximum from June until October, while it is minimum between 
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December and February. In addition, the moisture content of sea squirts is the reverse of 

protein content of them. Moreover, sea squirts have various and considerable amount of 

amino acids, especially aspartic acid (Asp), glutamic acid (Glu), and lysine (Lys) [8]. Sea 

squirts have many components improving human health like other marine organisms: 

Antioxidant activity in methanol extract of the sea squirt, Halocynthia roretzi, has been 

reported [5] and the powder of edible part of the sea squirt, Halocynthia roretzi and 

Halocynthia aurantium, also has been reported as antioxidant [6]; anti-inflammatory 

activity of polysaccharide derived from the sea squirt, Ascidiella aspersa, has been 

indicated in vivo and in vitro [9]; immune - activity of the sea squirt, Halocynthia roretzi, 

tunic extracts has been well known [10, 11]; and anti-lipase activity has been reported in 

extracts of the sea squirt, Halocynthia roretzi, using ethanol [5]. However, there are no 

experimental study of antioxidant activity using sea squirts-derived peptic hydrolysate to 

the best of my knowledge. 

Antioxidant effect is one of the most globally interested issues. Over the last decades, 

there were many studies of antioxidant and reactive species in the cosmetic business, 

medical research, and foods industry. Reactive species is a molecule with high reactivity, 

which contributes to the harmful oxidative stress. It consists of ROS (reactive oxygen 

species) and RNS (reactive nitrogen species) and includes radicals and non-radicals. A 

free radical has an unpaired electron, which makes it react with another molecule to 

stabilize [12-14]. In fact, cells produce ROS or RNS in physiological conditions, and 
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natural antioxidants convert these species into stable molecules by the biological defense 

system in human body [15, 16]. For instance, NADPH (nicotinamide adenine 

dinucleotide phosphate’s reduced form) is oxidized by oxidase creating O2
· - to produce 

energy in cells. SOD (superoxide dismutase) changes O2
· - into H2O2 that is less damaging, 

but is still one of ROS, and CAT (catalase) and GSHPx convert H2O2 into the water and 

something safe [14, 17]. Generation of radicals is counterbalanced by eliminating radicals 

naturally, however, when the ratio of production of radicals to removal of radicals 

increase significantly, this causes damage to proteins, lipids, and DNA [3, 13, 14] 

resulting in diverse diseases (e.g. cancer, diabetes, liver diseases and cardiovascular 

diseases) [13, 17-19]. The rapid increase of radicals may be caused by exogenous factors 

such as: toxin exposure like heavy metals, lead, and cadmium; life style-related factor 

like alcohol, strenuous work, cigarette smoke, and excessive exercise; trauma; radiation; 

stress, cold; allergen; and various disease states, [13, 14]. Antioxidants can be classified 

according to their activity, solubility, and size, and natural antioxidants such as SOD, CAT, 

or GSHPx (glutathione peroxidase) are enzymatic large-molecule antioxidants and they 

modulate the volume of free radicals physiologically [14, 17]. Antioxidants can remove 

free radicals by transferring hydrogen atom or electron. Antioxidants can also inhibit 

formation of free radicals by chelating metal ions and retard lipid peroxidation by 

disturbing radical chain reactions [14, 20, 21]. Lipid peroxidation, oxidative degradation 

of lipid, causes the loss of the structure and function of cell membranes by removing 
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electrons of lipid in the cell membranes [12, 22]. It is important to prevent cells 

particularly polyunsaturated fatty acids (PUFA) in cell membranes from being attacked 

by free radicals because the damage of PUFA trigger a self-perpetuating chain reaction 

[17]. It has been reported that antioxidants protect cells from a number of diseases such 

as cancer, aging, stroke, allergies, asthma, diabetes, arthritis, eczema, cataract, or genetic 

disorders [14, 23]. Interestingly, the raised production of the radicals is caused by the high 

concentration of piperine (1-piperoylpiperidine), a well-known natural antioxidant. 

Whereas, antioxidant effect is shown in low concentration of it [17]. Some phaeophyta-

derived crude extracts have not only strong antioxidant activity, but also antitumoral 

activity [24]. 

Another area is anticancer peptides. Anticancer has become an important issue in the 

world. According to the WHO, cancer was globally a leading cause of death [25] 

accounting for 8.8 million deaths in 2015. Colorectal cancer (CRC) occupied almost 10 % 

of all tumors. It was the most common cancer besides lung and prostate cancers in men in 

developed countries [26]. Almost 1.2 million new cases of CRC were reported, responsible 

for 600,000 deaths in a year [27]. CRC showed 55 % of 5-year survival. However, it can 

be possible to increase 5-year survival by early detection [25, 28]. Western countries such 

as Europe or North America are areas with a high incidence rate of cancer, on the other 

hand, the countries of Asia or Africa are areas with a low incidence rate of cancer. Although 

the rate is commonly lower in developing countries than that in developed countries, 
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there’s a drift towards increasing rate in developing countries [27]. Unlike lung cancer has 

a single risk factor, CRC is caused by complex factors. Many studies reported the risk 

factors are not only non-modifiable factors (e.g. aging, male sex, family history, genetic 

mutation, inflammatory bowel, and acromegaly) but also modifiable factors (e.g. obesity, 

smoking, diet, physical activity and high consumption of alcohol and meat) [27-29]. There 

are already many available anticancer agents using apoptosis-inducers that control pro- 

and anti-apoptosis proteins and regulate apoptosis-related gene expression. However, the 

current agents preventing cancer may kill both normal and cancer cells and show adverse 

effects like anemias, infections, and nausea [30] developing drug resistance [31]. 

Amusingly, an anticancer effect is closely related to some antioxidants that balance cell 

proliferation and apoptosis in colorectal cells. It has been reported that vitamin D reduces 

the incidence rate of colorectal cancer by 26 % [32]. Another study has also shown that 

flavonoids, in particular resveratrol exhibit the chemo-preventive role in colorectal cancer, 

although further studies are needed to confirm the optimal dosage [15]. Many studies have 

reported anticancer effects by substance derived from natural products including Tualang 

honey, maslinic acid, saponins, and chrysin rich Scutellaria discolor Colebr [26, 30, 31, 

33, 34] It has been reported that halocynthiaxanthin and fucoxanthinol, which are 

carotenoids, isolated from the sea squirt, Halocynthia roretzi, exhibit the ability to induce 

apoptosis on HL-60, MCF-7 and Caco-2 cells [35]. However, there are few studies of 
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anticancer effect by sea squirts-derived peptic hydrolysate in HT-29 colon cancer cell line 

to the best of my knowledge.  

Therefore, the purpose of this study is to inform the antioxidant properties of sea 

squirts-derived peptic hydrolysate by investigating radical scavenging effect after 

purification and identification. This study also aims at examining the anticancer effect in 

HT-29 colon cancer cell line by peptic hydrolysate of sea squirts.  
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Ⅱ. Materials and Methods 

1. Materials 

Sea squirts were kindly supplied by National Fisheries Research and Development 

Institute (Tongyeong, Korea). DMEM (Dulbecco’s Modified Eagle’s Medium), FBS (Fetal 

Bovine Serum) and Penicillin streptomycin were purchased from Gibco BRL Co. (Grand 

Island, NY, USA). MTT (3- (4, 5-dimethylthiazol-2-yl)-2, 5-diphenil tetrazolium bromide), 

DPPH (2, 2-diphenyl-1-picrylhydrazyl), Potassium persulfate, Fluorescein, Trolox (6-

hydroxy-2, 5, 7, 8-tetramethyl chroman-2-carboxylic acid), ABTS (2, 2'- azino-bis (3-ethyl 

benzthiazoline-6-sulfonic acid) diammonium salt), TFA (trifluoroacetic acid), AAPH (2, 

2’-azobis (2-amidino-propane) dihydrochloride), Hoechst 33342, PI (Propidium Iodide) 

and DCFH-DA (2'7'-dichlorofluorescin diacetate) were purchased from Sigma-Aldrich 

Chemical Co. (St. Louis, MO, USA). PBS (Phosphate–Buffered Saline) and HBSS 

(Dulbecco’s Phosphate- Hank’s Balanced Salts) were purchased from Hyclone (UT, USA). 

Ethanol and DMSO (dimethyl sulfoxide) were purchased from Junsei Chemical Co. 

(Tokyo, Japan). Reduced glutathione (GSH) and total antibodies (caspase-3 and β-actin) 

were purchased from Tokyo Chemical Industry. Co. (Tokyo, Japan) and Santa Cruz 

Biotechnology (Texas, TX, USA), respectively. The complementary DNA synthesis kit 
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(ET21025) and QuantiSpeed SYBR No-Rox kit (QS105-05) were obtained from 

PhileKorea (Seoul, Korea). Pierce®  BCA protein assay kit, Trypan Blue Stain 0.4 % and 

TRIzol reagent were obtained from Thermo scientific Co. (Waltham, MA, USA). All 

commercial chemicals were used without further purification.  

2. Preparation of peptic hydrolysates from sea squirts 

The preparation of peptic hydrolysates was conducted according to the method 

described by Silva et al., (2017) after slight modifications [36]. The edible portion of sea 

quirts was washed with tap water and freeze-dried. The lyophilized sea squirt was defatted 

with hexane in a ratio of 1:5 (w/v). stirring for 2 h at room temperature. For protein 

extraction, the defatted sea squirt was suspended in distilled water in a ratio of 1:10 (w/v) 

followed by adjusting pH 9 with 1 N NaOH. After 2 h stirring at room temperature, the 

soluble proteins were recovered by centrifugation at 4,000 rpm for 30 min (1248R, 

Labogene, Seoul, Korea). The supernatant was transferred to other tubes followed by 

precipitation using 6 N HCl. After centrifugation at 10,000 rpm for 30 min, the precipitates 

were freeze-dried and suspended in distilled water for 10% (w/v) and pepsin hydrolysis 

was performed at enzyme to substrate ratio of 1:100 at pH 2 and 37 ºC for 2 h. Thereafter, 

pepsin was inactivated by boiling the reaction mixture for 10 min. The supernatants were 
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recovered by centrifugation at 10,000 rpm for 30 min, lyophilized, and stored at -20 °C 

until use. This study abbreviates peptic hydrolysate of defatted sea squirts to dSSQ.  

To generate peptic hydrolysates of sea squirts the edible portions of sea quirts were 

prepared as mentioned above. The powder of sea squirts was hydrolyzed with pepsin 

according to the same condition of preparing dSSQ. SSQ means peptic hydrolysate of sea 

squirts without the process of defatting for further experimentation with anticancer effect. 

3. Purification and identification of antioxidant peptides 

Sea squirt protein hydrolysates was fractionated by gelfiltration chromatography 

(BioBasic SEC-60, 300 × 7.8 mm, 5 µm, Thermo Scientific, PA, USA) equilibrated with 

distilled water containing 0.05 % Trifluoroacetic acid at a flow rate of 1.5 ml/min for 15 

min, and eluate was read at 280 nm. The fraction with the highest antioxidant activity was 

selected and further separated by RP-HPLC (reverse phase-high performance liquid 

chromatography) equipped with C18 column (Hypersil Gold, 250 × 4.6 mm, 5 µm, Thermo 

Scientific) with a linear gradient of acetonitrile (0-80 % in 17 min, 100 % in 17-20 min, 

and 0 % in 20-25 min) containing 0.05 % TFA at a flow rate of 1.2 ml/min. The elution 

peaks were detected at 215 nm. To further purification, the preferred fraction was separated 

using GPC (gel permeation chromatography) on a SuperdexTM peptide 10/300 GL high 

performance column (300 mm × 10 mm, 13 μm, GE Healthcare, Buckinghamshire, UK) 
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with distilled water containing 0.05 % TFA for 60 min. Flow rate was 0.7 ml/min and 

eluate was monitored at 215 nm. Finally, the Hypersil Gold C18 column was used for divide 

the fraction had higher antioxidant effect and more much proteins. Flow rate was fixed at 

1.2 ml/ml while peaks were monitored at 215 nm, and elution was performed in optimal 

conditions (0-12 min: 0-60 % acetonitrile, 12-14 min: 100 % acetonitrile, and 14-19 min: 

0 % acetonitrile). 

An ultra high resolution Q-TOF (quadrupole time-of-flight) LC-MS/MS (liquid 

chromatography-tandem mass spectrometry) coupled with ESI (electrospray ionization) 

source (maXis-HDTM, Bruker Daltonics, Bremen, Germany) was used for identification of 

antioxidant peptides. A 10 µl of peptide was injected and eluted onto a a Acclaim RSLC 

120 C18 column (2.1 × 100 mm, 2.2 µm, Dionex) at a flow rate of 200 µl/min. Mobile 

phase A and B consisted of 0.2 % formic acid in water and 0.2 % formic acid in acetonitrile. 

Gradient elution was performed as: 0-5 min, 5 % B; 5-7 min, 5-10 % B; 7-48 min, 10-30 % 

B; 48-55 min, 30-50 % B; 55-65 min, 95 % B; 65-66 min, 95-5 % B; 66-71 min, 5 % B. 

The sequences of antioxidant peptides were evaluated by De novo peptide sequencing by 

MS/MS spectrometry and the Biotools 3.2 software (Bruker Dantonics, Germany). 

Three identified antioxidant peptides were synthesized by Fmoc solid-phase peptide 

synthesis with a PSI 300 synthesizer (NY, USA) from BioStem (Ansan, Korea), and MS 

of the antioxidant peptides were verified by LC/MS (Shimadzu LC-MS2020, Kyoto, 

Japan). The purities were over 95%.The synthetic peptides were stored at -20 °C until use. 
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4. Determinatio of antioxidant activities 

4-1. DPPH radical scavenging assay 

Scavenging activity of the hydrolysates or peptides was evaluated according to the 

method of Umayaparvathi et al. (2014) with some modifications [18]. Briefly, a 70 μl of 

DPPH (0.15 mM) dissolved in methanol was added to sample or distilled water (as blank) 

in the ratio of 1:1 (v/v) and incubated for 30 min at room temperature in the dark. The 

absorbance at 540 nm of the mixture was measured by GENios®  microplate reader (Tecan 

Austria GmbH, Austria), and the scavenging effect was calculated using the equation: 

% Scavenging effect = (1- Asample/Ablank)ⅹ100 

Where, Ablank is the absorbance of the blank (without dSSQ).  

4-2. Oxygen Radical Absorbance Capacity (ORAC) 

ORAC of the hydrolysates or peptides was measured according to the published 

report with a slight modification [37]. The 50 μl of sample (50 μM) was mixed with 50 μl 

of fluorescein (78 nM, pH 7.0) followed by incubation at 37°C for 15 min and then a 25 

μl of AAPH (221 mM, pH 7.0) was added into the reaction mixture as a free radical 

generator just before measuring the oxidative degradation of the fluorescein. Fluorescence 

was measured every 5 min for 60 min (Ex 485 nm and Em 582 nm). ORAC was expressed 
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as µM TE/mg sample or mM peptide. AUC values could be calculated by the following 

formula: 

AUC = 0.5 + (F5/F0) + (F10/F0) + ∙∙∙ + 0.5 ⅹ (F60/F0) 

Net AUC was determined by subtracting the AUC for no compound addition from 

the other AUC values. 

Net AUC = AUC of sample – AUC of blank 

where, all chemical agents were dissolved in sodium phosphate buffer (75 mM, pH 

7.0), AUC means an area under the curve, F0 is an initial fluorescence reading at 0 min, Fn 

is fluorescence reading at time, and ORAC value was expressed as µM trolox equivalent 

(TE)/mg sample or mM peptide using standard curve of trolox (1-100 µM). 

4-3. ABTS+ radical scavenging assay 

Scavenging activity of the hydrolysates or peptides was evaluated according to the 

published report [38]. ABTS stock solution (7 mM) stayed overnight was mixed with 

potassium persulfate (2.4 mM) in the ratio of 1:1 (v/v), and the absorbance at 410 nm of 

ABTS working solution was adjusted to 1.5±0.05 just prior to use. The 150 μl of working 

solution as ABTS+ radical was added into 50 μl of sample (50 μM), and then the 

absorbance of the mixture was measured at 410 nm after incubating for 10 min at room 

temperature. ABTS+ radical scavenging activity was expressed as µM TE/50 μM sample 

or 50 μM peptide.   
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4-4. Reducing power assay 

The method by Umayaparvathi et al. (2014) was used with some modifications to 

assess reducing power of antioxidant peptides [18]. A 50 μl of peptide (10 mM) was mixed 

with 50 μl of sodium phosphate buffer (0.2 M, pH 6.6) and 50 μl of 1 % (w/v) potassium 

ferricyanide. The reaction mixture was incubated at 50 °C for 20 min followed by addition 

of 50 μl of 10 % trichloroacetic acid. The 200 μl of the reactant was mixed with 200 μl of 

distilled water and 40 μl of 0.1 % (w/v) ferric chloride (FeCl3), vortexed gently, and 

incubated for 10 min at room temperature. The absorbance was obtained at 750 nm.  

4-5. Fe2+ chelating activity 

According to the report described by Aktumsek et al. (2013), the chelating activity of 

peptides was assessed with slight modifications [39]. Briefly, 100 μl of antioxidant peptide 

(1 mM) was mixed with 20 μl of FeCl2 (2 mM) and added to 40 μl of ferrozine (5 mM). 

The Absorbance of mixture was monitored at 570 nm after incubation for 10 min at room 

temperature in the dark. Chelating activity was calculated using the equation:  

% Metal chelating activity = (1- Asample/Ablank) x 100 

Where, Ablank is the absorbance of control reaction (without dSSQ), and Asample is the 

absorbance in the presence of dSSQ. 
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5. Cell culture 

The human colon cancer cell line HT-29 (KCLB No. 30038) was obtained from Korea 

Cell Line Bank (Seoul, Korea). The HT-29 cells were cultured in DMEM (Dulbecco’s 

modified eagle’s medium) containing 10 % FBS (fetal bovine serum) and 1 % penicillin–

streptomycin at 37 °C in a 5 % CO2 humidified incubator. Cell growth medium was 

replaced every two days. When the cells reached about 80 % confluence, they were 

subcultured with a 0.025 % trypsin-EDTA solution. 

6. Cell viability analysis  

Cell viability was examined by MTT assay [21, 40] and trypan blue dye exclusion 

assay [41]. For MTT assay, HT-29 cells were seeded at a density of 3104 cells/well into 

a 96-well cell culture plate. After stabilizing, the cells were then treated with SSQ at 

different concentrations (0, 0.5, 1 or 2 mg/ml) for 24 h or 48 h. Following incubation, 

medium was removed, and then 1 mg/ml of MTT  solution was added 100 μl/well 

followed by incubating at 37 °C for 4 h. The MTT solution was removed carefully to 

dissolve formazan crystals with 100 μl of DMSO, and then the absorbance was measured 

at a wavelength of 540 nm using a GENIio®  microplate reader (GENios, TECAN, 

Männedorf, Switzerland). Cell viability was calculated by using the equation: 
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% Cell viability = Asample/Ablankⅹ100 

Where, Ablank is the absorbance of control reaction (without dSSQ), and Asample is the 

absorbance in the presence of dSSQ. 

Trypan blue dye is able to penetrate the lack of intact dead cell membranes, while 

viable cells exclude dye due to their intact cell membranes. Therefore, the dead cells can 

be visually examined blue color staining under light microscope. To evaluate live/dead cell, 

HT-29 cells were seeded at a density of 1105 cells/well into a 12-well plate and incubated 

for 24 h. The seeded cells were then treated with different concentrations of SSQ (0, 0.5, 

1 or 2 mg/ml) for 24 h. The cells were washed with HBSS, and then they treated with pre-

warmed 0.5 ml of 0.4 % trypan blue in HBSS for 20 min. The cells were washed with 

HBSS three times, and then cell morphology was monitored under light microscope (Leica 

DMI 6000 B, Leica Microsystems GmbH, Wetzlar, Germany). 

7. Nuclear condensation 

In order to analyze nuclear morphology of apoptotic HT-29 cells, Hoechst 33342 

staining was conducted. Nuclear condensation is one of the characteristic features of 

apoptotic pathway [42]. Hoechst 33342 nuclear staining dye used to distinguish apoptotic 

cells with changes in nuclear chromatin condensation, and then cell morphology was 

visualized using fluorescence microscope. The HT-29 cells were seeded at a density of 1



 

１６ 

 

105 cells/well into a 12 well plate. After 24 h incubation, the cells were further incubated 

with 0, 0.5, 1 or 2 mg/ml of SSQ for 24 h. After the cells were fixed with ice-cold ethanol 

(75 %) for 20 min, they were stained by Hoechst 33342 nuclear staining dye (blue) for 20 

min at room temperature. The cells were washed with PBS, and then cell morphology was 

monitored using fluorescence microscope (Leica DMI 6000 B, Leica Microsystems GmbH, 

Wetzlar, Germany). 

8. Detection of intracellular ROS generation 

Intracellular ROS levels on the HT-29 cells were evaluated by DCFH-DA assay [43, 

44]. Non-fluorescent DCFH-DA (2', 7'-dichlorofluorescein-diacetate, 25 μM in HBSS) can 

be converted to fluorescent DCF by the action of peroxide in cells. Therefore, DCF green 

fluorescence reflects ROS generating levels [45], resulted in enhanced oxidative stress. 

HT-29 cells were seeded at a density of 1105 cells/well into a 12 well plate and incubated 

for 24 h. After treatment with 0, 0.5, 1 or 2 mg/ml of SSQ on HT-29 cells for 24 h, the cells 

were incubated in a final concentration of 20 M DCFH-DA in HBSS for 20 min at 37 C. 

Next, the cells were washed with PBS, and then the ROS generation was monitored under 

fluorescence microscopy and ROS generating levels were measured by microplate reader 

and flow cytometry analysis according to the manufacture’s manual. 



 

１７ 

 

9. Cell cycle analysis 

To analyze cell cycle arrest in response to DNA damage, the method described by 

Laishram et al. (2015) was operated with slight modifications [21]. HT-29 cells were 

seeded at a density of 1106 cells/60 mm dish and incubated for 24 h. The seeded cells 

were then further incubated with SSQ at different concentrations (0, 0.5, 1 or 2 mg/ml) for 

24 h. The treated-cells were harvested by trypsinization and washed with PBS (Phosphate 

buffered saline). The collected cells were fixed with ice-cold ethanol (75 %) and stored at 

4 °C at least 3 h. Alcohol-fixed cells are stable for several weeks at 4 ºC. Before analysis, 

alcohol-fixed cells were washed with cold PBS, resuspended cells with 180 μl of PBS, and 

incubated with a 20 μl of a 1 mg/ml RNase was added to the and incubated at room 

temperature for 30 min. This will ensure only DNA, not RNA, is stained. Subsequently, 

200 μl of propidium iodide (50 g/mL was appended to the cells prior to being incubated 

for 30 min at room temperature in the dark. The cell cycles were performed under flow 

cytometry and the data of cell proportion were analyzed using CELLQuest software and 

FlowJo software 7.6.1. 
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10.  Western blot analysis 

Western blot analysis was used to examine the expression of caspase-3. HT-29 cells 

seeded at a density of 1×106 cells/60 mm dish and were treated with SSQ at different 

concentrations (0, 0.5, 1 or 2 mg/ml) for 24 h. The cells were washed twice with PBS, 

resuspended in RIPA buffer (Sigma Chemical Co.) containing protease and phosphatase 

inhibitor (Roche Applied Science, IN, USA), and incubated on ice for 10 min before being 

centrifuged at 12,000 rpm for 15 min at 4 °C. Supernatant was carefully collected, and then 

the the protein concentration was investigated using a Pierce®  BCA protein assay kit 

(Thermo scientific Co., Waltham, MA, USA). The protein samples (20 μg protein/lane) 

were loaded and separated onto 15 % SDS–polyacrylamide gel by SDS-PAGE. The 

separated proteins were transferred to nitrocellulose membranes at 0.8 mA of constant 

current/cm2 for 1 h. The membranes were blocked by incubation in 5 % dry milk dissolved 

in TBS (tris-buffered saline) buffer containing 0.1 % Tween 20 (TBS-T) for 1 h at room 

temperature, washed three times with TBS-T, and blotted overnight at 4 °C with primary 

antibodies (Santa Cruz Biotechnology Inc.) such as caspase-3 or β-actin. After washing, 

the membranes were placed in secondary antibodies at room temperature. Finally, all blots 

were developed by ECL Western Blotting Detection Kit Reagent and imaged on Davinch-

ChemiTM imaging system (Core Bio, Seoul, Korea). 
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11. RT-qPCR (quantitative real time polymerase chain reaction) 

In order to compare mRNA expression of caspase-3, RT-qPCR was performed. HT-

29 cells were seeded at a density of 1×106 cells/60 mm dish, the seeded cells then treated 

with 0, 0.5, 1 or 2 mg/ml of SSQ for 24 h. Total RNA was isolated using TRIzol reagent 

(Thermo scientific Co., Waltham, MA, USA) according to manufacturer’s instructions. 

RNA purity was calculated by the ratio of absorbance260/absorbance280 and the 

concentration of total RNA was determined using microplate reader at 260 nm. The 

complementary DNA was synthesized by reverse transcription of 2 μg RNA in 20 μl of 

total volume using cDNA synthesis kit (ET21025, PhileKorea, Seoul, Korea). Reverse 

transcription was conducted at 42 ºC for 30 min and then the synthesized cDNA was 

incubated at 70 ºC for 10 min to denature RTase using Magnetic Induction Cycler (BMS, 

Australia). The primer used in PCR was listed in Table 1. For PCR reaction, 2 μl of the 

above product was used with QuantiSpeed SYBR No-Rox kit (QS105-05, PhileKorea, 

Seoul, Korea). The PCR reaction was carried out at 95 ºC for 2 min to activation of 

polymerase followed by 40 cycles at 95 ºC for 5 s and at 60 ºC for 20 s for denaturation, 

annealing, and extension. Melting temperature was set from 50 ºC to 95 ºC at 0.3 ºC/s. The 

β-actin was used a housekeeping gene. 

Relative mRNA expression = 2 - (ΔC,SSQ – ΔC,blank) 

Where, ΔCx = Cx interest gene - Cx housekeeping gene, x is blank or SSQ. 
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12.  Statistics 

All values are presented as mean±S.D. (standard deviation) (n=3) from three 

independent experiments. Differences between means of each group were analyzed using 

Student’s t-test. The statistical significances were achieved as a P-value < 0.05.  
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Table 1. The sequences of primers used in RT-qPCR. 

Gene Primer (5’-3’) Reference 

caspase-3 

Forward TTTGTTTGTGTGCTTCTGAGCC 

[46] 

Reverse ATTCTGTTGCCACCTTTCGG 

β-Actin 

Forward CTGTCTGGCGGCACCACCAT 

Reverse GCAACTAAGTCATAGTCCGC 
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Ⅲ. Results and Discussion 

1. Antioxidant effects of the defatted peptic hydrolysate 

Many studies have concentrated on the marine organisms which have biological 

activities. Like other marine organisms, sea squirts were also studied in the field of 

antioxidant, anti-inflammatory, anti-lipase, anticancer, and immune effects using its edible 

parts or tunic [9-11, 47]. However, no experimental study of antioxidant effect of peptic 

hydrolysate derived from sea squirts has been reported to the best of my knowledge. 

Therefore, radical scavenging activities of the sea squirts peptic hydrolysates have been 

investigated by determining DPPH radical and ABTS+ radical scavenging activity as well 

as ORAC value (Table 2). At a concentration of 1.0 mg/ml, dSSQ showed DPPH radical 

scavenging activity of 30.59 ± 0.90 %, ABTS+ radical scavenging activity of 37.73 ± 0.67 

μM TE/mg dSSQ, and ORAC of 576.0 ± 0.50 μM TE/mg dSSQ. The DPPH and ABTS+ 

radical scavenging activities were lower than that of GSH (glutathione), as a positive 

control. However, dSSQ showed a significant ORAC value that was higher than the ORAC 

value of GSH (314.2 μM TE/mg GSH). It has been reported that the IC50 of ethanol extract, 

methanol extract, water extract, and control (added nothing) from Halocynthia roretzi were 

1515.85, 1176.99, 2242.08, and 10.00 μg/ml in DPPH radical scavenging assay, 
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respectively [5]. The antioxidant activities of Halocynthia roretzi and Halocynthia 

aurantium have been shown by Ji-Eun Jo et al. (2010). They reported that extracts of 

Halocynthia roretzi and Halocynthia aurantium had 42.9 % and 3.2 % of DPPH radical 

scavenging effects at 50 mg/ml. The extracts had 56.1 % and 30.1 % of ABTS+ radical 

scavenging effects at the same concentration as well [6]. Antioxidant activities of natural 

products differ from each other reports due to the different extracting methods including 

sample concentration, extraction time, extraction temperature or solvent [3]. Some 

antioxidants behave different against different radical sources depending on their solubility 

or mechanism of action. Measuring ORAC value can provide better data than using ABTS+ 

or DPPH radicals. This is because unlike ABTS+ or DPPH radical scavenging assay, 

ORAC assay has an obvious starting point and an obvious endpoint and measure the ability 

of hydrogen donating by quenching free radicals. This represents a “physiological” radical 

source [48]. Therefore, the results reveal that dSSQ transfers electrons or hydrogen 

effectively, it has antioxidant effects as well.  
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Table 2. Radical scavenging effects of dSSQ. ABTS+ radical, DPPH radical 

scavenging assay and ORAC assay. The values were described as mean±S.D. 

(n=3). 

ABTS, 410 nm dSSQ GSH 

Concentration (μg/ml) 100 1000 2000 20 

Scavenging effect  

±S.D. (μM TE/sample) 

21.77 

±0.43 

37.73 

±0.67 

46.05 

±0.71 

69.02 

±0.33 

 

DPPH, 540 nm dSSQ GSH 

Final concentration (μg/ml) 1000 20 

Scavenging effect  

±S.D. (%) 

30.59  

±0.90 

58.17  

±4.67 

 

 

ORAC 

Ex. 485 nm, Em. 535 nm 

dSSQ GSH 

Concentration (μg/ml) 100 100 

Scavenging effect  

±S.D. (μM TE/sample) 

57.60 

±0.05 

37.42 

±4.04 
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2. Purification and identification of antioxidant peptides 

In order to purify antioxidant peptides, chromatographic techniques were used 

consecutively. Six separated fractions were obtained using a size-exclusion 

chromatography at 280 nm (Figure 1). The DPPH radical scavenging activities of the 

fractions were detailed in Figure 2. Fraction F exhibited the highest radical scavenging 

activity at a final concentration of 1 mg/ml (65.08 %), so it was selected for further study. 

Fraction A was excluded from selection because it precipitated. Fraction F was loaded onto 

a Hypersil Gold C18 column with a linear gradient of acetonitrile at 215 nm and fractionated 

into eight sub-fractions (Figure 3). At a concentration of 500 μg/ml (Figure 4), fraction 2 

had the highest DPPH radical scavenging, however, its volume was not enough to purify. 

Fraction 1 had a little amount of eluate and Fraction 3 precipitated. Given that the result of 

DPPH assay and the volumes of fractions, peak 6 was chosen for the next step. The peak 

6 was divided into eight sub-fractions (Figure 5) through a SuperdexTM peptide 10/300 GL 

high performance column at 215 nm. The sub-fraction h indicated 62.77 % of the highest 

DPPH radical scavenging activities at 150 μg/ml of final concentration (Figure 6). The 

Hypersil Gold C18 column with a linear gradient of acetonitrile was used for eluting the 

sub-fraction h (Figure 7). Finally, sub-fraction 2 was selected as the purified antioxidant 

peptide for further study because the sub-fraction 1 and 3 were small in volume.  
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The selected fraction was identified using Q-TOF LC-MS/MS system and the amino 

acid sequence was determined by de novo sequencing program. Their MS/MS spectra were 

illustrated in Figure 8. The antioxidant peptides derived from sea squirts by peptic 

hydrolysis were identified to be Met-Thr-Thr-Leu (P1, MTTL, 464.58 Da), Leu-Glu-Trp 

(P2, LEW, 446.50 Da), and Tyr-Tyr-Pro-Tyr-Gln-Leu (P3, YYPYQL, 845.95 Da). To be 

specific, peptides are broken at different sites because of the addition of a proton which 

causes different fragments. The fragment ions were categorized into two parts. One is the 

N-terminal charged fragment ions such as a, b, or c. The other is the C-terminal charged 

fragment ions such as x, y, or z. The sum of residue masses is calculated by the formula:   

Mass of b-ions = ∑ (residue masses) + 1 (H+) 

Mass of y-ions = ∑ (residue masses) + 19 (H2O+H+) 

For example, leucine of P1 (MTTL) sequence (in Figure 8) was determined by above 

formula. The 132.081 of y1-ion mass minus 19 is 113.08 which is completely the same as 

113.08 Da of leucine (L) and isoleucine (I) mass. Considering leucine (L) is more bountiful 

than isoleucine (I) in sea squirts, leucine (L) is suitable for the component of the 

antioxidant peptides [8]. The sequences of antioxidant peptides have been reported in the 

past decades. Three antioxidant peptides from peptic hydrolysate of prawn were purified 

and identified as Ile-Lys-Lys (388 Da), Phe-Lys-Lys (422 Da), and Phe-Ile-Lys-Lys (535 

Da) [49]. Trp-Pro-Pro (398.44 Da) was derived from blood clam muscle as an antioxidant 

amino acid [50]. Tyrosine (Tyr), Tryptophan (Trp), and Phenylalanine (Phe) are typical 
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examples of antioxidant amino acids. They have aromatic residues which can donate 

protons to unstable radicals while maintaining their own stability [51]. Methionine (Met), 

Lysine (Lys), and Proline (Pro) are also examples of amino acids which cause antioxidant 

activity [52, 53]. In this study, purified and identified antioxidant peptides have those 

amino acids. P1 and P2 have one antioxidant amino acid such as Met or Trp, respectively. 

Tyr and Pro which are antioxidant amino acids account for 67 % of P3’s sequence. 

Identified antioxidant peptides were synthesized for evaluating their antioxidant activities. 
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Figure 1. Chromatogram of peptic hydrolysate of sea squirts performed by means 

of size-exclusion chromatography (300 mm×7.8 mm, 5 μm) with distilled water 

containing 0.05 % Trifluoroacetic acid (TFA) at 1.5 ml/min of flow rate for 15 min. 

The peaks were read at 280 nm.  
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Figure 2. DPPH radical scavenging effect of fractions from first purification. Each 

values were described as mean±S.D. (n=3). 
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Figure 3. Chromatogram of the fraction F from dSSQ accomplished on a Hypersil 

Gold C18 column (250 mm×4.6 mm, 5 μm) with a linear gradient of acetonitrile (0-

80 % in 0-17 min, 100 % in 17-20 min and 0 % in 20-25 min). Flow rate was set at 

1.2 ml/min and the elution peaks were detected at 215 nm.     

 

0
0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

A
b

s
o

rb
a
n

c
e
 (

A
U

, 
2
1
5
 n

m
)

5 10 15 20

Retention time (min)

Flow: 1.2 ml/min

% AcCN:

0.0

80.0

100.0

0.0

1 2 3 4 6 75 8

25



 

３１ 

 

 

 

 

Figure 4. DPPH radical scavenging effect of fractions from second purification. 

The values were described as mean±S.D. (n=3). 
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Figure 5. Chromatogram of fraction 6 from fraction F achieved using GPC (gel 

permeation chromatography) on a SuperdexTM peptide 10/300 GL high 

performance column (300 mm×10 mm, 13 μm) with distilled water containing 

0.05 % TFA. Flow rate was 0.7 ml/min and eluate was monitored at 215 nm. 
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Figure 6. DPPH radical scavenging effect of fractions from third purification. The 

values were described as mean±S.D. (n=3). 
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Figure 7. Chromatogram of fraction h from fraction 6 purified on the Hypersil 

Gold C18 column (250 mm×4.6 mm, 5 μm) in optimal conditions (0-12 min: 0-60 % 

acetonitrile, 12-14 min: 100 % acetonitrile, 14-19 min: 0 % acetonitrile). Flow rate 

was fixed at 1.2 ml/ml while peaks were monitored at 215 nm. 
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Figure 8. LC-MS/MS spectra and sequences of antioxidant peptides. The sequences 

of Peptide P1, P2 and P3 are MTTL (464.58 Da), LEW (446.50 Da) and YYPYQL 

(845.95 Da), respectively. 
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Figure 8. LC-MS/MS spectra and sequences of antioxidant peptides. The sequences 

of Peptide P1, P2 and P3 are MTTL (464.58 Da), LEW (446.50 Da) and YYPYQL 

(845.95 Da), respectively.  
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Figure 8. LC-MS/MS spectra and sequences of antioxidant peptides. The sequences 

of Peptide P1, P2 and P3 are MTTL (464.58 Da), LEW (446.50 Da) and YYPYQL 

(845.95 Da), respectively.    
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3. Antioxidant effects of the synthesized antioxidant peptides  

To evaluate antioxidant abilities, DPPH radical scavenging, ABTS+ radical 

scavenging, ORAC, Fe2+ chelating activity, and reducing power were measured.  

DPPH radical scavenging assay bases on SET (single electron transfer) whose 

reaction is slow and long time required to reach a fixed endpoint. DPPH radical is one of 

the stable nitrogen radicals and is so prominent that it is used as an indicator of radical 

reaction. It changes color from deep purple to yellow exchanging electrons and this 

property permit monitoring of the reaction visually [48]. DPPH radical scavenging activity 

curves of P1, P2, and P3 were shown as Figure 9 at a dose-dependent manner. DPPH 

radical scavenging activity of P2 was stronger than those of P1 and P3. IC50 value of P2 

was 2 mM which was higher than that of LPHPSF (0.17 mM) from tryptic hydrolysate of 

Styela plicata [54], however, IC50 value of P2 was lower than that of WPP (3.48 mM) [50], 

WDR (7.63 mM) [55], YPPAK (4.56 mM) [56], and PSYV (36.62 mM) [57] from protein 

hydrolysate of blood clam muscle, ethanol soluble protein hydrolysate of Sphyrna lewini 

muscle, blue mussel protein hydrolysate, and loach protein hydrolysate, respectively. This 

result reveals that P2 is in possession of an electron donating capability.  

 

Peroxyl radicals or other oxidants oxidize ABTS, and antioxidants neutralize ABTS+ 

radicals via electron transfers directly [48]. Figure 10 shows that ABTS+ radical 
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scavenging activities of peptides. P1 showed no ABTS+ scavenging activity and the 

activities of P2 and P3 were 13.41 and 11.87 μM TE/50 μM peptide, respectively. These 

activities were lower than that of GSH (78.89 μM TE/50 μM GSH). Longjian Gu et al. 

(2012) have reported ABTS+ radical scavenging capacities of two novel peptides, 2.43 mM 

TE/mM for ECH and 8.88 mM TE/mM for YECG [58]. These capacities were higher than 

ABTS+ radical scavenging activities of P1, P2 and P3. 

The ORAC values of synthesized peptides were higher than that of GSH (18.47 μM 

TE/50 μM GSH), especially P2 (93.69 μM TE/50 μM P2) and P3 (95.71 μM TE/50 μM 

P3) (Figure 11). Chamila Nimalaratne et al. (2015) have reported some ORAC values of 

1.53 μmol TE/μmol for EERYP, 3.32 μmol TE/μmol for AEERYP, and 0.44 μmol TE/μmol 

for LPDEVSG [59]. ORAC assay uses oxygen radicals and measures the capacity of 

hydrogen donating by quenching free radicals. This differs from ABTS+ radicals 

scavenging assay via electron transfers directly [48]. As a result, ORAC values used 

physiological radicals are more dependable to analyze antioxidant activity on human body 

than ABTS+ scavenging activities [60]. Hence, ORAC values show P2 and P3 have 

significant capability of transferring hydrogen. 

As shown in Figure 12, the peptides showed stronger Fe2+ chelating activities than 

GSH and the Fe2+ chelating levels among the antioxidant peptides were in the order of P2 

(12.49 %) > P3 (10.91 %) > P1 (9.20 %) > GSH (0.60 %). Antioxidant peptides form a 

complex with ferrous ion (Fe2+) resulting in inhibiting the formation of a ferrozine-Fe2+ 
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complex, whose color is purple. The more the purple color dims, the more active the 

chelating effect reactions [20, 61]. This result indicates that the three antioxidant peptides 

are efficient hydroxyl radical scavenger and behave efficient in Fe2+ chelating.  

Reducing power assay base on single-electron-transfer reaction which is similar to 

ABTS+ scavenging assay [58]. Antioxidants reduce potassium ferricyanide to potassium 

ferricyanide which reacts on ferric chloride. This reaction result in the formation of ferric-

ferrocyanide which is insoluble bluish green pigment [62]. Reducing power is higher as 

increasing the absorbance recorded at 750 nm in this report (Figure 13). At the treatment 

concentration of 10 mM, the absorbance of P1, P2 and P3 (0.06, 0.11 and 0.09) were lower 

than that of GSH (1.49). Reducing power of tripeptide has been reported by Longjian Gu 

et al. (2012), and the absorbance of ECH was higher (0.38 at 700 nm) than those of P1, P2 

and P3 [58].  
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Figure 9. DPPH radical scavenging activities of P1, P2, and P3 at 540 nm in a dose-

dependent manner. Data expressed as mean±S.D. (n=3).  
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Figure 10. ABTS+ radical scavenging effects of P1, P2, and P3 measured at 410 nm. 

The values were described as mean±S.D. (n=3).  
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Figure 11. ORAC values of P1, P2, and P3 measured every 5 min for 60 min (Ex. 485 

nm, Em. 535 nm). The values were described as mean±S.D. (n=3).  
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Figure 12. Fe2+ chelating activity of P1, P2, and P3 recorded at 570 nm. Each bar 

shows the mean±S.D. (n=3). The mark, *** represents P<0.001 compared with 

positive control, GSH, as analyzed by t-test. 
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Figure 13. Reducing power of P1, P2, and P3 were reckoned at 3.33 mM of the final 

concentration of those peptides. The values were described as mean±S.D. (n=3). 
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4. Inhibition of cell proliferation 

In order to assess the inhibition of proliferation of SSQ in HT-29 colon cancer cell 

line, the cell viability was analyzed using MTT assay and trypan blue staining in sequence. 

The water-soluble tetrazolium (MTT) convert to the DMSO-soluble purple formazan by 

Living cells but not dead cells. Trypan blue stain dead cells but not living cells. These 

methods can quantify living cells. HT-29 cells grew in DMEM with different 

concentrations of SSQ or distilled water as a blank for 24 h or 48 h. Then MTT assay was 

conducted Figure 14. The cells treated with SSQ for 24 h shows that cell viabilities were 

82.17, 70.88 and 60.85 % in concentrations of 0.5, 1 and 2 mg/ml compared with blank 

(only treated with distilled water), respectively. The cell viabilities of the cells stained by 

trypan blue were observed using bright field microscopy (Figure 15). The result showed a 

number of dead bodies compared with blank in a dose-dependent manner. The cells treated 

with SSQ for 48 h showed lower cell viabilities (66.72, 62.13 and 51.19 % at 0.5, 1 and 2 

mg/ml of SSQ) than cell viabilities of the cell treated with SSQ for 24 h but not significant 

difference. On the other hand, Derek Thomson et al. (2016) have shown that 

polysaccharides from the sea squirt, Ascidiella aspersa, have no cytotoxicity in Hela cells 

[9]. Si-Hyang Park et al. (2013) have also demonstrated that Halocynthia roretzi tunic 

extracts using alcalase or hot water have no inhibition of cell viability in AGS human 

stomach cancer cells or HT-29 cells [10]. The anti-proliferative property of extracts from 
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natural products vary with cell lines [19, 24], extraction processes, (by ultrasonification 

and/or by high pressure) [63] or the extracting conditions such as temperature, time or 

enzyme [10]. The results obtained from MTT assay and trypan blue staining assay reveal 

that SSQ prohibits cell proliferation in HT-29. The results indicate that SSQ inhibited the 

proliferation of HT-29 cells in a dose-dependent manner.  

5. Apoptotic cell morphological change and DNA damage 

To analyze morphological changes accompanied with anti-proliferation on HT-29 

treated with SSQ, Hoechst 33342 staining was carried out and the results are depicted in 

Figure 16. HT-29 cells were treated with 0, 0.5, 1 and 2 mg/ml of SSQ for 24 h, then cells 

were stained by Hoechst 33342 nuclear staining dye (blue) for 20 min. Apoptotic nuclei 

were monitored by fluorescence microscope (scale bar, 100 mm). As shown in Figure 16, 

Hoechst 33342 staining displayed many bright apoptotic nuclei in HT-29 cells treated with 

SSQ compared with blank. This means that DNA fragmentation was induced by SSQ in 

HT-29 cells because Hoechst 33342 stains nuclei containing damaged DNA [64] and 

morphological changes, nuclear condensation and DNA fragmentation are characteristics 

of apoptosis [26, 65]. DNA is a major target for cancer cell killing [18]. Therefore, Hoechst 

33342 staining by fluorescence microscope shows that SSQ induces apoptosis in HT-29 

cells, as apparent from nuclear fragmentation.   
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6. ROS generation  

In order to determine intracellular ROS generation by SSQ in HT-29 cells, the 

intracellular oxidation of DCFH2 were observed under fluorescence microscope (scale bar, 

100 μm) (Figure 17). ROS was considered as a great marker of the oxidative stress that led 

to cell cycle arrest or cell death in living cells [16, 66]. In this study, intracellular ROS in 

HT-29 cells treated with SSQ for 24 h increased proportionally to the concentration of SSQ. 

ROS acts as a key to determine initiating cell cycle arrest and/or apoptosis [67]. Although 

a modest increase in ROS advance cell proliferation, significant amounts of ROS can 

trigger oxidative damage to cells, inducing cytotoxicity to cancer cells [67, 68]. 

Additionally, Inordinate amounts of ROS can be a major cause of cancer [13, 27]. 

Therefore, the results indicate that SSQ induces ROS-related cell death in HT-29 cells.  
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Figure 14. Cell viability of HT-29 treated with SSQ for 24 h or 48 h Cell viabilities 

were analyzed using MTT assay. Each value was expressed as the mean±S.D. (n=3). 

The mark, *, means p < 0.05 compared with blank, as analyzed by t-test.  
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Figure 15. Cell viability of HT-29 treated with SSQ for 24 h by trypan blue staining 

observed using bright field microscopy (scale bar, 200 μm).       
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Figure 16. Apoptotic nuclear staining by Hoechst 33342 staining dye (blue) in HT-29 

cells treated with SSQ for 24 h (scale bar, 100 μm). 
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Figure 17. ROS generation in HT-29 cells treated with SSQ for 24 h. Intracellular 

ROS generation in HT-29 cells stained by DCFH was observed by DCF green 

fluorescence under fluorescence microscope (scale bar, 100 μm).  
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7. Cell cycle arrest 

Cell cycle distribution was analyzed by flow cytometry to evaluate cell cycle arrest 

in HT-29 cells exposed to SSQ for 24 h (Figure 18). The G2/M phase populations increased 

by significantly 5.9 % at blank, 30.8 % at 0.5 mg/ml, 35.7 % at 1 mg/ml and 41.7 % at 2 

mg/ml compared with blank (vehicle-treated cells). On the contrary, SSQ diminished the 

G0/G1 phase populations in HT-29 cells by 50.3, 43.8, 38.9 and 34.3 % at 0, 0.5, 1 and 2 

mg/ml, respectively. The populations of S phase were decreased by SSQ as well (31.7, 

22.6, 21.8 and 20.3 % at 0, 0.5, 1 and 2 mg/ml, respectively). Many studies have reported 

G2 phase arrest by nature-derived extracts. Bo Li et al. (2015) has reported G2 cell cycle 

arrest chaetoglobosin K (ChK) isolated from the fungus Diplodia macrospora at first. They 

demonstrated that ChK caused a significant up-regulating in the proportion of cancer cells 

at the G2 phase, while treatment of ChK resulted in a decrease at the G1 and S phase [69]. 

Scutellaria discolor acetone extract showed a significant accumulation of G2 phase cells in 

Hela cells [21]. Allicin, which is a compound derived garlic, has an ability of up-regulating 

at G2 phase cells in human oesophageal cancer cell line Eca109 and EC9706. This increase 

accompanied with decrease in cell population at G0/G1 and S phase [70]. Another study 

has shown that the pericarp extract of Baneh, Pistacia atlantica sub kurdica, induced S 

phase delay in HT-29 cells [71]. A number of studies have demonstrated cell cycle arrest 

at G0/G1 phase by natural substances. Sara Jaramillo et al. (2016) have reported saponins 
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from wild asparagus led to G0/G1 cell cycle arrest [26]. The blocking cell cycle progression 

at G0/G1 phase has been also shown by Swadesh K. Das et al. (2005). They have reported 

that fucoxanthin, a natural carotenoid, induces increasing population during the G0/G1 

phase [72]. It has been reported that the damaged cells repair themselves or induce growth 

arrest to correct damage. If it is impossible to repair the cells, they trigger apoptosis [73, 

74]. Phosphorylation, acetylation and ubiquitination of p53 act as a key role to determine 

beginning cell cycle arrest or apoptosis [73]. Depending on the cells’ damage, apoptosis 

and cell cycle arrest can occur simultaneously [67, 75]. In addition, 14-3-3 proteins control 

cell cycle. Especially, 14-3-3σ is a crucial p53 response gene and maintain in the G2/M 

checkpoint by sequester Cdc25. The Cdc family is composed of three isoform, Cdc25A, 

Cdc25B and Cdc25C. Cdc25B and Cdc25C govern entry into M phase, while Cdc25A is 

vital for S phase entry [76]. This result shows that SSQ induces cell cycle arrest at G2/M 

phase in HT-29 cells. 
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Figure 18. Cell cycle arrest by SSQ in HT-29 cells treated with different 

concentrations of SSQ for 24 h followed by analyzing of cell arrest using flow 

cytometry.  
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Figure 18. Cell cycle arrest by SSQ in HT-29 cells treated with different 

concentrations of SSQ for 24 h followed by analyzing of cell arrest using flow 

cytometry.   
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8. The apoptotic protein and mRNA expression 

To establish whether SSQ induces apoptosis in HT-29 cells or not, the apoptotic 

protein and mRNA expression were detected by western blot analysis and RT-qPCR, 

respectively. Treatment with SSQ for 24 h induced the elevation of caspase-3, a pro-

apoptotic protein in HT-29 cells (Figure 19). Additionally, the significant up-regulating the 

gene expression of caspase-3 resulted from SSQ in HT-29 cells. (Figure 20). The protein 

expression level was higher at 1 mg/ml of SSQ than the other concentrations. However, 

the gene expression level at 0.5 mg/ml of SSQ was 1.7 times as high as blank. The 

expression of gene may not be the same protein expression occasionally [77, 78]. 

Apoptosis pathway is various and complex. Among them, mitochondrial pathway is 

initiated mitochondrial dysfunction. Bax inhibit bcl-2, anti-apoptosis protein, resulting in 

releasing cytochrome c from mitochondria. This lead to activate caspase-9, initiator 

caspase, by forming apoptosome which is made of cytochrome c, caspase-9, and Apaf-1. 

Activated caspase-9 cleave and activate caspase-3, executioner, which cause PARP 

cleaving and cell death [34, 79-82]. These results suggest that SSQ causes apoptosis by 

up-regulating caspase-3 in HT-29 cells.  
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Figure 19. Protein expression of caspase-3 in HT-29 cell treated with SSQ for 24 h. 

The relative protein quantity was detected by western blot analysis. β-actin served 

for a loading control. 
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Figure 20. The relative mRNA expression of caspase-3 in HT-29 cell treated with SSQ 

for 24 h. The cDNA was synthesized for PCR. β-actin was a reference gene. Each 

value was expressed as the mean±S.D. (n=3). *, p < 0.05; **, p < 0.01 and ***, p < 

0.001 compared with untreated RNA sample, as analyzed by t-test. 
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Ⅳ. Conclusion 

In this study, the protein hydrolysates of sea squirts (SSQ) were prepared by 

enzymatic hydrolysis with pepsin, and their antioxidant and anticancer effects were 

demonstrated. Antioxidant peptides derived from sea squirts were separated using 

consecutive chromatographic methods, and the sequences of separated peptides were 

identified as Met-Thr-Thr-Leu (P1, 464.58 Da), Leu-Glu-Trp (P2, 446.50 Da), and Tyr-

Tyr-Pro-Tyr-Gln-Leu (P3, 845.95 Da). Among three peptides, ORAC values of P2 and P3 

were comparable to glutathione, and P2 exhibited the highest DPPH radical scavenging 

activity. All three peptides were not effective as antioxidant agents in ABTS+ radical 

scavenging activity and reducing power. However, they exhibited high levels of Fe2+ 

chelating activity compared to GSH. Furthermore, the anticancer activities of the SSQ 

were estimated against HT-29 colon cancer cells. SSQ inhibited cell proliferation against 

HT-29 colon cancer cell line. In the results of fluorescence microscopic analyses, 

generation of ROS was surged up and nuclear condensation was detected. After SSQ 

treatment for 24 h, the population of cells in G2/M phase was up-regulated, which was 

accompanied by a decrease in G0/G1 and S phase cells. Western blotting and mRNA 

expression by RT-qPCR revealed caspase-3 activation for the detection of apoptotic 

pathway. These results confirm SSQ induces apoptosis in HT-29 cells in response to the 
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oxdative DNA damage. In summary, the results show that the peptic hydrolysate of sea 

squirts possesses not only strong antioxidant activity, but also higher anticancer activity in 

HT-29 colon cancer cell line. On the whole, the bioactive peptic hydrolysate of sea squirts 

could be a promising antioxidant and anticancer nourishment in new functional foods. 



 

６２ 

 

Ⅴ. References 

1. Kalimuthu Senthilkumar and S.-K. Kim, Marine invertebrate 

natural products for anti-inflammatory and chronic diseases. Evidence-

Based Complementary and Alternative Medicine, 2013. 2013: p. 1-10. 

2. Xiaoqian Hu, et al., Marine-derived bioactive compounds with 

anti-obesity effect: A review. Journal of Functional Foods, 2016. 21: p. 372-

387. 

3. Seung-Hong Lee, et al., Comparison of Antioxidant Activities of 

Enzymatic and Methanolic Extracts from Ecklonia cava Stem and Leave. 

Journal of the Korean Socienty of Food Science and Nutrition, 2006. 35(9): 

p. 1139-1145. 

4. Shilpi Gupta and Nissreen Abu-Ghannam, Bioactive potential and 

possible health effects of edible brown seaweeds. Trends in Food Science 

& Technology, 2011. 22(6): p. 315-326. 



 

６３ 

 

5. Tae-Hyung Kwon, et al., Antioxidant and Anti-lipase Activity in 

Halocynthia roretzi Extracts. Korean Journal of Food Science and 

Techology, 2011. 43(4): p. 464-468. 

6. Ji-Eun Jo, et al., Quality Characteristics and Antioxidant Activity 

Research of Halocynthia roretzi and Halocynthia aurantium. Journal of the 

Korean Society of Food Science and Nutrition, 2010. 39(10): p. 1481-1486. 

7. Gretchen Lambert, et al., Wild and cultured edible tunicates: a 

review. Management of Biological Invasions, 2016. 7(1): p. 59-66. 

8. Kwang-Soo Oh, Jin-Soo Kim, and M.-s. Heu, Food constituents 

of edible ascidians  Halocynthia roretzi and Pyura michaelseni. Korean 

Journal of Food Science and Technology, 1997. 29(5): p. 955-962. 

9. Derek Thomson, et al., Structural characterization and anti-

inflammatory activity of two novel polysaccharides from the sea squirt, 

Ascidiella aspersa. Pulmonary Pharmacology & Therapeutics, 2016. 40: p. 

69-79. 



 

６４ 

 

10. Si-Hyang Park, Seok-Bong Jeong, and Byeong-Dae Choi, 

Immuno- and Anti-Cancer Activities of Halocynthia roretzi Tunic Extracts 

on Cells. Journal of Agriculture & Life Science, 2013. 47(5): p. 163-170. 

11. Dae-Hoon Lee and J.-H. Hong, Immune-Enhancing Effects of 

Polysaccharides Isolated from Ascidian (Halocynthia roretzi) Tunic. 

Journal of the Korean Society of Food Science and Nutrition, 2015. 44(5): 

p. 673-680. 

12. Sha Li, et al., The Role of Oxidative Stress and Antioxidants in 

Liver Diseases. International Journal of Molecular Sciences, 2015. 16(11): 

p. 26087-26124. 

13. Adly, A.A.M., Oxidative stress and disease: An updated review. 

Research Journal of Immunology, 2010. 3(2): p. 129-145. 

14. Yun-Zhong Fang, Sheng Yang, and Guoyao Wu, Free Radicals, 

Antioxidants, and Nutrition. Nutrition, 2002. 18: p. 872-879. 

15. Lunawati L. Bennett, Stephen Rojas, and Teresa Seefeldt, Role 

of Antioxidants in the Prevention of Cancer. Journal of Experimental & 

Clinical Medicine, 2012. 4(4): p. 215-222. 



 

６５ 

 

16. Hyeonmi Ham, et al., Protective effects of unsaponifiable matter 

from rice bran on oxidative damage by modulating antioxidant enzyme 

activities in HepG2 cells. LWT - Food Science and Technology, 2015. 61(2): 

p. 602-608. 

17. Satish Balasaheb Nimse and Dilipkumar Pal, Free radicals, 

natural antioxidants, and their reaction mechanisms. Royal Socierty of 

Chemistry Advances, 2015. 5(35): p. 27986-28006. 

18. S. Umayaparvathi, et al., Antioxidant activity and anticancer effect 

of bioactive peptide from enzymatic hydrolysate of oyster (Saccostrea 

cucullata). Biomedicine & Preventive Nutrition, 2014. 4(3): p. 343-353. 

19. Yasantha Athukorala, Kil-Nam Kim, and Y.-J. Jeon, 

Antiproliferative and antioxidant properties of an enzymatic hydrolysate 

from brown alga, Ecklonia cava. Food and Chemical Toxicology, 2006. 

44(7): p. 1065-1074. 

20. Mohammad Zarei, et al., Identification and characterization of 

papain-generated antioxidant peptides from palm kernel cake proteins. 

Food Research International, 2014. 62: p. 726-734. 



 

６６ 

 

21. Surbala Laishram, et al., Chrysin rich Scutellaria discolor Colebr. 

induces cervical cancer cell death via the induction of cell cycle arrest and 

caspase-dependent apoptosis. Life Sciences, 2015. 143: p. 105-113. 

22. Thomas A. Dix and J. Aikens, Mechanisms and Biological 

Relevance of Lipid Peroxidation. Chemcal Research Toxicology, 1993. 6: 

p. 2-18. 

23. Eduardo Lissi, et al., Evaluation of total antioxidant potential 

(TRAP) and total antioxidant reactivity from luminol-enhanced 

chemiluminescence measurements. Free Radical Biology & Medicine, 

1994. 18(2): p. 153-158. 

24. Mayalen Zubia, et al., Antioxidant and antitumoural activities of 

some Phaeophyta from Brittany coasts. Food Chemistry, 2009. 116(3): p. 

693-701. 

25. Farhat V. N. Din and Malcolm G. Dunlop, Colorectal cancer: 

management. Medicine, 2015. 43(6): p. 303-307. 

26. Sara Jaramillo, et al., Saponins from edible spears of wild 

asparagus inhibit AKT, p70S6K, and ERK signalling, and induce apoptosis 



 

６７ 

 

through G0/G1 cell cycle arrest in human colon cancer HCT-116 cells. 

Journal of Functional Foods, 2016. 26: p. 1-10. 

27. Hermann Brenner, Matthias Kloor, and Christian Peter Pox, 

Colorectal cancer. The Lancet, 2014. 383(9927): p. 1490-1502. 

28. Shivaram K. Bhat and James E. East, Colorectal cancer: 

prevention and early diagnosis. Medicine, 2015. 43(6): p. 295-298. 

29. Luca Roncucci and Francesco Mariani, Prevention of colorectal 

cancer: How many tools do we have in our basket? European Journal of 

International Medicine, 2015. 26(10): p. 752-756. 

30. Rima Beesoo, et al., Apoptosis inducing lead compounds isolated 

from marine organisms of potential relevance in cancer treatment. 

Mutation Research, 2014. 768: p. 84-97. 

31. Agustine Nengsih Fauzi, Mohd. Nor Norazmi, and N.S. Yaacob, 

Tualang honey induces apoptosis and disrupts the mitochondrial 

membrane potential of human breast and cervical cancer cell lines. Food 

and Chemical Toxicology, 2011. 49(4): p. 871-878. 



 

６８ 

 

32. Czadek, P., Chemoprevention of colorectal cancer. Polish Annals 

of Medicine, 2016. 23(1): p. 75-79. 

33. Shiva Kant, Ajay Kumar, and M. Singh, Fatty acid synthase 

inhibitor orlistat induces apoptosis in T cell lymphoma: role of cell survival 

regulatory molecules. Biochimica et Biophysica Acta, 2012. 1820(11): p. 

1764-1773. 

34. Fernando J. Reyes-Zurita, et al., Maslinic acid, a natural 

triterpene from Olea europaea L., induces apoptosis in HT29 human colon-

cancer cells via the mitochondrial apoptotic pathway. Cancer Letters, 2009. 

273(1): p. 44-54. 

35. Izumi Konishi, et al., Halocynthiaxanthin and fucoxanthinol 

isolated from Halocynthia roretzi induce apoptosis in human leukemia, 

breast and colon cancer cells. Comparative Biochemistry and Physiology, 

2006. 142(1-2): p. 53-59. 

36. Fernanda Guimarães Drummond Silva, et al., Identification of 

peptides released from flaxseed (Linum usitatissimum) protein by 

Alcalase®  hydrolysis: Antioxidant activity. LWT - Food Science and 

Technology, 2017. 76: p. 140-146. 



 

６９ 

 

37. Ana Zulueta, Maria J. Esteve, and A. Frígola, ORAC and TEAC 

assays comparison to measure the antioxidant capacity of food products. 

Food Chemistry, 2009. 114(1): p. 310-316. 

38. Dae-Sung Lee, et al., Chitosan-hydroxycinnamic acid conjugates: 

preparation, antioxidant and antimicrobial activity. Food Chemistry, 2014. 

148: p. 97-104. 

39. Abdurrahman Aktumsek, et al., Antioxidant potentials and 

anticholinesterase activities of methanolic and aqueous extracts of three 

endemic Centaurea L. species. Food and Chemical Toxicology, 2013. 55: 

p. 290-296. 

40. Kant, S., A. Kumar, and S.M. Singh, Fatty acid synthase inhibitor 

orlistat induces apoptosis in T cell lymphoma: Role of cell survival 

regulatory molecules. Biochimica et Biophysica Acta (BBA) - General 

Subjects, 2012. 1820(11): p. 1764-1773. 

41. Strober, W., Trypan Blue Exclusion Test of Cell Viability. Current 

protocols in immunology, 1997: p. A.3B.1-A.3B.2. 



 

７０ 

 

42. Elmore, S., Apoptosis: A Review of Programmed Cell Death. 

Toxicologic Pathology, 2007. 35(4): p. 495–516. 

43. Mai Duy Luu Trinh, D.-K.T. Dai-Hung Ngo, Quoc-Tuan Tran,, and 

M.-H.D. Thanh-Sang Vo, Dai-Nghiep Ngo, Prevention of H2O2-induced 

oxidative stress in Chang liver cells by 4-hydroxybenzyl-chitooligomers. 

Carbohydrate Polymers, 2014. 103: p. 502-9. 

44. Zhimin Qi, et al., Asiatic acid enhances Nrf2 signaling to protect 

HepG2 cells from oxidative damage through Akt and ERK activation. 

Biomedicine & Pharmacotherapy, 2017. 88: p. 252-259. 

45. Evgeniy Eruslanov and S. Kusmartsev, Identification of ROS 

Using Oxidized DCFDA and Flow-Cytometry. Advanced protocols in 

oxidative stress II, 2010: p. 57-72. 

46. P. Gopinath and S.S. Ghosh, Understanding apoptotic signaling 

pathways in cytosine deaminase-uracil phosphoribosyl transferase-

mediated suicide gene therapy in vitro. Molecular Cell Biochemistry, 2009. 

324(1-2): p. 21-29. 



 

７１ 

 

47. G. M. Williams, M. J. Iatropoulos, and J. Whysner, Safety 

assessment of butylated hydroxyanisole and butylated hydroxytoluene as 

antioxidant food additives. Food and Chemical Toxicology, 1999. 37: p. 

1027-1038. 

48. Ronald L. Prior, Xianli Wu, and Karen Schaich, Standardized 

Methods for the Determination of Antioxidant Capacity and Phenolics in 

Foods and Dietary Supplements. Journal of Agriculture and Food 

Chemistry, 2005. 53: p. 4290-4302. 

49. Suetsuna, K., Antioxidant Peptides from the Protease Digest of 

Prawn (Penaeus japonicus) Muscle. Marine Biotechnology (NY), 2000. 

2(1): p. 5-10. 

50. Chang-Feng Chi, et al., Antioxidant and anticancer peptides from 

the protein hydrolysate of blood clam (Tegillarca granosa) muscle. Journal 

of Functional Foods, 2015. 15: p. 301-313. 

51. Bahareh H Sarmadi and A. Ismail, Antioxidative peptides from 

food proteins: a review. Peptides, 2010. 31(10): p. 1949-56. 



 

７２ 

 

52. Bahareh H Sarmadi and A. Ismail, Antioxidative peptides from 

food proteins: a review. Peptides, 2010. 31(10): p. 1949-1956. 

53. Chibulke C. Udenigwe and R.E. Aluko, Chemometric analysis of 

the amino acid requirements of antioxidant food protein hydrolysates. 

International Journal of Molecular Sciences, 2011. 12(5): p. 3148-3161. 

54. Seok-Chun Ko, et al., A hexameric peptide purified from Styela 

plicata protects against free radical-induced oxidative stress in cells and 

zebrafish model. Royal Socierty of Chemistry Advances, 2016. 6(59): p. 

54169-54178. 

55. Bin Wang, et al., Preparation and evaluation of antioxidant 

peptides from ethanol-soluble proteins hydrolysate of Sphyrna lewini 

muscle. Peptides, 2012. 36(2): p. 240-250. 

56. Bin Wang, et al., Purification and characterisation of a novel 

antioxidant peptide derived from blue mussel (Mytilus edulis) protein 

hydrolysate. Food Chemistry, 2013. 138(2-3): p. 1713-1719. 

57. Lijun You, et al., Purification and identification of antioxidative 

peptides from loach (Misgurnus anguillicaudatus) protein hydrolysate by 



 

７３ 

 

consecutive chromatography and electrospray ionization-mass 

spectrometry. Food Research International, 2010. 43(4): p. 1167-1173. 

58. Longjian Gu, et al., Chemical and cellular antioxidant activity of 

two novel peptides designed based on glutathione structure. Food and 

Chemical Toxicology, 2012. 50(11): p. 4085-4091. 

59. Chamila Nimalaratne, Nandika Bandara, and J. Wu, Purification 

and characterization of antioxidant peptides from enzymatically hydrolyzed 

chicken egg white. Food Chemistry, 2015. 188: p. 467-72. 

60. Soo-Yeon Park, et al., Partial purification and identification of 

three antioxidant peptides with hepatoprotective effects from blue mussel 

(Mytilus edulis) hydrolysate by peptic hydrolysis. Journal of Functional 

Foods, 2016. 20: p. 88-95. 

61. Tsun Thai Chai, et al., Enzyme-Assisted Discovery of Antioxidant 

Peptides from Edible Marine Invertebrates: A Review. Marine Drugs, 2017. 

15(2): p. 1-26. 

62. Isabel C. F. R. Ferreira, et al., Free-radical scavenging capacity 

and reducing power of wild edible mushrooms from northeast Portugal: 



 

７４ 

 

Individual cap and stipe activity. Food Chemistry, 2007. 100(4): p. 1511-

1516. 

63. Ji Hye Ha, et al., Comparison of Anticancer Activities of Berberis 

koreana Extracts Obtained by Defferent Extraction Processes. Korean 

Journal of Food Science and Technology, 2010. 42(2): p. 233-239. 

64. Fernando J. Reyes, et al., (2a, 3b)-2, 3-Dihydroxyolean-12-en-28-

oic acid, a new natural triterpene from Olea europea, induces caspase 

dependent apoptosis selectively in colon adenocarcinoma cells. 

Federation of European Biochemical Societies, 2006. 580(27): p. 6302-

6310. 

65. Hyang Nam and M.-m. Kim, Ursolic acid induces apoptosis of 

SW480 cells via p53 activation. Food and Chemical Toxicology, 2013. 62: 

p. 579-583. 

66. Anhua Wei, et al., A novel non-aromatic B-ring flavonoid: isolation, 

structure elucidation and its induction of apoptosis in human colon HT-29 

tumor cell via the reactive oxygen species-mitochondrial dysfunction and 

MAPK activation. Food and Chemical Toxicology, 2011. 49(9): p. 2445-

2452. 



 

７５ 

 

67. Seung Yuan Lee, et al., Anti-cancer effect and apoptosis 

induction of cordycepin through DR3 pathway in the human colonic cancer 

cell HT-29. Food and Chemical Toxicology, 2013. 60: p. 439-447. 

68. Rhea Mehtaa, Liana Dedina, and P.J. O'Brien, Rescuing 

hepatocytes from iron-catalyzed oxidative stress using vitamins B1 and B6. 

Toxicology In Vitro, 2011. 25(5): p. 1114-1122. 

69. Bo Li, et al., Chaetoglobosin K induces apoptosis and G2 cell 

cycle arrest through p53-dependent pathway in cisplatin-resistant ovarian 

cancer cells. Cancer Letters, 2015. 356: p. 418-433. 

70. Fenrong Chen, et al., Inhibition of allicin in Eca109 and EC9706 

cells via G2/M phase arrest and mitochondrial apoptosis pathway. Journal 

of Functional Foods, 2016. 25: p. 523-536. 

71. Parisa Fathi Rezaei, et al., Induction of apoptosis and cell cycle 

arrest by pericarp polyphenol-rich extract of Baneh in human colon 

carcinoma HT29 cells. Food and Chemical Toxicology, 2012. 50(3-4): p. 

1054-1059. 



 

７６ 

 

72. Swadesh K. Das, et al., Fucoxanthin induces cell cycle arrest at 

G0/G1 phase in human colon carcinoma cells through up-regulation of 

p21WAF1/Cip1. Biochimca et Biophysica Acta, 2005. 1726(3): p. 328-335. 

73. Jan-Philipp Kruse and W. Gu, Modes of p53 regulation. Cell, 2009. 

137(4): p. 609-622. 

74. Karen H. Vousden and C. Prives, Blinded by the Light: The 

Growing Complexity of p53. Cell, 2009. 137(3): p. 413-431. 

75. He Wang, et al., Paeoniflorin inhibits growth of human colorectal 

carcinoma HT 29 cells in vitro and in vivo. Food and Chemical Toxicology, 

2012. 50(5): p. 1560-1567. 

76. Erik Wilker and M.B. Yaffe, 14-3-3 Proteins-a focus on cancer and 

human disease. Journal of Molelcular Cellular Cardiology, 2004. 37(3): p. 

633-642. 

77. Michael P. Washburn, et al., Protein pathway and complex 

clustering of correlated mRNA and protein expression analyses in 

Saccharomyces cerevisiae. Proceedings of the National Academy of 

Science U S A, 2003. 100(6): p. 3107-3112. 



 

７７ 

 

78. Steven P. Gygi, et al., Correlation between Protein and mRNA 

Abundance in Yeast. Molecular and Cellular biology, 1999. 19(3): p. 1720–

1730. 

79. Chen-Tzu Kuo, et al., Denbinobin induces apoptosis in human 

lung adenocarcinoma cells via Akt inactivation, Bad activation, and 

mitochondrial dysfunction. Toxicol Letter, 2008. 177(1): p. 48-58. 

80. Jerry M. Adams and S. Cory, Life-or-death decisions by the Bcl-2 

protein family. Trends in Biochemical Sciences, 2001. 26(1): p. 61-66. 

81. Green, D.R., Apoptotic pathways: ten minutes to dead. Cell, 2005. 

121(5): p. 671-674. 

82. Nika N. Danial and S.J. Korsmeyer, Cell Death: Critical Control 

Points. cell, 2004. 116: p. 205-219. 

 

  



 

７８ 

 

멍게 (Halocynthia roretzi) 가수분해물의 항산화 및 항암 효과 

 

김 삼 선 

 

부 경 대 학 교 

과 학 기 술 융 합 전 문 대 학 원 

해 양 바 이 오 융 합 과 학 전 공 

 

요    약 

 

멍게의 펩신 가수 분해물에서 항산화 펩타이드를 얻기 위해 역상 고성능 액체 

크로마토그래피 (reverse phase-high performance liquid chromatography), 겔 투과 

크로마토그래피 (gel permeation chromatography) 등의 연속적인 분리 ∙ 정제 과정을 

거친 후, 크로마토그래피 질량 분광계 (liquid chromatography tandem mass spectrometry)를 

이용하여 MTTL (464.58 Da, P1), LEW (446.50 Da, P2), YYPYQL (845.95 Da, P3)의 세 가지 

펩타이드 서열을 확인하였다. 펩타이드의 항산화능을 분석하기 위해 DPPH 라디칼 

소거능, ABTS+ 라디칼 소거능, Fe2+ 켈라이팅 활성, ORAC, 환원력 등을 측정하였다. 세 

가지 펩타이드 중 P2 의 DPPH 라디칼 활성이 가장 높게 나타났으며, P2 와 P3 의 

ORAC 은 glutathione (GSH)에 상당하는 값을 보였다. Fe2+ 켈라이팅 활성은 세 가지 
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펩타이드 모두 GSH 보다 높게 나타났으나, ABTS+ 라디칼 소거 활성과 환원력은 

GSH의 값이 펩타이드들보다 높게 나타났다. 펩신 가수분해물을 HT-29 대장암 세포에 

처리한 결과, 세포 생존율 저해, 세포 내 활성 산소종 (reactive oxygen species, ROS)의 

증가, 손상된 DNA 를 확인하였다. 또한, 펩신 가수분해물의 농도에 따라 G0/G1 기와 

S 기는 감소, G2/M 기는 증가하여 G2/M 기에서 세포 주기가 정지하는 것을 확인하였다. 

Western blot 분석과 RT-qPCR (quantitative real time polymerase chain reaction)을 통해 

caspase-3 단백질과 mRNA 의 발현이 증가하는 것을 확인하였다. 그러므로 멍게의 

펩신 가수 분해물은 HT-29 대장암 세포에 대해 활성 산소종을 증가시켜 세포 주기를 

정지시키며 caspase-3 활성에 의한 apoptosis 를 유도한다. 또한, 탈지 과정을 거처 

추출된 멍게의 펩신 가수 분해물에서 분리, 합성한 펩타이드들은 일부 라디칼에 대해 

높은 항산화 활성을 가진다.    

 

Keywords: Sea squirt, Bioactive peptides, Antioxidant, Anticancer, Apoptosis, HT-29 
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