
 

 

저작자표시-비영리-동일조건변경허락 2.0 대한민국 

이용자는 아래의 조건을 따르는 경우에 한하여 자유롭게 

l 이 저작물을 복제, 배포, 전송, 전시, 공연 및 방송할 수 있습니다.  

l 이차적 저작물을 작성할 수 있습니다.  

다음과 같은 조건을 따라야 합니다: 

l 귀하는, 이 저작물의 재이용이나 배포의 경우, 이 저작물에 적용된 이용허락조건
을 명확하게 나타내어야 합니다.  

l 저작권자로부터 별도의 허가를 받으면 이러한 조건들은 적용되지 않습니다.  

저작권법에 따른 이용자의 권리는 위의 내용에 의하여 영향을 받지 않습니다. 

이것은 이용허락규약(Legal Code)을 이해하기 쉽게 요약한 것입니다.  

Disclaimer  

  

  

저작자표시. 귀하는 원저작자를 표시하여야 합니다. 

비영리. 귀하는 이 저작물을 영리 목적으로 이용할 수 없습니다. 

동일조건변경허락. 귀하가 이 저작물을 개작, 변형 또는 가공했을 경우
에는, 이 저작물과 동일한 이용허락조건하에서만 배포할 수 있습니다. 

http://creativecommons.org/licenses/by-nc-sa/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-sa/2.0/kr/


Screening of Anti-diabetic Activity in

Seaweeds Produced in Jeju Island

：

：

2011



Screening of Anti-diabetic Activity in

Seaweeds Produced in Jeju Island

이 논문을 석사학위논문으로 제출함.

2011 6



- ii -



- i -

( )

：

. -glucosidaseα α

-amylase , Transwell Caco-2 cell

Caco-2 cell GLUT2 SGLT1

. HepG2 cell pyruvate kinase glucokinase

.

-glucosidaseα -amylaseα

. (Ishige okamurai) (Ishige

foliacea) 80% -glucosidaseα

200 / 95.2, 98.1% ,㎍㎖ -amylaseα

.

SGLT1 GLUT2

, SGLT1 ,

GLUT2

. SGLT1 GLUT2 .

SGLT1 47.7% , 60%



- ii -

. GLUT2 34.9%,

37.6% .

HepG2 pyruvate kinase glucokinase

. glucokinase, pyruvate

kinase .

glucokinase .

, ( ) 2解糖界

ATP phosphenolpyruvate (PEP) ADP pyruvic

acid ATP pyruvate kinase

.

80%

, ,

.



- iii -

.

.

.

.

. . .

,

,

. ,

, , , ,

.

. ,

. .

. ,

,

,

, , , , , , , ,

, .

, ,

,

, , , , , ,

, .

,

, , .

, , , .

.

, , ,



- iv -

.

.

... ,

,

, ,

, , ,

, , , , , , .

.

, .

, , , , , , , ,

, , , , , , , , ,

.

.

, , ,

.



- v -

2011 6

ⅰ

ⅲ

ⅴ

LIST OF TABLES ⅶ

LIST OF FIGURES ⅷ

.Ⅰ 1

.Ⅱ 3

1. 3

1.1 3

1.2 3

1.3 4

1.4 10 5

1.5 6

1.6 -glucosidaseα 6

1.7 -amylaseα 7

1.8 7

1.8 Glucokinase Pyruvate kinase 9

2. 12

2.1 12

2.2 (Ishige okamurai) (Ishige foliacea) 12

Ⅲ 14

1. 14

2 cell culture 14

3 14

4 15

5 -glucosidaseα 15

6 -amylaseα 15

7 WST-1 Assay 16

8 Caco-2 17

9 RT-PCR (reverse-transcriptase polymerase chain reaction) 18



- vi -

10 Western blot 18

11 19

Ⅳ 20

1 20

2 21

3 -glucosidaseα 22

4 -amylaseα 26

5. 30

6. Caco-2 cell 34

7. RT-PCR 38

8. Western blot 40

Ⅴ 48

50

63



- vii -

LIST OF TABLES

Table 1. Sequence and RT-PCR program of protein ··············································· 18

Table 2. The general composition of various seaweeds ·················································· 20

Table 3. Yields of 80% ethanol extracts of seaweed ··············································· 21

Table 4. -glucosidase inhibition rate of 80% ethanol extracts of seaweedα ······· 23

Table 5. -glucosidase inhibition rate of 80% ethanol extract ofα Ishige foliacea · 24

Table 6. -glucosidase inhibition rate of 80% ethanol extract ofα Ishige okamura 25

Table 7. -amylase inhibition rate of 80% ethanol extracts of seaweedα ·············· 27

Table 8. -amylase inhibition rate of 80% ethanol extract ofα Ishige foliacea ··· 28

Table 9. -amylase inhibition rate of 80% ethanol extract ofα Ishige okamurai · · 29

Table 10. Cell viability of 80% ethanol extracts of seaweed on HepG2 cells ······ 31

Table 11. Cell viability of 80% ethanol extracts of seaweed on Caco-2 cells ···· 33



- viii -

LIST OF FIGURE

Figure 1. Rate of the cause of death ··········································································· 5

Figure 2. The operation of SGLT1 and GLUT2 on epithelial cell ···························· 9

Figure 3. ATP feedback inhibition of pyruvate in the glycolysis cycle ················ 11

Figure 4. Principle of WST-1 ······················································································ 16

Figure 5. Side view of Caco-2 cell on membrane of Transwell ······························ 17

Figure 6. Transportation of 80% ethanol extracts of seaweed across Caco-2 cell · 36

Figure 7. Inhibitory effect of 80% ethanol extracts of seaweed on glucose uptake on

Caco-2 cell ····································································································· 37

Figure 8. The mRNA expression level of SGLT1 and GLUT2 on Caco-2 cells ·· 39

Figure 9. The protein expression level of SGLT1 on Caco-2 cells ······················· 41

Figure 10. The protein expression level of GLUT2 on Caco-2 cells ······················ 42

Figure 11. The protein expression level of Glucokinase on HepG2 cells with Ishige

okamurai ···································································································· 45

Figure 12. The protein expression level of Pyruvate kinase on HepG2 cells with

Ishige okamurai ···························································································· 46



- 1 -

.Ⅰ

.

.

1 2

. 2

(Ko et al., 2005). 2

90% (JI

et al., 2002; Oates and Wood, 1989; Vessby et al., 1994),

. , .

.

,

(Kim et al., 2008;

Braunwald et al., 2001; Kameswara et al., 1997; Prout et al., 1974).

70% 80%

(Lee et al., 1999; Scheuer, 1990).

.

(Lee et al., 1999;

1996). , ,

(Kwak et al., 2005;

Jimenez et al., 1999). ,

.

(Jung et al., 2004).

, (Awad et al., 2003), (Ryu et al.,

1989), (Liu et al., 1997), (Iwahima et al., 2005), (Kim et

al., 1997), (Yang et al., 2005), (Lee et al., 1999)

(Manou et al.,1998; Heo and

Jeon, 2005).

(Lee et al., 2000).
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(Lee et al., 2009a; Bae, 2004). sample (Sargassum

thunbergii) , ,

, (Yang et al., 2005; Seo et al., 2004)

(Zhuang et al., 1995) (Lee et al., 2009b),

(Sargassum tortile)

, (Dawson, 1974),

(Cho et al., 2007), (Lee et al., 2007), (Numata et

al., 1992) .

(Ishige okamurai)

(Kim et al., 2009a) (Athukorala et al., 2007),

(Nakamura et al., 1994) , (Sargassum

ringgoldianum) (Ko et al., 2010) .

, 5 80%

.
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.Ⅱ

. ‘Diabetes mellitus’

Diabetes

mellitus . Diabetes mellitus ‘

’ ( , 1999).

Langerhan's β

, (Kobayashi et al., 2000)

,

, , ,

, , ,

(Brant et al., 2005). ,

1000~1500 2000~5000 , 2~5㏄ ㏄

, .

60% , ,

, (

, 1999).

.

,

.

.

, ,

.
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, .

1000 /㎎ ㎗

, , .

, , , ,

5~10%

,

, .

5~10

, , , .

( , 1999; Stevens et al., 2001).

(IDD, insulin-dependent diabetes)

(NIDDM, non-insulin-dependent diabetes mellitus)

1 , 2 (National

Diabetes Data Group, 1979). β

,

90% 2

. ,

β

2

(Brant et al., 2005; Stevens et al.,

2001; Kadowaki et al., 2003).
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2 sulfonylure

, peroxisome proliferator activated receptor-γ

(PPAR- ) agonistγ pioglitazone rosiglitazone

metformin ,

acarbose (Fineman et al., 2003; Tosi et al., 2003;

Oudjeriouat et al., 2003). ,

(Kim et

al., 2008; Braunwald et al., 2001; Kameswara et al., 1997; Prout, 1974).

1.4 10

10 , , , , , ,

, , , 70.9% . 2010

4 , 1999 6 4

(Statistics Korea, 2010).

Figure 1. Rate of the cause of death(Statistics Korea, 2010).
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1.5

,

70~110 /dl㎎ 180 /dl㎎

, 60 /dl㎎ 140 ㎎

/dl , 200 /dl㎎ 2

,

. , , , ,

,

.

β

, . , α

.

(Doopedia).

1.6 -glucosidaseα

-glucosidaseα

-glucosidaseα

(Choi et al., 2008a; Andrade et al., 2000).

α-glucosidase

, ,

(Heo et al., 2009; Choi et al., 2008b; Gao et al., 2008). STOP-NIDDM

(Chiasson et al., 2002) α-glucosidase acarbose

(Kim, 2008; Bischoff, 1994)

, , , , .

(Hwang et al., 2008), , , (Hong et al.,2008),

(Kim et al., 2009b) α-glucosidase .

,
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α-glucosidase (Heo et al., 2009), (Iwaki, 2008), (Kim, 2008),

(Li et al., 2005)

.

1.7 -amylaseα

,

(Moon et al., 1998). α-amylase -D-1,4-glucanα

α-amylase

, ,

(Lee et al., 2004).

.

α-amylase .

α-amylase

(Markwick et al., 1996; Rekha et al., 2003).

acarbose Actinoplanes sp. ,

α-amylase brush border -glucosidaseα

. acarbose ,

, , (Choi et

al.,2008b). α-amylase

, (Lee et al., 2008), (Choi et al., 2008a),

(Granum, 1978), (Mulicani and Rudrappa, 1994)

.

. α-amylase (Heo et al., 2009), (Lee et

al., 2009c), (Lee et al., 2010)

.

1.8

Figure 2 ,

.
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Na
+

.

GLUT2(Glucose transporter 2) ,

SGLT1(Sodium -glucose transport protein) (Youm et al., 1998:

Thorens et al., 1990). ephitherial cell

Na
+

SGLT1 .

.

GLUT2 , GLUT2

.

, (glucose transporter, GLUT4) 7 .

GLUT1~GLUT4 . GLUT1

(Hruz and Mueckler, 2001), GLUT2 , ,

, GLUT3 ,

GLUT4 (Bell et al., 1990: Wikipedia, 2011).

GLUT2 .

GLUT2 ,

(Hogan et al., 1991).

GLUT2

.

SGLT1 cotransporter Na+

. SGLT1

. (Park et al., 2004). Chang (Chang et

al., 2007) SGLT1

. SGLT1

. SGLT1

BBMV(brush border membrane vesicle)

(Bell

et al., 1990).
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Figure 2. The operation of SGLT1 and GLUT2 on epithelial cell

1.9 Glucokinase Pyruvate kinase

Hexokinase , , , ,

, glucokinase hexokinase

(promoter) . Hexokinase Glucokinase

, (Km 15-20mM) ,

glucose-6-phosphate (Kim, 2001)

hexokinase glucokinase .

Glucokinase glucose glucose-6-phosphate

glycogen β

(Sharma et al, 1963; Kim and Kim, 2001). , glucokinase
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, glucokinase (Kim

and Kim, 2001; Bedoya et al., 1986a). , β

. , glucokinase

,

β glucokinase

.

glucokinase mRNA

(Bedoya et

al., 1986a). Glucokinase (Bedoua et al.,

1986b; Kim et al., 2005; Iynedjian et al., 2008).

glucokinase .

Pyruvate kinase EC 2. 7. 1. 40. ATP: -2-O- .

( ) 2解糖界 ATP phosphenolpyruvate(PEP)

ADP pyruvic acid ATP (Lee et al., 2009c). pyruvate kinase

ATP ATP

pyruvate kinase .

K+/Mg2+

PEP + Mg-ADP → Pyruvate + Mg-ATP

Pyruvate kinase . ATP

ATP Fructose-6-phosphatase feedback , ATP

phosphofructokinase(PFK) pyruvate kinase

(Albert, 1982)(Figure 3).
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Figure 3. ATP feedback inhibition of pyruvate in the glycolysis cycle

Regulation of the entry and use of glucose residues in glycolysis. Regulatory inhibition is shown by dashed

feedback arrows leading to bars across the reaction arrows.

G1P: Glucose 1-phosphate, G6P: Glucose 6-phosphate, F6P: Frcutose 6-phosphate, FDP: Fructose

1,6-diphosphate, TP: Triose phosphates, 3PG: 3-phosphoglycerate, 2PG: 2-phosphoglycerate, PEP:

Phosphoenol pyruvate(Albert, 1982).
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2.

2.1

70% 80%

(Lee et al., 1999; Scheuer, 1990;

, , 1996).

, (green algae),

(brown algae),

(red algae)

,

, , , ,

(Lee et al, 2006).

(Jimenez et al., 1999), , ,

, ,

(Nagayama et al., 2002).

,

(Kwak et al., 2005; Ruperez et al., 2002)

Lee (Lee et al., 1996) , , ,

, (Heo et al, 2009), (Iwai, 2008), (Kim, 2008; Lee et al., 2009c),

(Lee et al., 2010), (Li et al., 2005)

2.2 (Ishige okamurai) (Ishige foliacea)

(Ishigea ceae) (phacophyta), (chordariales)

.

(Ishige okamurai) (dictyosiphonales) (unctariaeceae)

5~10 cm, 3 mm , , ( ),



- 13 -

, ,

. ,

. ,

. .

.

(Ishige foliacea) , , , , ,

, .

.

.

.

( ; , 2007).
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1.

(Ishige foliacea), (Sargassum ringgoldianum),

(Sargassum tortile), (Sargassum thunbergii), (Ishige okamurai) ( )

.

-glucosidaseα , -amylase, Acarboseα ( )SIGMA , DMEM(Dulbeco"s

Modified Eagle"s Medium), DPBS(Dulbecco’s Phosphate-Buffered Saline), Trypsin EDTA,

FBS(Fetal Bovine Serum) ( )WELGENE, PVDF membrane Bio-Rad, OligodT,

M-MLV, Trizol ( )Invitorogen . glucokinase, pyruvate kinase,

GLUT2, SGLT1 ( ) . glucokinase

SANTA Cruze, pyruvate kinase Cell Signaling, GLUT2 MILLIPORE, SGLT1

Cell signaling .

2. (cell culture)

Caco-2(human adenocarcinoma) HepG2(human

hepatocellular carcinoma) Korea Cell Line Bank(KCLB. Seoul)

. Caco-2 HepG2 10% FBS(fetal bovine serum) 1%

PEST(penicillin streptomycin) DMEM(Dulbeco"s Modified Eagle"s Medium)

37 , 5%℃ CO2 .

3.

10 g 80%(v/v) 200 ml 30 24℃ shaking bath

. , dry oven 60℃

.
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4.

AOAC (AOAC Intenational)(AOAC, 1995) ,

105℃ dry oven , micro-Kjeldahl

, Soxhlet , 550℃

. 100% , , ,

.

5. -glucosidaseα

-glucosidaseα Kim (Kim et al., 2010a) .

0.1M sodium phosphate buffer (pH 6.8) 50 ㎕ sample 50 ㎕ -glucosidaseɑ ( 0.3 U/ )㎕

50 37 15 .㎕ ℃ 2 mM pNPG(p-nitrophenyl-α

-D-glucopyranoside) 200 37 10㎕ ℃ . 10 0.1 M Na2CO3 1.5

ml 405 nm .

Inhibition rate (%)={1-(A-B)/C}×100 ········································· (1)

A=

B= blank ( )

C= ( )

6. -amylaseα

-amylaseα Starch-iodine . 50 ㎕

buffer 340 ㎕ -amylaseɑ 10 37 10 . 10㎕ ℃

100 37 .㎕ ℃

1% iodine solution 0.1 ml , 5 ml 565 nm

.
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Inhibition rate (%)= (A-C)×100/(B-C) ····················································· (2)

A=

B= blank ( -amylaseα )

C= ( )

7. WST-1 Assay

WST-1

Tetrazolium salts formazan

(Tominaga et al., 1999)(Figure 4).

WST-1 .

WST-1 (2- (4- iodophenyl) -3- (4-nitrophenyl) -5- (2,4- disulfophenyl)- 2H

-tetrazolium monosodium salt)) .

cell counting × 96 well plate

100 48 ,㎕ FBS

100 16 . 16 12㎕

. 12 4 WST 10 .㎕

450 nm .

(%)=( / )×100

Figure 4 Principle of WST-1

(EC=electron coupling reagent, RS=mitochondrial, succinate-tetrazolium-reductase system)
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8. Caco-2

Figure 5 Transwell . Caco-2

(apical side, AP) , polycarbonate membrane

(basal side, BL) (Hidalgo et al., 1989; Seo et al., 2010).

AP BL

.

Caco-2 collagen Transwell seeding . Culture flask

complete media 10 ml DPBS 2 DPBS

trypsin-EDTA 3 ml CO2 incubator 5 . 10

ml flask , 0.5x10
6

cell/well well polycarbonate membrane 600 ㎕

seeding . Transwell 1 ml .

50 Mμ 2NBDG (2-(N- (7- nitrobenz-

2-oxa-1,3- diazol- 4-yl)amino)- 2- deoxyglucose) 5 .㎕ 2NBDG

deoxyglucose NBD

.

(Brant et al., 2005). 6 .

Figure 5. Side view of Caco-2 cell on membrane of Transwell



- 18 -

9. RT-PCR (reverse-transcriptase polymerase chain reaction)

60πdish 80%

. 4

, DPBS 10 ㎕ 2-Mercaptoethanol 1 ml RLT

buffer 350 ㎕ scraper

. RNA Access Quick RT-PCR system ( )PROMEGA . QIA

shreder 2 max speed column

collection 70% 350 ㎕ up & down . 700 ㎕

sample RNA easy mini spin column max speed 20

. collection tube tube RNA-free water 50 ㎕ 1

. spectrophotometer .

2 ㎍ RNA . master mix 10㎕ primer 2 ㎕

20 ㎕ volume (Promega corporation-2800 Woods Hollow Road Madison,

USA) PCR(Applied Biosystem, GeneAmp, PCR system 2700) . PCR 1%

. primer Table 1 .

Table 1. Sequence and RT-PCR program of protein

Protein Primer Sequence Cycle

GAPDH
Forward CGGAGTCAACGGATTTGGTCGTAT 95 1min℃

55 1min℃

72 90sec℃

35
Reverse AGCCTTCTCCATCCTGGTGAAGAC

SGLT1
Forward GATTTACACGGACACCTTGC 95 1min℃

55 1min℃

72 90sec℃

35
Reverse GAGCTCCACCACTAAGGTTG

GLUT2
Forward GAGCACTTGGCACTTTTCATC 95 1min℃

55 1min℃

72 90sec℃

35
Reverse AGGAATACAGAGACAGCAGTG

10. Western blot

60 dish 80%π

4 . 4 Triton X-100
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(50 mM HEPES, 150mM Nacl, 1mM Na3VO4, 1% Triton X-100, 10% glycerol)

4 13000 rpm 20 .℃

bovine serum albumin (BSA) Bradford

assy .

SDS-PAGE (polyacrlamide gel electrophoresis) .

PVDF(polyvinylidene fluoride) ,

1 24 .

Glucokinase (SANTA Cruze, CA, USA) 1:200 ,

GLUT2 (MILLIPORE, Billerica, MA, USA) 1:500 .

pyruvate kinase, SGLT1 (Cell signaling, Danvers, MA, USA) 1:1000

. 2 HRP conjugated goat anti rabbit (Millipore, Billerica,

MA, USA) 1:250 . 2

X-ray film western blot (Seo et al., 2010; Cho et al.,

2010).

11.

SAS 9.1 (SAS Institute Inc., Cary, NC, USA)

one-way ANOVA P<0.05 .
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. 49.27%

58.13%, 72.16%, 56.93%, 69.61%

, , (Table 2).

Table 2. The general composition of various seaweeds

(Unit : %)

D＊ ry weight basis.

Carbohydrate content was calculated by subtracting sum of moisture, crude fat, crude ash and crude＊＊

protein contents from total percentage(100%).

Sample Moisture Crude ash Crude protein Crude fat
Carbohydrate＊

＊

Sargassum

ringgoldianum
12.29±0.02

15.75±0.05

(17.96)＊

14.66±0.65

(16.71)

0.53±0.01

(0.60)

43.22

(49.27)

Sargassum

tortile
15.63±0.07

22.54±0.14

(26.72)

12.32±0.11

(14.61)

0.46±0.15

(0.54)

49.05

(58.13)
Sargassum

thunbergii
9.32±0.01

26.40±0.03

(29.11)

12.58±1.16

(13.87)

0.08±0.03

(0.09)

51.63

(56.93)
Ishige

okamurai
11.67±0.23

11.57±0.00

(13.09)

12.40±1.22

(14.04)

0.63±0.04

(0.71)

63.73

(72.16)

Ishige foliacea 8.78±0.36
14.20±0.03

(15.57)

13.01±0.04

(14.26)

0.51±0.03

(0.56)

63.50

(69.61)
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, , 25%

13.68%, 9.42% (Table 3).

Table 3. Yields of 80% ethanol extracts of seaweed

Sample Yield (%)

Sargassum ringgoldianum 27.23

Sargassum tortile 27.12

Sargassum thunbergii 25.64

Ishige okamurai 13.68

Ishige foliacea 9.42
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3. -glucosidaseα

-glucosidaseα

, acarbose voglibose ,

, (Andrade et al., 2000; Choi et al., 2008b)

.

, -glucosidaseα

.

screening -glucosidaseα 1 /㎎㎖

(Table 4). -glucosidaseα

, 60.8%, 86.9%, 90% α

-glucosidase .

Kim (Kim et al., 2009c) -glucosidase ,α

70%

.

( , 2007) IC50 0.1103 /ml ,㎍

IC50 0.8117 /ml . 0.1103 /ml, 0.8117 /ml 50%㎍ ㎍ ㎍ α

-glucosidase . 5 µg/ml

10 µg/ml -glucosidaseα , 50

/ml ,㎍

, 200 µg/ml 95.2%

-glucosidaseα (Table 5).

50 µg/ml 15.6%, 100 µg/ml 77.44%, 200 µg/ml

98.1% -glucosidaseα , .

200 µg/ml acarbose

(Table 6).

Kim(Kim, 2008) (Ecklonia cava) -glucosidaseα

, (0.25 brix) 98% . 2500 /㎍㎖

98% , 200 /㎍㎖ 95.24,

98.1% -glucosidase .α Kim(Kim, 2008)

80% -glucosidaseα

.
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Table 4. -glucosidase inhibition rate of 80% ethanol extracts of seaweedα

Sample Inhibition rate (%)

Acarbose 1 /ml㎍ 99.23

Sargassum ringgoldianum 60.8 ± 1.77

Sargassum tortile ND
1)

Sargassum thunbergii ND

Ishige okamurai 86.9 ± 0.55

Ishige foliacea 90.0 ± 0.29

ND1)= Not detected.
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Table 5. -glucosidase inhibition rate of 80% ethanol extract ofα Ishige foliacea

Sample Concentration (µg/ml) -glucosidase inhibition rate (%)α

Acarbose 1 99.83a

Ishige foliacea

5 ND
1)

10 ND

50 12.82d ± 3.13

100 71.86
c ± 1.01

200 95.24b ± 1.38

a-cValues with different superscripts are significantly different by ANOVA with SAS(p<0.05).

ND1)= Not detected.
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Table 6. -glucosidase inhibition rate of 80% ethanol extract ofα Ishige okamurai

Sample Concentration (µg/ml) -glucosidase inhibition rate (%)α

Acarbose 1 99.83
a

Ishige okamurai

5 ND
1)

10 ND

50 15.60
c ± 6.81

100 77.44b ± 4.20

200 98.10a ± 0.84

a-cValues with different superscripts are significantly different by ANOVA with SAS(p<0.05).

ND1)= Not detected.
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4. -amylaseα

-amylaseα amylose amylopectin glycogen -α glucose

, , ,

(Lee et al., 2008; Jang and Jeong, 2010).

.

-amylaseα

-amylaseα (Table 7, 8, 9).

-amylaseα ,

. Lee (Lee et al., 2010) 1, 2.5, 5 mg/ml

35, 59, 69% -amylaseα

-amylaseα .

(Table 8, 9).

200 / 35.21% ,㎍ ㎖ acarbose

. 100 / 200 / 50㎍ ㎖ ㎍ ㎖ ㎍

/ 100 / , 5, 10, 50 /㎖ ㎍ ㎖ ㎍ ㎖

200 / .㎍ ㎖

-amylaseα .

200 / 35.21%㎍ ㎖ -amylaseα

. acarbose 200 / ,㎍ ㎖

100 / 200 / , 50 / 100 / , 10 / 50 /㎍ ㎖ ㎍ ㎖ ㎍ ㎖ ㎍ ㎖ ㎍ ㎖ ㎍ ㎖

, 5 /㎍ ㎖

. 5 /㎍ ㎖

. Heo (Heo et al., 2009) 80%

0.1 mM 17.12%, 0.19 mM 34.78%, 0.49 mM 50.23%, 0.98 mM

61.66% -amylase 80%α 200 /㎍ ㎖ Heo

(Heo et al., 2009) 80% 0.19 mM -amylaseα

.
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Table 7. -amylase inhibition rate of 80% ethanol extracts of seaweedα

Sample α-amylase inhibition rate (%)

Acarbose 1 /㎍ ㎖ 72.70

Sargassum ringgoldianum ND
1)

Sargassum tortile ND

Sargassum thunbergii ND

Ishige okamurai 19.40 ± 10.78

Ishige foliacea 38.90 ± 15.01

t-test

P=0.072>0.05

ND1)= not detected.
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Table 8. -amylase inhibition rate of 80% ethanol extract ofα Ishige foliacea

Sample Concentration (µg/ml) -amylase inhibition rate (%)α

Acarbose 1 69.28
a

Ishige foliacea

　

5 15.20
d ± 2.76

10 15.28
d ± 7.17

50 23.06
cd ± 1.35

100 26.31
bc ± 3.10

200 35.21b ± 9.07

a-dValues with different superscripts are significantly different by ANOVA with SAS(p<0.05).
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Table 9. -amylase inhibition rate of 80% ethanol extract ofα Ishige okamurai

Sample Concentration (µg/ml) -amylase inhibition rate (%)α

Acarbose 1 69.28
a

Ishige okamurai

　

5 8.74
d ± 4.87

10 23.86
c ± 1.63

50 30.96
bc ± 3.99

100 33.50bc ± 8.67

200 35.21b ± 9.07

a-dValues with different superscripts are significantly different by ANOVA with SAS (p<0.05).
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5.

WST-1(water soluble tetrazolium-1) HepG2 cell Caco-2 cell

. WST-1

Tetrazolium salts formazan

.

(Dehydrogenase) succinate tetrazolium reductase

(EC.1.3.99.1)

(Tominaga et al., 1999).

WST-1 .

1) HepG2 cell

HepG2 cell (Table 10).

200 / ,㎍ ㎖

.

.

, 800 /㎍ ㎖

, .

, 400 / ,㎍ ㎖

400 /㎍ ㎖

.

200 / 800, 1000 /㎍ ㎖ ㎍ ㎖

, .

,

. 200 /㎍

600, 800, 1000 / , 600 1000 /㎖ ㎍ ㎖ ㎍

.㎖

Jang (Jang et al., 2006) HepG2

, 100 / 25% , 500 / 50%㎍ ㎖ ㎍ ㎖

. , ,

Jang (Jang et al., 2006)

, ,
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HepG2 . Park (Park et al., 2005)

HepG2 20, 40, 60, 80,

100 / 20% .㎍ ㎖

, , . Bae(Bae, 2004)

HepG2 100, 200, 300, 400, 500 /㎍ ㎖

. 300 / , 400 /㎍ ㎖ ㎍ ㎖

20%, 500 / 30% .㎍ ㎖

,

. .

Table 10. Cell viability of 80% ethanol extracts of seaweed on HepG2 cells

(Unit: %)

a-cValues with different superscripts in the same line are significantly different by ANOVA with SAS

(p<0.05).

Extract
Concentration ( g/ )μ ㎖

control 200 400 600 800 1000

Sargassum
ringgoldianum

100b 109.04 ±8.82ab 116.73 ±3.36a 115.27 ±7.18a 116.81 ±2.53a 117.00 ±6.19a

Sargassum tortile 100a 95.00 ±10.64ab 97.50 ±10.49ab 89.35 ±3.78ab 88.04 ±10.10b 92.42 ±2.91ab

Ishige okamurai 100a 97.27 ± 6.77a 87.15 ±6.89b 86.08 ±6.19b 84.46 ±3.80b 86.88 ±4.26b

Sargassum
thunbergii 100a 97.00 ±7.75ab 89.45 ±2.82bc 91.13 ±9.55ab 79.88 ±5.80cd 71.20 ±9.00d

Ishige foliacea 100a 90.15 ±5.12b 85.15 ±3.18bc 82.85 ±2.99c 81.88 ±2.21c 82.31 ±1.29c
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2) Caco-2 cell

Caco-2 cell (Table 11).

. 600 /㎍ ㎖

, 200 / 800 / , 200㎍ ㎖ ㎍ ㎖ ㎍

/ 1000 / .㎖ ㎍ ㎖

.

600 / 800 /㎍ ㎖ ㎍ ㎖

.

800 /㎍ ㎖

, .

. 200 / 400 / ,㎍ ㎖ ㎍ ㎖

400, 600, 800 / , 200 400 /㎍ ㎖ ㎍ ㎖

1000 / .㎍ ㎖ Hwang (Hwang et al., 2003)

Caco-2 cell 6 / 12 /㎎ ㎖ ㎎ ㎖

,

.

Hwang (Hwang et

al., 2003) . Jeong (Jeong et al., 2009)

.
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Table 11. Cell viability of 80% ethanol extracts of seaweed on Caco-2 cells

(Unit: %)

a-fValues with different superscripts in the same line are significantly different by ANOVA with SAS

(p<0.05).

Extract
Concentration ( / )㎍㎖

control 200 400 600 800 1000

Sargassum
ringgoldianum

100f 115.04 ±1.56e 128.54 ±4.28d 136.99 ±1.60c 149.67 ±1.60b 156.34 ±3.52a

Sargassum tortile 100d 100.73 ±0.93cd 103.01 ±1.23bcd 106.42 ±3.46abc 107.97 ±3.06ab 112.03 ±3.51a

Sargassum
thunbergii

100a 98.76 ±2.56ab 97.17 ±3.29ab 96.82 ±2.29ab 94.17 ±4.47b 96.73 ±4.36ab

Ishige okamurai 100e 117.07 ±3.06d 125.77 ±1.81c 137.97 ±2.84b 143.33 ±2.98b 155.45 ±5.45a

Ishige foliacea 100d 128.62 ±12.35c 132.60 ±2.23bc 142.68 ±11.66ab 142.03 ±6.13ab 148.94 ±4.58a
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6. Caco-2 cell

(Kang et al., 2001).

.

(apical) , membrane

(basal) .

apical , basal (Kim

and Kim, 1999; Hidalgo et al., 1989).

, SGLT1(Sodium

-glucose transport protein) ,

, (GLUT) . GLUT2

. SGLT1

, GLUT2

(Youm et al., 1998; Thorens et al., 1990).

Caco-2 cell 200 /㎍ ㎖

(Figure 6,7)

, apical , basal 89%

. GLUT2 89%

.

91.6%

,

. 100% , 100%

.

123.2% ,

.

71.1%

.

apical , 210.3%,

233.7% . , apical

, 2 . SGLT1

,

.
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basal , GLUT2

.

Kobayashi (Kobayshi et al., 2000) SGLT1

, 0.001 /㎍ ㎖ 62% .

, Hong (Hong et al.,

2004) 10 /㎎ ㎖ 8%

80.5% , 85.1%

.
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A)

B)

Figure 6. Transportation of 80% ethanol extracts of seaweed across Caco-2 cell
a-eValues with different superscripts are significantly different by ANOVA with SAS (p<0.05).

A) Fluorescence of Apical side

B) Fluorescence of Basolateral side
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Figure 7. Inhibitory effect of 80% ethanol extracts of seaweed on glucose uptake on

Caco-2 cell

 


×
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7. RT-PCR

Caco-2 GLUT2 SGLT1

. Caco-2 GLUT2 SGLT1 mRNA

(Figure 8).

.

.

.

(Kobayashi et al., 2000).

SGLT1

GLUT2 (Hogna et al., 1991;

Park et al., 2004) SGLT1

. SGLT1 ,

,

, . , ,

SGLT1 mRNA .

SGLT1 mRNA 28.2, 6.4% .

5% , 17.4%, 24.2%

SGLT1 mRNA . 24.2%

.

GLUT2

. GLUT2 mRNA , , , ,

. 5% ,

4.8% , 2.5% , 1% ,

GLUT2 mRNA 0.8% . 2.5% GLUT2 mRNA

GLUT2 mRNA

. ,

.
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Figure 8. The mRNA expression level of SGLT1 and GLUT2 on Caco-2 cells.
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8. Western blot

1) Caco-2 cell SGLT1 GLUT2

Caco-2 cell Western blot

SGLT1 GLUT2 (Figure 9,10).

SGLT1 sodium-glucose transport proteins

. SGLT1

(Hogan et al., 1991).

SGLT1

23.1% , 14% ,

27.4% , 47.7 60%

SGLT1 (Figure 9).

Caco-2 cell ,

SGLT1

GLUT2 glucose transporter

, , β GLUT2

(Park et al., 2004).

GLUT2 (Figure 10)

9.4% , 6.4%

, 19.6% ,

34.9% ,

37.6% SGLT1 60% , GLUT2 37.6%

, SGLT1 47.7% , GLUT2

34.9%
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A)

B)

Figure 9. The protein expression level of SGLT1 on Caco-2 cells.

Treatment of 80% ethanol extracts of seaweed

A) Photographs of chemiluminescent detection of the blots.

B) Quantitative analysis of western blots.

SR: Sargassum ringgoldianum, ST: Sargassum tortile, IF: Ishige foliacea,

STG: Sargassum thunbergii, IO: Ishige okamurai
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A)

B)

Figure 10. The protein expression level of GLUT2 on Caco-2 cells.

Treatment of 80% ethanol extracts of seaweed

A) Photographs of chemiluminescent detection of the blots.

B) Quantitative analysis of western blots.

SR: Sargassum ringgoldianum, ST: Sargassum tortile, IF: Ishige foliacea,

STG: Sargassum thunbergii, IO: Ishige okamurai
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2) HepG2 cell glucokinase pyruvate kinase

HepG2 cell glucokinase, pyruvate kinase

(Figure 11,12)

Glucokinase

(Figure 11). 20 / 74% , 50 /㎍ ㎖ ㎍ ㎖

glucokinase 84% Glucokinase

(Kim, 2001; Sharma et al., 1963; Kim and Kim, 2001)

glucokinase . glucokinase

(Jumg et al., 2006; Kondeti et al., 2010; Kim et al., 2010).

Jung (Jung et al., 2006) hesperidin naringin

glucokinase

, Kondeti (Kondeti et al., 2010)

, glycolysis glucokinase

. Kim (Kim et al., 2010b) , ,

glucokinase .

. Bedoya (Bedoya et al.,

1986a) glucokinase

mRNA

.

.

Pyruvate kinase ATP

phosphenolpyruvate pyruvate (Lee et al., 2009c).

Joo (Joo and Kim, 1993) pyruvate

kinase , 5 ㎎ 60%

pyruvate kinase 20 / 44.1%㎍ ㎖

, 50 / 60%㎍ ㎖ 100 / 94%㎍ ㎖ (Figure 12)

ATP , ATP ATP Frucktose-6-phosphatase

feedback , ATP Phosphofructokinase(PFK)

Pyruvate kinase (Albert, 1982). Pyruvate kinase feedback

Figure 3 . ATP
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pyruvate kinase .

HepG2 cell glucokinase, pyruvate

kinase , glucokinase pyruvate kinase

.
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A)

B)

Figure 11. The protein expression level of Glucokinase on HepG2 cells with Ishige

okamurai.

A) Photographs of chemiluminescent detection of the blots.

B) Quantitative analysis of western blots.
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A)

B)

Figure 12. The protein expression level of Pyruvate kinase on HepG2 cells with Ishige

okamurai.

A) Photographs of chemiluminescent detection of the blots.

B) Quantitative analysis of western blots.
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.Ⅴ

1. 5 , , , , 80%

.

2. 5 50% , , , . 1%

, 10~15% .

3. -glucosidase .α

50 µg/ml 15.6%, 100 µg/ml 77.44%, 200 µg/ml 98.1% , 200

µg/ml acarbose 1 µg/ml .

4. 5 -amylase .α

200 / 35.21%㎍ ㎖ acarbose

, . -amylaseα

. 5 /㎍ ㎖

.

5. HepG2 cell ,

200 / ,㎍ ㎖

. 400 /㎍ ㎖

. .

6. Caco-2 cell ,

.

.

7. Caco-2 cell

apical ,

, 233.7% . SGLT1

.

basal , GLUT2
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.

8. Caco-2 cell GLUT2 SGLT1 mRNA

SGLT1 mRNA 24.2% . 24.2%

.

GLUT2 mRNA 0.8% ,

GLUT2 mRNA 2.5% ,

GLUT2 .

9. Caco-2 cell SGLT1

23.1% , 14% ,

27.4% , 47.7%, 60%

SGLT1 . Caco-2 cell

.

.

10 Caco-2 cell GLUT2

GLUT2 34.9% 37.6%

SGLT1 60% GLUT2 37.6%

SGLT1 47.7% GLUT2

34.9%

11 HepG2 cell glucokinase, pyruvate

kinase 200 ㎍ ㎖ glucokinase

91% , pyruvate kinase 200 ㎍ ㎖

99

-glucosidase -amylaseα α

, Caco-2 cell

SGLT1 , GLUT2
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. HepG2

cell glucokinse pyruvate kinase

.
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Screening of Anti-diabetic Activity in Seaweeds

Produced in Jeju Island

HyunJu Shin
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Advisor : Professor Yoonhwa Jeong

The aim of this study was to investigate the anti-diabetic effects of seaweed

extracts. To investigate whether seaweed extracts inhibit -glucosidase andα

-amylase activities, the inhibition of glucose absorption in the small intestinesα

was studied in the Caco-2 cells through the operation of SGLT1 and GLUT2.

Also, the uptake of blood glucose in the metabolism process of glucokinase,

pyruvate kinase in HepG2 cells was studied as well.

The ethanol extracts of Ishige okamurai had the greatest inhibitory activities of

-glucosidase and -amylase. -glucosidase inhibitory activity was at aboutα α α

98% at 200 / and -amylase inhibitory activity was at about 35% at㎍㎖ α

200 / .㎍㎖

By studying the expression protein SGLT1 and GLUT2, along with their

mRNA expression, the effect of seaweed extracts were measured through the

inhibition of blood glucose absorption in the small intestines through Caco-2

cells. Ishige foliacea and Ishige okamurai decreased the SGLT1 mRNA level to

17.4 and 24.2%, respectively, and they increased the GLUT2 mRNA level to 2.5
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and 0.8%, respectively, when compared to the control.

Ishige foliacea inhibited the protein expression level of SGLT1 to about 47.7%,

while Ishige okamurai inhibited the protein expression level to about 60% of the

level of the control. The GLUT2 protein expression level decreased to 34.9 and

37.6% due to Ishige foliacea and Ishige okamurai extracts, respectively, when

compared to the control.

The uptake of the blood glucose in the metabolism process using HepG2 cells

showed that Ishige okamurai inhibited the expression protein concentration level

of glucokinase, pyruvate kinase.

In summary, Ishige okamurai extract had a positive effect on -glucosidase andα

-amylase inhibition, and a positive effect on glucose uptake in the smallα

intestines. However, Ishige okamurai extract had a negative effect on the glucose

uptake in the metabolism process.
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