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Abstract

The effects of porphyran-chungkookjang on cytotoxicity of human normal cell line (BJ) and human cancer
cell lines (AGS and HT-29) were examined. Porphyran, which was prepared from laver (Porphyra yezoensis),
decreased the viability of the cancer cells, however, it did not affect the viability of normal cells. Porphyran—
chungkookjang was prepared by the addition of 5% (w/w) porphyran into chungkookjang which was fermented
by starter, Bacillus subtilis DJI. The cytotoxicity effects of the chungkookjang and porphyran-chungkookjang
were evaluated with MTT assay. The methanol and the water extract of porphyran-chungkookjang at 1.0
mg/mL showed 23~38% decreases in proliferation of cancer cells (AGS and HT-29). However, the methanol
and the water extracts of porphyran-chungkookjang did not inhibit the growth of normal cell. Moreover, the
methanol extract of porphryan-chungkookjang at 1.0 mg/mL showed 1.2~1.5 fold higher anticancer effects

than that of the chungkookjang.
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OCHz719] &9 ztol7} Slof ghxla 22 AsltsS e
WAE getd). +2E= 1,3 283 B-galactoset 6-
methylgalactose®} 1,4 23} a-3,6-anhydro-L-galactose
Y a-L-galactose-6-sulfate7} M E & o] A (5).
) ZTHER<l porphyrane 2ol 424 98-S & ¥ oY
2t W75 F3H6,7), Aatsl &4 (8), FU2HE At
&), doas 2 FAa9-16) 59 daHdE 7T
3 G A Y} o] 9k o] porphyrane 45+ A&
7150 R et 7154 Aol LAZAY o]& 7}
S0l % =t

TS 482 3 ey dlEd TEAEFTY sl A
=] AYE4L d Lalls, g 2 A N Ew)
a7, #g4st 59(18), WY7ls 4219, JrAEET
(20), =3} o &3 FohEF 9A T AW 4
W AR Fo] Sl BaHEATRD). B, =g Axol o]
S5 Fole AP 22 4H A trypsin inhibitor,
isoflavones, phytic acid, saponins, lignin, vitamin E<} &3
AL T Aol 2FE & Edvola B IgE
#HE Y= Aoz d8A du@2D.
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B A3 AV A (Porphyra yezoensis) S Ad SEAE
o= Y g% ge A% T 4¢ Agednh Azd

° miller(DA282-2, Artlon, Korea)Z 43+ & 20 mesh

A (Chunggye industrial Co., Korea)oll 27 B33 222

APAZR sl 4°C YFANA DB ZHsiHA A
AHESEATE A=A Azl AFEE FL oA ALt
FUE TE& o] &3tAnh

nr = rul

Karl-Fischer (22), #7134 A3
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01 N HCIE 7}3k4] 60°Ce] =8 ZA oA 3A17F ZoF wulk

FZ 39t FEAS 3H 4] [FF57]/(N-1000SW, Tokyo
Rikakikai Co., Japan)Z %3 & 7ol sl Ao
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Z(Samwon freezing engineering Co., Korea)3t thS 23
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o] FA43t92 ™, 36-anhydrogalactose®] %2 Yapheo}t
Arsenault®] ¥ (29)o] wle} A 3514

F=g Mz

Aol A Zo o] fH H& B AP A FFA E
3] W83t Y9 Bacillus subtilis D]l 55 002

AHE3FA T T 37°Col A 24A]7F n) eFste] LB YA A]
(Duchefa biochemie, bacto-tryptone 10%, yeast-extract
5%, sodium chloride 10%)° 1% & &3k & 9A|Zt vl &3t
Ao g FHsIAch widd B. subtilis DJIS YAEE
(9950 g, 15 min, 4°C)3}] TFAE 3|53t 342 A&
g 3z FRTE 23 FAstA A& AT

T2 A F FAES 38 Fo 2082 H A sEA T
18 319+ B 7)1(1.0~15 kg/em)ol A 508 &2t SAHE
S A0°CE Y23yt vdd A9 9489 1%(v/w)
&3t 37°C incubator(SW-90S, Sangwoo Scientific Co.,
Korea)ol Al 11A17F &< Za A Z o

o

ol ojo| At Mk
A B B AZRA RS #2 6 N HCR 71+
2&)8F & Pico-Tag " (Waters, Milford, USA)E ©]-&3}
= 39t} Formic acid/hydrogen peroxide
(19/1, v/v) EggH oz A5 Eo]g+ cysteined] Z7)
= cysteic acid® 2F8FA| A 31(30), tryptophan S <7)
$3te] A|8E 4 N methanesulfonic acid 20 yL2 23 &3}
A FHTH3ED).

ThEEE A2 E AXE 3 ethanol/DW/triethylamine
(2/2/1, v/v) H 02 A AZAAL 7teEsiE A 89
Solr = EFEF L ethanol/DW/trimethylamine/phe-
nylisolthiocyanate(7/1/1/1, v/v) &40 2 158 T F=3}
3 & fE3% A8 800 uL FolA 10 uLE st HPLC
(Waters Breeze HPLC system, Water Co., USA)Z #2413}
R FElotuieate 6 N HCIZ 7H-28 & 3351A g
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28] 3 crude porphyran< % T =7} 0.01, 0.05, 0.25, 0.5
2 1.00 mg/mL7} H =& 747y Hrste] AxAEd ARE-st
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Table 1. Proximate composition of the laver (Porphyra yezoensis)
Component Content (%)" Component Content (mg/100 g)
Moisture 11.45+0.20 Ca 542.00+92.52
Carbohydrate 47.26+0.14 Fe 35.43+£4.82
Crude protein 32.25+0.22 Mineral 7n 2.19+0.11
Crude fat 0.40+0.01 Mg 331.25+2.32
Ash 8.65+0.04 Cu 0.98+0.14
Total sugar 15.23£0.18 K 1277.50£24.62

YContent: dry weight basis.
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A ALgH o7 I EF= AGS(human gastric ad-
enocarcinoma cell) CRL-1739, HT-29(human colon cancer
cel) HTB-383% AAM3EF BJhuman foreskin normal
cell) CRL-25225 A}&3}9th

DA ALGAZ(AGS) S A 2L A ZHT-29)= RPMI
1640(Gibco BRL, USA) ¥ A2 wl F3}ar, F A2z} oz
TOo 2 AR Q1A X FAAIEZF(B])= Dulbecco’s
modification of eagles medium(DMEM; Gibco BRL, USA)
o2 wjgtAnh. 4 wiR|dl& 10% fetal bovine se-
rum(FBS; Gibco, BRL, USA), 100 ug/mL penicillin(Gibco
BRL, USA) 2283 100 pg/mL streptomycin(Gibco BRL,
USA)E H7stdnh widks 429 Alxs gl 2~3
3] Aldg A wiA =2 7‘01-—r_1_ 6~7%Y "l phosphate buf-
fered saline(PBS)Z A& 3k 3 0.05% trypsm 0.02% EDTA
2 B9 AxE 2t d4EEe & JHE Ao
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Hj e Zbzhe] A X FE 96 well plateol] well & 1x10°
cells/mL7} HF == 180 uLA seeding il 37°C, 5% CO-Hl
7Nl A 24R1 7 FF A g sxd=
20 uL# 3 7}ste] 48417k 3tk o 7]e 1xkAE A A
ol 5 mg/mLe FE 2 A Z3F MTT{3-(4,5-dimethylehi-
azol-2-yl)-2 5-diphenyltetrazolium bromide}& % 20 uyL&
A7Vetal 4AZF B S F A E formazan 2 di-
methyl sulfoxide(DMSO)el] =¢] plate reader(UV scan-

28 937 F AR
%

ning ELISA reader, BioTek, USA)S ©]-83}4] 540 nmol 4]

2E Age 334 F31sl¢ o SPSS 12.0.1(Statistical
package for the social science)P/C packageZ ©]-&3}o] 3
TEY FEFAAAEAZE e} 2ade Adu) XAt
£ (one-way ANOVA)S AAgtHoH ALZHAHL T-
testol] oJ3te] A3t Att. FAZA o492 p<0.058 71F
o2 3o
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B Ao 2183 7o) dMAE AL Table 13+ 2T
FEL2 11.45%, SF3E-2 47.26%, Tl AL 32.25%, A"
<2 0.40%, 3% 865%, T 152%9 FFS Y.
o]= Kim 5(33)°] B3l 719 8 12.3%, T A 325%,
Z3 15.7%°] &= FAG ARE e o, g3t E
35.2%, AW 4%, & 15% = tha Aol d5E YERU T
F714 g2 1000 gF Ca 542.0 mg, Fe 35.0 mg, Zn 2.1
mg, Mg 331.2 mg, Cu 0.9 mg, K 12775 mg o & ebstoh,
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Ao z2XHE A& crude porphyran®] &#2 13.9%=
Ehfo] Kim 5(26)9] ®i(123%)Ht 23 o] ¥& &
YEeRA AT} Table 291419} 29| crude porhyran®] %
66.6%, 3A2t7]= 16.9%, 3,6-anhydrogalactose= 16.1% 2
gL 86%5 YEMLE o] 710l Kim 5(26)°] Xl
3 F 63.7%, #2F7] 16.9%, 3,6-anhydrogalactose 18.1%
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Table 2. Chemical composition of porphyran from the laver

Component Content (%)
Protein 8.60+2.89
Total sugar 66.60+1.26
Sulfate/total sugar 16.92+0.09
3,6—anhydrogalactose/total sugar 16.18 +0.36
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Table 3. Total amino acid of chungkookjang

Amino acid mg %

Valine 330.9

Leucine 365.1

Isoleucine 264.8

Essential Threonine 350.6
Lysine 78.0

Methionine 117.3

Phenylalanine 422.3

Aspartic acid 363.3

Serine 283.7

Glutamic acid 1514.0

Proline 1106.3

Glycine 395.8

None Alanine 213.0
essential Cysteine 92.0
Tyrosine 181.4

Histidine 230.4

Arginine 300.4

Cystine 2.0

Tryptophan 7.9

Total amino acid 6,619.2

ble 4)& SH43tAth FAor=At F 748 S e

1

glutamic acid”’} 1,514.0 mg% & =1 StgFo] 713
proline®] 1,106.3 mg%, phenylalanine®] 422.3 mg%2] =2
=4 1{%0] ‘61-0 QO] )\)\%E} 242—?(]-‘,] ?—/HO]-U]‘——)\]- i3zt XN
6,619.2 mg%E YElSI, T Fgohu=qbe] 52 21594
mg% = YEP A= fEolu|ieit ke F 31314
mg% 2 el or F43 -2 W= glutamic acid®] &3
o] 510.6 mg% = 7+ =A YElL, phenylalanine(357.6
mg%), proline(265.3 mg%), tyrosine(264.5 mg%)%] <O &

52
X2
H
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Table 4. Free amino acid of chungkookjang

Amino acid mg %
Threonine” 731
Serine 41.2
Glycine 385
Alanine 105.4
Lysine” 85.1
Aspartic acid 28.4
Glutamic acid 510.6
Cysteine 85.6
Methionine” 187.8
Isoleucine” 125.4
Leucine” 241.4
Valine” 192.8
Tyrosine 264.5
Phenylalanine” 357.6
Histidine” 65.6
Arginine 82.1
Proline 265.3
Tryptophan” 242.7
Cystine 445
Asparagine 52.8
Glutamine 41.0
Total amino acid 3,131.4

“Essential amino acid.
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Kim 5(34)°] Bacillus subtilisE ©]-&, 24Xt &< &8
AA A=ds& Axstd 2AE fFEoprxite] s
glutamic acid(119.58 mg%), phenylalanine(112.34 mg%)2-
2 B9t} Choi $(35)& Bacillus subtilis DC-2% ©]
&ote] 24413 LEANA F=4S AT 23 glutamic
acid(184.24 mg%), leucine(92.16 mg%), phenylalanine
(8450 mg%) 2.2 H 13}t Lee(36)= B. subtilis CH4-4,
B. subtilis CH4-5 ¥ B. subtilis CHT-1Z 48A17F W E A A
Az A= fEoln =it FFS SA ¢ 27 CH4-4
2 A3 H=ge] 225490 mg%, CHT-12 A 2d H=3
o] 2,208.18 mg%, CH4-52 A|Z3+ A =7 o] 197357 mg%
2 Yelg o R u3st¥ e glutamic acid, leucine, phe—-
nylalanine®] &2 2 3teko] =A YElstth 3 Lee(37)9
B A 42 Foll Bacillus subtilisg 2%(v/w) %3}
A8A1ZF HEAA Az HFFe fFFoir=ite F
87254 mg%=Z YE} S, leucine, phenylalanine, iso-
leucine, serine, glutamic acid®] £2 2 =& S 717
Aoz ®WIagh

Lee(37)9] R1E A 9]d}tar

Qo] A subtilis® I

FE52 Azx® ATHEL B AP 1 15@ H=A7} )
TPS W 12~24247 o] LEAAGAE Byatn wEA
ztel B3 %ao}umm f:a%k ] 2R A7 Yebgtt o)e

B Aozl A Zof| o] 8" F B subtilis DJIC] 919 tg&
e vlstd 714 C’] % o] Hoju} F T o] wajrt
Z doju FreEoprnite] o] 52 AoR FHET
ES O ATFRIENA AxE F4FL 78 1% (v/w)
AES Aol vIste Lee(3NY A=3L 2%(v/w)E HF3t
o 4BAZ HEA7|BR theFo o] SR SEAE A
B2 sl o Fof B AFolxRt o &2 ofns)
o FFS JYEd Ao F Atz E.

Crude porphyran2| 2+ M=ol CHst MAteiH| S o}

Crude porphyran®] M ¥% o% otr 7] Y3 MTT as-
sayE AAISAT 22 F4A 2 BJ+ DMEM A, v
HA T b2 RPMIHHZM]H Hl gF3le] o]uf *g\_ge
100% 2 FEAISFAL, 28+ porphyrans 48417 &< &
HE AEe 2 A EY BEES 2Tl g Ao F
AEE(%)Z FASAT

A2 EQ BJoll 3k porphyran®] Al X542 Fig. 1]
A9} Z+o] porphyran 0.25 mg/mLe] TE=7tR= 238 A
¥ AAaysE YeElAY. 0.05 mg/mLe] icoﬂﬁb
113%9] AEELZ 71E =2 AEESS JYedla,
mg/mL °]49] FE(94% HEE)FEHE A 7 ﬁ\_o}oq 1.0
mg/mLe FEoM= oF 73%9 HEES HAY

Crude porphyran< 0.05 mg/mL =2 *2] A] HT-29
oF AGSS] WESL 217} 95%, 89%, 1.0 mg/mLE Ha] A
HT-299} AGS9] AE&-E 56%, 55%9] AEES Ueh o,
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Fig. 1. Dose-dependent effect of porphyran on cell viability.
BJ as a normal control cell, HT-29 (human colon cancer cell)
and AGS (human gastric cancer cell) cells were treated with vari-
ous concentrations (0.005~1.00 mg/mL) of porphyran for 48 hrs.
After MTT assay, the MTT reduction rate was calculated as
percentage. All values represent mean value®+SD of three in—
dependent experiments. “Significant differences were compared
with control (0.00 mg/mL) of p<0.05 by T-test.

porphyran(0.05~1.0 mg/mL)¢] &7} & oJ&EFHo =
HT-299}F AGS 59 SAE &S JAAT= 235 Yet
B & F ATk EF porphyrane A E HT-29K th
AGHE AGSS ASS o aRHo = AT A=
HERS T

Park(38)& tha¢kA| Z <1 WiDrol| porphyrang # 23l
49 FoF vt ES wl 05 mg/mL A8l A] 43%9] =S
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Sk ke

Porphyran-&=&2| M=

=3} porphyran-3 =32 & (Fig. 2)3 v &2 (Fig.
T FEF AEE FEE EEEA FSAE BJol wig
AE=AAT AGS, HT-299] 25 9] Aol Foisle] 247}
o] SHAEF] FAAA EHE 3’4%}3}9\51‘4.

AGSH B3t A astes = & FFE 001~1.0
mg/mLY F=TFA 6~17%< C—*]Xﬂ‘ge e AT
Porphyran-3 =3¢ AGSd 3t NEZAqA a0 &

a6
FZ2E9 AL 0.01~025 mg/mLY =717 14~18%9]
A &S e S

™, 1.0 mg/mLe] FXollA] 23%2] A
< Yl A= veg FEE AGS dig A
A &= 005~1.0 mg/mLe] T= A7 A] 15~24%9]
B At Porphyran-A =149 gt FE2E2 2

To A 12~38%9] E& AAlE&S UE AT
HT-299] tig g JAEH= A= & #5259 025
mg/mLo A= 12%, 05~1.0 mg/mLAlA = ¢F 19%2] A
€& el Wgke F559 3% 005 mg/mLe B
FE 17%9) A& ®olal, 0.1 mg/mLolA 20%2] 2]
£& B A FRoAE FHojd NEZ2 AA &S e
WAtk Porphyran-d =39 & F&59 7% 005 mg/mL
o] FERH 14%9] JALS JERden 1.0 mg/mLeilA
= 21%9 JAES BYh WEgE FE252 005 mg/mLe

fo 12 oX Mo 4
e
fio
mlo

H
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Fig. 2. Effects of the water extracts from chungkookjang
and porphyran-chungkookjang on cell viability.

Cells were exposed to different concentrations of water extract
for 48 hrs and then cell viability was assessed by MTT assay.
All values represent mean value=SD of three independent
experiments. “Significant differences were compared with con-
trols (0.00 mg/mL concentration of the extract, #chungkoo]g'zmg
with each concentration) of p<0.05 by T-test.

B Chungkookjang, [ Porphyran-chungkookjang.
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porphyran-3 = 39] &day=
Ho} o 53k GAE A%
AL U &5 A EHS §
ol zoh,

FAIE BJol Wik =4 =
mg/mLE =0  104%9] AEES I, &
FE AEZAAZERE UEH O, 05 mg/mLe] &
153%9] =2 AXAAZERE BT H=4 v
ZEE A2 B FEEA 9 2o HAAE BJel
MEAZZEANE el o] 0.01~0.5 mg/mL7tA 9] H2
A = oJEH o2 AxdFads Jepych v
259 9 05 mg/mLe FEoA 140%9] ==
*gf S 51_951"’ 1.0 mg/mLA FTLAAME 2L B
4 = £(139%)°] ©ta A
107%9) Ag_,_%g L].g.uroi Ao AAA o ] Al
x=/do] glon o358 AAAE AFEAI} ASS 2l
3ttt Porphyran-3d=3< & FEE9 A% 01~10
mg/mLe F% A& Al 124~160%9] =& =SS Ho
Tr AR AXAAZEHRE YEFH AT Porphyran-
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Fig. 3. Effects of the methanol extracts from chungkookjang
and porphyran-chungkookjang on cell viability.

Cells were exposed to different concentrations of methanol
extract for 48 hrs and then cell viability was assessed by MTT
assay. All values represent mean value =SD of three independent
experiments. “Significant differences were compared with con-
trols (0.00 mg/mL concentration of the extract, *chungkookjang
with each concentration) of p<0.05 by T-test.
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Control Treatment

Fig. 4. Photomicrographs (x100) of BJ, HT-29, and AGS
cells treated with methanol extract from porphyran-—
chungkookjang. The cells were treated by 1.0 mg/mL of the
methanol extract from porphyran-chungkookjang for 48 hrs.
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