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Antioxidative, immunostimulating, and antihypertensive activities of hot water extracts of fermented
Hizikia fusiformis were evaluated. Fermentation with lactic acid bacteria generally increased the bio-
logical activities of H. fusiformis. Fermentation with isolated Weissella sp. SH-1 resulted in 13.83-62.15%
DPPH radical scavenging activity and 34.90-59.25% SOD-like activity. The maximal inhibition of ACE
was 82.25%, and the maximal reduction in NO production was 46.53%. Fermentation with Lactobacillus
casei resulted in 11.98-72.84% DPPH radical scavenging activity and 14.17-33.62% of SOD-like activity.
The maximal inhibition of ACE was 73.31%, and the maximal reduction in NO production was
65.20%. These results hint at the applicability of fermentation with lactic acid bacteria to improve the
diverse biological activities of A fusiformis and to develop functional materials or foods.
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tUel ZdzFole 5 (Hizka fusiformis), V)%
(Undhria pinnatificdh), T~ v}(Laminaria japonica), B8 (Sar-
gassum fulvellum) 5 °) 0.1, o] 5L FA4 LA 6, 19]5»} an-
giotensin-I converting enzyme (ACE) A 3|9} #dH 183}

‘“ﬂ 998 25 A0z LeA ArE, BE 23D 2
2937 488 YAt A3 154 HeRE 2o
J%’é‘ to Qo 2s], ® g7, &
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1AE, FEd2HE Y d77F RaHo in9, 23].
Aol A48 %“ 4F2 % (Reactive oxygen species,
ROS)2 2tao] At E2A AGAZ W Foly A 22
W as &g 5ol 9 H Wl oz FAHAY B&d o
L4 os) AT o] 52 AW Ad, @9 d, DNA &
S ERAA AZY 7ee dAAZ B oky e ROS A
) H];,‘L_O OL/\Lg. =88 2375 AL A5y ~EH 20
* e 233, 8] AE W 2Hst4
Es Zﬂ ]7] AY AAAN7)E E42E superoxide dis-
31 TH10].
ACEE 7]44 angiotensin-I& 7} 3] 3} angiotensin-
IE A4stes 40w, ACE ell4t&
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QI angiotensin-lI+
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angiotensin-119] A& Asljsto] 1 H}
< Ueles Aoz deA sin(22]
Nitric oxide (NO)& L-arginine< 7] & & 34 Nitric ox-
ide synthase (NOS)°ll ¢J3l B85 F7] F& A Z lipopoly
saccharide (LPS)°ll ©J3) d5S fF=3te] A3 A EfA
@5 g9 T8 WAEEY NOY A S Al deE
ol &3t A A NOw &4 &+ ;}‘Jro]tq "‘6% frid
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55 1T 27 84S FEA ]8T Ho =
T2 AH FEoAU, &2, A EE B4 58 APt
FE F hEeke WSl REoIT1]. 1y o
FEIAVoEE xR 2PH JEES AHH0E F
A ke GRS JHA T THR5] ofd olHd TS
FE57] k] Zole P ES ol &5t Ax{RE LR
st e AR FeAAL AT, 27 LE FZE o
& AARL AYEEAZA g Hue vFF Aol

ofd & dAFeAE fevtete] At dE Z2FA
& H3oR 2% LEFTE ol &oto o 2UgA B
5 FYsdon, 5 2AE dF FEEA U It
4 (DPPH 4£7%, SOD) ACE A 24 2 NO &4 A
g4 5o AdgHS FAst vlustgith

NE J U
W=
A=

B Ao AL E(Hizaka fusiformis)e 32HA 5 (Jeju,
Korea)oll A #Hufjst= Z1& Fddte Agaton, 294 &
AzEs 2uA 7154 £471(KMS-200, Korea)Z 34 3

& D83l 4T BastdA A&stAT

& Hasy] 8 Lactobaallus casel ((57)M1H 24, Jecheon,

WA =AM A Eelet 4T Weissella
sp. SH-17+& o] &3ttt L case®t Weissella sp. SH-1 7+
Abgt AR ¢l MRS A H A (Difco, USA)el i %3¢l
, B3+H 80% glycerol (Duchefa Biochemie, Netherlands)®l
FAE 112 FEdto] 80T deep freezer (NF-140SF, HFC,
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i %Xé 3171 HEHH 165 rRNA 4x}~ 4

£ MRS HA Ao HFsted 30Tl A 48417
0}01 A E 3434 k. Wizard Genomic
DNA Purification Kit (Promega, Madison, WL, USA)E AH&
ate] 314 FAA FHE DNAS #8319t 165 rRNA
FAAE FF3517] el A universal pnmerOJ 27F (5-AGA
GTT TGA TCM TGG CTC AG-3)¢} 1492R (5'-TAG GGH
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TAC CTT GTT ACG ACT T-3)& AF&3}9], Lee 5[17]9) 4
HOZ PCRIGS 3T T2 8 PCR AHe& PCR/Gel
Combo Kit (NucleoGen, Siheung, Korea)E AH-83te A A 3}
Ak GA71AE B FARAEHA(Cosmo Gene Tech,
Korea)oll 2|5 3}% 2™, National Center for Biotechnology
Information (NCBI, USA)9] BLASTE At&3t4 165 rRNA
TR GHY ALY FEAS AR 22E #FES
FA st
;:,_&z,ag o] &3 £ wgealo] A2

BHE(L case) Weissella sp. SH-1)& 27t MRS
o] g3l 30CellA A2 v st st Yoo [26]9
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DPPH radical 2484 34

gatg g o i A% radical &7 EA (radical
scavenging activity)Z Blois [4]9] W& H¥ste] & HEF
Z % U & 1,1-diphenyl-2-picrylhydrazyl (DPPH)9| #2+%
G502 FAsT. &, FFF 100 plel 015 mM DPPH
£ 94 (70% ethanololl &3) 100 ul & 70% ethanol 100 pul&
A7kete] T #3971 200 7k HE=5F &3 of HEdE
37Tl A 30% WA & #3FF A (UV/VIS spectrometer,
Jasco, Japan)& AH&-3tod 520 nmol A FFEE FAHT Fo,
oo vt ZHad FAEZFH gud 2AeS A
At FRHETOE  35-ditert-4-butylhydroxytoluene
(BHT, Sigma, USA)E AF&-3} T}

Superoxide dismutase (SOD) fAt&4 =4

Superoxide dismutase frAt24-& Marklund [20]9] 3
of et ZAHT. & $EFEE 02 mlol 0.05 M Tris-HCl
buffer 2.6 mlZ} pyrogallol 0.2 ml& ¥ 37CAA 1023
8-S A7 g 1N HCA 01 miE o] W& AAA7 1
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420 nmoll A FFEE SAsA oM, A &%) NEE A
7bekAl & T Hlaste] Yerf it

Angiotensin-I converting enzyme (ACE) A s]&4] &

Angiotensin-I converting enzyme #3824 %42 Cush-
man Ondetti [21]9] W& WPsto FYstH . &, S
T+ 03 M NaCl& &3t 01 M sodium borate buffer(pH
83)el 7|42 25 mM hippuryl-L-histidyl-L-leucine (HHL,
Sigma, USA) €9 50 ulE &t 2o L8 X F2€
oA 59 buffer 50 & A 7kske 37Tl A 3087F WAl 7]
3, 1N HQ 250 pl9] #7112 §3& FAAZ 5 ethyl acetate
1.5 mlE # 78t th. Ethyl acetates SHe ¢ th& $0l &
SHAZ A 2 mle] FRFE A7hete] T2 o 712

HE F25o FF9 hippuric acidE EFFEAE A4S
dto] 280 nmol M FREE ST Fol, 7t E F7F o
& o5 Ao wet RS2 ACE A &4 & e AT

ACE A8} 84 (%)=(C-T)/(C-B)x100

T: 8 % #5589 F3&

C: Control (sample 4l SFTE 92 ¥)Y ¥3=

B: Sample Ul & (HCI & &4 F

)9 2=

Nitric oxide (NO) A A5 54

Raw 2647 Al £ 96-well platesel 1x10° cells/well £ £
3led 37T, 5% CO, incubatoro] A 10% fetal bovine serum
(FBS)3 1% penicillin®] ¥ Dulbecco’s modified Eagle’s
medium (DMEM, BioWhittaker, USA) W} A & 24A12t &3t
sttt M2 AR AT O ARE JFFE
100, 500, 1000 ng/mli A7Vt 1IN T B AA Y T
NO AA & =371 913t lipopolysaccharide (LPS, final
concentration: 1 ug/ ml)E A2t 37C, 5% CO, incubator
o A 484 F < wFat AT A5 A& Griess reagent (Sigma,
USA)9F 112 E33te] 158 F9F A& ¥ & §, ELISA
Reader (Multiskan GO, Thermo Scientific, Finland)& ©| &3}
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Fig. 1. Phylogenetic tree based on partial
16S rRNA gene sequence of an
isolated strain comparing with
members of Weissella and other
genera. The numbers at the
branch nodes are bootstrap val-
ues and numbers in each paren-
thesis are access numbers in
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1000 L Shigella dysenteriae <X96966>
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Leuconostoc fallax <AF 360738>
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Weissella sp. SH-1



Table 1. Yields (%) of hot water extracts from fermented Hizikia

fusifornis
Conditions Yields (%)

No seeding 17.65
Glucose Weissella sp. SH-1 18.71
Lactobacillus casei 18.18
No seeding 19.10
ff:;‘;is Weissella sp. SH-1 15.38
Lactobacillus casel 13.26
al No seeding 18.40
Heose Weissella sp. SH-1 24.17

+citrate . .
Lactobacillus casei 25.27

cosetcitrates H7FE Tl A= fFAE AT ol FHETT
u] 5]] z{ u}ﬂ =4 l__-;_% 3] ,

rates A7V L casa &2 Waissdlasp. SH-1 AT 25
o] Zk7} 2527% 2 24.17%% 71 L& £4E% BT, glu-
cosetlactateE 73 L casad AETY FEEC 1326%=

e &% B Tk(Table 1),

X WE FE=9 DPPH HXS0{s0H Qs eitst &M
AR S A AHEE DPPHE 43 2

A, NE7F st E4E 2k lgd, DPPH bz 5’»1%

A gk dofste AF Gz v AT

DPPHY| #94< =Y oltl]. B3 & %%%4 DPPH

AAFA S 243 AL Table 20] YERISIT £ & &

o fo W& DPPH AAgdsS 59 A7t T7% 5

ol A Hlwg Ade o Uk AR AHow FEE

o w7 IUESE s ZA FrhskdoH,

11.98~72.84%° BAE BT EA glucoses: H7HE

Weissella sp. SH-1 A F0] FAFT 3 vla S = 1,000 p

g/mle] FEX & 5853%E STAHCE & =& A
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o2 BYHTHE000D). AR L casa AEFE THEF W3]
& 500 ug/ml o]} =AM AHoRE FAHOE
g A Aol & VeI A 500, 1,000 pg/mlol A& 3
Fol uls BAH S9% 2 B Ao|S WY Th(p<005)
3], glucosetlactated H7t e L caser 3 ET ¢ 4%, 500 1
g/ml 0| 49| FEol|l M 50.76~7284%2 F4tst &4 YER

2HEL HEte] BEAHOE Fo% £ A o2
1 Th(p<0.001).

Kwak 5[14]2 & dgtg F
ml7hA o M9 Wl M 95%7F 74 E& ?%“Li} g4z
Ely Adtd oz B oghe %— 1 2
Song &[25]9] ATolAle %
1,000 pg/mlel & =ollA Z+7k 38.96% 2 49.12%9] FAtst &
A& U1, Lactobacillus brevisZ T E 3 £ T E 9] &
st G 747 5282% H 6751% = /\HF g 93
244 718 Bt 2 AT = 500 2 1,000 pg/mle| &
SO A 3049~72.84%°) @4tst FAe B, 53 glucoset
lactate® A7t L casa 4 E T 47 50.76% 2 72.84% =
F2 gats 4E& B A TH(p<0.001).

=
=
+Z
9)

Ao Ho

£9| SOD FAIZM0| Qs etitsl &y
AWl A Oy (superoxide) Al #f 3}
E/ﬂ ARE g4 © A el M A8ta Zol S
A dg 25 % =9 SOD fFAHZA S o83 &
G4 AT AHE Table 3] YeEpITh £ #E o F
of B& SOD fAHEAd S TUT AtEd TFY FEoA
Hlwg Ade oot 234 AR ANA R 225 F
=7h $7hE4 % SOD fAHEA o] S7heHl o, 10.8~59.2%
o 4L B}tk A Waisselasp. SH-1 Aol FHET
o w3 _%_ 22 100 pg/ml o] 49 FEA EAAoT 2L
24 B9 on 500, 1,000 pg/mloA & FHFT v =

EH§_='|=_
OD+= A

m{)(- P>~

3
=
T

i

Table 2. DPPH radical scavenging activities of hot water extracts from fermented Hizikia fusiformis

Sample concentrations (ug/ml) 50 100 500 1,000

BHT 56.33+2.46 75.29+3.98 89.98+0.95 91.40+0.82

No seeding 14.83+1.67 17.28+1.03 37.46+0.63 40.81+3.46
Glucose Weissella sp. SH-1 13.83+1.24 16.43+1.42 38.83+1.40 58.53+0.58"
Lactobacillus casei 11.98+1.64 16.52+0.85 31.00£2.10° 50.19+2.50"

al No seeding 15.26+0.42 16.21+0.88 36.78+0.86 55.65+1.72

H;Ct‘;z Weissella sp. SH-1 19.58+1.38 16.23+3.82 37.44+0.25 62.15+8.67
Lactobacillus casei 17.15+0.64 19.12+1.03 50.76+1.07" 72.84+453"

Clucose No seeding 15.57+0.78 18.58+1.06 32.76+6.48 36.68+1.29

citrat Weissella sp. SH-1 19.85+1.50 13.69+1.22 30.49+1.32 42.41+4.30
crate Lactobecillus casei 1449057 17.52+0.22 36.51£2.57 5443+324™

Mean+SEM for three tests are shown as DPPH radical scavenging activity (%). ANOVA with Fisher's PLSD post-hoc test p<0.05,
<0017, p<0.001" were compared with no seeding. This experiment was repeated at least twice yielding reproducible results. BHT:

3,5-di-tert-4-butylhydroxytoluene.
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Table 3. SOD like activity of hot water extracts from fermented Hizikia fusiformis

Sample concentrations (ug/ml) 50 100 500 1,000

No seeding 12.000.84 18.73+1.85 29.25+2.18 34.76+1.03

Glucose Weissella sp. SH-1 10.81+1.11 12.19+1.26 16.95:1.54" 27.31+4117
Lactolucillus casei 12.81+0.71 20.61+1.65 27.65+0.93 26.92+2.40"

Clucos No seeding 23.56+1.14 33.68+1.28 47.70+2.07 50.55+1.12
H“CCtote Weissella sp. SH-1 34.90+1.61 44.42+1.10" 53.96+1.61° 59.25+337"
actate Lactobacillus casei 14.17+1.73" 18.03+0.91” 28554365 33.62+1.90"
Clucose No seeding 10.88+0.35 18.41+0.59 28.79+1.31 41.39+3.02
citrat Weissella sp. SH-1 17.53+0.41° 26.87+1.01° 27.85+2.23 35.29+3.27"
cirate Lactobacillus casei 26.99+2.94™ 26.29+2.96’ 31.0043.09 32.254152"

Mean+SEM for three tests are shown as SOD like activity. ANOVA with Fisher's PLSD post-hoc test p<0.05, p<0.01", p<0.001"
were compared with no seeding. This experiment was repeated at least twice yielding reproducible results.

2 5AA FY8E EATH(p<0.05). £73, glucosetlactates
A7V Weissella sp. SH-1 &5 7§, 34.9~59.2% ¢ SOD
FAEAE e o] BHEFO vl BE FEE R
A EAFCE T =& T4 L BRYTh(p<0.05). AR L
casel ETE FAZFTH AP S o, At o EA Ao
2§99 SOD frAEA Y M YERA &%kou, glu-
coset citrate H7F 9] A $-oll & 100 pg/mi7tA & ¥ F&
E FEAAE BAHCE 3% SOD FAZAE 9 AdE
B ATH(p<0.05).

Lee [16]E & A &h& 259 g3 SOD FAZAS B
39 1,000 pg/mle] FEolA 184%9 W& A4S B
th. Song 5[25]9 AFAAE REEA Ee E FEH0] 500
2 1,000 pg/mle) FEAA 27 3211% 2 37.62%2] SOD
FAEA S UEM A3, Lactobacillus brevis= & &3 & @&
ol SOD FAHSEA & 747k 37.99% B 44.67% 2 FAtE WE
of o oA &4 F7HE BTk B Aol A= 500 3 1,000
ng/mle FEA 16.95~59.25%< SOD fAHEA 7HX & B
AL, E73] glucosetlactates A7} Weissella sp. SH-1 A %
T 27 5396% 9 59.25% 2 ES SOD FAEA S B

F7} %9 SOD §AHEA S ZAATGE A
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29 55

I ved 24 AR Ao g 2289 §27 57
&5 ACE A3 &4 o :

272 captopril® frAHSFAY
=S 248 Btk A Wassdla sp. SH-1 H &0 glu-
cose, glucosetlactate, glucosetcitrate &< =& #H 7k ol A
Ak o g 744 & FA4& B o 500, 1,000 ug/miol A
T FAZT v =& FAA F94 S (p<0.001) BT
AR glucosetcitrates 7743+ Waissella sp. SH-1 AT 0] &
E 2%% 1,000 pg/ml F 5 A 8225%2] ACE A3 84 &
Hom FHFT Ha) o 148 & FH S By YA
L cased JFT& FAZTTH LS W, glucose F7Hrol

< F

& A
Ae 2 2T FEAA4 oAU Z37F AL glu-

Table 4. ACE inhibitory activities (%) of hot water extracts from fermented Hizikia fusiformis under various concentrations

Sample concentrations (ug/ml) 50 100 500 1,000

Captopril 21.12+0.83 24.04+0.35 58.96+0.40 94.42+0.83

No seeding 42.02+1.08 4550+1.21 4443071 53.08+1.71
Glucose Weissella sp. SH-1 44.43+0.46 49.51+0.46 60.21+0.56 68.78+1.55

Lactobacillus casei 39.18+2.32 39.71+3.52 45.42+0.61 53.52+0.93

Clucose No seeding 38.54+0.41 38.89+0.09 54.06+1.93 57.90+1.24
lactate Weissella sp. SH-1 36.66+3.27 60.57+2.20" 68.60+1.43" 72.26+6.17
Lactobacillus casei 35.59+0.70 40.64+1.28 50.07+£0.96 73.31+2.79"

Clucose No seeding 36.49+0.99 42.28+0.16 51.74+0.09 59.05+0.79
*citrate Waeissella sp. SH-1 27.8340.31 48.62+8.97 69.58+0.67 82.25+1.39"

Lactobacillus casei 32.14+2.48 34.93+1.62 51.39+1.61 62.15+3.40

Mean+SEM for three tests are shown as ACE inhibitory activity. ANOVA with Fisher’s PLSD post-hoc test z<0.05, p<0.01", p<0.001"
were compared with no seeding. This experiment was repeated at least twice yielding reproducible results.
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Table 5. Effects of hot water extracts from fermented Hizikia fusiformis on intracellular NO level in LPS-stimulated Raw 264.7 cells

Sample concentrations (ug/ml) 50 100 500 1,000

No seeding 142.88+2.69 138.3745.01 93.66+0.41 58.40+1.23

Glucose Weissella sp. SH-1 145.26+4.34 107.30+1.317 11052038 62.63+1.83

Lactolucillus casei 116.97+1.61" 123.41+3.04™ 90.48+4.12 34.80+1.07"

Clucose No seeding 95.80+1.97 85.58+3.90 85.18+1.57 63.09+0.77
lactate Weissella sp. SH-1 97.68+2.01 101.06+2.43” 73.96:0.45 56.58+0.27
Lactobacillus casei 100.53+0.97 95.44+2.68 84.36+1.86 60.43+2.14

Clucose No seeding 87.41+2.87 91.26+3.67 72.67+0.94 65.66+0.51
citrate Weissella sp. SH-1 86.84+1.94 84.57+1.41 74.07+0.44 53.47+0.05
Lactobacillus casei 86.47+1.38 87.51+1.09 76.65+0.40 61.300.77

The cells were pretreated with hot water extracts from fermented Hizikia fusiformis and following by treating with LPS (1 ug/ml)
for 48 hr. The nitrite content of culture media was analyzed. Mean+SEM for three tests are shown as nitrite content (%) compared
with no sample treatment as 100%. ANOVA with Fisher's PLSD post-hoc test £<0.05, p<0.017, p<0.001" were compared with no
seeding. This experiment was repeated at least twice yielding reproducible results.
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9] & 91 (p<0.001) ACE A3 &
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-

TYs
PN
T

2z
7.0

4

22| NO 44 2{RIS0| o g
Fa0 qze ae NO A4 AA5g 24
=

S
0ok

A 9Ase YT HHE %“ QP S
T3t 29kt A dnta o —?%%4 FEI S
NO A4 AAFol F71stdth =4 glucosetlactates
g Weissdlla sp. SH-1 A &l A 500~1,000 pg/ml =< 3
=0 26.04~4344%°] A5 & YRSl L, FH T vl
g A% FAHCE AT AT F7HE HUTH(p<0.05).
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NRF-2013H1B8A2032201).
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225 wa S5 MBY A3
HEAEH . O|SR]7 - MEA . ZMoP - 2253 . Zo|gP - Za% . ojs2!? - fUIE - A2t - ojaE !
(Aetistan dukthsted e eta, e st Aloketa, *Ae ) dtn 4 F G 4t {F) ofold 2 Fr)
o 28H 7|5 HAEEY T4 o] £ H5td 2R 5 HAz2E L Lactobadillus casei®t Weissella
sp. SH-1& 2447 JE3te] 30TColA & & 5% TEE FPstdlon, #8 59 95 FEES AXS}Y Fatg)
g4, 1984 2 duEYEHE 486 2 A9, Anby oz {4 TEVF B YA S A e
ANAE FAT 4 AT Weissellasp. SH-1 F F7-2 13.83~62.15% <] DPPH radical &4 &4, 34.9~59.2% 2] SOD

FAEA, A 8225%9 ACE Ad) &4

65.20%<] NO A4 AAE4 &
Aol okl Aoz el

, AW 4653%2 NO AA AR S
11.98~72.84%2] DPPH radical /\71%“3, 14.17~33.62% 2] SOD AMEA,
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A 73.3%9 ACE Asj&4, Ao

okt o] &3t E«] HEE B AgIHEAY o] &
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