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>~ &#rgfg;é_%;ggzﬁ £ F &% tight junction #p B 3-v 5 1* %ig B & 5

I=q
/
s
\
N

i &

*ERL L RIFHEF (Laminariajaponica) F B & FEEA S 2 A fnd
RERE P WA S E H B S UM R 3 8 ek o Cuieral. (2016)
BEHORE RIFFREPZ TR F S (LIPA-P) > T H5 1 47 4 45 v o)
LIPA-P1-P2~P3o 3 % Bfm = 5.5 1 2 5 phend phle & - A A B~ #h 3 4

A EAeiig CEMIEA AR o 4T &P 0 LIPA-P3 FrpET A BrpEpEpL 2
FRBYG > X ARNAY F 9 ORAC § 1§ d A feii 4 v ABTS f d &
“ﬁ% &1 o Linet al. (2016) # 3 5 # 5453 1% ] (Bacillus subtilis) % ffts » B 3§
i E g Uorn k2 B o BEHT > 7 5% (W/v) ehi ® ~2% egpet § ko~
424 pH 5 6 ~37°C ~ 150 rpm 0% & 7 2 Bacillus subtilis % f% 72 /| 2. & 4~

PR EFLL T o B IPSHFEE CNO A X ETEL 276 % + 52% -
pLet s FEEA Fon v frd LPS 3 R Arid o 2 F 4§ (ROS) ~ phosphorylated NF-
KBiIﬁ&ﬁ@i°%$ii#$iﬁ%ﬁihﬁﬂﬁﬁ’%é‘%%F@’
ﬂ&memumm)éﬁ%i”aﬁGﬂmyn%a#%%%@ﬁ%&’ja
FTE B 2 PR 2 buF LR WS B R L AR (R o R AT o B
b 2 FEEA D B ”ﬁ #rd] LPS 3% %1 NO Fr interleukin-6 (IL-6) + & 4 = 2 #
sz~ 345 Caco-2 Mwm¥e H K W5 5 M 4e I % 2 B 37 tight junction 4p B 30
occludin 2 AMPK 2 23> :&dm E P FFEFH P 250k o SFE& i » 7 WM

A TR RIS A b T S T ER O R
2
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FHEES RN LS Eapd- A BARRESNRMNE S EE T
T s W i GIARETCS o 3T & ko VAT G RE I FUR T LIRE L
P BFERRFN AR TR RFIS AT REARS @S G ERERII @
FAS TN e e s Bl A F errig & (Wallace et al., 2014) -

Tight junction (TJ) &% Bl P FER &4 > F Lwmeidigy Tl 5
EA I R N phE R BER-T) S §ERERA AN EREAHRY-
FRfeM F Z 7 R AT HE ot A0 K o A B L fog LS
Fap (IBD) ZHMEA 5 (Xavier & Podolsky, 2007) © Occludin £ TJ ehle
F-v 2. - soccludin k2 ¢ W B M ang 4> Fpt H Y T) B g E

P2 &P s £ & (Kuoeral,2019;Lee,2015) - AMPK £t £ 3 & 3 &

i

F]+ > 25 - BRI a-subunits ¥ F 3 AR 448 al fv a2° AMPKal i & &%
g A mre? £k o AMPK V3 B4 is A DI S B
(Caplan et al., 2008; Sun et al., 2017) -

L. japonica %] & % F ~ i1 v ¥ o > # & % (Phaeophyceae) & #F F

(Laminariales) ;% # #* (Laminariaceae) /# + 4 (Laminaria) > & 5 2% ¥ % % & >

SN

FURMRE (i Rk Biom RS ) M E it s (Bl R fois
B ) MR FY R (bldeds s 4 Bfrgr ) HATE R e 7 4F It (Wang
etal.,2008) ~ "% x. *5 (Huangetal.,2010) ~ $2fF (Kimetal.,2013) ~ 324 ¢ (Park et

al., 2013) -

-~ AT SE2Z BB L EEL 4T (Cuieral., 2016)
PR i R R H SR A g R B AR T AR
Tt FI AR I e A B 2 IR KT ERS MRS B AT RE

KRR (O TR AR Y AP 1 W
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RARE AT (F L) RRFPEFLEF R A ESF %1 40 B
z_&F e ér o 11 120°C #k (1:30,w/v) 4 3 /] pF3 ",f KA SR B-H dp
(3000g, 15 min) * 524 (40°C) & » # 100g sz A+ & 3L ®¥HK (pH2.0) &
FEPEBF $ U ﬁk@}aﬁ'ﬁ" FkHEL 600L: Zo R s kR G (80%,
v/iv) {8 B3 4 °C o g P iE 78 (4000g, 20 min) » #-3g.o & 4 12 Sevag reagent
(chloroform:n-butyl alchol =4:1, v/v) 2 *% & Fi@r 5B (LIPA-P) o & % 1
DEAE-Sepharose fast flow column (2.5x 20cm) % # F &k & & 2. NaCl ~ 48 3|
@it A (LIPA-PI~P3) o 2457 6 > ¥ Bz dlt g ma s ed 7 4
o ih kAT BRI a4 Ao
AREP S EBF L T756% BARG 6737% cBHitEE e 0 E R

1EFALB A2 AP 5 LIPA-PI~3> £ %3t NaCl kR % 0.1-02-~03 M p*
rd o A AuE 1.84%342% %2 093% H AR A S G 7042% ~ 61.65% Fr
54.94% > & ¥ i iEARE 3~ 18% 4£4F (Figurel) o = 4 %22 3 5 » LJPA-P -
LJPA-P1 %2 LJPA-P2 i & H pE 5 galactose ~ mannose % glucose ° LIPA-P3 R ¥
7 galactose # mannosec = fAtk &7 > W5 LJPA-P 2 LJPA-P3 7 5 AR @
¥ ¥ LIPA-P3 2 7% % LIPA-P 2 = & - B e 2 5 » L 51 & %1
glucuronicacid = 1 o F A dg I R AR opERER T # S PEF AT 0 # SR
L3 L Fenit Bt A (Table 1) o 2t RFH R 7 BBl F Sjrindt k2

$9T R chfR e BN ) 1 & B o P A F B4R 0 3405 - 3423 4 1077 em ! Ay
hip Lk O- Hagen®l gird > 2P 5 pER s i 7] cha &+ B % 12930 - 2933
em™ He3s it A C-H W MR 5 1610 f- 1420 em™ BELA T HMERARY 2
i C-O frffia C=0 # HF3r#: 5 1298 — 1302 cm 1 pesszei A7 C-H %
W R 5 1235-1257cm™ &% S=0 7 AL G5sR$ 5 1034+ em ! A T pEPEREL
# C-0 % C-0-S03 3 ip$Hf ¥ sE4Re © 889-892 cm 1T g 45 B- linked

pyranose residue (Figure2) o % g4 =+ % /] > & 124 5 & & 47 F $Li8 (7~ 47 > LIPA-
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P1 4= LJIPA-P2 T 324 + € & % 5 19.07 f- 30.34kDa > LJPA-P3 3 = & » T 15
A3+ g5 64.82 v 19.21 kDa (Figure 3) » 2% “ /%1 & » & ORAC #F&%*® >
LIPA-3 B i iEind v 5 4 (1247.22 umol Trolox/g)» # =t 5% LIPA-P (305.77
umol Trolox /g )~ LJPA-P1 (129.01 umol Trolox /g )~ LJPA-P2 (135.53 umol Trolox
/g) (Figured) - ABTS 227 » 4§ it 5 k2 s R P77 5 ot (Figure 5) » 4278
Hd WPERERL 2 ALY R R S pEFLE (b ac 4 2 18 % Vv (Song ef al., 2010; Sun-

Waterhouse et al., 2007)

S BYRAFETHER T FRF L P LR (Lineral, 2016)
BT EGRLE VR LR R S HRE R A B AR E R T
WA EAE* Bacillus subtilis ¥+ 5 % & (T BE > fF P PREARE T R F S pE2 fd
(R G0 SN GY etz pr- - I
AAETREA B B (A8 L AP BEF A GEEFAESH A (Imm
pore) o f1* 7 feiE 2 FEEES C RIEH pH M2 44 £ d 8 -NO 2 2 £ 3#%
PN R R R EEELE P RERL ST G R

kﬁ,@\zk»’?ﬁﬂl)‘gﬂzﬂa HFLE R o a‘.puﬁxl_t"}ﬁ (RSN

l“b
\*:t

H A 2
mre A M e pEEF (ROS) 7 £ 0 12 westernblot 4 7% £ F]F NF-xB %
1 ELISA A 4% 71 ﬁjn% E2(PAGEz) - 7 f% & * FHk & &% & ] Bacillus subtilis >
REFABEOEI PR BT AN IR I EFBL AAHMEF ARFY
g REBILE 4 2 B osubtilis o

m f BT RAW264.7 Ewtim® o NO #r4lic 4 > 6 > 2 LPS # ¥ ¢ %
® NO 2 2 B¥FVA a3 L japonica 5 P-4+ % »cipds LPS # # NO
A4 I g o ¥t L japonica tX5 B. subtilis FFE{S 0 B IR & adrd] NO
sz % (Figure 6) o 42p| 8 _F1 5 B.subtilis ¢ fRixfsF #-tmre BEA f2 > 3 I dus W

PR e R R iE R E PRk TE BT R A AER 12 L
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i& »~ stationary phase > ¥ ¥ pH E 3| #F B2 M E > 2R L F) R F Y
Mannitol ¥ 1% 2 4¢3 4% 2 ic € KA LA N HL AL 5 12h 2 (5 pH B
Pl E.d 3% Mannitol A HE R el FhITiRERR -G e ¥FEELLZE
5% (w/v) enb & ~2% et § ko~ 424 pH 52 6~ 37°C ~ 150 rpm » - iF i 2.
FRAY L R R UITY o g L dap T2 6 0 B F ARG A N2
$ =50 cROS e & 4 i § i a&wé),%lﬁ'ﬁ)@’zpz%zm\ iz F R A

4o R FEEA Y E G drd] LPS fljrig =22 ROS =+ B4 = amihk » & 2 WEH|

l“b

#B oI R R MER R4 (Figure 12) NF-xB 2.8 X F ¥ M4t 75
LPS ehfljr g ¢ & NF-«kB Bifei-i&d A &3 LMy T2 3% b4
phospholipase A2 (PLA2) ~ cyclooxygenase-2 (COX-2) % Prostaglandin E2 (PGE;)>
B E A ST R R 247 fende ] NF-B & (£ 44| PGE; 2 # & (Figure 13

14) -

E ARFHEBAFEASARF BE tight junction AP M Fv 51

BiE Bk 32 B 1 (Yang ef al., 2019)

BEI A m LTS SE LR BT R o B A E SRR N
2 g BB At R TIER o BT e R B g LR fg b aonk o
WO RN FFAE S E L2 sk o gttt FY mﬁ&4#@ﬁ
e H 5k R M2 4t a1 (Kangetal., 2012; Lin et al., 2016; Martins et al., 2011) »
Flpt ok B E Y A B X 2 F R Lactobacillus rhamnosus GG (LGG) %
Bifidobacterium animalis subsp. lactis BB-12 (BB-12) ¥} 5 # 3 Bo4r 8 (78 % > T ;%’
AR E b L me Caco-2 WHRS G BH Y R E B 2 iR A w0
F A BRI oS il G P Ek o

ME LT B B (BB A L) o R R SRR S K o 1

200 mL double-distilled water (ddH20) 22 3 g % # gz A2 6] » 3§ R T &

6
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FRIFT 24 (@ L rgh g Eigd FRF o2 pF o PP A LA () B4R
ARicEz2Z AP LIEQ) » 9 /,”J‘ 4t LGG ~ BB-12 # LGG+BB-12 E—ﬁ%’ ra37°C
whE 48 ) PFEie A iAo 2 A LIE-FI~LIE-F2 2 LJE-F3. i & 447
oo ¥R ELSTE pH B~ BREZ 4 2 £ o e %11 Caco-2 ‘mbe i (7
BEOEFFHRS 7 MIT P2 &4 3%~ BT IR % transepithelium electrical
resistance (TEER) ~ NO # = &% ~ ELISA % western blot °
A A g3 G o LJE-Fs ¢ pH~ 42 R hpEz 2 2 S EFHTREFT
o LR 7 EXSHEFALE (Table2) s Rypm 7 %fﬁ%i@%ix,éf gL A
FRBIFFRILN L EF X ALY R F (Hubert et al., 2008; Katina et
al., 2007) » F]p* LGG % BB-12 2 % f¥ ¢ # 3k LIE-Fs * {{r B RS [ 2
T Momea > a7 FAE2Z LIE &% LIE-Fs ¥ 3355 % & ¥

B R F e S MR AR B 2 A E (100 pg/ mL) &7 {8 7 % (Figure 16) »

NO f#%i@% > 6 » LJE 2 LIE-Fs %A ¥l LPS fli+ NO ~ &4 &2
g o fe LJE 2 LIE-Fs R abgF £ 3 (Figurel7)  timre H £ %3 B M 153

»c% > 4 > 1 TEER & 2|%7wm%s 8 & Woeh= #51% » TEER & .4 MEk T AR A

2

B T BIRLAE G FE - LIE 2 LIE-Fs % B F#rd] LPS {ljcid &7 & 113
‘vz % > B¢ LIE ¢ LIE-F1 2L »chk { 4cf% » 2 TEER EApft 4 <
Tlgpcom g ¥ £ 2 (Figure 18) » % X Ap M sm¥e F]+ £ > 5 » LJE 2 LJE-F1 %
* TNF-0 % &3 ¥ F¥r4|sc% > @ LIE-F2 2 LJE-F3 2 TNF-o % R824
B> R AEPBFLR - IL-6 #4ME> 5 » LJE & LIE-Fs % adrd|d 4
* 5 2 LIJB-Fs B & ehdrdlic 4 (Table 3) o 44> % i Bl FE»c% 2> & » i

* occludin 4+ AMPK & f& TJ #pRf v £ {735 o Occludin 3¢ 2RE+ > &

b 2 p=
e R

m-k’{_

e fe% o fe LIE-F3 2 2c% Apd 4= ¥ i J AMPK 36 430
£+ »LJE~LJE-FI 4o LJE-F3 ¥ iase A piptit > @ LIE-F2 )% (Figure 19) -

1% 4@ LIEfo LIE-Fs § Z 2 H¥ A& TJ 494 39 (occludin fr AMPK)
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Figure 1. DEAE-Sepharose fast flow chromatogram of the crude polysaccharides from
Laminaria japonica (LJPA-P) with distilled water, 0.1, 0.2, 0.3, 0.4, 0.5, and 0.6 M NaCl

elutions.

(Cui et al., 2016)
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Figure 8. Effects of additional nitrogen source on the (A) cell growth, (B) pH and (C)
LPS induced NO production of the L. japonica fermentation. Data are expressed as mean
+ SD(n = 3). Different letters at the top of the bars are significantly different (p < 0.05).
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Figure 9. Effects of starting pH on the (A) cell growth, (B) pH and (C) LPS induced NO
production of the L. japonica fermentation. Data are expressed as mean = SD (n =
3).Different letters at the top of the bars are significantly different (p < 0.05).
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Figure 10. Effects of various temperatures on the (A) cell growth, (B) pH and (C) LPS
induced NO production of the L. japonica fermentation. Data are expressed as mean +
SD(n = 3). Different letters at the top of the bars are significantly different (p < 0.05).
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Figure 11. Effects of various agitation on the (A) cell growth, (B) pH and (C) LPS
induced NO production of the L. japonica fermentation. Data are expressed as mean +
SD (n = 3). Different letters at the top of the bars are significantly different (p < 0.05).
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Figure 12. Effect of L. japonica fermented product on intracellular ROS level in LPS-
induced RAW 264.7 cells. Data are expressed as mean = SD (n = 3). *p < 0.05compared
to the LPS.
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Figure 13. Effect of L. japonica fermented product on phosphorylated NF-xB (p65) in
LPS-induced RAW 264.7 cells. Data are expressed as mean = SD (n = 3). *p <
0.05compared to the LPS.
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Figure 15. A flow diagram of Laminaria japonica (LJ) water extract (LJE) and fermented
LJ water extract (LJE-F1, -2, and -3) preparation. Abbreviations: LGG; Lactobacillus
rhamnosus LGG, BB-12; Bifidobacterium animalis ssp. lactis BB-12; DPBS, Dulbecco’s

phosphate-buftered saline; and RT, room temperature.
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Figure 16. Effects of LJE and LJE-Fs on Caco-2 cell viability. Caco-2 cells (1 x
10° cells/well) were seeded in a 24-well plate and treated with LJE or LJE-Fs (0, 50, 100,
200, or 400 pg/mL) for 24 h. Values are mean + SEM of four independent experiments

(n= 3-6).* p< 0.05 compared with the control by one-way ANOVA with Tukey’s
comparisons test.
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Figure 17. Effects of LJE and LJE-Fs on nitric oxide (NO) production in the
lipopolysaccharide (LPS)-stimulated Caco-2 cells. Caco-2 cell monolayers were
incubated for 6 h with 100 pg/mL LJE, LJE-F1, LJE-F2, or LJE-F3. Then, 1 pg/mL LPS
was added, and the cells were incubated for an additional 24 h. Values are mean + SEM
of three independent experiments. Values that do not share the same superscript are
significantly different by one-way ANOVA with Tukey’s comparisons test (p < 0.05).
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Figure 18. Effects of LJ and LJE-Fs on permeabilization of Caco-2 cell monolayers
measured by transepithelial electrical resistance (TEER (%). Caco-2 cell monolayers
were preincubated with 100 pg/mL LJE, LJE-F1, LJE-F2, or LJE-F3 for 6 h, and the cells
were incubated for an additional 24 h with 1 pg/mL LPS. Caco-2 cell monolayer
permeability was evaluated by measuring TEER. The results are shown as mean = SEM
of three independent experiments. Values that do not share the same superscript are
significantly different by one-way ANOVA with Tukey’s comparisons test (p < 0.05).
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Figure 19. LJE and LJE-Fs differentially promoted intestinal epithelial barrier function
via upregulation of the tight junction (TJ) in Caco-2 cell monolayers. (A)
Representative immunoblot analysis of occludin, phospho-adenosine monophosphate-
activated protein kinase (P-AMPK), total AMPK, and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH); (B) intensity of occludin was normalized to GAPDH, and
intensity of P-AMPK was normalized to total AMPK to account for apparent
differences and confirm statistical significance. Caco-2 cells were pre-incubated for 6 h
with 100 pg/mL LJE or LJE-Fs and then incubated for 24 h in the absence or presence
of LPS (100 png/mL). Values are mean + SEM of three independent experiments. Values
that do not share the same superscript are significantly different by one-way ANOVA
with Tukey’s comparisons test (p < 0.05).
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Table 1. Monosaccharide composition, sulfate group content and glycosidic linkage of
extracted polysaccharide fractions.

Compositions LJPA-P LJPA-P1 LJPA-P2 LJPA-P3
Monosaccharide composition (molar ratio, %)
Rhamnose 2.7 1.9 43 nd
Fucose 3.6 3.1 55 4.4
Xylose 2.7 7.6 6.0 nd
Mannose 10.5 22.3 24.8 3.7
Glucose 158 36.4 49 nd
Galactose 64.7 28.7 54.5 91.9
Sulfate group content (%) 4.0 nd? nd 12.7
Uronic acid content (%)
Glucuronic acid 3.6 34 4.7 4.1
Galacturonic acid nd nd 0.2 0.1
Molar ratio of glycosidic linkage (molar ratio, %)
Galp-(1— 7.2 6.8 7.2 6.6
Glep-(1— 2.1 14.6 1.3 nd
—>3] Galp-(1— 15.2 54 3.7 193
— 3)-Fucp-(1— 1.8 1.9 15 1.7
—3)- Rhap (1— 1.0 1.0 1.0 nd
—6)-Galp-(1— 24 3.5 24 nd
—6)-Glcp-(1— 1.8 4.1 nd nd
—3,6)- Manp -(1— 4.1 12.6 6.3 1

4 nd: Not detectable.

(Cui et al., 2016)
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Table 2. Changes of pH, total sugar contents, reducing sugar

polyphenol contents in LJE-Fs by fermentation.

content, and total

Measurements Fermentation LJE-F1 LJE-F2 LJE-F3

Before 7300121 7.31£0.14 7.34+0.10
P After 4,06 0.09 * 4.01£041* 3.95+045*

Total sugar Before 4.40£013 467 £0.02 403+0.01
(mg D-glucose/mL) After 3.34+006" 435£007* 404£001"
Reducing sugar Before 1.44 +0.03 1.39 2 0.01 147 £0.03
(mg D-glucose/mL) After 1.39£0.09* 1.36 £ 0.03* 1.36£0.03*
Total polyphenols Before 1.44 +0.01 115+ 0.07 117 £0.01
(ug gallic acid/mL) After 0.90 + 0.01 1.01 2 0.01 1.11£0.04

! Values are mean + SEM of three independent experiments. * Values with an asterisk are

significantly different by z-test (before vs. after fermentation, p < 0.05). Abbreviations:
LJE-F1, LJE fermented by LGG; LJE-F2, LJE fermented by BB-12; and LIE-F3, LJE
fermented by a combination of LGG and BB-12.
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Table 3. Effect of LJE and LJE-Fs on TNF-a and IL-6 production in the LPS-stimulated

Caco-2 cells.

Sample

TNF-a Levels (pg/mL)

IL-6 Levels (pg/mL)

LPS
LPS+LJE
LPS+LJE-F1
LPS+LJE-F2

LPS+LJE-F3

21.75+0.27 b1
1836+1.202
18.16£0.012
19.82+0.19P

19.11+0.60°

547+0.7°¢
4.16+0.26 ©
09201582
091+0.032

077+0.052

! Values are mean + SEM of three independent experiments. Values that do not share the

same superscript are significantly different by one-way ANOVA with Tukey’s

comparisons test (p <0.05). Caco-2 cells were pre-incubated for 6 h with 100 ug/mL LJE
or LJE-Fs and then incubated for 24 h in the absence or presence of LPS (100 pg/mL).
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