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& EPAS] Aol Boh B8 A
2032 LA | BE A% 2 o), 2T
Qu oM | Aol Af WA | AY Bol A | poRE, Bea
& A 2 Zd NE o A 3, B12
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# 2 opvmatt g o) ghgro] b we A Folth
RS- g A9 =33 - 1,000 mg/ 100g

Z - 1,279 mg/ 100g
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7h 2R A E

D =44 49

P 71418 E2(Mechanical Comminution)

WA o2 HAY FAL @59 JEs LRt es 2 /1A <9
z3ol ot FdET. 1 F P tiEF el 7)o aTHE HAe FAHo
vz Z1A2 24 A, A7]ds el eu 2 A7]7} 1-3 cmA =TT He &
& (comminution) 2] %= wl(grinding) TE Al E(milling) #}74o] E3HH T}

Z71Z 4 W g&A(chopped size; 1-3cm AX)S A Ystas Ao =
AEo] v e AE0.2-2.0mm) FHS Q= sh=dl, 7AH HEETA
3 miojemj~o] THAL FUIEA Ha, webx daEY o T8RS JlFE
5 S7FeHAl 2 Aolth. 1# Y ol2d 3 S-S AXto] ®Weol £85I, o=
271 ue & FAEclth vlol w29 =7]7F 0.15 mm o]std uf iﬁﬂ% ol
UA= I vpoleuart 7HAAL e F oA 25% oldE AAshka, =77}
0.07-0.08 mm o]&td 7-¢ole= 23] uHiolemz F A=A 100%7F H&= <4
A7 78T se BRol e ~o) FRY FAC whE oA Zbole JARAAT
AF7HA dxE AAE Ao B AFAFAEe] FE 025 mm o) 279 vl

oo 28 THE AE HhE ooh 2 o] frol A WEHT

m\n
o rlﬂ
b o o of

O
(

f

_4

(h ¢Ze s3a(Alkali Swelling)

NaOH, ¢}¥l, 183 dryol 52 oA (swelling agen = 283t &
o] Z3tE o] U= Hiolu 29 HES AT HA vpo] emj 9 Y Hr]F o
30,000 Dalton¥ wj NaOH Z-& *| & 3?— 71-&2e] =7]7} 40,000-50,000 Dalton7}A]
S7HS 71E Ee AR A 344U A FY IFE Lol o The
i Hgg SN Atk B3 BEAE AAY FRE NZAIAY AAdE=

AY F25 GV E T

&7t W& F dpojevfzo AstEE 2ad §
stttk Bz glad o] A 2RAFolu HE 9
d7te] BE At 52 &F4E BIAT, gad FFe] E
Aol AFE HA Fsal stk &rty] A 71 dee HEEA § 3

_38_



22 HJad a8a AeA e o 2E A3 ester bond)e BIF3E  wHE
(saponification)o]t}. & nAZg o= Adey #ad AHEE9] uronic ester

ZA3te] vlFsl jEgoE violeua FEEE EBoAETGY 2 FR EAHS A
Ho v/‘Pd 71Zto 2 dwyol =3 HEAZ 2HE3Th dTte] Aol o 2H
Aol HIF3} whgol o3 7H2EA7|7E o] 23R, kR Yol AEdAE ol
E] 7&?‘%«] ammonolysisell |3} O}Ulz I ¥4 € NaOH A 2jol nlaf ¢Fxyof A
oA BEEE Ta B AT R Yol= NaOHel| Hvl&l| 7}40o] 1/3 HEeof v
A3, RS AL 7] Wil 3Tt &oldttke Aol Slol vE AA-
ZlEodl e dEYotY AMRFE HH solvkal Ak

m
ol
)

(2) 3het= U

D <F4tF 7F4=E3l(Dilute Acid Pretreatment)
2, 538 @atolut g4k o] F-7]4Hmineral acid)e] 7hrEs Sui7] e
SR P 7d B vlolem~ AAY FAHe ZXbo]l He Jlwolth 23 AlAHA
FA= % o] &3l Hio]em~E JlFEEaEAAIR, A 5 o] olAE A
2 < YEtAS @Aedl= oS o] &5t M

2 2313 2o FuAEE 1o AATE AYEAE TSRS o}btﬂ o] &

‘|—’

ZMNZ1=E 7198 5 o B 2ady dRas TEi«l oﬂUV*‘EEOJ\«l o]
22 Aiae v3dS I3 SV AAE Zet JuAER 20 TR
3 S AHe FE, W%, 93 /Y HEo &Y, BE IrAEER
27 SAEAl TR ET] A= 160T oA 57 1048, 140T oAl 30~ 60&<]
HEg A 7ko] 288t & Zdi(corn cobs)oll T3l &4F 0.45-0.5%= 140-160C <

Arae] & &0l 90% ol dolgtar HiE At

< U= =y AABAAA AT AINREL) 2] Hho] v} 20
THCE Ad o °]°Dﬂ HIZol= F 9 2x=dE,
%

(p) F7]1 =2 Al (Steam explosion)
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Hhol @ o 25 kR Yolrm iqE WA S|4 dA e et Blasto
H & 2345k Hhg-Z (%2 7 90T, 150-180 psia)oll A fE Yool 3ol <3
Hiol @ufj =0 Faf Aol dojdth. Yot nlolemj~E oF L:l(w/w)e] B8
2 Rg7] °ﬂ Y1 FAENA FAGEE FEAZIH FRUokE Hlo]omj A~ T2
2 44 % Zho] FRYols: SEAZ|EE WA AA
=+t AFEX AXgE i%él%olb‘r 7 AE ol AE&PS w, oF 80-90%9
FrEs HEHAAR, SEfEY AZEQEqAE BH 50% o]t IrEs
Uehio] gad ko] &2 violujzof disiAs B AAE dA XA
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[17 1-2-4] Cell wall structure in the brown algae.

dxFe AR gdeEd IA F FFE 745! d=d mannitol}
laminaran©. 2 /¥ o] vt Mannitol®] - F&A[7]el we} zFo]7t AXRE A
2ol Hul 6.8-15%7FA] EAJslH  laminaranS  glucoseZ  °]FoiH Qo

0.5-3.7%°1¢ A} LA At
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a —L-guluronic acid — | Glucose

Cellulose [l cemiasas Il »|  Glucose
. Fucoidan ‘ _
Fucoidan lyases | Fucose(7| 54 A=)

Agar I Agarases ‘I »| D-galactose
N e
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| 3,6-Anhydo-L-galactose it -
: y g hydiolase L-galacotse
|
Cellulose Il Cellulases‘ll > Glucose
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o
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TxR
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< ARG e o] @I, A FEE oA T AP 4 A=l

Hslolok AA A ol oAR AAbe] Fhssh

Biomass Ethanol

| Simultaneous saccharification
v and fermentation (S5F)

Enzymatic

Pretreatment dralysi Fermentation | : Distillation
(Solubilisation of {Cg’[‘wgs”if}': i [ (Conversion of [T—> and
hemicellulose) sugars to ethanal) ‘ ) evaporation
cellulose to sugar) !
i Lignin
Recirculation of ( Waste Filter | 9
process streams L management wash *

Y
Residue-to-power
production

TRENDS i Biotechnoiogy

[Z17 1-2-7] vpolemj 2= Y oeka Atk 34 7he.

EtE WEETAHL gurA el AF(sucrose)t) HE(starch)E& 7|1 o7 st=

A wlaste] & ¢F mloj ey {7 dHT =S ol &dte 3L oY VA &
_ﬂ_

Yukd o g ot WaE HEdEday Xé(sepaurate hydrolysis and fer-
mentation, SHF)¥} & A d3hd & 34 (simultaneous saccharification and fermentation,
SSPHE U A A ot £33t asA S &334 (saccharification)#} o &-&%
F(ethanol fermentation) &3S 24zt 1’/}% ‘&%7] oA FPte AoE T3t
WEy Zpzbo] Whgeke EAast oeSdav|AdEe] HA o oA weAA
T Ate Aol Aok AT R aFAde dIFAY daFgHs U
st Gty oA el AEgolA Y FHYAEAETN HAITALE AEnpo]e 29t X

=go] Hrer|ule] ZFFo| wel &4o Ao inhibitiono] WE EAZ 2
Hgo]l FRETUE @Rl At ol HilAMe AEutolexs Efsts

I
-glucosidaseE F7H& o2 FYste= WHIA B4 FEE FA4 st WH, 181
7)o Eeluhs At glucoseE A ASHE WHES AMEstg oYy, ol &
o] nlgo] niA7] wZe AAH oA gkt

A RE FAESIFE L FEFAA HEIZAHS T FoEN FaU) bp
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olen~E BHANA FFFIF ARHY, olwe VAN AB] AN T AEd
of olgree AAketAl Hol wgrle] 2

ANGsEEFAT o] EEFAHES IS wf o]dEL (D) AEToIAY EAE
2 *

3 580 = fﬂ (4 ke %—Eri—‘%_%% Hh= o g
uE o éﬁ‘:ﬂ 2o, q
&3t7] Wl ¥hg-7]9] Apo]=T} Folxitk= A
a8y sAEIaIAe] A 2 VA EAXES ek Ik A |
AEe & e TAFHCEN, F3tasie e s HAH2Er b
2ohs Holth B3840 2 45-50TC 9 £xolA Hze S
SEAAE HAES] A 30TAA HH BHAEE UEHEER, 2&A o0 wE
Ao TAHES FitalA "o old EAHS Asty] fd sASSILETA
o] 25 & oF 3BCE st Tslel a9 whgo Host= a4 B wAEd A3
7} YEE e T reesei®y S cerevisiaeE o] &3t AF7F A E oW,
Kluyveromyces marxianusStK. fragilisso] g3t eF 42C oA A 3sle] 0.5 g etha-
nol/g celluloseE A4 Ayt= HuE3 ot o]H 3 2= e AR 4
A F UEA e AES] FAS NS T2 e A E
= Wes A7 ARHATH
T HA FARCEE AAEE S-SR Qs oS vAEH F3tE
29 AR AE Fohe Holth oldd EAle AAEE Sl vE &

g (separation)st= WHOZ A 7besiH, ol WU dEgs FE3= dAd
[©)

sk
;

o 2 7EA g Ee] A AREEHI e, O Fo e WROeE gas
stripping WHo] Utk o= TAH ALKFHOoE JtAE FYst, Aol wL o
HEg 9] WoR FF & FWAE AZ Y ol 2 dtE WHOE o]F ]
&3t dgE&S WgTloA ZEEstd, e B E40 AR AME A=
g gtk =S 54 9 dESAst nAE dEge e 32 AFATE AT
o} w7ke] HaA AMEH A7 uEE duE ANE 93 I3 2 HEE A
o #3d + e AxF s T 557 s AdFAME AEHAHJ] A

PaxAER2 EHE, 53 9Td Uiy 5‘—?—%‘%5’4 Ity 249 A
= 9F 5-20%9] L8 AU Z ~(xylose)
=H o] thEEe Ta FAoA AME T AWt FF> Saccharomyces cer-

evisiaedl| o3 WEE AE-EE WA Feth AFHA ALdER2E M TR



ougoly] WEe o AYR2E WEAY F Y= FF AFE TG ATFF
Aolct.

S8 o vl esl el A5

ATAESY Bl 9std =&
o] =7V S cerevisiae o AAS F
o

011%1 Aakgo] A3 Wk

A o ghE AAkel] 2ol3 e HAES BERE Hojn, aRE HdUdo=
ofgb&S A4tstEE, FAEC] Hol g $9| ofgks 34U W stal, AEg A
o]z7} wrg|glolrRt} FHAA FHFol &ol|slt}y. Clostridium thermosaccharolyticum,
Thermoanaerobacter ethanolicus, Pachysolen tannophilus & 559 7%= w3
ol ARy} BFE 3Fx FEal= SekdH(pentose)e] o] &o] FH5Ete] Be A WY
At o529 " ol 6etFhexose)= ©] 83k, HHELE7F Fol AJ4td

Al
qetEo] AL FLHE=R, HFAE]] o o8 2art JAFHE As e

T o], o g oekd LHEAXM ERE AT JHeAol A Ty FATA
A7 PSS =489 B Atte] UR @i, AiHE dusl] v=
i

ke glo}Ql Zymomonas mobilis7} o8& E FFEA AFEH At
()

Gram-2A % Zymomonase BHAFolA = €9 A=xd AHLH A= Jon, &
T HAHEE T 2722 1BARREH 284 AdE&s ik, 22
4o TEGoA dee&S arEg of 5-10% ¥ ¥ F&E AA3g. A3 ulo)
Qole&o] thFALte] oA AL ETE ME HAEY FAMNF A= &
2R fRAAFoZ WHIA |77} L, Zymomonase] oE-E WAS FUHAT]
= A7 J& Fell Ak

ans FolAx= Saccharomyces cerevisiae, S. ellypsoideus, S.uvarum, .
fragilis, Schizosaccharomyces pombe 5°] o|€kg Aj4bo] AMelxlojx 31 U} F=3F
YasAEZ 20 T8 AHE T UJ ALZX2kylose) & EIsls &n
Pachysolen tannophilus, P. stipitis ¢+ Candida shehatae -s°©] &3] A= o).

o
RS
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AR ZA S S5 Be Aol BT
A2 Sof Hlol v AR HE AT

8 d8E UAE= A7V &8

b S

9 oBedel Al el oggel WETHS Bl WaHe] stEUTe] ERE
FEE AT ARE UF LMD Yok 53 Bepde] el BE Fhiol
N BFHL YE shedels dggo] FH Y Aol me HSo
20209717 AeFg F ooy
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O
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i
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P 5
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jﬂ
°
°
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au)
o
2
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o
ofy
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rJ
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il o = &
ATHE A o] 5“4% ELH] BEZbE 3y o) =g HEkg o] ye
°] RVP(Reid Vapor Pressure)E ¥£o|A o} gt A ZA
1S 7HA = R BAHE(], butane)S 7]20] & JEHE
Al 3t A5 AALES E=AFT olHd olFE Hl= FFH F= BPAA
ATFE Folo =t F83E AFsta 1o Gevo, Metabolic Explorer, Green
Biologies, Advanced Biofuels, Cobalt T2 WA 3|ALEol o&] 1Fs= FE& A4k
A E AT A7 o] FojA L Yot

ofN
N
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[ 1-2-13] Hlo]ollghg 3l wlol e R ehe 47 vl

n-Butanol Ethanol Gasoline

Specific ~ Gravity @ 15°C 0.814 0.794 0.720~0.775
Heating  Value, MJ/L 26.9~27.0 21.1~21.7 32.2~32.9
Research  Octane Number (RON) 94 106~130 95
Motor  Octane Number (MON) 80~81 89~103 85
i}ilcj)hol(/)fC-}:s/ooliilI;d 1(])31/er1ds, psi 64/64 31/20 )
Oxygen, wt.% 21.6 34.7 <27
Water  Solubility @ 25°C,% 9.1 100.0 <0.01

L
7ol T H E}(—‘rli%?ﬂ‘%*ﬂr dolazatrtg st 1980 th7tA] A &34 ik
FABRL T AAZMA A=3H A FASIL A, AS AdR7HEY |
5 2 o]akslelsa FYZ A F(Carbon neutrale] L7l FA Z71gol wel wio)
eReEo] waFAHo o3 Y4k g daFGol| i BT SUFeHA H AT
Fekg dtg = 2007 d v)=2] DuPontAle} =12 BPA}ol A
FehEo] WE O AAS FAstHA o W #ASs v o
ol @ H&-2-& F= (lostridium 4 w52 €714 Fa9 HF =2 Aty
E3] & WA SAE JIX= Clostrida?l Clostridium acetobutylicum, Clostridium
berjerinckii, Clostridium saccharoperbutylacetonicum, “18]3l Clostridium saccha-
robutylicum®| &g Feb& AYAAF7E Y= o
FeEol AdE {7 Y @A & A GAZ UrolxE AR
2ol ofsl] o] Fojzinh. P & Az Fes AR C acerobutylicume] EE
A 2= (19 1-2-8]oA4 BEe vpel Zoh. 9 ASHA ] wabs {F714F A4
@A ol A= butyrate, acetate, CO,, Hy 5°] = A4 =3l ethanol, acetone, lactate
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b wdkzAd we 4% A4 oHd AR THL T
WA v A4 BAR dsksle] BulE §71450] F4E o] He
Azt

(19 1-2-8] Clostridium acetobutylicum®l| )3+ B2 thALaA.

S

1y AR EHE Feso] A wHEoA7] A
e B vl AREHAT. S5 A dEE ol &3 FEs Aol A9
Aol HI AFrolA, Hlole FEEo Sl 9T = A3t A2 W

3 AAAGel gl ®E YR AR, 5 NFoE FeE AL
Jerinckii BA101 olU C. acetobutylicum P260S Al&3le] 7l4-EHE R4S
TaE AFolA w9 FAbEoly HIYIEERE FEEo A9 AA7bsHel =
A MAENT Blo] L RES VAL HE AMSE = 71E JHEe AHAI 9

= BHgoz &, 7714 Hrles o83 FEE A AU FESHA A HL

Tl o3 REe AL 3
PN
T

FEAtES &) Y SAE MR = Clostridadl

HE s 3= flalAdes A

7t 2 f71=e Zell7F A3 Eojok sh=H ol My HAGolA mAdE A
] BAEA Ao} Ferulic acid®} p-coumaric acid & Clostria 35 A

f Edo] Feb& A v X FFH AA A7} AFE & Fo|th

KIST AT "o M= C acetobutylicum 8245 ©) &3 Bears M4 2 F=4
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ToA A&EFZe 93] Feb&o Ado]l FUHEE FHIAT =
roperbutylacetonicum N1-4< ©o] &3t S4&F/ H7I=2HEH F8& AH4A9TE
A3Psta Aok g427 A AP g

o
tanol/100 g hexose F&H& A& &
.?_

AT 4 et
DuPonte} BPS} & AlAl & 719o] wlol e Hehgo] st @AM
N, goluh AE 52 o] 87 Reke Aldto] Al wam AR, FIHoR

E AAY SRAA Uo7 FIY 457

oo Fol Fere wuol AW o gd A

+— Cell growth

______ Carbon
source

T —ay

4— pH

Butanol
Acetone
Ethanol

i
I
t.
i
1
I
]
]
i
i
V4

Butyric acid
Acetic acid

time

(2% 1-2-9] AuEe} SulEs PAE Hee ANHA.
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A 7HA dE FaF Fes HE As] 7S Az fF34 S
gl o]Z A3t F8 MEAUA &9 A (ATPase)Z R H il Jth FHE-S 9o
obAlE B ABEE HA A FFS Lo F dou, drkHRI WHAE o}
A=l =71 40 g/l A== S7HEA &7] "ol Fe&o] Fa3 BdE A
AEE FAHEL v wEkA olH T Ea A S ALAT7I] A oY 7
A AEEes A7 JAEL A

AEHo gL MEFFe] AWl 54 fAAE zase] Reg U4

F2 APea Yok 58 2 9d R =
NCIMB 80527} 9100 o] #e] A5 shebz
= gAYk Ree Wy 25 AL 9
=

Clostridium berjerinckii
2 EAWo] okEd st Mutd Zlo
o HEFAHLS T3t olE A=
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2 158 g/l /hr 202 =

JWNZ = vt Ravy vk Clostridium acetobutylicum 73+ 14 A
of mAslsle] 4.6 g/l /hre] PSS Ave EEE vt @ FHY MEE
e 9 ol &3t MEZE EE3ta ol TA 7R &3AA AxY T5

Eole AlZ s Tt S FEATIEE AETE e, olyd

f

745 A4kdo] 6.5 g/ | hrE SVt BRar Sl
714 mAEe 27 mAER 29 Alx fFE AExe nEAEH

(extracellular polysaccharide)& 2 #A3tA] &7] wj &l M 1437 8o]sHA

97 gtk webd oled Fehe A MAES Zedo 1Sty aA
t ugEe) Wsge]l ¥oRMME Edde] We WAE o§¥ Bast Yok



ClostridiumAl " =& ol &3l F4AE A4Hsl= A &4 PVAPolyvinyl alcohol)
A 2EZA U FHo] ko] mElE PU(Polyurethane)d] AEA S o] &3 o]
g vp doh =3 B30 AZYuEAE B3t mAdES 1B s sty 98t
of U F8AH LBAE o8t A2E AA 1At FHY FEHE e
A= HaE v ok mEbA oleldk Wi S o] 88 Af 7€ FEE AAAER

O o =2 Adde 71U e Aot

I

|

o AAHE 54 A

IAE <138t

u}
tlo o
o
re
I
N

Condenser

Exractant

B

Cuture Reserolr
bt

[ ] [ —

— — e — —
b F.

)0
b o !

0 0
N ABE ABE

! Fermzrbor

[727 1-2-10] E AT Fehao] A5ZR AA &%.

(a) Gas-stripping (b) Perstraction (c) Pervaporation

ojgdt oAy A FAHES =Fet] A FEE A 2AE A A
© [ 1-2-1418} 20 (& 1-2-14 M= o8 7 3A4E& ol &35t Feaes A

A W Res WAEE, Ay, 8¢ masta gtk ok gl oy
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A zmepel dlElAE AR Gold Wad g7l WEel dA A e
al

JolA = dHRA AngEs 13T QU 9

[ 12-14] BEo F A5 Behe AA FH| AE A wjoleREe A
4% WIAE
Process Yield ABE s'olvent AB.E' solvent

(g/8) | concentration (g/ ¢) | productivity (g/ ¢ /hr)
Batch 0.42 242 0.34
Batch with gas stripping 0.47 759 0.61
Batch with pervaporation 0.42 328 0.50
Continuous immobilized reactor 0.38 7.9 15.8
Continuous with gas stripping 0.40 460 0.91
Continuous with liquid extraction | 0.30 14.5 3.08

Hpo] @ Fehg-o) Aikel lojA 7Rl 7ol 7pAo] wlA]
7] 2ol FH AP G& 7IZ2A ol &H e ATV Bel 3
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o
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>
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o

ZE 53 AskE Ak dgeES @32 Guerbet CatalysisS %
AaksteE 71Ee oln 71EZQl ZINkAFTY Bol o]FolA Jom f
v BepddA Fded-s AlEskA
o

BEFAH o Feeo] AN AAYL A FATe A
I3
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K,

Low - High dootane s Sehvant. Fuel Simpiar
y CURRENT PROOUCTION
) —=[ ABE Fermeniaiion | BIDBUTANDL
SUGARS r Eihanal Formorestin ==
Feadsiock
yarlpind eyl Baat Caaipe |+ BI0BUTANGL
R STARCHES - '
8 Buga r"" Fammeriafionj—s- BIOBUTANCL
Faadsnck MaR—A
Cogts WHOLE Tilng, Cotki 1 I—-[ E: ool Farmanradon '—l' BIOBRUTAROL
G'FIf-lH 'ilﬁmml:.h-xm?ﬁlkahnn i 1
o
. Flr::'::luun CE Sugan E\'.'- and 08
SIS
B0 SE—W[ Acid or Enzyme Hydotyeis - |—el Sacchartcation | '
A ar ma ol l—-— SaccharScalion
Harrcelivas i i e i ]
(i} Fue il
¥ Fistee=Trosich Gatalysin, [—= SOEUTANOL More

Sy ;
b 3 Clallenigins
High Low BIGBUTANDL i

MoS, Capakas, o I_-..p.- 4 1“‘:‘:3_:"" g e ITARNGL

| [ Commaicial Technohogy
1 Emanging Techniaiogy
= Deloping Tachnotogy
Prachicion v epd la

| ot yut commomitkees

(23 1-2-11] &9} dslstd B4 58 R A4,

Hio] & Heh&ol FAde dA A AAFe=z Azt oF 10
< SAEA A aRste 71 SAF M e THg T xdd o) FH5-
=0 (23 1-2-12]¢ vpe] R &hEo] At HlES A /MEHAIAY FF A7
<2 7|t He dEHd 34
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1§ Hehe
AL FEIAR0l FEES Adstes &4 Ul S5 AES o&ss
Age 7S SolsA FeEd AR AAd F e 78 4
D
Case 3: 255 HES daYd o2 3o Environmental Energy, Inc.ollA 7§23 2t
HehE 183 vheEA (Case 2914 F4st= AXHT Aol wvta &
Aoty FAAR] AFARE AA A Fska Ss)
Case 4: Hio] Qol&t&-& 313t &5 ¥FE-<1 Guertbet Catalysisg &3l vlo] QR EHEZ
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Washe T (e1Ee olvl deA ot 4esEye S
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Case 5: Hiolewjxo] 7k28tE F& FA7F= Az F, spetSujy

Case 6: A A3}st
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COP + ROI, USS/gal

Case 1 Cass 2 Case 3 Casa 4 Casa b Case 8

| [ Het Material Costz. [T Lnisties Fued Costs - [B] Capilal-Related Costs |

[19 1-2-12] vpo] 78 A4k B Bl

(237 1-2-13]& #A 537k R, $48 ARE ove, A s
o AAWES BelFT Yk o]F T Fugo] F5E ABAFNN FAYS
A7) A E A A A% ARG o AAL SR 29 AT

AN 7 s AEAe] Aol B &
Hoote YRt B AF2dd} 2AE Ed -
oo & Zleolnt. HpoleHEE e A9 ogkEol WSl
=
[}

oA 74 AHE AL U 2 Aol A, BAE

fo e

K
e

8 EAE fawd
28 J1Ao) Reeg *3%'47‘4

}-o
Sﬂ
}o_l
o
o>

o AAZ o2 oy HioleRES A3 A Fskr] "Wzl 7l Aol 3l
X eyt ofF X E &S o= dddn. ueii #H Eore] AFAE
o st o] &oke e el AFTTY Ut HRyEEE W5
A&7 EA e 71998 = e Aot
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1.00

0.90 - Bulara! Averaga Fric
: — Avarage Wduetrial Ethanct (Dedvarar)
0.80 | — Puel Etanch {Chicage)
— Uinleadad Rogular Gasaling (Chicaga Whalesala)
070 - s T ——

Nt (LA — — —_—

0.50 +
0.40 +
0.30 4
0.20
0.10

0.00 : - : .
Sept-02 Sept-03 Sept-04 Sapt-05 Sepl-06 Sept07

Price, $/ib

[Z3 1-2-13] #&&, FATH, oAgS AF 714 vl
3. Aol A g8 M
7k @714 FUE

D 71+ Ha
S& VFA; volatile fatty acid) Z#FL 7|4 Sl 2
sto] Hloluj~E AT {74 EFECE BT T o)A oo wE wE
AEE AEAA JFtAY F4LFVISS Tt dIASE
2 A%t Wyolth
2HC2), =23 24HC3), FHEAHCY) To= F

o =
= =

o >

S B8t 474 dEe, T2de, FEeE HIdn.
AAARE BEE & Aol F714 B3 A vehdE AsRe Fr18H
U ure 2 AL Ao 24 HErstage AL AT 4 Qo)
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Complex organic matter
(Carbohvdrates, Proteins, Lipids)

Mono— and Oligomers
(Sugars, Amino acids. Fatty acids)

Fropionate
Butyrate
Hydrogengtion Alcohols
Alcohols «——
Acetate Hs, COsp

“Hi €O Hydrogen

Methane
(738 1-2-14] 714 43} ZRFY Ad=

714 a8k BAES 1 2 FHe SANAES olgake Aol ohye
AdAe) EASE ooy

o Ba Y, oo utel Aitel Bad UrhF oUAsL HeFd 5 gom wolo
wso] EFol WAl 2 gol JFssth Holth R vlolouls RaE 9%

.
of W7be HAE WER FYUT Badl

=

Hgtolu $A47F HEFEIEY Aol YR o ZRE AFHoE Ei
Hog 3enjgo] HA £ HiHe AAAETF EFAEY Afde 49 AF
T2 EAEte f714hE o9A AAH SR FFstert st A fU1AE &2
<5 H\SATIEH 2o F4E o9A FES=U st AT siAE ok 3
. =3 HFHog AaEE 4HEo] dxgo EFEO|EE £33 Hlo|LARE
AT Aol F7HAC AAFALS AR 3= Wyo] Yk o3k o] f & <ls}
o FA7A = WE7t2~E BtEE FATo] A&3ke Hete Aok
(2) M=FEHE 78 4235 53 JAAS W& H&

MERFE ARE o83l VA A43tE B3t Wt~ Aitste 71
3 ZZ4A wlo] @u 782
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VFA ZEHREL dxFol 53 2T o= ="t = Holtzapple &
(2008)2] AT Aol oJ3tH ZAA npo] LujAE o] &3 VFA AL ZAA ) =
e gade Eart =eAl Ay EZ] o] 50 T80 re] ed ¥k A|Zto] &
a3ty jx27o Agole gdo] zZ3Eol YA &7 wWEel 4 A8 wEE
(acidogenesis) 2 3Y AZo] e 77to] Bus Aow BuEy tiMatsui et
al, 2006). =3+ zF{o Afdde AiHo]l w7] wio] HdA L} 22 by A
2l 43t An7t oty A E w371 ARE R THsElr] wiiEol 4F wEA ] YA

TFa H7Mgo] &83tr17F &olstal, VFA Z8Ee

P FaE g5et 23
=

TAFOE s = ¢

A

FEEHFA B35},

- AREEFS] FR OF Aol gAY vt
- meb olel 74 SERE HoH A48T FE A
- 54 54% 49 "ast Ao

- wd, A B BEEER o9 YIRS VFARY Ao ol gHEe 4

il



Nuo e AZATS AsAlY oA APS

g7t Aol B8t

- APLEAFAIZE 2~39) = WEHEEGFIFAL 15~259) R &L 57 5~6
v w2 22 iAo =)

- Hetdg gANA COE £4%E carbonS I FFozH =2 80| 7Y
=t}

(PR A AEAF AFAZE 100 kg 71402 RE 22 Nm'e] Wge 34
st Carbon 3]4&2 50%] EHsich & /714 59 carbone] 50%7F w3
52L& CO,E loss)

- A ERE ¢IES de FES 80%E HHE A
V%o Z2RE 7|thEe EFLIE ¢S 61 kgo|tHel& 7
NUuA = gatst A9 wg tinl 2.1 8, 7l4e 2 Hnd 3¢ vg g
o] 2 FUPHAE 7FAH(& 1-2-15).

tlo o
N
AN

[ 12-15) VA E9Ee) Slsiel 4ns ERUTLCIREE D2 D)
3 vEre] ouA S8 2 HopbA Hm

| & o &g
AL F(ED) 22Nm’ 77 ¢
dA4sd 50MJ/Kg 26.8MJ/Kg
A=A FE&MJ/E) 786 1628
H] & 1 2.1
oo} 700 ¥/Nm’ 700 ¥/ ¢
BI7 (D) E) 15,400 53,900
F7H7HAl Hl& 1 3.5
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pyrolysise #A-&3t= A & FE&0] HokA= Hidel] 2, 7k RAHES] &0
ot} o] Hksle] fast pyrolysiss &% 100-1000C /s wj$- W &=
450-550C 742 SN 7|, d&2a) 7129 L7y HFAIS 1-2% o]y =
3 @A s AAEZR 23 WS HUE JAS

7t2E 553 WAAA A k.

3 <
FAAZ £ Qoug FHEANE £33 "Hlo|onml A B 713 wol A
]é"{‘)\}\ _ﬁ]_, Hr—_' \:]’1_ ]’] H E’.L.H] ]’o us] "1%

e 7
a9t

ol oo~ dEF o ol A= vlolQ U AlFo wet F=o] A
ol= QAA Y HE 50-75 wt% AEQ WA A7 F89 7XE= AoFE RIHEHT Q

on, JAE AT SEI AHS AAA &2 1A A 2dojgte 483 A=
o AWty kol sfgst= oF 16-19 MIkge TEFS 7HAAL ojA 34
1=

By 7HE ZAANA A dREA o2 F s AR 7R

=
w
m\l
flo

TS nlo]leed Ul oF 50%0 Eete AtaTEe 38 B, vF
g, 54, stAdset e, AR D FEste 5 TS 55 st
© A ghoth o3t Hloleede Fu A WS T& ok He kA 3
%, 22 BEFY RS 7R AERF FELE NAT F AT

A= da TFAY FF dao] o]l A gleE=E fast pyrolysis 34
I ZFuf JJEE Aozl Hiole ARy FASEN A4S E] HIEE Qg Y]
FEHAEAE A ARAZ F Atk g7y AE AAY A AES A F

Hpol e 25 Aoz dEdsr] A T FEel whgr] ol
o] FoA i 3t Fluidized bed(++&<5) FEi7t 7Hd Huzloln, ol9o= oz &

oA HE= A 2o
- Bubbling fluidized bed : 2% 2lo] A=3tar ¢+ Union Fenosa Co.& &3 o
& 3| Abo A et = ¥HE7]E Union Fenosa= 200 kg/he] Pilot AHE &

g ]
A e Foll Aok Aol = RTI AAl 7128 50 kg/he] Pilot An7} &4
Zola, G A= Wellmane] 7)'¢3t A4 7} Pilot test(200 kg/h) ol At
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- Circulating fluid bed®} Transported bed : ¥ ¥W-§-7]+= Pilot test GAIE AXH 4+
Ast =27 MEE e AHiolth mlFelAE B HEgI|E ALt HiE

AE dEdste AAE blo]le e dRHE AF FuAE Aitste AYE ZF
I A TGNz T 2E AF FEA ALh.
- Ablative pyrolysis : Vortex ¥+3-7]1& 2313

fo] sz gow, mZe ZYAFL
=]

4 NRELOIA X8 Fo]ar, CNRSolA = &idhs] A7 Folth. B FAA & v
Adulel gl dA A7|7F AR er & Hiolevjak dEE 5 e, ¥A

o] &&42 Hpojom 2] A F £E7F ofd wkET]Y X 29 An. 1
HEz W7]ES §vhgrld dHES
gk Aol @A) X ol Uk

- Entrained flow fast pyrolysis : # ¥4 % #AX]& Georgia Tech Research
Instituteol] ]38l 7W¥t=E A a1, Egemin Co.ol ¢J3l Pilot testE AX Aot 18y
2o ARG WAl VpAERE Hlo]em ARl Aol A0 F o] FolA
A ok 7Y A Boy AAE AFA X A= Aot weka Piot A
Hl o] o g WAEA X A= /o] FXH Feiolth

- Rotating cone reactor : ol AHI Y= FPEL ¥-E7]E University of
Twenteol| A/ 3+ AXx|ola1, BTG Co.oll &3l 7N Fol o™ dAA 200 kg/h
o] Pilot test7} &= STt

- Vacuum Pyrolysis : ZJUt+e] Professor R. Christianel] &J&f 7i|e FAH o= 2
g ¥kg7] WRE JAF ez fAskes 2eg & 34834 29 slow py-
rolysise A-83stal vk HIE $& £57F dojAHex: UF §E& Sl Fast

Pyrolysise] E35 AE & Je A= dHA L ATh

Ao/ AFE oAl A oldel= A ML Tl e AEol BT 5 3
o, fiEo] FHATH HrlE FALE o] FojA1 Ut ?Iﬂ_XH AAH o2
oleeds AP oE WA A FolA fast pyrolysis7lEe B-Est] e

2= gx2Ad FJAEAE= AU WFH 4A1% DynaMotive Technologies

Corporation, W9 &= Enscheded] EAFE & BTG(Biomass Technology Group), ¥

= B2E9 Ensyn Group Inc. & #< & Atk [ 1-2-16]014 2002 dA 7}
3]

5 29 ulolood 35 FHARS B HNES 2ok

[‘i‘.‘,
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[ 1-2-16] +4 & fast pyrolysis &4

HH37] FH T = AL 718 3 714
Fluid bed 250 kg/h Wellman
400 kg/h(2000 kg/h A A) Dynamotive
20 kg/h RTI
Transported bed °F 2x1500kg/h Red Arrow (Ensyn)
650 kg/h ENEL (Ensyn)
20 kg/h VTT (Ensyn)
CFB(Circulated Fluid bed) 10 kg/h CRES
Rotating cone 150 kg/h BTG
Ablative 20 kg/h NREL
20 kg/h Aston
Vacuum 3500 kg/h Provac
Unspecified 350 kg/h Fortum

Zof JALS A ALYolE ZujE o] &3t BAAZIATE A
ZA 3 NiMo /alumina®} CoMo/alumina Z< o7& A Zw|E AH&3te] 70-200
= S

bar Mol 1t FAAA F4/CO/FF7E

H | == pud
Hge RESHE S} FHOE Wroldn
- ZSM-59t Y 28 A &TolE FHdl= A 999 73 ﬂ7li s wiolemjx <&
2 5 %

&
oY
o
(e}
)
N
>
Al
rlr
rE
=
@
=
W
—
=
O
=
W
o0
[@p)]
o
=
—
(@2]
Sy

I 22 vEEs Sis 7lEe] 2717 Uvg eEeA v ddsid, 1
7189 WEe] AT EZL Rt =R 71Fe] A71E A =3 w1
nmell A 30 nm7kA] AhEA =2d4E ¢ o= e i o YjEe A4
T2E 2Ho| Jbeditt Mzxe s ZuEe ATt AEolEd Hgte v
Ho = Holoujs ARl Az A= Faukes WAL 5+ 0o 7E
A717F ZSM-5, Y T3 22 AlgEol B Hls| 2 Wejo|Eg, Hioleod A

N
2
B
[

of ofF Zdgtstel 7w Jigo] dAH vt 1 MCM-41 22 wW=xz=

=4 FAREA ol AS] W] WZo Holeed W 30% B=E & FEFH

500C gx=o] oA =LA Rbgo] FRHAT= Ae Adshd FAAG HolA

=3 1

- @A vloleed ALkE f7E EZH) Ao SlojA Zrlel EAAE ED F 3
= AZTolE A EAS JFAHA MCM-413 22 W Zz7|3F& Zte W &/vlo]

A% FulE Agste A7 o] RolA1 gtk

=
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M2 & =ue 7ls7i e &
Al A AL A=A

L =99 3% 7824 7lehd &F

b R T
- ROS Ao o3 43tz 2Eg2e 95, 999Al, =3t 2 3 22 o2 7}

A HPAd Aol Woloe=w FHZwka Ity ROS+ hydroxy radical, superoxide
anion ¥ peroxyl radicale] @AATA T X3 B2 4 HARIEEE 74
Hol Aok AAAEZA ROSE A&FHoz 4= AHH ROSE E403F =&
HI G402 qbslabgol ofste] A&sHA A AP EH ROSH oF &3S W
A slar Z2 Yol A pro-oxidante} antioxidant 3 -S

o}

al, 2006). Lely =E# 2, A, F4, Fal

] NEe 52 2EY =S AAS] A% ookt G432 vlasd 3k
st WoAEl S AU oE=E, AEe Ul s A8 &4 A T
aRHo g AAst Az 4k @ AS HSIHoH45] Az 2AELS o
AHEEAAE § SAEEES AAsSte 9499 A5d BAAE 253 JAH6-8]
Az e} zZo] 45t A5S o 1xF WA RN Hikst-A| =35 Al 2~Flo] #
Tt &3l = Al5d AARELS F2 redox-sensitive HAFQJIAQ] NF-E2

related factor-2 (Nrf2)oll 93] ==t A&/ o8 7}A polyphenol &%
EE& Nrf2 signalingg #4341 NADP(H):quinine oxidoreductase-1 (NQOD),
superoxide dismutase (SOD), glutathione S-transferase (GST), hemeoxygenase
(HO-1) 2 v —glutaryl cysteine ligase (GCL)¥} & 452 HAALE ZZAA 4+
s3ld 2E# 2o o3 49 MEe Hto] #oTH9,101

Sol 9l DNA &4o 9@ 9 ol9lol =, 4813 stressel o5l A%

A
B3 F2o Fo7 VL b kinase BABAA AT AW/EA FHE W
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stAZIth [11-14]. MAP kinase A9 MZAE, A, 2, 818, 4531 534

2o o8 71HA 7lEel #AStE kinased] dFOE. IF A% MAPK/ERK1/2&

UVY H 04 gl ell 93] A== ROSo| ojall &Adsiso] M=zl x3lo] Fa3dh

9G-S oH14-17]. INKe} p383 22 MAPK Al€e] kinasew= UVe 22 of

7FA @] Al stressoll o8] FAd3lEo] AP-1, myc, NFAT4, smad, ATFs, Statl¥}

CREB®} #Z& AARIAESS A A o 2ZH S 2] stressoll &3 A ZAME =
=3keH18-211.

o 1A ME BRI aF0] AEo AEH A ZEAES A EE Fo3 HE2E
PIBK-AKT Z 27} 44 Aot o dAH 218 ojA Akte] & st
B2 dFEe AYPH ok [22,23] MAPKQ‘r AKTOl 93 2zdge o] 59
st9foll = NF-kBe} AP-13 e AARIAES S FAZITH24-26]. 4ksha] 2~

Eg o o3 ol AsHdg ddo] &4sliEo dAF, =3 9 o HPs

st AZY HEgo] F83F 98-S $uH27-29]. wEkA 4ksh A ~Eg 2o
o]t o] 3t Az A £Ae FralslAdo] 733 phytochemicalel ol&f o=

.

284 AAA A B 2¥E Fu I gE sy
FF A T AAE AAANZE F de @5 A T AAA A B
Ae T Utk COX-2 AlE 53 Fd5 L 2GA Mol tigt 5o
ATE UEE COX-2 @A g4 FAEE
AAA Aol =& FokrH30-

Aol dixd ddF P 29ARZE Aspiringt 2L Non-Steroidal
Anti-linflammatory Drugs (NSAIDs)¥ A€z COX-2 &4 &A AsfiA|Ql celecox
5ol MEtEo] Al AgEHojx 1 gtk NSADsol| 93 &9%F 3= o8 IFE
of o3 COXe &A &4 A, & PGs &4 AAE &l o]Folxt &
Hol B2 A7 A2 HE NSADs7F 95 53 o]9o HAY 5o A%
A%s dodle FALES 7HAL eel RuHAT o] NSADs7F COX
BEAEHE A AIA COX-29] ¢ PGse] Frist AP AAAA 495 &
|

ﬂll

ol
>
=

(%]
rJ

1
[\)

= =

348 vehit SA6 A W K8 AP 75 e COX-l &

B B
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A= &= AefAA COX-1o ol A== PGse] &F =3+ ZHAaAIA AAY

5o FAES dode AeE WA A FES5 H A29AIEA S NSADs

Abgol A ARk o2 ARgH I = Ao TH33-35].

olof wet FA MElx COX-2 AafjAl /N A2 WaFo] Bopx . 1 A

kA AF3 AHE COX-2 A AR celecox 5o /MEtEo] 3

A>dA AR ARREEIL AT sEARE FHZY A 4 £

COX-2 A&z sl A A 2] F2E&S 7HA 1 A5 HeA o+

o AbE mRE AFHAR L = A7l TH36,371.
HEe A3 dor)A de 2R COX-2 AsiAl A

< 5% FEF A5A ALY BaAo] aFHAY wEkA dA I H S

NE A ABERE Hud

e

HE D HE AU AR FAL oln Aol LHAYEH UYHOET 2§,
4§ R 2L A ol olEd T FAEL ofn F= WAND 5 UV
Folth. Wt AABL GHste] o5 F Fa 4F WA AR F LA

>
i
o
xo
r
Y
2

ofo
et
o2
g o
olN

A AAEZRE FHFAE MES7] 9 22 A77F "= glor, in
vitro =+ in vivo A4S F3 COX-2 &3 9AE T3] 95 597 Ao
Hud iz dd= fed A8EA3 75 7k phytochemicalsE& th=3 %

EGCG+= =xbo] t#Fo 2 3H-f-% o+ polyphenol phytochemical compounde]th.
A 7MA] dH A AT Ato] wrEH EGCGo| 93 9= a3+ kB @z B
I NF-kB AA}QIz &4 94|, PKC 2 INK 413 ZH4As 53 o

0 ok

2 21 INOS, COX-2, pro-inflammatory cytokines TNF-a¢} IL-1b -#3 =}
A A9 & A™o] Aol W =T AP-1 AARRIA &4 A 2 A
T U fal FAAAE A ZASE EGCGol 93 935 oA & #do] IS
o] <& FtH39,401].

Curcumin (diferuloylmethane)+= Curcuma longa L.o|A #&]3 =& A& g
%9] phytochemicalelth. @A71A Bu® HZo AT Ao ostd Curcumin

e

o o3 FPF A} NFKB AR B4 oA, INK 2438 2, o2 A%
AP-1 AARIA 24 oA B AE W fal B4R AY s Bl 9ol
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dHHTE. w3 Curcumine] LPSell )3 COX-2 2 INOS F#x w3dS =4 o
AANA FH5 E4E Uepdts Aol HZY AT ZAolA He F oH41-43]

- Resveratrol (3,4,5-trihydroxy-trans-stilbene)e =% L T =Fd| ot 3fH =
Aot} H9 AT A= Resveratrolo] LPSY TPAO] 3 COX-2 fxaF

S A FaAH o]Ae] F2 NF-kB 2 AP-1 AARIz &4 IA15 &
o] Fojx 11 Qlg-o] ¥ o™ Resveratrolo]l &3 FEE A BAZAY A
B33l T3 Resveratrolo] 95 T3+ AlZ W f8ll S04 A &
of #Ho] Atk Ao| HTY AT Aol HE AT sHAT HZY A+ A2
I} 2 HE| Resveratrolol] 23k COX-1 && A7} dojdo] ¥ra A Resveratrol Ak
& A BAgol A7} A= QI THA4-46].

- FFl =A3t= flavonoid AR isoflavoneo] &3+ thekst A ESHH A Fof A
tectorigenin®} tectoridine ¢ A AMZA PGE29} COX-29] L3S Ao
24 FdFadE Yehdles AR RyuFE Ju47,48]. =3 irisolidone,
tectorigenin, genistein¥} glycitein> TPAZ F%% RAW 264.7 Al3Zo|A PGE2¢]
LS At Aoz BaxEa 9Joi49-51] Glycitein® RAW 264.7 A 3Z ol A
LPSE 5% NO9| S AAAINE AR Hus i oH52]

(
==

B o

o A

AHAshE HIAAAEEN ] E4oly el i =7] BE&E&
cytokine, &g Fa &4, A 4tk T HEste] AAE BE3)
o|t}53,54]. &=3}to]HH (Alzheimer’s disease)2 > W amyloid b
7} AR o7 o wEojA ¥ zF o) w<ldlolglal B senile plaquert

FAHH microgliazl ©lE FHoR2 <At FASHIL AT o=

x2)9] 4kstd &4 P AZAE fEete] A7 d
4] A ATH55,56]. b-amyloid peptide= HA 9F 2 Astd ~EH 28 f &
st dzstolm W FQ3 LS Frh L=} &
neurotangleo] FAEo] HAEZ HPH WIS Holw 1 FHOE 7|9 &4
o] dozith

- F9| isoflavoneq! irisolidone LPSE %% microglial Aol 4 NF-kB<} AP-1
o] ATt JAAH 2N HAZANA Y dFS A E4E YEHE A
o7 Biuea JuH57,58].
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- E& 3 Rabdosiarubescend)* & ¢ FdF ARE 7Y EE3 A EA
=29 Oridonine 935, FHtelgol, &3 22 gt Aegs s
Oridonin HepG2 A2} RAW 264.7 A4 INOSeF COX-29] &3-S AA|A
71 3L cytokineoll o]a] &Al3}® NF-kB7} Oridoninell 2]s] Asj=Es Ao
. JqtH59,60]. #HZol= Oridonine] LPSZ f%% rat primary microglial A
NO A= iINOSe| dd¥nt oflye} TNF-a, IL-1b, IL-69} Z2 cytokines] &
S A A7), NF-kBe] &35 JAAI= Az HuxEu 61l o]k
A= Az i FFSaA7E H 2] microglial celll= FARE &3
P o= FHF =20 d=dtolH Y UHS AAstE AYdS UE L
F = ol A FUHEl 2= Hd Y A 5A = AHE-E = H| g E U5
(TripterygiumwilfordiHook. )= |ZAAa&77F e Ao 2 BuEa ¢rH62,63]
Microglia Mo wHZUFo|A EeH tripchlorolides A e]gk A3} TNF-a,
IL-1b, NO, PGE2¢} #Z-2 cytokined] & As|Al7]ar, INOS2F COX-29] &,
NF-kB] translocation, Z12]al INKe] <QI4HSLE JAA 7= ASZ Bilx Ut
[64].

U
=

Zingiberofficinale®] ¥2]1 A7} A =3+ gingerol, shogaol 5& &=, <+
giksl, FFES} 2L Yt ARE JHAL Ut A FEELS HIZHE|E
A FdFoz a8a S84 #Add Assty A=2E 2dsty ¢#A

I TH65].  Zingerone¥ 6-shogaol 6-hydroxydopamine .2 %% dopamine
depression o] A3[66]2} ANHMEL] ol ZEAXE A= ALE BIHI Q)
oH671.

FAF, A FY Fol FH3I H=A phytochemical?] 3+ F7F<l flavonoids
sakst, &k, d9= #go] dul. Flavonoid FollA apigenind} luteolin
dendritic A<} basophilsoll A 2z} FFa] ARQIAQl TNF =849 3 F7F<l
CD40¢} CD40Le] ¥d-& ZAaAZIttar BRasar QuHe8,69]. =3 [FN-g=ZH-H
5% microglia Al3Zo|A CD40<2] olzr o7 7+AA 73, TNF-a¢}t
IL-69 WA S Asistar, STATLS QI4HsHE [thar Busa o701l
AR W7 SAA EeHEY FS 242 PPARgY #A4sE 3
COX-2, LOX, iNOS %2 pro-inflammatory2] A3}, PI3K, NF-kB, c-JUN<] %*e}ﬁ}
A, =a A A3, MAPK, PKCo A&l 5ol 93 Ho=w Ry
[71-74]. <, Afut, 2=, EFHEE 243 ofA, A, BEEY, AEIEF T
o] &A 35t quercetine LPS¢} IFN-g& A 2]$F BV-2 microgliaol] A IKK, NF-kB,
AP-1, STAT1, IRF-1¢] &43t& 7ZH4AAI7A INOS @3 NOo| A4S JAAZIT

T
C,

el

o

off

b

> 1o

41
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g &g #ete] S A7 JAHL ATk 53] D[ FolA, TH, &1,
%9 phlorotannin 3ol Fof F+=2 o] 3F9 HZFEHEH AHSAH E- &
g A7 FE JYHD . Y dFEA ZAHERE EY" 3Fe
phlorotannin /& &8sty ol&9Y FdA aHRE AT A
phlorofucofuroeckol A°¢] &37} =4 UYelwow[76] EOoZHE 3F9
phlorotanning #aste] o] 9] dAslAS A B Y THT77].
EEERIRFE o st A= ZH (Ecklonia stolonifera)el]l #3F AT E+&,
=o] %4 | o] dHo] #H &4 metalloproteinase (MMP)-29}
-9¢] THEE gAE Ao B HJ78], EAEIYE =3 F4kst = G4
Z AEEHRTE ol HuEa AT, FAA] AZzW 2 71" ik AT
= o3 + AAotH79,801.
Zy]o A E2]¥ phlorotanninfe] Al #3F A= eckold} dieckols =
oAz Aelg A3t NF-kBe} AP-1 HAEAH S TaAlzlon, o3 g ARSI
28] A AR QI MMP-1 A8 a3t WAl 259 collagen w3iE A3t
TFEAES WAt a3E B THE0]
=3 FZE°|A] phloroglucinol, eckstolonol, eckol, phlorofucofuroeckol, dieckol
2 triphloroethol-A¢] 5%9] phlorotannins’} Z&| = o] old g 43l &7}
BuE]om[81], ZHefollA EEF triphloroethol-A7} y -4 2J3t AlXx R & &F 3}
+ ROSZH&C o3t mlEZEgote] 45t &4E HAAFoEA Yedtn
Huso] AARHE2], FAIA] 71-l ek A= ok o] FojA A & Ut
ZzFo oeke FEES LPSE %59 microglial Al (BV2 celDol] &g 2
3 d=#EAAe NO, PGE2, TNF-a, IL-1b2 ¥EoEHow X a|sda
MAPKs, NF-kBe] &g}l ROSe] A4S AAA 7= Ao Z BHyuFE JQuH83]
ol#13k A= microglial AlZ2] B3 AAE Fto] HolA o GRS Al
oz d=stolm WO X A 7Hede AlARSL AT

Ul o] 4kshAl AL w8WR] SHAA FFE3] FUIska e FAoH, &

S
—{m
2
X
X
&2
kl
X0,

3 F&

S5 B AF vls wmE S AL e ok g gAksAl A%
& 7]&9] vit. C&} tocopherol #|Fell tlste] qHefa|E xEjbste] S EFH 3
ApstA| o] ko] ZF o] BEFolx o ERE o] 8T FAISHAl AFS of
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Wheat Straw Bio-Filled Polypropylene
Industry and World-First Usage in Quarter Trim Bins on 2010 Ford Flex
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2. A7 A

7h AR 2 AR

Rotar vacuum evaporator, \FZ%~], ™3 silica column, HPLC, CO,
incubator, 7| 95X, F wlSd, AADAAH T, &&F, real-time PCR, o]v]
A B27], &34 w7, microplate reader (Promega), A= thAlnl 500 kg, A% =
Z\E 10 kg, =z &3 200 kg, MDA-MB-231 breast cancer cells, RAW 264.7
macrophage, HepG2 hepatoma cells, 3T3-L1 preadipocyte, B16F10 melanoma cells
(o] ATCC), PCRE& primer (Macrogene), 2’,7'-dichlorofluorescein diacetate
(DCFH-DA), dimethylsulfoxide (DMSO), lipopolysacharide (LPS), a-MSH, insulin,
IBMX, dexamethasone (¢]7 Sigma-Aldrich), luciferase assay kit, pRL-TK DNA,
reverse transcriptase, CellTiter 96®AQueos One Solution Cell Proliferation Assay kit
(o]’ Promega), penicillin, streptomycin (Gibco), 1z &A, 2z A (o]
Santacruz), ECL kit (GE healthcare).

AL

D) NzF AR JYBYRA I 22D 3

Ob A=F AR wwﬂ@ 224 8
Az At Ao 5 2

F 5 i%%ﬂﬁe SENA 24

z=
pholyphenol %% Folin-Ciocalteus 2.2 #2435} .

=
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ot
ot
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(o]

(W) gAeke] A2 Aedd=4de f718d d& &

EAE dxzoAnt 22 3 kgs 7 WAVIE FET U] 3
9 Lo +4 (96% EtOH)<& ¥ ¥, &84 oA 3 Azt 5 F=3At. F=9<
o] 73t rotary vacuum evaporatorg AHg3te] 40C oA FF3tdh 919 22
Ho g A 2 3] ¢ Hi&Este FAFEES At 555 HOEtOH (9:1,v/v)9
T8 E =2 5, &Y %Lﬂ%ﬂoﬂ o, 5% p-3A4ke Yol & Z2urE &
=0 &MAA BIFIHANN F fF5e p-FY JHEEE ROt

(sodium sulfate, anhydrous)©.Z &3 o} J3}ste] F=3}
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& Eo} EtOAc #8=< &9
A&Ysted 4F o] n-BuOH &£ 559
of & Addxyel sty A
Folin-Ciocalteus ' o. & EAstgth mauty 239 f7]8u 235 thAnte} %
43 WRoz Pk

(h A4 AZ284 =2 &

OAn 2 RE de p-34k J8-S recycling HPLC systemel] #2F# Asahipak
GS-310 Z¥ (500 x 20 mm, Showa Denko, Japan)o. & Ao 3}3te] & } o] uwhe}t
M gEoE sttt Z7e] s e Ay @HAksl, dES, &

g4)& =A3}e], Shim-pack PREP-ODS (5 mm, 100A, 250 mm X 20 mm,
Shimadzu Co., Tokyo, Japan) Z@ o & <=43}A4] EgsAit.

=39 A9 F4rsEA o] & EtOAc FE 5 g& methanol (MeOH)ol| 5o
& silica column (100 x 10 cm)oll loadingsled tjFZZvetz} MeOH E3gfo =
6:1, 5:2, 4:3, 34, 2:5, 1.6, vlv, 1.2 L) €A1 & EH R 43 == &
A5 ZHE FAstH Aol L JEE EHsEth Z4¢ 5L JEE&
recycling HPLC systemell #-2+%
Denko, Japan) .2 Ao 7ste] FAG EAFe] EHES It 24749 &
Sl g AgA @, FES, FgEHS 745k, Shim-pack PREP-ODS
(5 mm, 1004, 250 mm X 20 mm, Shimadzu Co., Tokyo, Japan) ZH o2 35|74
skt

() 24 e 7275 E4
e stEY 542 B d7xle] #FHst e FFH 1AHS=E Cp
g 7% 'H-7 “C-NMR
AN FeAdddEsdel st
o v‘i—\ﬂ%% sAsAH. E9E e 3F Wl o3 FEAL Azx 2
B AHES At 2D-NMR spectroscopyE4] H-'H, 'H-*C COSY, DEPT, HMBC,
NOESY spectrum-e QoA s4S Fatd F2E ZAASIATE o 2A Eeste 4
2 eSS BAS A ARELS AYEHE AT ARE AL
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@ AN=F ARA AYBYEAY 54 B4
b FdF 24

O AzxzvjeF 2 Ax=d AFD

RAW 264.7 macropagee 10% FBS7} &-f+¥ DMEM HlA|E Hj sttt &
2 MEZE=ALS MTS kit (Cell Titer® AQuess One Solution Cell Proliferation
Assay KiDE AF&3tgth =, well & 10° cells 558 A XS BFo] 24 A7 )
3 & BElE AEE 7Fste] 24 AZE wls £ 95 mle] A9} 5 mle] MTS &
HES 7kste] 1 AR w8 Al = A H = formazans 490 nmollA F3 =5 4

& AT

@ 9% =wWHAA (NO, PGEy) w4

RAW 264.7 macropageZ 5 X 10°% =% 12-well plateoll A 24A17F vj kst
Atk wdE Az 7] g2 = EIdE Az 1 mg/mLel LPSE 713 &
24 NZbF vieFstdth mi ke miA A E S 3ste] v A F 9] nitrite (NO)@F PGE29
24359 ™ NO= Griess HE-g-ofl wel 43t At [32]. &, 100 mle] A Z |
Ao FLaF Griess AeF (0.1% naphtylethylenediamine dihydrochloride and 1%
sulfanilamide in 5% H3POpS 713 3 10 & Zof 540 nmolA &3 =E microplate
reader® =439t PGE, ¥%%+ PGE, ELISA kit (eBiosciences)E Ab-&3ste] =4
3FA T

@ d=#¥ cytokineo] 2

d=3¥ cytokine (TNF-a, IL-1b, IL-6)¢] #2]& ELISA kitE AMg3te] A
Akl manualel whebd ZAEAT &, ReE AEsh LPSE AelE RAW 264.7
macrophageE 6-24 AlZk wiFek Fo HjA| Fo EHldE cytokines ELISA o=

sk

@ Western Immunoblot

289 A8gE 289 RAW 264.7 macrophageE PBSE 23] Ho % cell
lysis buffer (50 mM Tris-HCI, pH 7.5, 150 mM NaCl, 1% Nonidet-40, 1% Tween-20,
0.1% SDS, 10 mg/mL leupeptin, 50 mM NaF, 1 mM PMSF)Z 7}&le] 4ColA 1 Al

F A sk 18,000 goll Al 10 #3F dAl2este] Aeds Ak AT A
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(20-40 mg)= SDS-PAGEZ #2sl nitrocelluloseo] &7l % 1 %} &4, 2 2} &4
2 #32o g vbgAZ & ECL 333 kitE ol &ste 54 oo 2ds &
olald . A wwlE e INOS, COX-2, ERK, pERK, p38, pp38, JNK, pINK,
pAkt, Akt, PI3K, NF-kB, kB-a &°]t}.

© RNA#EZ ¥ RT-PCR

A3 total RNA+= RNeasy mini kit (Qiagen, USA)Z ®&|3t4ch &E&8&
total RNA 3 mg& ©]&3ted ImProm Reverse Transcription System (Promega,
USA)e.Z cDNAE #A3tdoh. FAH¥E cDNAE o] &3t RT-PCREZH &<l
mRNA @&z =4, 2439t House keeping A A= GAPDHZE A&31th.
RT-PCR th’d 7= COX-29t iINOSe|t}. HAtseEollA ol FAdAke] AAE <
=49 H sgEe Y3 A5 i @R EY JATE HAF FE BE
HAFFo A JAHES ¢ & Atk PCRo| A8¥ Primere] A€ o3 2t
COX-2 sense, 5'-CCT AGG CTT CAG CCT CAC AC-3’; COX-2 antisense, 5-CAG
CCT AAT GTT CAG CGA CA-3’; iNOS sense, 5'-CAC CTT GGA GTT CAC CCA
GT-3"; INOS antisense, 5'-ACC ACT CGT ACT TGG GAT GC-3’; GAPDH sense,
5-TGG CAC AGT CAA GGC TGA GA-3’; GAPDH antisense, 5-CTT CTG AGT
GGC AGT GAT GG-3..

o
o
o
fru
=x
Mo
A

N

Zo #As= F2 HAARJIAQ NF-kBe] HALEA & NF-kB AgH &
3t plasmidE o] 83t 433t NF-kB promoter% 3Hf3+ pGL-2 vector
A ) lipofectamine& 0]%6}04 transfection 3+ & 24 A7+ B2 BEH AE
A e)ste] 8 AlZF o HjkE 3 N EE {313t 20 mg @ A3} substrateE

}o luminometer 2 luciferase A& =43}

N m omo

i

O

() H 53

O MAMEzuF 2 AFEA

A oA <l 3T3-L1 4|3 Z high glucose DMEMoI #j k3t Al 71 100%
confluent® wi7}x] wHjeFsta, 29 Fo| MDIE Agdte AYHNEZE EIE
sttt &3t F=A gAY ARE Agstd 7-9 4 wigdt Fo
AGAEZZ EedAaHE Ol-Red O AT & Anjd #Z3 G449 AS
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F=35t 500 nmol A8 FF =2 EA35HA T

@ v B e gl {24

3T3-L1 A frotMlZ7F MDI A gloll oJte] ALAZERE E3HAo] Hoqst
ZAARIALQ]I PPARgS} SREBP-1ce} 72 HARIzLe] Wrd e Agxdg %
Western blote. 2 23} t}. Western blot 2748 FFZa A o 24
datm, 1 2k A A 212 A web ofzte] ¥Wsrt o

A Z total RNA= RNeasy mini kit (Qiagen, USA)Z &3ttt E83d
total RNA 1 ugS ©]&3le] ImProm Reverse Transcription System (Promega, USA)
52 cDNAE FA3at. &4 E cDNAE o] 835t real-time PCR=ZX o)<l
mRNA TS Z4 £43F3Ath House keeping +% 2= GAPDHE AR8-3h3ith.
RT-PCR th 2= PPARge} SREBP-Ico|th. AALGZAA o] HxAY AA

< SAToEA 29 stgEol o3 d¥T B-E T ARt HA

EE HYLZqA AAES & 5 Aot PCRo AFEE primere] AL9e &3} 2
t}. SREBP-1c sense, 5'-TCA TGC CCT CCA TAG ACA CA-3’; reverse, 5-AGC
TCA AAG ACC TGG TGG TG-3’; PPARg sense, 5-CCC TGG CAA AGC ATT TGT
AT-3’; antisense, 5'-GAA ACT GGC ACC CTT GAA AA-3’; GAPDH sense, 5-TGG
CAC AGT CAA GGC TGA GA-3’; antisense, 5-CTT CTG AGT GGC AGT GAT
GG-3'.
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7h gAme FEE0 AEEA

(D) A rt25E 283 fucoxanthing] &d% &3}

(7h A2 X-E fucoxanthin £

AABoAM= FHF S0 58 n-34i i p-3i FJEOZHE
2@ GS3-0ODS6 &+ [liphophilic compound (LLO)]9] 3= A3 71 7]4S ¥

[o

At Ad= A AHRE AR o R FHE5 EAo] 43 GS3-0DS6 &< Luna
RP-18 [Luna C18(2), 5 um, 250 X 10 mm, Phenomenex, Torrence, CA, USA]<}
Shimadzu HPLColl &j& EA&F ®=2 Bz3l7] 93sled methanol (0.34 ml/minE &
SAA A w2k 1UhY gEo = Egsit (19 3-1-D.

[2¥ 3-1-1] GS3-ODS6 & #2] Shimadzu HPLC ZE2VWEIH

Zy R gAF A4S F2Asty] sk, 25 pg/mle] Alg9} LPSE
RAW 264.7 M3 g3t NO AAZFES vwstdch 13 3-1-2¢] Yely=o], 3
H RN 71 & d95 FAS sl o wrEz e HPLCE 33 &

NMR £4& Balo] ARA 8389 728 ZAFATHE 3-1-D)

JX?L filo
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(3 3-1-1] gArtz R 288

Nitrite production (pM)

20

18

16 |

12

10

cot ot

1 2

8 9

10 11

[2¥ 3-1-2] Shimadzu HPLCZ #2]¥

7+ 3

=

2ol F9% 84

fucoxanthine] “C-NMR3} 'H-NMR Z 3}

Position C (ppm) "H (ppm) (multiplicity, I in Haz} Posi tion Be (ppm) " (ppm) (multiplicity, T in Hz)
1 3533 i 3597
2 45,65 L35 {1H, m) 148 (1H. 4, 1211) i 4561 L4 {1H. d. 1194), 197 (1H, m)
3 64.57 3.8 (1H, 4, 10.00) 3 68.19 5.35(1H, 4, 443)
4 41,82 L76{1H, d, 17.19), 23 (1H, d, 17.19) 4 4541 148 (1H, m), 226 (1H, 4, 1522)
5 66.33 5 7288
& 67.25 & 117.68
7 40,98 258 (1H, 4. 1060), 3.6 (1H. 4. 18.23) 7 20222
R 19829 8 103.57 6.03 (1H. 5)
o 1347 9 132.69
1] 13932 TA3(IH, d, 10.60) 10 12872 600 (1H. d, 11.24)
11 12355 6.54 (1H, 4, 13.14) 1 12589 6.58 (1H. m)
12 14524 6.65 (1H. 4, 1491) 12 137.29 6.33 (1H. 4, 11.05)
13 13562 1y 138.3
14 136.83 6.39 (1H, 4, 11.56) 14 13238 6.25 (1H, 4, 11.98)
15 12961 6.61 (3H, 5) 15 13271 6.73 (1H, m)
16 25.21 1.01 {3H, s} 16 3149 1.05 (3H. s)
17 2832 .94 (3H, x) 17 3149 1.33 (3H. x)
18 20.76 1.2 (3H, 5) 18 2039 1.36 (3H, s5)
19 1206 1.92 {3H, 5} 19 142 1.79 (3H. 5}
p. [} 1299 1.97 (3H, s} 0 1312 1.97 (3H, 5)
30Ac, CH; 170.87
F0Ac, C=0 2135 202 (3H. x)
Azel A7 Amsh wmste GANERE Reld ARA S@E
fucoxanthin®. 2 &RIFPOH(IH 3-1-3), o] & o83t FEF @A 1 71

Atk

100 -
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Fucoxanthin, CsHss06, FW=658.91
[18 3-1-3] JAI =2 FEH £28l8 fucoxanthin

(Wb gArpzRE B2 ® fucoxanthine] &d%F A

Aszo A @FREgo] dojuH COX-2 &47F LAHHA o7 =4k
PGE: 2 XA 7] T2 AHZoA AAEE= PGE+= 11F, ¥dE 59 Adades #
ettt webA] tiA AZeE EH|EE PGE= NO&H 84 d%5 whg< gelste
Ax2 ZF-EFTH33-35]

Atz RE &89 fucoxanthin®] 45 AHAE E437] 98t
fucoxanthing LPSe} &7 RAW 264.7 AHxo AHeste] AFsAad. A4
fucoxanthing x5S 2, E=& LPSe} 7 RAW 264.7 Aol A glstd 24 A|ZF Hj
¥t T AEZ AEES FASY Y. I A3 fucoxanthin® RAW 264.7 A3zl o3}
o 100 uMe] F=7FA ME AEE FFES vAA Zv ASE YEHTHIH
3-1-4 7}. Fucoxanthin®] 9= &= 3<lslr] 9ste] fucoxanthine LPSe} $+
A RAW 264.7 Al=Zo)| xg]sle] 16 AlZF wjeFgk 3 vf x| nitrite®} PGE, A ZFS
Z+7Zy Griess assay$} ELISA kitE AF&3ta] NO¢F PGE,o] A Al S 243513
o}, 1 A3} fucoxanthin® LPSel| 2]$t nitritee} PGE,E % oEX o2 A3 A7
+ AlE YUeHHIH 3-1-4 4, th. ol#3 A= HAnEREH EEE
fucoxanthine] LPSell ¢|3 €% W3S AfjAAth= A Yepdn
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. WV ithout LPS

140

3 With LPS (1 pg/mil) 20
120 -
9 | l = 16 #
e: 100 ] ol f
£ tn
Z 80 E
2 60 £ 8
2 =
.§ §
E 40 z 4
20 0
LPS (1 pg/ml) - + + + +
0 Y ' 3 Fucoxanthin (pM) - - 10 15 50
0 25 50 100
Fucoxanthin (uM)
7} B
20
#
E 16¢
g
s n
g
E
g s
B
finy
5 4
=

LPS (1 pg/ml) - + + + i
Fucoxanthin (pM) - - 10 25 50

t}
(28 3-14] AR HEE £8% fucoxanthin® FHF E4. 71, HNE AEE
=4, Y, nitrite 39 £4; o, PGE, 4% &4

A2 R E Ed fucoxanthing dddAZ 714dES &st7] st RAW
264.7 A|Zol fucoxanthina} LPSE A glsle] 16 AIZF w3 o5 @A S F=&3)
o] Western blote.2 NOE A4 Al7]= INOSe} PGE,& A Ad3t= COX-2 49 ©
W wby WEE B4y 18]la RAW 264.7 Al Eo)| fucoxanthiny} LPSE =] €]
skl 6 AIZE Wlel oh total RNAE %3t RT-PCRZ iNOS9} COX-2 &4 9
mRNA 3 WHs3lE BEA39c. 1 A3 fucoxanthing LPSe| 2ol fatE=
INOS9} COX-2 @i a3} mRNAS] S FE gEH R AN A=
EbttH(18 3-1-5). o] A3}= fucoxanthino] LPSe 93 %% = iNOSeF COX-2
of s AAGA A AAANN O ZMN nitrite?} PGE,o] AHS ZaAt= A
< YERdio

rl
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LPS (1 pg/ml) - + + +
Fucoxanthin (uM) - - 10 25 50
iNOS
COX-2
GAPDH

[28 3-1-5] TAIPIE2REH #8]8 fucoxanthin®] iNOS9} COX-2 &4 whulz ik
A &3} 7} iNOS9F COX-2 ©ifd &, o, iNOS9F COX-2 mRNA 2

Macrophageol| 4] LPSel]l 9J3ll 935 Hkgo] dof
TNF-o, IL 5 ¥= &4 cytokineo] A FHW ol =
HoH3-6]. gAmtzRE E9 fucoxanthing LPSeF X &]dk 16 A7 wjakslk & A
Ao AFA cytokine= ELISA kitE F3she] #2438 A3 LPSo| o3 o LA =
= TNF-a¢} IL-1p, IL-67} fucoxanthinel] 2J3te] F% oJEH o2 JAHE A&
FASFATHE 3-1-6). o] A= fAvtEZHE E2® fucoxanthin®] LPSe
o3 dojut= @F WHEE AT AT AAE s ETh

=

Lo
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# 500 r
E 390 | S 400 -
g H
'% . £ 300 - .
- | -
E 200 4 i
£ £ 200 =
£ 1001 = =
£ . 2 100
0 . d
LPS (1 pg/mL) + [ t i LPS (1 pg/mL) _ + + + +
Fucoxanthin (M) 10 25 50 Fucoxanthin (pM) - - 10 25 30

ntration (pg/ml.)y

~b concer

LPS (1 pg/mL) - + + + +
Fucoxanthin (pM) - - 10 25 50

[28 3-1-6] AR RE E8% fucoxanthin®] ¥F4 cytokine A4 A3l &
3. 7}, TNF-o; Y, IL-1B; ©F, IL-6

(th A nt2RE 289 fucoxanthing 4= 714
2 A3 A34E B3t gAvt2XFE Ee® fucoxanthine] LPSel <]k
nitrite®} PGE; A4S As|A7]H o]= fucoxanthine] iNOS®} COX-2 &Ao oy
< mMRNA AL @AOA 28T = Q7] dEo= Yepgt. =3 TNF-a, IL-1B,
IL-6 & €954 cytokined] A% AAHE AL AT & A} A oA qp
2 9 fucoxanthin®] &H5 ZAdo] AlZxW ous A2E =dsto] dojut
X] o] g
AZY F83 4TS st AARIA NF-kBe= €5 ¥h&o] dojud &4
3l5)o] INOS® COX-2, 18]al 934 cytokineE9 WAL
A ATH36-38]. FF AdElA NF-«B= AlZU IkB-a9} heterodimerg °o]F31 3l
om 45 WE 5 AFo] Loy oy 7He F3t] lkkB-al] 4HEIE Aot
™ o]= ubiquitind] ¢J3) 37} FE=E . oju kB-a2FE ¥ NF«kBe o
2 o]lFste gt A HMAE SXATI= AR IR TH39, 401
gAlnfZ 28 Egl¥ fucoxanthin®] &EF &4 o] NF-«B AARIAS] =4
S Edlo] JehUE AARA gldtr] Yt RAW 264.7 Al Zo] NF-«B promoter

rr
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A7} £3H4 luciferase vectorZ transfection A7l & fucoxanthine LPS¢} §H
g sty 6 A wigsr & 9EE = luminesenceE =743l NF-«xB promoter2)
A3 AxE B39t 1 A3, fucoxanthing LPSe| ¢]3 NF-«B promoter2]

43 rroEHdor AAste AoE eyt ad 3-1-7).

20

#
=)
< 154
Z
z
E
£ 104 *
g
s -
z
0 1
LPS (1 pg/mL) - + + + +
Fucoxanthin (uM) - - 10 25 50

(29 3-1-7] A2 RE £e8% fucoxanthin®] NF-«B promoter &/l vX|&= 9

LPSel ©]3 NF-kB promoter ZA3lel] twhiste TAmtzRE ‘I
fucoxanthin®] sl zHgo] ofw GA A Aoy &slr] 9Jske] fucoxanthin
7} LPSE A g RAW 264.7 A|2E 30 3+ oS3t 3 Axds) e PR3 o
M2AS 3|45l HAAR dE e Western blote 53+ [kB-a9t NF-xBe| o
RN B A=E BAsAT. 19 3-1-89l4 yekd nHiel o] LPSE A3k 7
T AlEZAo A IkB-oft NF-kBo| T o] ZHastglom dlof A= NF-«xB w2 o
ko] Zrlat= MO UERRTE o] LPS7} [kB-oo E&E §=5te] NF-xBe| &

S Z7HN8gE RS YeRdth Fucoxanthing A #3tRe 4%, Az A
LPSRHS A EjstS WET F7tstom NF-«xB @il d o] d= 5

Mk e & AJT E=Z oA NF-«xB ©hfd o] ¢Fo] LPSRE A 2jsil< of
= Ao = Uewt ol A= bR RE &8 3 fucoxanthino]
AAGFo =N NF-kBe #HolsS Asliste] B FAA

o)
So AAE 28 + dvke 2 n @,
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19 [3-1-8] TAIrtZRE 8] fucoxanthin®] NF-xB ZHAFQIZ] &4 slo] w]
e B

A Z W NF-«B #AQIALe] & slol= MAPK<®} PI3K/Akt siganling pathway
of o8] =HHE AoE A UrH41-43]. E3] o] IkB-aol <4b3le] &k
< vAH NF-«Be #8l& F7HAZY. I 5, MAPK @<l ERK, JNK, p38 MAPK
= 934 A9 A 24S FEAF|H[44], PIKeF 1 39 JAAR] Akt=
mouse el th2l AlZoA NF-xBe &43lE xHsle= ZAoE & d#A ArH4,
431 2 AFolA= AR EE ¥ fucoxanthine] NF-«xBe] &A4stE A3}
Zo® Yetgr] W ook #dd e AAES 438 fucoxanthin®] &
7148 #FAstaAt 3Rk o] ¢3te], fucoxanthing LPSe} 7l A €3}
30 & AXY dds 353H o o]E Western bloto 2 A3t A3
A3}, fucoxanthine LPSe| ¢]3+ Akte} ERK, INK, p38 MAPK®] RI4Hs}E =T A3
St Aoz SAFArHY 3-1-9). o]# 3 Ax+= fucoxanthine] LPSo| s &
AAslEl = Akte} MAPK @il A58 2402 H [kB-ao E3lE A5t NF-«Bo
ol AW + Avkes AL Yrdo

o2 rr
olN

|
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ERK

pdl‘l\

[1% 3-1-9] tAul2HE E2]¥ fucoxanthin®] MAPKs$} Akt A3 st wX|= 43

o =28y E9 fucoxanthin® % FHF 4L <A Fucoxanthing
mouse & thalAlZlA LPSol & fx%+= MAPKS Akte] 432 oA gto
24 NF-«kB AARRIALS] &EA35E A
3ol & Uehve AREY S BLaA7E o8 Addnt

(EH A ul FE2E BF3E 93 HPLC £F Z2ntE13e] 8§

olFe A7 AHA HAnl FRFEEC] T FAF TS FUsA
o FAFEZEEZRH FEF 4 E Hole ARA 3= fucoxanthing &2 38}
ATk AT AHE HEOoR FF ARt FAFESEY AFSE Hstd ®2E3 &
49 ;4 71=Ql HPLC %F3 AZvEIHS Fdstar st 2F=42<
fucoxanthina} tiA|n} =4 3FZE-S Shiseido capcellpak C18 (4.6 X 250 mm, 5 um)

o co-injectionstal ACN (1.0 ml/min)e.2 &FAA AZvEIHS ZASFATH L

g 3-1-10). ZAZvtEIDFA TAlnl FHFZEo| fucoxanthino] o 3%

e AS AT F Ao, vAnt FAFEEY BFI 2 FEAYE AT
< o

A FEANE 0 Z fucoxanthine] $AF o F2 HAEZ|OJof 3
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g3 o [PSol 9
o] HAE =AHAZ

=
=

23l

3t [kB-a9

S

ba

A
1oz 9% Bd fAA

0]

=

=

A

MAPK

=

=1
=

Akt

-

[18 3-1-10] BAu}p A FEE 3 fucoxanthin® HPLC ZZvlE 13,

AAAA ] AT Aol A ThAl B}

273 3=

1

NF-«kB A1 Aol 243}

0O

M

oju

)

g

gl

=

= fucoxanthin®] I EZnEIHN S

°

A

=

I a2 7HE BRI & AAY. 183l HPLC &

A
F22)

g

A

fucoxanthin® std= &

}

)
pil

£

el

Jo

No

—~
;OO

)

o}
Nlo

;OO

2 ThAIv 2R e 222

= ol A

1=
23

g
B REET

1

T

e

19T} meha B

AA

o

AAE7A o] AF2FoNA gAant FEFE=2 22

D gAlvt g EE2

o

o

Njo
BH
ﬂ_m.o
T
sl
o
i

e

=
o

3]
=

[e=]
=1

sk MTS 4

S

~ 2]

o =

3L
s il

ol 24 AIZE ul
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LPSe} 37 RAW 264.7 A

of A=

=
=

v
-

Stk 4, AR} t2zede 292 (DR ¥

o

o] A=

S

34

S

LPSe} &7 RAW 264.7 Al

A SgEe B



Atk 7 A tAnl g2z eue BYES RAW 2647 AEd tldke] 50 ug/ml
o FE/HA ME AEEC FFS HAA ¥e AR dewrHd 3-1-117h.
gAe HE222re 2959 F45 245 sty Hst] gAr 222y
g B3 ES LPSet &7 RAW 264.7 Alxo AHelstd 16 AlZF wiFe & wjxu)
nitrite®} PGE,o] A #FS 247 Griess assay?} ELISA kitE AFg3te] st
I Ay tgAul fE2 2 e 23 E2 [PSo| o3 nitritee} PGE,E »% oJ&HO
2 AANE Aoz ety 3-1-114, oh. o83 AxE gAn gE=
ZHgk L8 E0] LPS 93 dF va< A Ite Ae YET

[e23

(A

URN
|

B vithoal LPS
1 with LPS (1 pg'ml) 20

-
=]
=

T -

I
L
h

e
=

da
=

Relative cell viability (%)
=
=
Nitrite concentration (UM)

]
=

0
_ LPS (1 ug/ml) - - - -
0 25 S0 1o 200 LDF (pug/ml) - : 10 25 50

LDF (ug/ml)

7} 1}

=
|
|
|
+

£

PGE, concentration (ng/ml)

0
LPS (1 pg/mi) - + -
LDF (ug/mh - - 10 25 S0

+
+

[1% 3-1-11] At HEz=Ye 2829 F495 4. 7L A2 AEE &4
L}, nitrite A F 4, o, PGE, A4 & 4]

Ao T2z 2ve 2820 a2 7|4 8935ty 95te] RAW 264.7

AlEZo] A5} LPSE AHgste] 16 A1 vjokst oS wilaS F=ste] Western
blote.Z NOE A A7)+ INOS9} PGE,E A= COX-2 G490 iz 94y

§}§ 2A35t9ch 182 RAW 264.7 xﬂ:zoﬂ A E2k LPSE Aglste] 6 Azt v

- 109 -



ARt I 2 gAvl dEFE 2 B3 ES LPSo| 9fste fiE & INOS9}
COX-2 @dz mRNAS] HAHAEL T EHOE AAANI= 2 s
(I8 3-1-12). o] Ax= vAvt HIEE2WE £3&°] LPSH o) ==
iINOS9} COX-29] &S HALGA A JAAZICEHN nitritedt PGE,2] AL 7+
2ATE e R

iNOS ——

COX-2 -

p-actin — S G T
LPS (1 pg/ml) - + + o +

LDF (pg/ml)

iNOS
COX-2

GAPDH

LPS (1 pg/ml) - + + + +
LDF (ug/ml) . : 10 25 30

[Z1F 3-1-12] tAmt HEE2E2WE 8529 INOSS COX-2 &4 whild vk
A& &3 71, iNOSeF COX-2 @ d &, 1 iNOSeF COX-2 mRNA 23

o

A} T2 2w e B ES [PSe 23t 16 A7 wjokdt B AF=oh o]
A=A cytokineS ELISA kitE 3l &3 Az LPSo| o o dAEE=
TNF-a.9} IL-1p, IL-67} ThAlv} OS2 2w e B35 osle v oE=zoz
AE= Aes FAAHTE 3-1-
o] LPSell oJ&l dojut+= E% whgE AT

(o

Ir

or—s il
o
Av)
o
rlr i
o
rlr
v
>,
_|!:L
O
lu
fr
fr
2
S
g
ot
tH 12

- 110 -



400 500
z 2
2= 300 | £ w
- E 300
‘_'é 200 | ‘—E
z 2 2m
F oot =
z 5 100
0 °
LPS (1 pg/mi) N ¥ + + + LPS (1 pg/m - + + + +
LOF (raed) - . 025 50 LDF (ug/ml) - h 0 25 50
7} B
300
3
z 200}
g
s 100
0
LPS (1 ug/mh) - - + - +
LDF (pug/mlh - - 10 25 30
[193-1-13] HAvF S22 2859 IF54 cytokine B3 A&l &3 71,

TNF-a; 4, IL-1B3; ©, IL-6

(th A HE22=ve E8952 a5 71

2 A AR5 F3to oAt E]%Eiﬂﬂﬂ T8 Eo] LPSel| ¢J%t nitrite<}
PGE, A S AsIAZIH ol= HEZZ2) o] iINOS¢} COX-2 &4 w3
S mRNA AAF GA oA =2 5 7] gEo 2 YEyth E£3, TNF-o, IL-1p,
IL-6 5 €54 cytokined] AHAHAE JAH= AL AT & AAT TepA oA q
OE222de 2859 Id5 4ol Alxy Uzt 25 =dste] dojuye=A
4ol a4

gAnt EEadd £9&59 95 &40 NF«B dARIAS] =4S &
3to] Y= AR &elslr] 9ste] RAW 264.7 Al Eo] NF-«B promoter 2=k
7} Z3%4H luciferase vectorE transfection A]%1 ¥ fucoxanthinS LPSe} &4 A €
sle] 6 AIZE W F3E & WH3E = luminesenceE A 3dle] NF-«B promotere] &4
3l A=E BEASIAT 1 23, At 2228 £8E2 LPSo| 93 NF-«B
promoter®] FA3LE FEEZF R AAlst= A= YERRTHH 3-1-7).

¢

AU
HU Hm
m[n
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(729 3-1-14] Av} HEzard E9=

E-0] NF-kB promoter &4l mx|&= 9
LPSo| ©]3F NF-kB promoter &4 &lo] thsle] thAnt t)Z 22 e 23E
o] A& ZHgo] oWl GAlNA dojuh=A] Felstr] st HEEZEWE &
LPSE g3 RAW 2647 AHZES 1 A #igd FT  AGFPPY
(Immunofluorescence) .= A& NF-«xB A= HA3to] confocal Aw|7do =2
3 A3} LPSel ofs) o= OIEQ NF-xB7} TS 22ue 23 & o8 o=

9] o]Fo] HAFA APE & &= JYAUTHAY 3-1-15).

vonirol LI

LDT+LI™D LT (20 ugmi

NF-kB
/p65

¥
Merge

(1% 3-1-15] gArt HE2=rE 28 =] NF-«B 3o]Fo n]x
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oAt HEszves 2350 NF-«Be 438 maes 9dFe EAd=
o7 FelE}y] ﬁo}oq gEzzve 28E37 LPSS X3 RAW 264.7 AL
30 X SR F AEAFG e TR dHAS et AN @
WA o Western blote F3te] [kB-a9t NF-kBeo| ©dld Id H=Z B394,
% 3-1-169014 JERd nie} Zo] LPSE A s ¢ MEZANA IkB-aet NF-«B
o] ghgo] it o oAM= NF-«xB @de] ofo] Zrbslhe Ao 2 Uehy
th. o] LPS7} IkB-a® £8E #F=3te NF-«xBe o5 F7HAItE 21& U
Bhith tAlvt bE2ady B9ES AsAs A9, AZZdA kB-o @9 d
o] LPSRHE A3lH e Wit Frlets o NF-«B ©ilde) 4= Z71gs <l
g 4 Ak =3 Ao A NF-«xB @afde] ofFo] LPST A glaly S wroh i
= 22 YeyEh. o3 Ades vAnt HIEEdw £8E0] LPSol o3
kB-02] E&lE Ao 2ZA NF-kB2 do|FS Aslsted A FHAEY HAE

2AT F Advke 2 gun,

-

i _1°1'

ol
e

[% 3-1-16] THAIP} HZE2 2% 28 80| NF«B ZARIAe] 48t vX= 9

A ZU NF-«xB ZARRIZe] &4 slo= MAPKS} PI3K/Akt siganling pathway
o os] ZHHE Aow dA UtH4l-43] E3] o5 IkB-a Aol F3F
< "A NF-«B9 #F8& 7MY 2 &, MAPK @<l ERK, INK, p38 MAPK
T 9F48 FAAY HdA 2de FEIATIHHM44] PIBKE 1 k9] AR AktE
mouse 2 ™2 AEZJA NF-«xBS #4352 ZHeEs Aow & IeA YrH42,
43]. B AFAE g n bZ22u e 238 Eo] NF-«xBe #4318 oA st= A
o7 Yehy] wie] oo} #AHE 49 AAES BAst UIFEEvE £ 59
FEF 71AE FAstaA Ak olE fldte, HEEZEWY 2ES LPSe 3



N A S 3143519 o1 o]& Western blotez2 H4
B E2 LPSo| 93t Akte} ERK, JNK, p38 MAPK
T Alste Aoz FAFHPHE 3-1-9). o] A= g}

| o3 &AdstE]= Akte} MAPK @9ld &S =43 o
ZX IkB-a &ME At NF-kBY dojs& AT &+ Ave A& v

.

il
o
a
iy
i
H
=2
au

T 84& Hole TN FAHFE
& ¢ S e ddsAn. vAn HEEEdY £8=2 mouse
el tAAEZA A LPSel o8 f=EE MAPKSF Akt A3t oA ge

NF-kB #ApQ1=+e] &Adst& o #d FAAREY AAE 2dsta @5 WS

of o)a UEhbs XS] A FaAIE Ao ek,

r]
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2

Ot
O
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(1) FRAR 2220 Gl 24

S AE Ak 100067k BAZ D Hw ATk FFshe] AA AT
35% 7hel HAFU AoE FNALRPTEAA BEaG vt TRA<
Fae uA AR & de Aem #1, AL
2P oy 1A adSe] BPAZ
93l Alsle] Ao ww Bd AWl dun A
A Bows ATt nEAT Ytk olgd AtE FAel Hgshe] FmAN

.

o) ARA HFE 7 Fu FI}F BA AT

¢

R
.
9N
=
[m
ol
ox
i
rigt
o,
1o
g
i‘&
IS
=

O #EAHE FHFEE 3T3-L1 Alxe] £31 A &3

ANl AFEE 3T3-L1 AlZe 4% &7 MEZEA AYANEZE &
1% e S48 fste] F2 ARRE = AlEFo|t o] AlEx=
AE Hestd AGMEz B8 tH45-47] ¢4 3T3-L1 Alz& &3}
o= 10% calf serume] &% DMEMol|A #HjYsIHTh E3E FEsH7] %
confluent Aej7} & o]Fo 2-3 AT ¢ wjgFet &, 3T3-L1 Aol A=} 7
3-isobutyl-1-methylxanthine (IBMX), dexamethasone % insulin (MDD3} $HA *&]3s}
of Alzol o3 AAE 23} A adE AR

i o
o
sl

=L

-
=2

.
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(29 3-1-18] }EAT FHFZFo] 3T3-L1 A=z A& vA= I

3T3-L1 Alxol F=AE FHFEES MDI9F A AHelste] 9 Aol A=z
E PBSol & ¥ Ao U 10% LU= &doz uHAZ 3 Oil-Red O ¢
Ao Z MEY AWS AT O F AEE 943 @w (Olympus Optical
Co., Tokyo, Japan)©o.2 F2z&lx Olympus digital video camera@ & QGste] 1H O
2 YAt 3-1-19). =3+ AXZ lysis buffer (50 mM sodium phosphate, 2
mM EDTA, 2 M NaCl, pH 7.4)& 3|43} 40 wattollA] 5 %3+ 2 ¥ sonicationd}$}
ok AlEZ g3 S 14,000 rpmoll A 10 7 dAEY g & Oil-Red O Ay o =w
AAEkIL 500 nmell A FFES —f—xéﬂoq A FEFe vl Y. O A3 JFeA
W FAFESEL 5 EHOE 3T3-LI AXU AW FFS ZaA7e Ao

Au FAFER] AW AZze] B3
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(19 3-1-19] #Frxpl £ FE5F0| 3T3-L1 AEW AH Ao v X+= g3k
1, tizx; 2, MDI A gl 3, MDI + 50 pg/ml; 4, MDI + 100 pg/ml; 5, MDI + 200
ug/ml; 6, MDI + 400 pg/ml

300 -
250 - " 4

200 - #
150 -

100 f

7]
=)

Relative absorbance at 500 nm (%)

0 j
MDI -
SFE (ug/ml) -

+

+ + + +
50 100 200 400

[298 3-1-20] F=AE 4 FEE0] Agld 3T3-L1 A2 Ay =F

ZEAN 4 FEE 3T3-L1 AlEe) Batel A FAol AAE v
o] wde) MAE P BAGY) 95kl 3T3-L1 AE FEA 24 22E
o - .

S MDIS @ AHglste] 9 UAmo] MEZRE SwAT total RNAS 2Za}o]
Western blot3} RT-PCREZ w@ad @ mRNAS wd AEE BEAs9c. 1 Ay
3T3-L1 Mo E3E ZHste AL=EZ ez HARIA precursor SREBP-1c$}b
mature SREBP-1c®] ©uld <fo] Fmapul FAFZE oste] & o|&EH o=
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22 #elatgdnt (18 3-1-21). =3+ MDIo| ¢&le] Z7}8l= PPARyS] @i
K BFEE o8t adHow i }% A&

= Eo] AAQIAQl SREBP-1ce] @432 9A)3ta PPARy2
TS Asfste] 3T3-L1 AlE9 £35 AL ASS gt

g = AT

Y
=
NN

SREBPlc | yueeny GHENY Gy sy o,

SREBPIl1c¢
(mature) _L- ‘ Wi v

PPARY e N ——

Bactin |y D SSny e=ny euhe

[o
et
td
2L
3
N
o
i
N
il
=2
lo
ol
£
i:pp
i)
Y
o
u

PPARyS] mRNA o3& o]
ARG (2™ 3-1-22). =3, HITHA 2R F3}o] F23 4TS st £ O
ZHALIAL C/EBPae] mRNA W@ A Fraul H3EEo oste] aRAo=
© Aoz Yyeigt o83 2 =°] C/EBPa%} PPARy
AA BHE z43la SREBP-1cd] &4 315 As|groz=xn 3T3-L1 Az A
Azzol F3to 4= vgE AL v

lo @ it pok
=]
rr
o
N
2
N
o2
o
T
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O

=R

. T

FZ3}le] Western blot3#} RT-PCRZ ©
l

I A

R
=
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wwx1m4ﬂ

A7) 4
A=A 29l

Ay

3171 %6‘}04 3T3-L1 A=

B2 MDIgH 34 AEste] 9 Aol MEZHE wws

les;] e =

o=

Wz 2 mRNAS]

A2 MEZAA A FAEd A
AT (28 3-1-23). 183 ACCa
19l ACCas] wuld wAFS A

AL ofH g,



Acca | BEUL &

B-actin [————-—l
7} (B
(29 3-1-23] At =SS A &4 3 43 &4 7)1 A= 9
. 7F @l 3 o, mRNA 2.
@ FEAW FAFEE) AW F4 oA Y
ool Aol FEARE FAHFEFo] 3T3-L1o ALAEL £3E5 F344

o8 A =& AW 4 B Ao} #HH FLSNE FFS A= A=
SIH Q) wety FEAE FHFEE0] ofn] Ratwl AW TN A o
o3t PaFS n == Felstr] 9] 3T3-L1 A|Zo] 5 U3+ MDIS A &}

A ER BHAZ T, o %LEJ}‘?} FH22E Adedol F71E WAE A
Zol 7 A+ A se] Bsbw 3T3-L1 AZuold A F4 oA &3e elsia
2 STk AMEE PBSO] T W Aol UT 10% ZEUUIE= 21

24 |
% Oil-Red O @AM o2 Alxy s AR 11 5 AEZE 943 drA
o2 F#33 Olympus digital video cameraz #EYgslel 1Ho =2 Yede (1

B 3-1-24). =3+ A E lysis buffer (50 mM sodium phosphate, 2 mM EDTA, 2 M
NaCl, pH 7.49% §]—’Fﬁ}04 40 wattoll A 5 %237+ 2 W sonicationd}$ith. AlE S

= 14,000 rpmellA 10 &3F dA4E2 3 % Oil-Red O @M He = AA3ta 500
nmell A F3EE SA 35t Xl“& S v s 1 A FRAN FHAFEE
= F= «lz © 7 3T3-L1 Az A =4& AfjA7l= A= eyt (1d

L‘EZP?} FRFEEC] AY Axz Z3td AzdA A%
]

ol
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.r

[:La 3-1-24] FEAN 4 FE= _,_§}1=4 A Az T =2 mA=

k. 7}, Oil Red O stain®o & *—‘.‘ MEZL] AR Y 011 Red O stain®. &
A.gg_ Mzl dAvA AR 1, tiET; 2, MDD M el 3, MDI + 100 pg/ml;
MDI + 200 pg/ml; 5, MDI + 400 pg/ml

700 -

w - 174 =2}
S = = 4
< (=] =1 =]

(]
S
>

Relative lipid contents (%)

o
S
(=]

pam— BN = = = .

MDI +
SFE (pg/ml) - - 100 200 400

(719 3-1-25] A=A FgFE=0] B3t AFA|EoA A F2 ol v 9
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I A3} HAARIA C/EBPas} SREBP-1c, PPARy @il o] &

Aol &
AMPK 9]

k<)

L

T

]_

S

W A
)

X
=

=

42%E BT (19 3-1-26). &3 Al
Ao o] AAHAN e A b3}

-

ul

ACCo$t FAS &

1

| .

o}

(9]

o

ZoA A FA<

std A Al

=]
R

3o zH

N

3t 3

)=

RN

—  ——— A— —---—I
2 3T3-L1 Mz A|u; Al

T e
— e e

FE=o| 3hd APA 2N AN

——

al

%

pAMPK I L — —_—l

C/EBPa |
PPARY
ACCa

FAS

AMPK

B-actin

SREBP1c¢ F._-—- cmcRee ASESINR (ERERar

(238 3-1-26] #mzpur F
o] Ao Asto A F=EA;

Ao BHo| vAE I

A 4

—_—

jo
wjr

oANA A A

AL

A3 23d AEA

)

o

=4
AAY =24 71548 &

o

b A =k

S

o] HIYE <A

}

9
yul

°]-&
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[29 3-1-27] FEARE -3k E8E0] 3T3-L1 AlZof HE& vA= 4T

3T3-L1 M=o F2AE -4k B ES MDI9F 7 Xt 9 LAjo] M=

£ PBSol F ¥ Ao Y t g9oz wAPA F Oi-Red O F4H
o7 Ay A%S Gt 2 3 AxE 94 @7 (Olympus Optical Co.,
Tokyo, Japan)o.2 ¥z} Olympus digital video camera® &3] 1€ o =2 YEeER
ATk (17 3-1-28). =3+ AL lysis buffer (50 mM sodium phosphate, 2 mM EDTA, 2
M NaCl, pH 7.4 3]5=38to] 40 wattollA] 5 %3+ 2 ¥ sonicationd}th. AlE sk d-S
14,000 rpmell A 10 3+ YAlEE g 3 Oi-Red O FAHo=Z A5 500 nmol| A
FREE S4st A S vl Sk O A FEA -394 E8ES v
W s Al Ae®E Yehgh (18 3-1-29). ©

] A MzEe] F3le #Hd As A A=
WA BEE a4 dost At AdE JA

K
—
(]
X
K
al(f
mO
fn)
ol

_—
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(28 3-1-28] H=Adl p-3a B3 Eo] 3T3-L1 AlE &3l mx& 9 1,
=3 2, MDI A&+ 3, MDI + 25 ug/ml; 4, MDI + 50 ug/ml; 5, MDI + 100
ug/ml

300 |

[
th
=

200 #

150 1

100 -

Relative Oil Red O stain (%)

2

0 p
MDI - + + +
SFH (ug/ml) - - 25 50 100

+

[29 3-1-29] FEA -4k &3 &0] 3T3-L1 Al &30l A= IF

ZEAN p-32k B3 &) 3T3-L1 Alxe Balel A Ao ddd o
AEo Tdo) vXE JFS Asty] Ysted 3T3-L1 Al Zol| Fmapt p-34t
HES MDISH $7 Helste] 9 dA] AZZRE SuMA3 total RNAS FE35}o]
Western blots} RT-PCRZ o 2 mRNAS 2d ARE B39t o Ax
3T3-L1 Azl #£3E =-sl= o= &2z "ARIA precursor SREBP-1co}
mature SREBP-1co] ©hd ofo] FmA -9k B&Zof ojste] F= oEH 0

e =
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g 3 T3, MDIO o5t F71sl= PPARye] ©
WA o] FmAW 194k BHT ofste] AHHOR Fads AL B

ki3
U=

URT. ol FHEA p-3it FYEo] HARRIAQ! SREBP-1ce] 43S A8t
31 PPARye] & & Aslste] 3T3-L1 Alxze] &35 AAAZIL A< or sttt

SREBPIc |giiiiny gy ey gty oy

SREBP1c - nod e |
(mature) - g _

PPARYy ’ R ——

Pactin | eE— e— —— —— |

(28 3-1-30] F=At p-8j4t &9 vtk 3 dARIA o) od =4

o w wiYgE AMEe] mRNA @S E43% ZAx, SREBP-1c9
Bx Atole] felHel Afolzh UEnbA egtont
WMwﬂmMM%ﬁé%%Eﬂinik}%Q%ﬂQBP

£

foi

i)

)

o

12
2

__>,4_“

ot

EE%@&%ACE&@QHRM\%'-1I%E}PniM,%Q%ﬂ9ﬁM1§ﬂ
Hoz oAHE oz ueuth odd Ak FuAW 494 B
C/EBPa9} PPARye] A &S =43t SREBP-1co] &43tE Ao
3T3-L1 Alme] A Aol Balo] 92 Mtk AL ofn g,

(79 3-1-31] Akt -85 £829 vtk #d AARRIAS] mRNA 2d =4
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B ATelA FEAE -85 BEEo] AlZu A & H S3 0 oy
& FdFS PAEA FAskr] Asted 3T3-L1 Al FEAR p-34k BdE
MDIgt @A A gste] 9 AR AzzRE DA total RNAZ FZE31H
=
o

Western blot#} RT-PCRZ @1z 9 mRNAS o8 AT E BAsEth 2438 A,
AR p-gat BFEo] AT MEAM A @A FIshs FAS wujdo]
ZHadte AL FAF & AT (29 3-1-32). 183 ACCall EZASoE F&k
& XA B3R AAH ACCae] ©¥d WAFL A E AR bt
E3 AMPKO| Q4tar} Fmapnt FHFEE oste] axzor Fr1ee Felst

o] mRNA #HdE FEAHE -84k B8 Eo 93t 7t

At Az FAS$} SCD-1
1

B-actin l-————]
7} u
[ 3-1-32] AL p-34F Y& A 4 9 4k #-d 7)1 - e vl A&
3 7F @A 3d; U, mRNA .

2 2 1= A

oz AT webA FEARE p-F4k B3 E0] olr] E3td APAH A A

W =0 oAwe dFe vA=A FAshr] fske] 3T3-L1 Aol 5 L3t MDIE
7l =

AN p-3A4 B E Qlaedo] HIL
Azt Agste] B3 3T3-L1 AZUolA =3 A A4 &
HE st P MEE PBSo| F W Ao Ui 10% ETELH= &Ho
2 1A F Oil-Red O @A oE Axy ARS FAatt 1 F AZE 9
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42k dr o g #E3ska Olympus digital video camera® #g3te] 1802 el
WAtk (28 3-1-33). =3 A|EZ lysis buffer (50 mM sodium phosphate, 2 mM
EDTA, 2 M NaCl, pH 7.49=Z 3|43l 40 wattollA 5 =3+ 2 ¥ sonications} A t.
Az A4S 14,000 rpmell A 10 E3F AA R 3 Oil-Red O dMHo g G4
stal 500 nmolA FBEE SAStH AW FEFS ¥ Stk 1 A FEAR
A BHEBS BT A%Zﬁui 3T3-L1 AW A 22e AsAsE Aoz
et (L 3-1-34). o213k A= FrAN FHF=E0] AW AZ=E £318
A szoll A Ao -%’”—101] dFE P F Ate S 9r|gth

!
[ 3-1-33] F=EARE -84 E8E&0] 3T3-L1 A=W AW FAol vA+= 3
gk 7} Oil Red O staino. @ FAHE A E2] AL, o}, Oil Red O staino. & J4Y
H M=z dAwvA AR (X100); 1, EHZ-TL, 2, MDI A 2]+ 3, MDI + 25 ug/ml; 4,
MDI + 50 ug/ml; 5, MDI + 100 ug/ml
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[713 3-1-34] A =314k 28 &) 3T3-L1 Al A Aol mx= &

3 Eeo] $ahy 3T3-L1 Axe] A 33 BAg e

FRAW -84
A5 BHel AL JFS FARY] Astel FUY PP ALES WYY T,

1&
A
o ok

AME2HEY d8dS 53] Western bloto2 gl d o] ¥y A& BA319h
1 A¥ #ARIA CEBPa9} SREBP-1c, PPARy @l do] w5 #Hmxpdl p-d)ak &2
3 8o oste] EHFOT AL BYT (2Y 3-1-35). EF A XY x

of #ojdt= ACCaot FAS whide] ubgo]l A FElom A 432 xd3s
AMPK®] &A3l7t FrAE p-34F E8Eo st F7t A

o2t A= FEAE p-34 E8Eo] W B AARIAS] Hd
] =

A AT Abstel pofshi WY BHS 2AGO
AY FHE AT & ASS AN
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C/EBPa T e e W

PPARy e

ACCa [F e e o |
FAS

pAMPK [+ = a——|

AMPK

——ea
B-actin S -ﬂ

(29 3-1-35] F=AW 494 BRo] B8 APAZAN AW 57 Bl
wge] wH nHE 3P

olFe]l Aol FRAW -3k B ELS 3T3-L1 Az A Alx 23}
HA I E3td AFA LA AL YA B A4St Bofsts AeE FAHUT
3 FEAN -3 Y2 A Al Z3tel A FHo Fad 9L g
de =AY =+ e A= Yy
I EZFH A AL 235 Y

gJstr] flete] ARvEI

J[m

r°“
rlr

%2

ot W

- 129 -



dotr7]

=
[}

12 2 A3t Moused] 2lo] AL & 3-1-20] YeElALE AlsE WER

Balgon W A% $ meaor, mouses) AFL 1 FUvhT 2H s}

AF 2L
o & 23,

[ 3-1-2] Mouse 2]o]9] %A

Masgt 12 F ¥, 2E A9

AAES AH=2 AT e B

Control diet High fat diet

gm% kcal% gm% kcal%

Protein 19.2 20 26.2 20
Carbohydrate 67.3 70 26.3 20
Fat 4.3 10 34.9 60
Total 100 100

kcal/gm 3.85 5.24

Ingredient gm kcal gm kcal
Casein, 80 Mesh 200 800 200 800
L-Cystine 3 12 3 12
Corn Starch 315 1260 0 0
Maltodextrin 10 35 140 125 500
Sucrose 350 1400 68.8 275.2
Cellulose, BW200 50 0 50 0
Soybean Oil 25 225 25 225
Lard 20 180 245 2205
Mineral Mix S10026 10 0 10 0
Dicalcium Phosphate 13 0 13 0
Calcium Carbonate 5.5 0 5.5 0
Potassium Citrate, 1 H20 16.5 0 16.5 0
Vitamin Mix V10001 10 40 10 40
Choine Bitartrate 2 0 2 0
FD&C Yellow Dye #5 0.05 0 0 0
FD&C Yellow Blue #5 0 0 0.05 0
Total 1055.05 4057 773.85 4057

Formulated by Research Diet, Inc. (New Brunswick, NJ, USA).
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3 3-1-3¢l vERd mhe} o] A olwE Aol 11372165 g 713t
o AT 29.72+0.20 g F7HE Ho® S

[3 3-1-3] C57BL/6 wh-¢-2=9] AT W3l

0 weeks 12 weeks Growth weight (g)
NDV 20.51 + 0.33 30.55 + 2.16 11.37 + 1.65
HFD? 19.98 = 0.31 47.56 £ 1.06 29.72 + 0.72°

UND: Nomal diet
2HFD: High fat diet

AP vheaRRE AE

8 e 3
sfo] 4T oA 3,000 rpme 2 1043F A &8st A4S Edstat. 298 3%

S YATF Ho = AT A ®Q ASTSF ALT 4
] K

Eo AP ARZE AHEE F e TR
ol A FAAT Fol Bl Blust FoHoR Aests

Aoz tekkon AST £47h frels o2 F7bshe 2102 Vest (& 3-1-4)

(3£ 3-1-4] C57BL/6 vh-2=o] AW B4 A HeH

AST (IU/L) ALT (IU/L) TG (mg/dD
NDV 78.7 £ 1.9 26.9 £ 2.9 31.54 + 2.65
HFD? 96.2 = 5.0° 32.8 £ 5.2 52.72 £ 1.72%

UND: Nomal diet
2HFD: High fat diet

2 ATAHRE v o R JEAN =50 vt a3E AP 95ty
C57BL/6 mouseol] A]¥}2]o

12 3 Aste] Al 24
ARQIZLSE BAEe] BEe B4 T Aot
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PR ES L CESDR SES A IMER

AT e
O thlmt A7 g e] oA

b
ofN
1>
12
2
ko

~|
Mo
1

O A ZE A ZAE (apoptosis)FA = A FA4
O M=z 2E# 20 93 kinaseS 33t 2Hg gz S0 W3l 24
O AMzF7](cell cycle) HJAES] 2H&EA.

O gAe} A8A 3350 golaal 7

[e%

A
=T
o8,

2. A7 Wy
7l AdA R F Ak
Zz5 i B2 ©AvNSaccharina japonica)®] n-Hexane R3 fraction-2

F<8; M EF: Human hepatocellular carcinoma SK-Hepl cells, non-cancerous
human embryonic kidney HEK293 cells?} human liver THLE-3 cells (ATCC,
Manassas, VA, USA); HlA]: Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with high-glucose (Cellgro, by Mediatec, Inc., Manassas, VA, USA),
BEBM (Lonza), fetal bovine serum (Cellgro), 100 U/ml penicillin and 100 ug/ml
streptomycin  (Cellgro); 1z 3¥+A|: Bax, Bak, Bad, Cytochrome C, caspase-3,
caspase-8, caspase-9, cleaved PARP, ATF6«, CHOP, p-elF2e«, calnexin, Bip,
TRAF2, p-JNK, CDK2, p-Rb, p-cdc2, AIF and p-actin) (Cell Signaling Technology
Inc., Danvers, MA, USA), 2z} 3a+A|: anti-rabbit IgG, anti-mouse IgG (horseradish
peroxidase-coupled), anti-mouse IgG (H+L), F(ab’)2 Fragment (Alexa Fluor® 555
Conjugate), anti-rabbit IgG (H+L), F(ab)2 Fragment (Alexa Fluor® 488 Conjugate)
(Cell Signaling Technology Inc.), mouse and rabbit normal serum (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), Al¢}: Amersham™ ECL Advance™
Western Blotting Detection Kit (GE healthcare, Buckinghamshire, UK), Hyperfilm™
ECL (GE healthcare), DAPI (4’, 6-diamidine-2’-phenylindole dihydrochloride, Roche
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Applied Science, Indianapolis, IN, USA), Prolong Gold Antifade Reagent (Invitrogen,
Grand Island, NY, USA), EZ-Cytox Cell Viability Assay Solution WST-1® (Daeil Lab
Service, Seoul, Korea), ribonuclease (RNase A, Biosesang Inc., Gyeong-gi, Korea),
20X PBS buffer (Biosesang Inc.), PRO-PREP™ protein extraction solution (iNtRON
biotechnology, Gyeonggi, Korea), 37% formaldehyde (Junsei Chemical Co., Ltd,
Tokyo, Japan); Sigma-Aldrich(St. Louis, MO, USA)AFe] A]¢F:. Ethanol, methanol,
dimethylsulfoxide, Triton X-100, protease inhibitor cocktail, —Tween®-20,
Z-VAD-FMK, propidium iodide.
v A
(1) Cell viability assay(A| =47 Ah)

96 well plateo] MZe} HFAEE 1x10° cells/ml THgF EF314 =

i N
FEES A H 4N F WST-1¥ &89S Yol Alxo F4dA o725 a4
o1 0%

(2) TUNEL assay

DNAE AMAA AMzZAbEo] dojd wjo] DNA &4 glstr] g W
° 2 AJZE propidium iodide2} TUNELZ I3t 5 FFAw| 4oz Axol H3E}
wEs AT

"

(3) FACS analysis
Az xR/ Al =ES
o & AEE Y L8, e =F

71 H3Z°] DNA HHE dolr= Ay

N

[o
e
o
>,
r_\;
ich
=
A

5, trypsin-EDTAE A g s}
< SHs|HA HATS ggoz o)ty
o 2A, HEF FEE 23 AE| DNA9

AxF FEEL AYT GAEE 5ste] ML Rste] BPS 3
[e]

3ty &3 A S SDS-PAGES A A #8Al7]aL  nitrocellulose membraneo]
ch 2S o] FA|ZIt} Nitrocellulose membraneo] &Ash= Tl Ao -k wt
= 5387l gt &It Atsts gAY s AT F e FAE A
gt 12+ FU-FA ¥ES FEA H, 1 13 FAE JAAL F e EFY
o 2x FAE At FA-FA WS A7]IL x-ray 5ol =Edte] Tuld
s 9 243 HItE 246
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OE

(5) Immunofluorescence staining (A )

Cover glass-bottom dlshes°ﬂ ?}H]E—‘T;T i g &, gAn FEES
TEE A3 F A EE2 o W FH, WAE AA Sl DAPI &4 o] &
ate] 37°C oA 158 FAE ¥, 1X PBS bufferE o] &3t A A8 ok 1 3 4%
formaldehydeE A elste] 24 158 St AxE IAHAN F AAS I, 5%
mouse and rabbit normal serum3} 0.3% Triton X-100¢] 3X3+¥ blocking &S A
g5t oA 1A1ZE < vk ARtk 31 9 blockinge] ® M=o 0.1 pg/ml &
1%} &All(cleaved caspase -3 and B -actinE oA 34+ Agd 3, 1X PBS
bufferg o]&st] MEE AHAIA Foh MExe] 13 A A7t 8d Fo 2%
A0 0.1 pg/ml 2] anti-mouse IgG (H+L), F(ab)2 Fragment (Alexa Fluor® 555
Conjugate)¢tanti-rabbit IgG (H+L), F(ab’)2 Fragment (Alexa Fluor® 488 Conjugate)
E d2olA 1A AEe & mpxriA| = 1X PBS bufferg o] 838k A& A& &l
Ft}. 18]la slide glassell Prolong Gold Antifade ReagentE 50u Hojxd
cover glassE g& ¥ FFHAWAS o]&3td FF on|RE F53},

High-Content Analysis Software& ©]-83}o] AFZl-& imaging 3} Th.

A

i

(6) A=W Ca* influx &<l

AZA 2EF 2z w2 AZY Ca® inflixs syl $ske], cover
glass-bottom dishol|] ¢AEZE WG & FF F=9 x2fF FE2=< At F,
FLUO-3/AM Ajefg o] &8t MEZE Mt F==9 OIS AgARte] o
A ZY Ca® influxE ¥% v AHS
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3. A7 A

7}, ©hAlebo 4] 3=Z3F n-hexane R3 fraction-2 (©)3} Fraction-2& 7]<)¢] 7+t Al
7 (Sk-Hepl cello)ol] thigh aHebr1d &4

(D 2+d Mz SK-Hepl, A4 ZHAIAZF THLE-3, A/ 21&M 325 HEK293¢) o gk
fraction-29] A=x =2 A&} v
ZrHA E(SK-HepDoll thdk thA|uloll A &3 fraction-29] F2 AN Z=
) B85S dolry] sl o] BAES 24X M= AHyd T WST-1° &9S
22 she] ELISAZ A|E2] 2|94 iﬂr% A5 A T TFA 22 (SK-HepD S| 73 ¢,
5 pg/m 8] FEoA F 20%e] AFE , 10 pg/ml o] FEANA= <F 40%2] AHEES
et it Az ek AdarE o OJZ_«I A% *VWI 3 HEK2939} A3 1A
5 THLE-3¢] fraction-2& Z2 ¥=9 Ate= A g Az 1A E(SK-Hepl)
of thated FoA A= 10 pg/nl F=NA HAEF] Afole ¥ £2 AEES
et o, AZMEFAAE oF 5% A= AEES UENE AS #EsS
. o] ARE o] =HE AAEZ A FEEo] ALY gloem IgAE
(SK-HepDE targeting®d <+ A& A& F8E & Ayt 20 wg/m ] & ot
& M AlRtoll WE MEO mf wstet AE AEo WstE dAnA (10081)L
2 BES A, AR EHOE AR U AstE AS AT F UV
), 12417 A2 stg W= SK-Hepl /9 WE3 BekS Q3 =4 2
SAZ7} AbEEE AAS AET AT

(-

(A)

Secohannapaponrca n-hexane extract 20 pgaml? )

150
B rHLE-3
E=3 HiEk 203
B3 ski-Hepl

Cell viabality (%o

Non-
treated 5 1] 15

Concentration (pg-mL™*)
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(2) BhAIm} fraction-29] thdk FAlEZ o] A EZAE(apoptosis) A H wH Tl S0
A &4

Western blot analysisE %3&}o] fraction-22 #8502 w] 1 A2 A
Z A (apoptosis)e] sy BEE Fo o] ddEGYS BAGoEA, oA
S99 dH AT AERAA oud HAEE FEFES WA apoptosis7t Folut=
AE FHE 7+ Atk Apoptosise AA P EZEF ol A FEEH AlZshE Al ZUH7)
23 Al ko] A ZAMEF A ZRE AZEhE AlEZeRT|Fe s ERT F QU
A Z W F712- cytochrome co WEEZFE Al&E+=dH, $EH cytochrome ce
caspase 99| THIE F3Isle] apoptosisE: FEHE = JdoH, U]EE'—EHO} gt
25l Bakw} Baxe] 2ol Zrlela o] L FUAY & YT, AlFe] WER
AZ27F 2ol 741611 Ue W DNAE At YA o2 2EstA s+ PARP7} &
HA 2 4SS 9A e FH$ol% caspase 99 f&’“ﬂi 3H9 @Al caspase
37} Z+-g3tod apoptosisE £ = Yt} 7] FEEL 20 pg/ml 2 =4 T

2

ol

0

g AIZteE AEste g Ee] HdAg s JJr 7] Ra® 04—?«] A}E7
Hl gk S 81 & 4 ddlen, mEZ=g ol #d AlZAE @9zl Bade
ek w3l =713 2 apoptosise] & w@ el caspase-39] #dE AAHEA I
o] Z7kkE AL AR & F Utk ol BAnp FEE0] FE B ARE oEFH o

ft
Py
a4
X
3=
2

| dhskel gk gL Fohm LS S+ ok
n=ligxans eXiract (igmi. ) T T ()

i I.'I.-II-.‘N.\!:I'.‘ &xiract
L e T g 3 ] i | 0 2 |
Tumee (24 h) weated 10 I 0 20 pg-mil. -

Bax -— - ‘ J Bad -

Bak = |

I |

Cyvtochorome — . ——————
Beachin

Cleaved caspasel

Cleaved caspases

DEOCASpaset
R - P | . |

Cleaved caspase? | ! -

Cleaved caspase3

e s—

Cieaved PARP (Aspld) —_—— — —

AIF T
factin O s s

[1¥ 3-2-2] Fraction-2¢] ©]3+ A £ A}H(apoptosis) & il A S0 1Hlg

el
M
1
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Ao GuldS g2 FE8HA G A2 T AAC @ ES X3k
3 < B3t AlZ e o= YA A 5B o] Iy
3 YJEAES dolR:E= immunoflourocensezt= WS o] &3], AE U
apoptosis®] A Al &S FFEa Y= caspase 39 HAAEZE FQlstyt
[8]. M2 ZollA AF &lstr] flste] dAupat 3 7o DNAE |48 4 As
DAPI 4(blue), house keeping genel. 2 @7l &#x U= beta-actin (red, 17
il cleaved caspase 3 (green3dA &< MEWR AFAA 27 b& 3= 7}
AAE9] XS #E3AT Fraction-2 (20 pg/mDE A 2lshA] e AlEoA R}
e AE YollA A-AAHQ apoptosis &S 7FA|+= cleaved caspase 37} &o|
Uetde 2y #2 & 5 e, ol fraction-27} apoptosisE L ozittE A

—1'H
2 welFE A4 Adeta T 5 ok

Saceliarivne japorroa n-ldsans excieact (20 pgiml')
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(3) FACScan analysis ¥ TUNEL assayE &3 apoptosis (DNA AH#sh) 9 Az F7]

4
FACScan analysisE o] &3&}e] AlZo] 3 Wi DNAZ} @3} =HA e}
+ sub-G17]7} fraction-22] 8o st T& oJEF o7 ZVlst= A2 AT
T Ao, AlzFr] Ao Wzte A4 e AoE Ueu AlZzFSAH 23E
AsslA = &= ALSE YEET. Ax= F 10,00071Y E29 AZE #HolAE
o] g3}l 1 DNA contentsE ZA3ste] #ATsl= ZHAOS =, fraction-25 A7 FHS

o] sub-G17]9] H]&o] 2.14%° 4 33.99%= 713+ A S =2 Hol apoptosis7} ot
3l 5o DNAZF Esli7F d M= 7 S7teklse S%ete Aol =3
fraction-27} kAo ¢lo] DNA 4o vwA&= FdFS A7 98 44
DNAE EAAA @wn|doA &<l & 4 9= TUNEL assayE a5ttt &<l
st A3} 20 pg/ml @ fraction-25 A E]3l3 S o, DNAE {443l propidium iodide
Bl ofyzl EdHE DNAE dAst= TUNELol FEES AHEshA &2 HAxXxEYg
o AstA ¥%s Jede Aes #FE F Ao o] AFH{E fraction-27}
apoptosis®] F& TAIQ 3 Ui DNAS EdS& dozSe & F Aot oy &
72 MEze #AEL Ao AEUol| EAste o8 daElES

A Y B4 AU AT B AU

(A)

Saccharina paponca n-hexane extract (24 h)

Mon-treated 15 pg-mL”? 20 pg-ml?

-

(B)

mon-dreated
Merged

n-hexane extract {20 pg-ml ')
TUNEL

[Z19 3-2-4] Fraction-2¢] o]t MxF7] W 2 DNA 24 &<l
A: FACScan analysis; B: TUNEL assay.
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(4) Caspase inhibitorZ ©]-&3} fraction-29l 2]3F apoptosis 7]z 4]

A 2] A 34 (apoptosis)S caspasegh= cysteine proteasel] ol& F=
HE AT, FHO == caspased] ZH§o] glol MEAPHO] PH = Fhr, whEhA
fraction-27} ZFFAEell oA caspaseol o]&2F L= H] 9]EZ<Ql apoptosisE
W= F21str] 943ked, caspase inhibitorq! Z-VAD-FMKE o] &3}o] A ZAIEE
HE ZAERAS. Z-VAD-FMKE 20 ¢M9 $E2 bArnt 25 A2 1A Aol

S o= Bt 27 SFE A EY AE Lo ZU1EE AL BEHT

caspase inhibitorg 7 HgtRE wel= i oE v A

= A8 #FET 4 A} o= caspase inhibitorell 2|3l caspasee] zt

A MEANE ET 2RSS vshe Ao ZA, webA fraction-2=
=

Fo|A F=Z caspase o|&7% ZHE&OZ apoptosisE Fubditia IoE T

5=
>
i)
oo o > filo
o
L x
o
=

E=E Extract onh EEE Extract with Z-VAD-FME (20 phd)

150+

=
(=}
L

e

tn
=
L

Cell viability (%)

s

SRS

Non-treated 10 15 20
Concentration (pg- mL™)

[713 3-2-5] Fraction-29] caspase &]&2] A ZAIE F &=

- 140 -



K
)

(5) Fraction-2 A gld mE A£XA 2Ed 2ol 9
d F 24

OE AZAPEZIZR] AXA) 2Ef s A o] gide] A dodsh=

1321 &ZA oA F 2E# 2ol o3l Lo vjEEal o]d wef AXA] ~E# X
H o o] FAstE Foto] Az Apdo] doju= AE I3t Fraction-27F ZHHA|E
oA UYetl= MEAPE AXA 2EHXRE §3 AlEAbdo] #HE 4 J=AE ZAL
371 213l WA AZelA AXAE T Zdg e AEE ST dAnt F25
(20 pg/mD)<= 1, 2, 3, 4AIZE B A & Zg wlES g2l 3 A7, Ay T 2AA FE
ggo] =4 HFEE As Il e ol FEEO| AXAE T ZF v ¥
= TS ZoE FAoEE Aotk o] AE HROE AXA 2EH 2 9% AlZ
AFEs BEE oS0 WS Western blot analysissS E3ate] E29] A7 Algh
whe} 24435kt CHOP ©hld e ATF6 o o] 319 wldlgx Axjolla] B, ATF6 o 7 ¥
A &3t " & ATte] A =3 CHOP ©hijdo] 43 He AS ¢ 4 At Bipd
A3 0] AHE T ZA o] dMAEZe] sl E A¥A| XAE# 2T 4

et

AEAE B g

it

o 3

l"‘l

N
b

O

¢

—_— risz

o
rO
o

771 98-S gt} =S TRAF2, p-INKE| @dgko] F7isk A0 2 Ko} fraction-2&
AN LA 0] 2EGAE F3 AL el = 9k

ShH, fraction-27} IFAAIEZL] AEF7(cell cycle) -l TAsI MEFVE
arrestAlA MM FAo] AAEHEAE FRlsh] flste] ¥ wAEo WHS A
SRt FEES U w52 4ARY A Ay, AlZzFr|e] 2dl| #oste cell
cycle-dependent kinase (CDK)2, phospho-cdc2, phospho-RBe] & ko] mi= 7FA3I90S-S
& g glon ol MEFTIY TS - Az BEE AAFoEZA Ax A2}
AZAPE 2483 tlEo] AFERE o]ojd = Qthe A& AT 7 v Aotk

A}
Ly
extinct (gl

(B

Saccharing japonica n-hexane extract (20 pgn
n i

(19 3-2-6] 2%A 2E# 20 93 Z< e 2 #8 ddE g8 AxFr] 24
Tz E0] WhE B
A AZY Ca* influx &9l B: A% A 2E#H 2~ #H 9l C A3y 24 gz



4. g°F 9 AA

thAlmke] -84 R3 fraction-2 FEE9] FU71ZES &% ~E
3t A aZAFE(apoptosis)d] FE9 HEFZEE
MEAE S FEE A 4o+ AR AFEHIJOH, AEXF7]9 3PS ¢

shol gAlzel FAL dAse oz 4T 4 At

fraction-2 FE=2 A4 1 Az AF Alxoll= WA 7] W&
of A AN He FAAY AlE=HY 2 FAES d3AZ F Adves Aol
A Btk o AAE =29 EEe xR FEE0] FYAR o] &N vy I
A drEAo ST FAH 7HAE AU AdF= Adsta Aok wabs 2 &3]
A F&go Bl B FYATE 5F FE HAEEH) IFe AALAZHE
FEA Aol 7]AdE Aoy, o3 AEES EUE, sEED 4384 22 AF
Hol Alepfe] Bag FF RAH Ave] oA AL Yok B £ 3
=3
5. FFAE
- AA g s
_ =717
Al & Th X 3R H] a1
] = Plsaawm| "™
Dieckol, an isolation from
. . . brd [ e
Ecklonia stolonifera, induces Journal of 7“]; o o u
apoptosis on human Natural g =
. .. $-314 (SCD
hepatocellular carcinoma Hep3B Medicines 2] 6
cells ° )
Th i- ff f . -
© antl‘ car_lcer ? ects o International | A% &4 2| o
Saccharina japonica extract on Journal of nalet ags |2 250
267B1/K-ras human prostate oncolo ;;]xq (SC) ;; )
cancer cells gy e more
Induction of apoptosis
accompanied by cell cycle arrest
: : Ar=
and endoplasmic reticulum stress | Journal of Ao o) =
by extract of Saccharina Phycology ; B o1 (SCD
. . . o=
Jjaponica in SK-Hepl human
hepatocellular carcinoma cells
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A3 A slxF AYEgd 29 ¥ a3 3 VA 24

=x%5F9l ujAio] (Capsosiphon fulvescens)= Ulvaceace®]| 439, g
b A HAA A EEZT o FHE A &o=E Fdy o]&HUS
o, SxoAe 75 AFCE A Ve MHERSY sHMAL T AGFE SN
7171 1% ATA TGO E AGEHIUY. oY AFEdAE wAole FEE9] &
A= FIE Y= Aoz uEzon, Iug=

a3, AR5 AZad dagd AY A 28, s3] 4 2 RS
Aelztgol dHA At AT ujo] FEE3 wiolmRE Zod AdEAd
429 lens aldose reductase AR, HFTEHE FAGA 249 S 5
P FaY TS AR HeiMe ATE FHo] fith

kA, B AF s WAgole 100% MeOH FEE3 o|& A%5Zd 23
Hol| whet B8l d& EEEE9 ek lens aldose reductase ASAAH, H
TIIAEFAH AASAHHE in vitrodlA Fs, ol T S A
ol A silica gel, Diaion HP-20, RP-18 column chromatographyS %3}
AEHAS 9 sAHsAH. CH2C2 #YEEFH &3 3dES 1H-NMR,
13C-NMR %9 E3std BMS 53] capsofulvesin A, B¢ chalinasterol®
&A3tal, o]&9] lens aldose reductase AAEA, HFF3bE IAHIA S8 =
A3t ddn aFHE SAHIAT. B A7 wAol9 wAoRRE HLgo=
E28lW capsofuvesin $3E3 chalinasterol®] lens aldose reductase &A1&
3, AZTIIEZY AL S T8 A5E Fdn Gl ti3 Hx HiE
A, WAol7E Bt Gt Fe A X B &FF JEA HFELEAY
7Vsd S AR ST

2
ot
ot
o\
o2
e
ox
rg

Bt
A

_YEJE‘

el

3 el A AR ske] AgIAT A% WA
o P& B 870 g€ WEEL 2 0B U1 95 CTolA 3A3tem 33
7 o

= 9% FEES JAFIAHATFINE
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% 28 2AEA o] Wge $2E 520 g
< H20:CH2CI2 (9:1, v/V)E = ta £9 o F4
\=]

= )
3 FFe] CH2CI2E gol $Asant BN ofelFe] CH2CI2 THe

= =5
4 W% (sodium sulfate, anhydrous)® g3 & oJ3sle] F=3Adch. 9 &
2 WHo = 43 ¢ WHESte CH2CI2 £3E 8.7 go AT 5ds W=z
EtOAcE 718t =9 EtOAc 7F&HE Eol EtOAc & 0.7 ¢& 4. =

@ n-BuOHel WsjA= SYa WHoz Aeste] 459 n-BuOH BHE 4.77 g
3} a59] H20 B9E 36.8 g& AAHIF 3-3-1).

Capsosiphon fulvescens (0.87 Kg)

MeOH (90°C reflux for 3h. 4L x 5 times)
MeOH extract (52.0 g)

H,0:CH,Cly(9: 1,v/)

Aqueous layer

CH,Cl,
CH.CL, fr. (8.7 g) Aqueous layer
EtOAc
EtOAc fr. (0.7 g) Aqueous layer
n-BuOH
n-BuOH fr. (4.77 g) Aqueous layer (36.8 g)

[1¥ 3-3-1] Extraction and fractionation of Capsosiphon fulvescens

(2) 24 3= 2

WAy o] (Capsosiphon fulvescens)®] MeOH FZ&3 11 EEEES dist
HAEG3tE A AAZ AW lens aldose reductase JAZAHAHH LS Al
gt A3}, EtOAc +8 &0 7MY =2 84 & B3, 5o 2 CH2CI2 #8F&
e 9474] dol Yepith 28y CH2CI2 £8E0°] EtOAc £ ERT Thh W
1248 YeERHAIRE, Scheme 104 & & %] CH2CI2 & E°] EtOAc #
Hop &0 7] wWEd Aoz airt £2 ZeE d44dn. o9

% £

for 1 Hir
Y

il
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CH2Cl2 EEEL o=z silica gel, dioion HP-20, RP-18 column
chromatographyE 33t &4 AHES B39, CH2CI2 E8E&E 8.0g< #
MEmz2A gE22d e @ feLo 100:1 — 1:12 L& AL&ste] 29 =2
ZutE Y9 E FYPRPT. (Ao ZE J)oqd A 60 (Kiesel gel 60, 230-400
) ARt AIZFE 1000 me® BIE F3ste] 18719 s RIYE
(CFO1~CF18)Z Yttt CF09 (0.87 g)& HUEFZ=ZWE : WEE9 100:1 —
1:19] E3teE 7oA A 4y I2oEdHE FY5te FE 1S EE5A
om CF11 (0.6 @)= "YEF=2d& @ He29] 40:1 — 1:19 TFEuE 7]A
A 2y AzvEagy e MegEs Algd 2 LH-20 (st. Louis, MO, AlZLw}t Ab)
S 2 AAslY 33E 2, 3¢ EHstrh

LI

2eig 77te) SHES NMR 9 MS 53 g 7% Basve 24
Axfs #7192

b FFE 1 7t=4AZwA A (capsofulvesin A; 4211 C43H66010.)
[3}sh2] 1]

(2S)-1-0-(62,92,122,15z-octadecatetraenoyl)-2-0-(42,72,10z,13z-hexadecate
traenoyl)-3-O-B-D-galacatopyranosyl glycerol (1): [a] -31.3 (c 0.1, MeOH);
UV (MeOH) Amax (loge) 205 (4.21), 235 (3.76) nm; IR (KBr) vmax 3424
(O-H), 3012 (H-C=0), 1737 (C=0), 1638 (C=C), 1079 (C-0O) cm-1; FABMS
m/z 765 [M+Nal+, 563 [M+H-galactosel+, 495 [M+H-R1]+, 467
[M+H-R2]+, 333 [M+H-Rl-galactose]+, 305 [M+H-R2-galactosel+
HRFABMS m/z 765.4547 (calcd. for C43H66010Na, 765.4544); 1H NMR
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(CDCI3, 400 MHz) § 4.21 (1H, dd, J=12.0, 6.8Hz, H-la), 4.40 (1H, dd,
J=12.0, 2.8Hz, H-1b), 5.29 (1H, m, H-2), 3.70 (1H, dd, J=10.4, 5.8Hz,
H-3a), 3.93 (1H, dd, J=10.4, 5.8Hz, H-3b), 5.28-5.46 (16H, H-4", 5", 7", 8",
10", 11", 13", 14", 6', 7', 9', 10", 12', 13", 15', 16", 2.81-2.84 (12H, H2-6",
9", 12", 8", 11", 14"), 2.41 (4H, br s, H2-2", 3"), 2.36 (2H, t, J=7.6Hz,
H2-2"), 2.05-2.10 (6H, H2-15", 17", 5"), 1.66 (2H, q, J=7.6Hz, H2-3'), 1.43
(2H, q, J=7.6Hz, H2-4"), 0.97 (6H, t, J=7.6Hz, H3-16' H3-18"), 4.26 (1H, d,
J=7.2Hz, H-1"), 3.63 (1H, dd, J=10.2, 7.2Hz, H-2"), 3.53 (1H, dd, J=10.2,
3.5Hz, H-3"), 4.04 (1H, dd, J=3.5, 1.5Hz, H-4"), 3.65 (1H, t, J=6.3Hz,
H-5""), 3.80 (1H, dd, J=10.2, 6.3 Hz, H-6"a), 3.63 (1H, dd, J=10.2, 6.3 Hz,
H-6"b); 13CNMR (CDCI3, 100 MHz) § 63.1 (C-1), 71.2 (C-2), 68.2 (C-3),
173.8 (C-1"), 172.9 (C-1"), 129.8a, 128.8a, 128.5a, 128.1a, 128.0a, 127.8a,
127.3, 132.3 (C-4", 5", 7", 8", 10", 11", 13", 14"), 129.5a, 128.3a, 128.1a,
128.0a, 127.9a, 127.8a, 127.1, 131.3 (C-6', 7', 9', 10', 12', 13", 15', 16",
34.2 (C-2", 2", 22.8 (C-3"), 24.6 (C-3), 29.3 (C-4"), 27.0 (C-5"), 25.8
(C-6", 9", 12", 8, 11' 14", 20.7 (C-15", 17", 14.5 (C-16", 18", 104.2
(C-1"), 70.6 (C-2'), 73.6 (C-3"), 68.9 (C-4"), 74.7 (C-5""), 61.4 (C-6"").

(b 3gE 2 ¢ 7FZEAEZH 4] B (capsofulvesin B, #2211 C43H70010 )
[3}3h2] 2]

(259)-1-0-(92,12z,15z-0octadecatrienoyl)-2-0-(72,10z,13z-hexadecatrienoyl) -3
-0-B-D-galactopyranosyl glycerol (2): [a] -35.0 (¢ 0.1, MeOH); UV
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(MeOH) Amax (log &) 206 (4.22), 236 (3.76) nm; IR (KBr) vmax 3423 (O-H),
3012 (H-C=0C), 1740 (C=0), 1638 (C=C), 1071 (C-0) cm-1; FABMS m/z 769
[M+ Nal+, 567 [M+ H-galactosel+, 497 [M+H-R1]+, 469 [M+H-R2]+, 335
[M+ H-R1l-galactosel]+, 307 [M+H-R2-galactose]+; HRFABMS m/z
769.4867 (caled. for C43H70010Na, 769.4872); 1H NMR (CDCI3, 400MHz) &
4.21 (1H, dd, J=12.0, 6.8Hz, H-1a), 4.40 (1H, dd, J=12.0, 2.8Hz, H-1b), 5.30
(1H, m, H-2), 3.71 (1H, dd, J=10.4, 5.8Hz, H-3a), 3.94 (1H, dd, J=10.4,
5.8Hz, H-3b), 5.28-5.43 (12H, H-7", 8", 10", 11", 13", 14", 9', 10, 12', 13",
15', 16", 2.79-2.82 (8H, H2-9", 12", 11', 14", 2.35 (4H, t, J=7.6Hz, H2-2",
2", 1.65 (2H, q, J=7.6Hz, H2-3"), 1.63 (2H, q, J=7.6Hz, H2-3"), 2.03-2.11
(8H, m, H2-15", 6", 8', 17"), 1.26 (8H, br s, H2-4' -H2-7', 0.98 (6H, t,
J=7.6Hz, H3-16", 18'), 4.26 (1H, d, J=7.2Hz, H-1"), 3.63 (1H, dd, J=10.2,
7.2Hz, H-2"), 3.53 (1H, dd, J=10.2, 3.5Hz, H-3"), 4.04 (1H, dd, J=3.5,
1.5Hz, H-4"), 3.65 (1H, t, J=6.3Hz, H-5"), 3.80 (1H, dd, J=10.2, 6.3Hz,
H-6"a), 3.63 (1H, dd, J=10.2, 6.3Hz, H-6""b); 13CNMR (CDCI3, 100 MHz) §
63.1 (C-1), 71.3 (C-2), 68.3 (C-3), § 173.0 (C-1), 174.0 (C-1"), 130.4a,
128.6a, 128.1a, 127.9a, 127.3, 132.2 (C-7", 8", 10", 11", 13", 14"), 130.0a,
128.6a, 128.1a, 128.0a, 127.3, 132.2 (C-9', 10', 12' 13", 15 16", 34.3
(C-2", 2", 25.0 (C-3", 3, 29.3 (C-5"), 27.2 (C-6"), 25.8 (C-9", 12", 11',
14", 20.7 (C-15", 17", 14.5 (C-16", 18", 104.3 (C-1'"), 70.6 (C-2'), 73.7
(C-3"), 68.9 (C-4"), 74.8 (C-5""), 61.5 (C-6").

(th 33tE 3 @ ZFeyU2HE (chalinasterol, #2211 C25H2607)
[8}38+2] 3]
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Chalinasterol — 1H NMR (CDC13, 400 MHz) 6: 0.65 (3H, s, H-18), 0.87 (3H,
s, H-19), 1.24 (3H, d, J=7.0Hz, H-21), 1.57 (6H, m, H-26, H-27), 3.52
(3r-H), 5.32 (1H, m, H-5), 5.34 (2H, s, H-28); 13C NMR (CDCI3, 100 MHz)
& 34.29 (C-D), 29.76 (C-2), 73.36 (C-3), 38.59 (C-4), 146.96 (C-5), 126.42
(C-6), 32.17 (C-7), 35.74 (C-8), 53.69 (C-9), 35.77 (C-10), 20.99 (C-11),
28.59 (C-12), 41.98 (C-13), 55.92 (C-14), 24.17 (C-15), 40.11 (C-16),
50.03 (C-17), 12.03 (C-18), 12.21 (C-19), 34.29 (C-20), 19.53 (C-21),
37.15 (C-22), 22.33 (C-23), 144.64 (C-24), 29.76 (C-25), 20.99 (C-26),
22.27 (C-27), 123.45 (C-28).

(3) HF d3itE A4 A &4

HFIFHE A JAZAHL Vinson and Howard (1996)9] WS W
st A3t 0.2 M glucose, 0.2 M fructose 9 bacteria®l A& =] 9
3k 0.02 % sodium azideEZ 50 mM sodium phosphate buffere] =<1 % 10
mg/mL bovine serum albuming 3 7}3lt}h. AGE reaction solution 950 pL3} 10
% DMSO° =< o8] F%9 sample 50 pLE 42 5, 37°ColA 743

incubation¥tt}. ©]3%  spectrofluorometric detector (FL x 800 microplate

ml

fluorescence reader, Bio-Tek Instrument, Inc., Winooski, USA)E o] &3}«
350 nm (excitation wavelengths)®} 450 nm(emission wavelengths)ol A HE-3-24
&9 fluorescence intensityE Z439 . Positive controlZ+ aminguanidine
hydrochlorides AH&3tR 2™, AGEs 34 A& otgo 2l& T3t 3 3,

AARAZH S ol &t TAAY At

% AAE& =1- (N8 FF= - 2T FFR/EZFFE x 100

(4) Lens aldose reductase A &4

Lens aldose reductase HGAZALS =AHst7] 93 4ol ZAe=

aw
Q
<
8
Q
jon]
)
>
=)
(@)
10)]
2.
S
=
O
(@)}
!
o
ok
i
o
4
o
ol
£
(i
>,
ol
32
o
rlos
)
o
4
o
2
It

buffer?!l potassium phosphate buffer (pH 7.0) 620uL, &4 90 ulL, NADPH
(1.6mM) 90 pL, DMSO®°] =< MeOH extract®} Z+2+9] fractions 9 ulL, 712 =
= 90 upL¢ DL-glyceraldehydeE F¥le] Yo UV spectrophotometer
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(Ultrospec 2100pro, Amersham Biosciences, Sweden)< ©]-&3ta 340nmol A
NADPH &#%9 A4S =AU xde Agti DMSOE H7bsle =
AsiH, A& =9 2e=2 FstHTh

A Sam: SHARE YIS W A3k
1

A Cont: SAANEE ¥4 Fd< W SAH#Y®

2 7vo] =4 A 89 lens aldose reductase ¢JAZA S IC50 valueZ E}
UL o]= Z&EA9 NADPHO Z&E 50% oAlst:s $52 ug/ml £& M2
UERA #Fo =2 log-dose A curveZF-E ALttt

B Agor= 2010938 5€0 &5 AT A 2FHs e Az Tl FAY
3z A 3k WAy o] (Capsodiphon fulvescens)E T3+

ft
X

(1) A<k
Column packing material silica (Si) gel 60 (70~230mesh, Merck,
Darmstadt, Germany) ¥ Lichroprep®RP-18 (40-63pm,Merck),

DiaionHP-20(250-850 um,Sigma)< A3ttt Thin layer chromatography+
Kieselgel 60 F254plate (0.25mm, precoated Merck, Art. 5715)¢} RP-18
F254s (Merck, Art. 5685)& A&3ton, WAk 50% H2S04E5 AH&-3FA
. % ¥ column chromatography+ 19 A2 A&t . NMR =4 A] A
&3 &= CDCI3 (Merck, deuterium degree 99.95%)°]th. Bovine serum
albumin (BSA), aminoguanidine hydrochloride, D-(-)-fructose 2}
D-(+)-glucose, B-nicotinamide adenine dinucleotide phosphate (NADPH),
quercetin, DL-glyceraldehyde dimer, Dimethyl sulfoxide (DMSO), 18
Chlorophyll a, protoporphyrin IX, hemin, Hematin®} Phytol2 Sigma Chemical
Co. (St. Louis, MO, USA)ollA FY43+A 3, Sodium azide Junsei Chemical
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Co. (Tokyo, Japan)elA A3FA Y. Dulbecco's Modified Eagle's Medium
(DMEM) Hyclone Laboratories, Inc.olA F43t$3, HPLC #4418 MeOH<}
Acetone 77t Merck KGaA (Darmstadt, Germany) ¢ DUKSAN PURE
CHEMICAL CO., LTD (Ansan, Korea)olA] dsted ARSI T, NaH2PO4,
KH2PO43 NaOH+= Yakuri Pure Chemicals Co., Ltd. (Osaka, Japan),
Na2HPO4+= Junsei Chemical Co., Ltd. (Tokyo, Japan)Z%H TU3tA T}

(2) 7171

1H-NMR#} 13C-NMR JUN ECP-400 spectrometer (JEOL, Japan)® 2}
ZF 400 MHze} 100 MHzolAl =A3A3t. HITES4HE =42 microplate
fluorescence reader FL8OO (Bio-Tek instruments Inc)Z 3tH o™, lens
aldose reductase GAEAHAIHNAe] FFE=+= UV  spectrophotometer
(Ultrospec 2100pro, Amersham Biosciences, Sweden)® 2433t NO 2
cell viability %4 microplate reader spectrophotometer VERSA max
(Molecular Devices, CA, USA)Z 3}ith TLCA9] 33r&E2 A34 (356nm)H
G433 (254nm) AE (Model ENT-240C, Spectroline, U.S.A)E AR&3to] 744
sttt

(7h CH2Cl28 &2 4% &1

A

(3) FZIIHE A A A lens aldose reductase A A
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3. A7 A3}
7} WAool CH2CIZ2 B8 EA Ed = +x22H

Aol 713 &8 CH2CI2 B3 E9 A column chromatographyS %
55 B2y, AA 9o 1D NMR (1IH-NMR,13C-NMR)¢] #3352 uhyS
ARESle] BAEAT. o] SIEES tHAnfdA = A EEE SFEZEZA 77

capsofulvescin A, B¢} chalinasterol® %433t}

Y. MeOH FEE3 Z4t B3 EE9 HIFTTstE dAAAGA 243 lens aldose
reductase A &4

WA ole] MeOH FE=E3 MeOH F==2 4
=

Y

aldose reductase QAEL S =
HFFE AAZAdHE e U E2YFEZEZ = aminoguanidineS ARSI O M,
A A3 wAaole] MeOH FE2EF EIEE9 IC50 #2 EtOAc
(IC50 145.32 pg/ml) > CH2CI2 #¥E& (IC50 193.98 pg/ml) > MeOH
(IC50 350.4 pg/ml) > n-BuOH®¥<+= (IC50 96.65 pg/ml) > H20E$E
IC50 400 pg/mhe] =22 Yelth MeOH 523 2t Y559 H3T33
P4 g LA H20 52 400 pg/mloldoll= A a37F dehiA| o
kth. &<l aminoguanidine (IC50 53.82 pg/mDRTH= thA 2o HZEo3)
E ¥4 A S YeE ey, MeOH FE2E3 7 £3E & FolA BuO
3 Eo] /MY EE FAHL Holx, SO0 & EtOAc, CH2CI2 B EQ o7 3
242 Yediioh

HAole] MeOH FZEY EZEEY lens aldose reductase AAEAHS
=437 fdl ExGEZE aldose reductase JAAZ E# A A+ quercetin
(Varma et al., 1975; Varma et al.,, 1977; Leuenberger, 1978)<% A}&3}%th.
HAgole] MeOH F==3 I2HE A& EYEE9 lens aldose reductase A
g4d°o YetlE IC50 #2 EtOAc +3 = (IC50 20.61 wg/ml) > CH2CI2 &8 &

(IC50 41.69 ug/ml) > MeOH FZ%& (IC50 61.81 pg/ml) > n-BuOHE & (IC50
32.78 pug/ml) > H20EE = ( > IC50 100 pg/mDhe =S 2 YEST o2 tix
72l quercetin (IC50 0.49 pg/mhRETI= Fe IS Vel on), 1 FoA
EtOAc #8&°] 7MY & 4S5 Yehliit 1 o522 n-BuOH 8=

CH2CIZ2 ®+8=°] £ JAEE S YetlAdd.

W e
o o

ro~ e o ox
v

S

o AT i §

e T
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ol A¥E TS EW, EtOAc B E] F AFANA 7H A8 o
AgPE AYL 3o & CH2Cl2 #8=°] &322 AS & &+ Ayt 184
& WEs nEIE o, CH2CIZ £9E&E°] EtOAc #IEY 114 71 =7] w&
of CH2CIZ2 B E HFTIE FAF lens aldose reductase S-S JAT
T AE AR gF EAEIL e ASE Jthd £ UAT wEpA B Aol A
= & J

AN I AYEPAHES Eestaa sk

e

[ 3-3-1] In vitro inhibitory activities of methanolic extract and its

fractions from C. fulvescens

RLAR? AGE?
Samples ICso (ug/ml) ICso (ug/ml)
Mean + S.EM. Mean + S.EM.
MeOH extract 61.81 + 2.10 350.40 + 1.73
CH,Cl, fraction 41.69 + 1.83 193.98 + 0.66
EtOAc fraction 20.61 + 0.36 14532 + 0.25
n-BuOH fraction 32.78 + 0.93 96.65 + 0.26
H,Ofraction >100 >400
Quercetin” 0.49 + 0.03
Aminoguanidine® 53.82 + 0.10

RLAR: rat lens aldose reductase, AGE: advanced glycation end products.

aThe 50% inhibition concentration (ug/mL) were calculated from th elog
dose inhibition curve and expressed as the mean = S.E.M. of triplicate
experiments .bQuercetin was used as a positive control in the RLAR assay.

cAminoguanidine was used as a positive control in the AGE assay.
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A4S 2 silica gel, Diaion HP-20, RP 18
led 3%9 33¥E, = capsofulvesin A, B¢
chalinasterolE& &3t oH, ol55 WHOE HFTHEIAEIAH AAZH A lens
aldose reductase AP H7IstAth (Table 2). HFTEIAEFA AAEA-
AL in vtrooll A glucose, fructose®} £ T3t BSAZFY] Tutkgo o3 &
AE 3PS Ad FHFTEMESY FAHS T olFoARt. wWAoldA EHH
capsofulvesin A, B¢} chalinasterol& 200 uM o] sEoAx Aol Ye}
A k). HHA| lens aldose reductase AFoNA = 3F9 33 E BF JADA
< YEidT B A3¥de Ratd FAHAAE THSSld 4R ARES
DL-glyceraldehydeE 7|2 = &t sttt A thEzaQ qurcetin (6.80 =+
0.87 uM)3} HlRSFHE o, capsofulvesin A} BE= IC50 %ke] 52.53 + 2.823}
100.92 + 7.34 M= Hn7Fd H& AL JelRlth. ¥k chalinasterole
IC50 %kol 345.27 £ 8.68 tMZ Y& JA&A S YT
olgig A=< —&%L'Sﬂiﬁ ]/‘3019} a2 X3E Egl¥ capsofulvescin A
o} B, Zg]3 chalinasterol2 Fx¥A WSS dsta A5 & A= 7154
A FOZA O] o] §o] JheT A= ]EHQ‘:}

t}. 2o¥ ﬂ@ =9 -JZD}EZP‘% A AA A lens aldose reductase A 43
o A

[ 3-3-2] In vitro inhibitory activities of capsofluvesin A, B and

chalinasterol from C. fulvescens

RLAR® AGE"
Compounds ICsp (M) ICsp (UM)
Mean + S.EM. Mean + S.EM.
Capsofulvesin A 52.53 + 2.82 >200
Capsofulvesin B 100.92 + 7.34 >200
Chalinasterol 34527 + 8.68 >200
Qurcetin® 6.80 + 0.87
Aminoguanidin® 67.63 + 1.22

RLAR: rat lens aldose reductase, AGE: advanced glycation end products.

aThe concentration that caused 50% inhibition (IC50) is given as the mean
+ S.EM. of duplicate experiments. bThe 50% inhibition concentration (1
g/mL) were calculated from the log dose inhibition curve and expressed as
the mean *= S.E.M. of triplicate experiments .cQuercetin was used as a
reference compound on lens aldose reductase inhibitory activity.
dAminoguanidine was used as a reference compound on AGE formation

inhibitory activity.
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A9 a3 Yel= Aoz degon, Ines diay, dias

AA 2H&, =3 WA ‘%-l RS AG T AgRgo]l dHA A

. SHARE WMol FEE

reductase AZAY, HAFTIILE A A Y AMe T T duF
WSo A5 deires A9 Aol fith. olef o] WAolet TR E sl
Ao e Aol g B d7E0] Bl Ho| stoy WAol=RY A
o=z Egdd capsofulvesin A9} B, chalinasterol 3}§t&2] lens aldose
reductase A HFTIIEF o A di} A5 & A7 A
wolH, #18 #ZE AIASS HFo] Hop wAgols IRRE  EdE
capsofulvescin A%} B, 18] chalinasterole B ZFo o3} x50 a3
ARl AAfFOoEA Y &S Ve + AT

5. FFAE

F= &1 =3 W& FE&9 HPLC £4= &3

kd

W,
=
Y
ot

=3}
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V2, AlZE, Fol7F 22 64 cm, 17 cm, 35 cm$l ZSHA 9] He| 2 A
o, Wl 5 kW/he] 7t1E71& A2ste 300C7HA =x4Ho| 7hs3ts
SHAY 2271 HESAHE 24357 93 Eloly w7 kg

]
24 Btxg AEsglon, gAE 25 =AY E AR|ste] 42 v

a4

o o TR e}
ol
B
lo

ot
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olr
211‘
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® @

(1% 4-1-1] Experimental apparatus of batch process (D timer and counter, @
operator’s control box, @ voltmerter, @ ammeter, & digital themo
controller, ® digital indicator, @ bath (cooler), ®,®@ bath (heater), 10
batch reactor, D electric motor, @ power swith, @3 main switch.

L= B |
B AFol A+ thermo-mechanical and extrusion pretreatment’} 7}s 3t %
= WF A&E5AA (DK-EXT-01, Biotron Co., In-cheon, Korea)E AbA| A|Z}s}o]

[1% 4-1-2]. &A= v, 2379 5, Ag FUAA, S £
A, FERER o]FolA flon, AHgH 23 FES Aol= 1000 mm, #7236
mm ©]3, Zojo} AAe] H]l (L/D ratio) 27.78 ©|ATh wlA} 2379 AHL
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sus3l6e o2 A2 3ty 23 7F+= forward screw, forward kneading block,

reverse kneading block & ZFo = o] R0z Qlof. 23 Fo Aol 18, 28, 38,

48 mm = J/NEFSE ZE3o] et ~AFE conveying zone, kneading

block, reaction zone, final compression zone | 47] FZ&2 & yHtt Converying

zone 2 Al59 W E kneading block 7}A ©]&Al#A F11, kneading block 2 Al
z

59 ZulE mixing 3tWAl A 59| particle sizeE 7FAAIZITE Reaction zone
=

H
3lH, final compression zone & 223F{ 9] pitch size & £ ¢Y& 7Iste 9%

=

o

o
=

(198 4-1-2] Experimantal apparatus of continuous twin screw-driven process.

() A=

2 A e B2 e tAlvl (Wando, Korea)E AFASE AHE-3HA
o, gAute] gsled e A RESESMEE 0.02 ~ 5.0 (w/v)% FabrE&
< o] &3tAth
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Oh 2% AAY 33

D opt B FAL WA
ohAlmke]  oRAE 2 FA4E HAHE] AlPEES 918l Response  Surface

= = pul
Methodology (RSM)<= AR&3toH, ol& #3] AnEdPS ve o2 3 Central
Composite Design (CCD)< AASAS 5T Xy 2% (X))o "ESAIZE
X% SWEE (X)2 AASAL, ol& -1.68, -1, 0, 1, 1.682] 5TAZ F 5331
o, 34 35F ERQUA AA (3-fractionalf actorial design)oll we} 6712 star

(
point®} 370 9] center pointel ##3F AL 33 ¥HE ST APAI= SAS

o7]4 Y+ response, by constant, b= linear coefficient, by quadratic

coefficient, b= interactive coefficient ©]T}.

[2 4-1-1] Coded levels and real values of tested variables in the central
composite design (CCD) for the pretreatment of L japonica using
extremely low acid

Coded factor level
Variable
-1.68 -1 0 1 1.68
Temperature (°C) 143.2 150 160 170 176.8
Time (min) 8.2 15 25 35 41.8
H>SO4concentration (%) 0.03 0.06 0.10 0.14 0.17
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[32 4-1-2] Coded levels and real values of tested variables in the central
composite design (CCD) for the pretreatment of L. japonica using
dilute acid

Coded factor level
Variable
-1.68 -1 0 1 1.68
Temperature (°C) 133.2 140 150 160 166.8
Time (min) 3.2 10 20 30 36.8
H>SO4 concentration (%) 0.00° 0.10 0.30 0.50 0.64

2 coded factor level ©] -1.68¥€ W] AA|ZFL 29 Frol2ZE 022 YErH

@ 9% AAY 34
008 AEHA ¥ GEANF DAk A SuE o) gdtel A
SAvte A EE mwats] s Gede 4Ee dAsgon, A 1 g
" % 150, 170C, 9HS A7 20 ~ 4059 =7

=
=
=
D
=
©
8
—
i
:

oo
N
=2
ol
kl
=
o[o

(W A&EE38E ol &3 Ay FA

o] £ 150 ~ 200C, 23F £5E 20 rpmo 2 AAslPgon, =
W 05 ~ 50 % FAFEAL ALESATE Ho|enj 2o} Zvjo EQiT 27}
12.5 g/min, 22 mL/min (S : L = 1 : 1L.1NSZ 3HoH, oluf, A= residence

time& ¢F 3 min °] AT}

(th &47lFEsdl= A9

100 mL zZ-Zek==0 1.0 g-glucan (A& A Age A 0.25
g-glucan)& 7]Fo 2 3= YHE9 A9 0.1 M sodium citrate buffer 25 mL,
2.0% sodium azide 0.5 mLE ¥& % DI waterE Yo ®37} 50 mL7} H == 3}
Aot Cellulase?] celluclast (Novo Co., Denmark)®] <2 15 FPU/g-glucan,
Novozyme-188 (Novo Co., Denmark)®] <2 70 pNPGU/g-glucan©o. 2 3l 7}k
S 50C oA 48 At EQF HFSA AT WS AEE AL A2 AHE I
11180 gollA 1083+ ¥4 & 2)3}e] HPLC (Breeze HPLC system, Waters Co., USA)Z

A8k A
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(2) B4

h B=dtE 24
thAjobe] e=3tE A #FR2] e NREL/TP-510-42623 [1]o] wel <=3)3}i o).

=vlE AR 03 g 720% F4EFEH 3 mLE test tubeol Wil 15~20% {HA L
2 s 01%0}04 AolFHA 30TCANA 2A3F FF §EEAIAT (12 7R
). ¥kgo] B ¥ 84 mLe F/HTE 7Iet] 4F FEE 4.0%E 251 autoclave
(8000-DSE, Nap Co., Korea)E ©]&, 121l A 1/\]7& TS WS AIAT 23 TR
af). 2zt ZleEEsvE Bd AEe gbdE (CaCOs)og F343F ¥, RI detector
(Waters 2414, Waters Co., USA)7} 2%l HPLC (Breeze HPLC system, Waters
Co., USA)E o]&3ste 43t th Columne Aminex HPX-87H (Bio-rad, USA,
300x 7.8 mm)E AHE3F, °lF42 SmM AT EAS AP o, EEL
0.5 mL/min, column} detector®] &%= Z+Z} 60C, 50C=Z AAGsAT. HE-S-
= 7ol F& EASH7] HsiA= Sigma AldrichAhe] EEA OF& AHE-5HS

l

b

o ool

GIEEER R ES R
gAlake] A oY P AAYES ELT7FFESN A2 RI detector
(Waters 2414, Waters Co., USA)”
Co., USA)E ©o]&ste] #4435t em (A ofde] F¢ dibds (CaCOs)o2 &
=

e F 84, BHzALe 95

-~
o3
B
e
s
~
oy
@)

w
=
(¢
o
N
s
)
@)
W

~<
@
0]
=
5
-
(¢}
=
%)

-—

£ Central Composite Design (CCD)< &3l #&3AT ==
Mg Bsto] whgEHEIAAQ 2 28 AU, 1ol tig 3 AASFT R*S 081 ©NA
=
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Y = 31.43 + 3.19X, + 4.70X, + 1.40X, — 0.86X? — 4.73X,X,

—3.85X% + 3.61X,X; — 0.72X,X; — 2.80X3 (21 2)

o4& P ¥hg2=9 A9 0.03732% 50% WAL, ¥&ARte] A5
0.00522 1.0% °lWe] FolFEs B RIE2EHT REEAIZEO] glucan el o
 FFS v F A= 2z < T
o] 0.1828% Th& F W vlude W YFS A9 mAA &= Aow AHEH
AT

[1F 413 (@)lA & & Axol, 8% 160T (coded value : 1.00), ¥t
3 AIZE 24% (coded value : 0.40)1A AY =2 glucan FFS BA, 11 oo
2 337% 9tk REgeEe WSl WE glucan Y WSHT HESA[TRo| mpE
glucan IFHIIF B 2 Ao Yegton, ol dA ZAME FoFE P @S
Bl 4 A} A sk Aot v E ¥ HusEe J5 A8 ©E glucan
FHFS [OF 413 (b)]ol contourZ YERHATE HEE2E&

FFel o & dFS A A & F AMen, BgeE 9 SuisErt SUHE
T5 glucan &Fo] A Frkete s & F AT =S F ®HFT A S
& W glucan FFASIo] B 9FS F& A2 FUHA F
o] Fa3% Aoz AsHIUY [O¥ 413 (ol ¥
glucan F&ol ™ contourE YERH Zolt}k Glucan &
(coded value : 0.7), 5 % 0.34% (coded value : 0.2)Y wl ZHuj
& 325% AT AR ®Wste] ©E glucan ¥ e W= Zvle=o W
stoll 9% ARG ¥ Z Aem FRIFo], vhgAItel tE FoFF (0.0052)3 =
s sol ek FoF (0.1828) Aot X5t A= YEET

SAS (Statistical Analysis System)& ©|&, FAZFOE FAste FTEHT
(Yool the IAGEAS FFoe=n gAmte] otk AAelE A HA whgx
S A5 A, B2 E 1471C, SR 2798, FulEE 030% 3, o e
glucan &2 32.8%<% ALE A F YT

i/

Ll
< ®b

B
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©

[Z1¥ 4-1-3] Contour plot of the variation on the glucan contents of fractionated
L. japonica using a dilute acid as a function of (a )the temperature
and time, (b) temperature and H,SO; concentration, and (c)time and
H,SO4 concentration.
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Hges, AR Bl SuleEE SHWHETE St o] HagE (ke Ao
&% Central Composite Design (CCD)& F3ll @&t =58 A9 IAE
Mg Bkl whgEATAAR A 38 A, 1o tigk 3 AAST RS 080 oAtk

Y = 2649 + 517X; + 3.27X; + 2.71X3 — 5.39X} — 2.87X;X,

—5.12X% — 042X, X5 + 0.58X,X3 — 0.59X32 (2] 3)
[238 414 (a)] ~[O2¥ 414 (o] 4 ¥HTE HHS2E, WA, S
E)o mE glucan FHE contourZ YERH AHoltt [I¥F 4-14 (a)] A, HH-&
25 164TC , WA 27804 A EL glucan TS B, 1 W Fe
27.9% AT 18 [1¥ 414 (a)]F [1¥ 414 (b)]E FAE FE =2 Yelyed, 4
ZF AbsmrRt ¥R, WhgAZte] o3k Gl o o Hoxt Ad =
UE glucan FF [LH 4-1-4 (b)]olA Hoh glucan TFFS Hl =3 (W=
164C, 2FE= 019%)A 304%, [1¥ 4-14 (]olA= HU glucan FFS H<QI
Z7& WS AIZE 308, 4FE S 0.20% 141 30.7% ST
fFrolaE PE 2ARE 23, wrg259 A¢ 0.0298, SvlEEE <0.0001=
1% OME glucan &l sl FFS P F e T8 HFYS & F AU
A 7AF, 054982 FolgEe] o vhE F WS vlus w FFo] A

9] U]X]X] ge Aor ATGHAT
SAS (Statistical Analysis System)E ©]&, BAZCE EXsto] FEHHS
(Yool thet A4S FFo=N gArte] SA4E AAgE At HA wegx
g A3, Mg 1629C, RS % 2888, ZlFE 019% AL, ©] e
glucan & 311%% A2 S HUG
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©)

[Z1¥ 4-14] Contour plot of the variation on the glucan contents of fractionated
L. japonica using a extremely low acid as a function of the (a)
temperature and time, (b) temperature and H,SO, concentration.,
and (c) time and H»SO, concentration.
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dF HAAY Al 25 2 Azt 2 glucan e W3l glucosed] &
] 2] [29 4-1-5]9 YERIer, o] uf ¥kg2E= 150C< 170TC, |
SAIZEE 20 min, 30 min, 40 min® & AT, 4k FujE AHEPE WEG H
1 AZEE REEASol= EF3al 150CoA glucan T2 20 min: 14.6%, 30
min: 19.0%, 40 min: 18.1%E WERHA L™, 170Col4 20 min: 24.8%, 30 min:
241%, 40 min: 209%% T4 S glucan ¥HFS E AT Hydrolyzate UWiellA]
glucose =A% 1507, 20minl A 0.08 g/L (1.3%)H 2™, 30 minl A<= 0.25 g/L
(B2%)2 FASH F7ishe AEFES B3, 30 minolFE WSyt A gilowH,
170Coll A= ¥r-gAIZtol] g W3E Holx dtt AR HAZs= F skl
formic acid®] %+ 150C, 20 min°l4 0.04g/L, 30 min®l A 0.23 g/L, 40 min®ll
Ae 037 g/LE F7Fstem, 170C, 20 minolAl= 1.37 g/L, 30 min, 40 min?]
Ae 174 g/L, 206 g/LE 224 YEHo] 150TCAA R F71&0] o & A=
Uetston, 2571 S7kgkel wel HEslEe] Ad ol Frhsted glucan TS
ZaFEo R Aoz AdHEY. IHER glucan T =3, JEHNE Aol A
Hog AL 170T, 20 ming AP 5 AAY =4 F

o,

e

AzAos ARy

@) oFt B =AA, A A Y 28 vl

AANE, AL e o A 2 A4y HHx2A0AY glucan F
F oA Fe [F 4-1-3]0] YEFHATE Glucan &4 A3, o4 H2E o
AlmEe] glucan &2 32.7%, SAAE AAEH A5 glucan TS 291% = AA
59 glucan & (6.9%)ETE of 49 o] ¥ £ S YERAL, dFAHE AR
glucan 3% (24.8%)° °F 0.8¥) H& & YEbHAT A TAFY A, oF4F A
ﬂﬁl% AlEE 107%, A AAYE AlEs 208% 2 oftRY SA - AR8-SE3]

o w) oA e] ol Ao FEI ¥L4E AmolH £AHE B wri:

tlo

Ag & % ggon, AFAYR ABE 180%2 oHF B FAL Helo] g &
AHE glucose ¥ 8 BB Ao O Be AL FAT & AT 9o A
FE2, FAHAL ol g3 WA Wl AT glucan FHFL oY) AT HE

1
o
7]

olela BorE
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[Z% 4-1-5] The glucan content and glucose release of hot water treated L
Japonica (conditions : 0.06% (w/v) H;SO, 150 ~ 170°C, 20 ~ 40
min).

[3 4-1-3] Solid remaining amounts and glucan contents of dilute acid pretreated,
extremely low acid pretreated and hot water pretreated L. japonica

Extremely low Dilute acid Hot water
Untreated .
acid pretreated pretreated treated
Solid remaining
100 20.8 10.7 18.0
(%)
Glucan
6.9 29.1 32.7 24.8
(%)

[1% 4-1-6]2 ¢4, A% 2 EFAgE AR R ¢ go 1A E
S VAR o]g, B4 VRS AFEAAE UERA Aot ©3Ehg-2 24431 o]
ol o] FojHa Ak HEd tAarte] G443 57) 894% 2 HUAS Helon,
l% AANE BALASE (34.6%)ETH F 55%<] o] & 2.6H] ¥ 3hs UEMALH

A4 AAEE tAvtel deAE] F oAnte] G4 4stEE A2 834%,
80.2% 5 UEIS o AAEob= A2 oF 50%, 46%2] AtolE Ho SAh4IEE
glucan ol wel vl sHA Aol doheE As 08 & A BeER
A5, A WA Al vEte FAM AAE"E AsU © wE2A Frteiort
A3 F7tete Zo® YeRad, d5AEE AR =3 Y A

%]
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xo
=
¥
i)
PN

d 79 a-cellosed] BAAIE+= &3} 484 )| 83.54% € UEFU ©
AAgd gAr7 diidosg o wmE AIRE Qbel 84937 JPdEdS A
AT fak AA g, SA Ay A E F IquA o] Baa3)
ANEHRT o EHFQ E4L43EE BHIloH ]

A~
T AN

100

80

60 -

40 fg

Enzymatic digestibility (%)

—&— Dilute acid pretreated

—O— Extremely low acid pretreated
—¥— Hot water treated

—4— Untreated

—4— a-cellulose

20

1 1 1 1

0 10 20 30 40 50
Time (h)

[19 4-1-6] Enzymatic digestibilities of dilute acid pretreated, extremely low acid
pretreated and hot water pretreated L japonica.

o
ro

i

%)
& A& FAE olg, AFEE 50%E 1T F 255 W
3} (150 ~ 200C)A A B3-S W9 glucan FFE Yehd Zojth. £xW3lo] uf
glucan $FS 111 ~ 158%°] HAE Yl en, 170, 180CA =

g (170°C: 15.6%, 180T: 15.8%)& UEIHAT. 257t 715 glucan FEF2
Skt o, 180T ol Folle §43] Hadte 4TS HEPoH, ol 257 F71

= g mebd e
s }E A% AHe A HH WELEE 10CE AFSAT

rlo
o
I

< glucan

f
9
i
S
o ®

3t A glucan©] hydrolyzate®] glucose
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[ 4-1-7] Effect of temperature on the glucan content of pretreated L. japonica
using a continuous twin screw-driven equipment.
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=7F S7HEE AAdEd g vk glucan dFE SR e, 3.0%9 4F S
o] 83tAs W Hd glucanFHA 15.9%E UHEIES AT F o A=

0% ©]F-ol< glucan o] HFadte AS &

o A= glucan©] hydrloyzate®] glucose® 727

Z‘i%ﬂoix] 7] MEor AdET ASFAE

= 170C, A5 = 3.0% o2 A3t
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N Az off °° mlm
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1% 4-1-8] Effect of acid concentration on the glucan content of pretreated L.
& p
Japonica using a continuous twin screw-driven equipment.

Hzstd wrexddA 88 gAnte ZavteEsi=E H7kskr] sl
AAE F g2 3o dAER da7bEEsE AASAT [18 419 A5EA
£ ol&3ted dAZE gArE 7IEAR olg, E4 s AdddsE yEk
Aoty &3k 1243 o9 l—‘“‘roﬂiofﬁ AAEd gAvte] S4aa3tEs

o
>
b

—_
€]}
i
=g
C
~
UQ
U&
c
(@)
Q
=
o T

Hade AHEES W Ho 728%=%, HluTold ot
12 wie] =2 ge YeEhgt ol 9% Ay A=
Ly

Alm} (60.9%)E.TF oF
B H3le] &40 ol Eﬂ HH A FaTbaEe

QIgH thAmEe
7} o 3aE Aoz AlgHT)
Ztoll 835% 5 UEIH Ol HAleld tAntet AR TARZE iAoz o WE Al
b Qbel EATsI IAPEHE AL ST+ AAT
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[1¥ 4-19] Enzymatic digestibility of pretreated L. japonica using a continuous
twin screw-driven equipment at optimized fractionation conditions.

o
R, FANE FUIR ol§F WA U A% AXE AASAT
A

o = 2 af
= & Hr
< 271 % glucan F< 45T 7 AT AL o] &3 BY HE Hex
AL WEeT 16297C, WHELE 288% =% 019%Romw, o wo o==

glucan &2 311%A3L, Fihs o] &3 A¢o HA WS e E 147
1T, g2 % 278%, ZulEXx 030%, ©] We] 39 glucan T 328%<% A&

e 170C, 20 o2 ZAAFHI2Y o] w9
glucan 2 24.8%, TALATFLS 18.0%, EAASEE 802%=, okt 2 FA
A RAEE AAEAS WRT &0 Hojg IRl on (FAL AHE Al
glucan ¥ 291%, AuATH: 208%, HAALSE: 834%, b MA ] Al
glucan &% 32.8%, kLA 10.7%, EAALSE: 89.4%), glucan &, kil

=

4 )
2423 =5 IHF M 2829 A RS AL AAR

A

rlo

Add 5 15 +
< FAg = AT

- 172 -



2% 170C, 4b5 = 3.0%= A

oo

e

15.9%, E4438% = 728% %

srere

AERow, AAg tAIrke] glucan

Ho

i
o

L AlA

HA = o] o

S

E AAd

tel ThAu}

£ o83

el

n A Eo] o]&

/‘\l_

A A,

?_]__

AE ol &

1A

o
=

e R L]

ol A 41
A0e 35

_i'_
bol ThAlw}

J

4714

Fa 2%kA o) A

J|
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] 2] (1A <l A

*

ThAlmE Al 5o 2dA
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A& A Hed

- ThAluke] 2k Al M A 1Al

2 oA 1A

o] w7 ol

- 173 -



- 174 -



A2 d AeEsH dAE B FERELE ol&Y dxF

g3t FA I

BelsdR A D WA HTE ANE AT

LA GF A FHAE ARSI dE fFRAE S5 AFHeH, F
ZH FHAAE ligation A1717] 97 vector2A] pET2las  AHE3SIATE  gene
preparations 9|3 A%  host= DH5aE ©HE  AYAS g hostEE
BL21(DE3)E At&stict. ©ld 3ol &lS 3] SDS-PAGE system= AH-8-3}
R, FlE @ AL His-trapoZ FASHA T Al @ AL alginates} RHE<
ANZer ¥kg AHE9] profile &21S 918l TLC plateE Ar&stdoh =& w3 4t
Eo] A& wj2E =AH317] 93] LC-Tof/MSS A&35th

Alginate &3 E4F F=E4Y3sl7] $18l CAZy databaseclX ¥ 53+ target
gene® H7|AdE EUE 2ol & AFst PCRE 33l 31T gened T

Z3tAth. SEH genes vectoro] ligation A/X1 ¥ hostoll transformations A%
o}. transformantE 53l target proteing FLIAAFIL RO =E T SH4S 54
sttt HAE proteine His-trap ZH & o] &3t BAsIAL A AE o] &3}
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2 FE3A B S U3l DNSHE olgdtel YL
AT Bh 54 FEL A L%, pHel BE AtH B4 AT target

3. A7 A3

7h Algl7Ce] B4 9 7159 A=

AAERY] L2 BelEaz g8 EAES PL-159 sigetia 48 A
% OF dAPEHE 45 §l7] Wi T &

L-15 252 5ol8l =w <] heparinase II/I-like

= ak
< o] &3l Algl7CE Z3ha ol& ZFEYs3 d &4 FFE 43

!- 736

Signal peptide: 1 — 23

Chondroitin AC/alginate lyase, Domain:
31— 362 (Chondroitin_lyas )

Heparinase Il/lll-like, Family

383 - 543 (Hepar_II_1II)

[29 4-2-1] Algl7Ce] o =<l

L. Algl7Cel a5l A

E. coliflA AZzF Algl7C A& ddstr] AsfiAe algl’C FA A9
signal sequence® Aste] &olstAl BHAZH. HZF IPTG F%¢ induction &
T 01 mM IPTGS 16 CollA Az oid giifdo] +84 Iz LA
HHE Algl7CE His-trapo = FAF AAR Algl7CE PN AFAE FF3AH
O 3" AxF Algl7C EAFS SDS-PAGEC 2)3te] ti&F 79.1kDal2 =% H
Aok (28 4-2-2]
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[1F 4-2-2] Algl7C®] SDS-PAGE

Tk Algl7Cel HZ 2% 3 pH
Algl7C 9] H3F AL Yelils 259 pHE SA3s7] 98] 247 20004
60C2 o2l &% WY 4-23-(a)| 489 M| pH[LH 4-2-3-(b)]oll A HHS
S Yt EATAHL 40T Huge BYoen, I o|F] LxdXe a4 &
Jo] Zrastdt. =3 Algl7C= pH 6014 Hol &84S Yepdl oy pHZF 5 9]
B} e oTOHL, e pH 60142 Ao wwste 50%m]

—_—
1]
—
i
rJ
=
—_—
o
—
—
[
(=]

:
F
8

w
(=]

Relative activity (%)
3
S

Relative activity (%)
@
o

]
o

i
B

20 30 40 50 60
Temperature (°C)

[1¥ 4-2-3] Algl7CY] (a) =% % (b) pHOl &k Foizd &4 v
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2}. TLC, HPLC ¥ LC-MSZE A}&3F Hl3 A& HA

Algl7C ¥h-g AHEo] 23 E o] WstE TLC, HPLC ¥ LC-MSE 343}
At &34 Algl7CE WHsAl DP19l| sl @stk= AhEo] A HE As ST
AAJTH[TH 4-2-4]. =3 Alg7Dell ol A H= DP2-50l afdste St
HA] Algl7Coll oJs &3 =Ho] DP1ol sigsies 4beo] APHEE Ae AT =
ASAT °19Jr 2ol AAdEEe e A EAFS FAsky] fd LC-MSE S8
A EAstA =, 175 / of sjFst= peakel HE=HUWY. HE=H peaks DEHIY
peakel] oHD‘oP Ads & F A
(a) (b)
Manhk
4DP1
* o o
Sdio 5 30
Time (min)

(28 4-24] &304 Algl7Ce] WHg 4HE9] AJ7te] @& (a) TLC ¥ (b) HPLC
J2vlEHY

(a) (b)

Mank &

- 4DP1
DP2p v

DP3»

DP4»

DP5p
——— ek
std 0 iGEEse
Time (min)

[2% 4-2-5] Alg7De} ¢z14ke) wb-g4HER] DP 2, 3, 4, 55 Algl7C9 HHE &
AR = AE] AZtel] W& (a) TLC ¥ (b) HPLC ZZnfE 13
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7 Algl7Ce] WH-4HES] LC-MS A2rtE

F

A
il

|

x4

I

[e)
=

[198 4-2-6]

)
A

oo
T

H

3l % §H(depolymerization) 2]

HER:

n}. Algl7Col 2%t

o
ruze)

N

A4

T

Z

g AFAY

- E

- 1

4]

0]

A} 1 A, Kt WwaksS 4

3 7Nk Algl7Ce

9

oty aH7} 7iA FetEd R AEE 4

B dA7E 5

ol Lineweaver-Burk I3 Z =
35.2 mg ml™, 41.7 U mgto] ATt

4. g°F 5l A

o

il

Wk Algl7C+ &F

il

¥ DEHE
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A 3 A xE

u
o
IN
O
oft
i‘—";
i
o
=
0%
i
Jo
=
_>|i
o
-l (
(27

at}.

O &2 95 2 WA 8o ALE 8] Ak 2Abe ABIA P
£F FEoel A AAE =0 FYLS BF ARA U4 FAL Fusty
.

O gfel HEZFH #88 AT LA ALt nloloolgre A4
NG F7 BYI1AL YAFOEA FRFHANA AFSYLE AT FET I
4 gUe Fustag st

O AYxF vlolorigRe HolQAdRE AN RN FaEel AT
T4 P W4 ARASE ANS AT ABAA Nee ATnA )

g AT WE

g,

O dl= bgAl B3l S5 B4 #F A8E A% 47 30 WS screening 2 5
e FRE,

O A7 W3 fel 224 Ba) mABANHPI)S] E&H B 918 Fosmid
library® FE51 HRD ASYA s1Ee ol gstel A= A v $5
FAAE GG,

2. AT Py

7 ARAR 8 AR

() Ea 8 Pud 24 HAzA Y.

Az A v, Sodium alginate, NAD+, AgNO; IPTG, th&aF W4 g7,

UMF(Ultra Membrane Filteration), Vortex, Fermentor, Shaking incubator, Incubator,
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Loop, NaOH, HCI, Hot plate, Polyethylene glycol (PEG), &2 71=~], Petridish, D.W,
LB broth, Agar, Monobasic sodium phosphate, Dibasic sodium phosphate

(2) slz=7F &8l A= ==84:

Bacto peptone, Yast extract, Sea water, Agar, 1.oml tube, 15ml tube, 50ml
tube, Shaking incubator, Incubator, Spreader, Loop, CPC (Hexadecylpyridinium
chloride), D.W, 96well plate, Vortex, NaOH, HCIl, Hot plate, 94l &2 7]

3 AF M= 54!

Agar, 15ml tube, 50ml tube, CTB-DNA extraction kit, Shaking incubator,
Incubator, PCR, Agarose gel, 1kb Marker, Electrophoresis, Spreader, Chemidoc™
XRS*, atpA, pyH, rechA, rpoA, rpdD primer, 27F.1492R primer, API 20NE, API ZYM
kits (bioMeérieux), D.W, NaCl, JAMES Reagent, NIT1, NIT2, ZYM A Reagent, ZYM B

Reagent, Oxidase test, Mineral oil, McFarland Standard, Gram staining

4) 2484 A

LB broth, Agar, Sodium alginate, 15ml tube, 1.5ml tute, CPC
(Hexadecylpyridinium chloride monohydrate), Fermentor, Incubator, Lysis buffer,
D.W, 96well plate, Hot block, NaOH, HCI, Reducing suger Solution D(NayCos,
KNatartrate, Na,SO4), Solution E(96% Sulfuric acid, (NHy9sMo7Oy4 - 4H,0O, NaHASO; -
7H,0), ELASA, Shaking incubator, NAD+, EDTA, CaCl,, MgCl,, KCI, MgSO,, FeSO,,
CoCl, MnCly, CuCly, NaCl , AgNO; t&= WA+ E8]7], UMFUltra Membrane

Filteration), 3k membrane, Vortex

(5) Fosmid library =384 :

LB broth, chloramphenicol, Agar, 15ml tube, 50ml tube, Tray plate, 96well
plate, D.W, Shaking incubator, Incubator, Spreader, Lysis buffer, CPC
(Hexadecylpyridinium chloride)

6) = oA 3= Ut
LB broth, Sodium alginate, 15ml tube, 1.5ml tute, CPC (Hexadecylpyridinium
chloride monohydrate), Fermentor, Incubator, NaOH, HCI, Shaking incubator, o &%

A Al Be] 7], UMF(Ultra Membrane Filteration), 3k membrane, &7} &%, TLC
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Silica gel 60 Fosy 1-propanol, nitroethanem H20, Anis-34F& < (p-anis aldehyde,
MeOH, Acetic acid, Sulfuric acid), Hot block, Chemidoc™ XRS"

g, A9 @

(D &Ea 2 2vd 24 21 &3

Az QANE olgste] Ao zAF F Codde= 10, 25, 50, 75,
100, 200, 300kGye] &FAeS A2 xAFHI0KGy/hr). 10kGy vk =AMSH &
aAge &Y AT} Ak zAg 0.6%2 TAlvt g HE AR nAE
F2(AlyDWIDE NAD', AgNO39t 2& Bzt A7ke HA=z7 (pH 7.0, 45C)
ol Al 72413t Bk WS AA AAH HEAES TLC 2 GPCE T3ty £4359
}.

70 %ol 3|2HS o]83}e] Zobell agaroll spreding
%, 20C, 12A1ZF Wi, 72t wieFste] ek colonyE Zobell brothell Al 20T,
180rpm, 12A1%F wl<Fste] 0.1% Alginate+Zobell agarel CPC (Hexadecylpyridinium
chloride monohydrate)& ©]-&, alginate lyase activityE %3] 184 #F&5 B3}

A

3 AF UME% S48

7F(AlyHP32)e] F48& fal Feiz 54, v SA4e Fdsida, A
XH%“]%‘ /\Pﬂ% o]-g3te] Mol FE e EFAHS ZAFSATE 182l AP 20NE,
APl ZYM Kkits (bioMérieux)E ©]83te] ©ad o8& 9 &4 AHES ZASta
Phylogenetic analysis®} comparative sequencing analysis 7d-%-, 16S rRNA gene % 8
Z2] house keeping geneS ©]-83}a] sequence #2412 A A DNA full sequence
kel 77 AN AEE =A317]) 93] DNA-DNA hybridizationg 1343} o}

(4) 8484 A

EFEYE St de 159 25 E(AlyHP32)& Marine brtholl 4 20T,
180rpm, 24A]%t incubation, fermentorg o]-&3ste] o Zulj kg, 10,000rpm, 15+
A&, UMF o]&3s}lo] 10k ©]s} cut off, 0.1% Alginate”]Z 3} 15C, 180rpmel A
Hk3-3te] H A =4S #7198 pH, Temperature, ions LT test 13y, E4H

- 183 -



0.1% Alginate+Marine agarell CPC (Hexadecylpyridinium chloride monohydrate)S ©]

&, alginate lyase activityS 221354t}

(5) Fosmid library ==&

3+ 38kbpe] fosmid library 3,860 Z&¢| tjsle] LB+chloramphenicol broth
o A1 37°C, 180rpm, 12~14A]%t incubation$-, sonication(30sec/30sec)S Zdste] ¢
ARYE B3 de a4Z2 CPC assay, U9 test, GPC(Gel Permeation

Chromatography)E %1383} potential clone 15& &1H 3T}

©6) = A Esll= A
Fosmid library 2=384de %3 «& AFrAEAYHP)FH 159
potential clone(AlyHP32-F3)S- LB+chloramphenicol brotholl 4] 37°C, 180rpm, 14~16A4]
7t incubation, fermentorE ]3] o ZujeketE, 10,000rpmoll A 158 AA &g,
UMFE o]&3ta] 10K ©]3} cut off, 0.1% Alginate”] &3} 37C, 180rpm, 24417+ Hk-&-
2l alginate &Eumel oYgd  Ar]E  thin-layer
chromatography (TLO)E ©]-&3to] &<lstAth.

A E AT AES

b &2 g A 24

i

A B4 ARASL =1 A5

N

(D Zukd Z=AE] ©E gARE el 574
zFel gAnE Ax 23 A7l 3 pH 7.0 phosphate bufferE o]-8&ho]

Aoz AR F os HPoR o] §3te Lo AZF 10kGye] ¥4 M
E2 10, 25, 50, 75, 100, 200, 300kGye] &

3 TAlrke] =AM e & WstE S483%h7] $@l GPC (Gel Permeation
Chromatography)E ©]-83te] #AFMw)S 4393, EAH &S s I=F2
2 Polyethylene glycol (5 x 10* - 2.74x10°, SIGMA-ALDRICH Co., Ltd., USA)S A}-&
atod standard curveE 18 AZ9 A ZA| ol &3tk AMZe EAES =4
g A3 depd =AE A &2 vAlnke] A EAkEe] 1,800 kDa A= flovt
25kGy©ll Al 86.4 kDalo®= FASHA ZHAstAal, Aol S7tdas Batgo] 14s
o] 100kGy ZAFTFelAl 31 kDazbA] A&Ast =H3lou, 200kGyolAle Aol 2.1
kDao &2 a5 7H4rt 3l e d34E RAtHad 4-3-1, 3% 4-3-11

SHFL AEE 2ASAD, vkl 24

il

B>

-
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(2 Zvbd 24 9 24 Y § A FlE a9 A

el A3E wgom wAEaLet 10kGyol Al 24 §R7Iss A8
o2H 25KGye] AN BT EHE Aux 10kGy DrHEAE AAE 0.6%9)
oA ol s} A EE4AS NAD', AgNOs9t 2 Bxdx7l A7td HZH=7 (pH
7.0, 45C)oN A 72413t B HESEIA T GPCE o] &3te] #ad H ExE is)
o B, & HA A 1:}/\]1:} AR 10kGy ] 7wk AR -9 259 kDa, #
e 8B40 9 175 kDao 2 IF e, vpd 2AF 2 mAdlE 84 3 A
ZAl 8L1 kDae] EAFES FASAUcHIY  4-3-21.  TLC (Thin-layer
chromatography)2 %3 4714 Balx =3 a2 selstgoH 18 4-3-31.

%

[19 4-3-1]1 GPC (Gel Permeation Chromatography)E o]&3s}e] 10, 25, 50, 75,

100, 200, 300kGy<] #rehd

[ 4-3-1] GPC (Gel Permeation Chromatography)E ©]-&

200, 300kGy<e] Zopd ZALEF wWE 4714 HF B}
Dosage of
irradiation(kGy) Mw(Da)
0 1,809,952
10 259,084
2 86,435
59 54,396
75 37,361
100 31,090
200 21078
300 17,901
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AR mE &g A=

Aol t}.

ste 10, 25, 50, 75, 100,

[e)
SLRETRY

@ Aspolo),



Log (MW

R

A - + - + +

B2 - - + - +
No [=]ini Mw (Da)
e EED 1,809,952
2 |ZiopM = AL 10KGy 2|32 259,084
3 |oMiEga N2l 175,991
4 |ztopM FAF 25kGy M2l 7 86,435

ZtopA Z=AF 10kGy <}

> |olgs as g3 Mz .

[19 4-3-2] GPC (Gel Permeation Chromatography)E ©o]-&3le] 7tulid ZAF 2 n

AT Ee % A AEA B FE BAFL B Aol

Gl
G5
Gg8
e B o @
M 1 2 3 4

(19 4-3-3] W9 A=2nETdg 0 E &85 Avd 24 2 rdlE 84
g AHEA LA S aE A & T AT Aol T
(lane D, Zmd=zAF 10kGy A 2]+-(lane 2), P& &4 A 5
T4 9 g zA §371e e Flane DolH, M2 GI(EFE=), G5 =
Bl =), G8(AZKELR =) FFEFE|TL
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Aol A& Eelste ozl Fof 10°

Zobell agarel spredingste] 20°C, 12A13F Hi<F
% colonyE 96well platedl]l Z}7} FElste] 22 oA HjFgith. 1 £ colony
£ w4 Zobell brothel 4] 20°C, 180rpm, 12A]3F i ¥sle] 0.1% Alginate+Zobell agar
o] CPC (Hexadecylpyridinium chloride monohydrate)E ©]&3}e] alginate lyase
activityg ®Astal, w5 gk eFEHE st 159 184 #FAlyHP32)E

grslFcH 1y 4-3-4].

[\
()
—
—
rL
(@]
e
>
e
i
4
2
R
ne
rlo
=)
off
ox,

(1% 4-3-4] Alginate lyase &4S Ad AA W2 AlyHP32 #+5-2] CPC assay 23}

(2 2399 < T3 d& 184 AF P8 =(AlyHP32) 543+

a8d AF MAA=(AlyHP32)S] TS fld FEF 54, v SAHAS &
o1&} t}. Phylogenetic analysis®} comparative sequencing #4318 3, 16S rRNA
gene % 6%F2] house keeping gene(atpA, pyrH, recA, rpoA and rpoD)& ©]&3}
sequence ®4S AAS Ad, Visplendiduset 71 Aol =24 S FAsH Lo
W1 4-3-5, 13 4-3-6], API 20NE, APl ZYM Kkits (bioMérieux)E ©]-8-3}¢]
Vibrio sp. AlyHP32¢} AlF=ollAl 23 HA XY Vibrio 45749 &4 o] & ¥
B4 AAPES 2AE A, FAREZY JVE =39 Visplendiduse}t Trypsine, Urea,
N-acetyl-glucosamine  ©| FEollA ZolE FsttHE 4-3-2]. DNA-DNA
hybridizationS ©]-83Fo] DNA full sequencezte] #37 FAE AZE =A% 4

o, A el Visplendidusst 59%°) $+& FAIEE &SR H{1H 4-3-81
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loae LMG 205397 (AM162657)

4T (AJ278881)

2 sLMG 213597 (AM162658)
LMG 215747 (AJ514812)

38567 (EF599163)

AlM 257 (EF094388)
mLMG 238657 (EF599164)
eae CAIM 14057 (EF094887)
yi LMG 205377 ( 0

Vibrio chagasii R-37127 (AJ316199)
Vibrio aestuarianus ATCC 350487 (X74689)

Vibrio scophthalmi LMG 191587 (AFWEQ1000105)
Vibrio tapetis CECT 46007 (Y08430)
Vibrio fortis LMG 215577 (AJ514816)
Vibrio gallaecicus CECT 72447 (EUS41605)
Vibrio litoralis MANOZ2DT (DQOOT523)
Vibrio rumoiensis S-17 (ABD13297)
Vibrio casei WS 45397 (FJ968722)
Vibrio cholerae CECT 5147 (X76337)
Photobacterium damsela subsp. piscicida NCIMB 20587 (X78105)

[1¥ 4-3-5] 16S rRNA gene sequencesE ©] &3 A5 % 423}

Mo

Vibrio atlanticus Vb 11,117
Vibrio tasmaniensis LMG 200127
0.01 Vibrio kanaloge LMG 205397
Vibrio sp. AlyHP32
Vibrio splendidus LMG 190317
Vibrio lentus CECT 51107
Vibrio gigantis DSM 185317
Vibrio pomeroyi LMG 205377
Vibria crassostreas LMG 222407
Vibrio celticus Rd 8.157
Vibrio cyclifrophicus LMG 213597
Vibrio artabrorum Vb 11.87
Vibrio chagasii LMG 213537
Vibrio gallaecicus CECT 72447
Vibrio cholerae LMG 216987

[19 4-3-6] 16S rRNA gene % house keeping gene(atpA, pyrH, recA, rpoA and

peD)< ©l &3 AFTE EA4E I
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[3% 4-3-2] API 20NE, APl ZYM testE &3+ AlyHP329| Aeiststa &4 H7} A3}
Strains: 1, AlyHP32; 2, V. splendidus KXCTC 12679" 3, V. tasmaniensis KCTC
128317 4, V. cyclitrophicus KCTC 12678 5, V. lentus KCTC 12743T. +, %A
—, 24w, % 84 g88 2E FF+ 4-7% NaCl, oxidase, catalase,
alkaline phosphatase, leucine arylamidaseol] twf3s] <4 ZA3S 7Ixon, =3
lipase (Cl14), valine arylamidase, crystine arylamidase, «-chimotrypsin, «
-galactosidase, -galactosidase, &-glucuronidase, &-glucosidase, MN-acetyl- &

-glucosaminidase, «-mannosidase, «-fucosidaseol] thal] 24 A= &gt

.

=

>nbstrate 4
Enzyme activity
I Trvpsine
Acid phosphatase +
Maphthol-AS-BI-phospholndrolacs
a-Glucosidass -
Hydrobysisof :
Potassiumnitmts
Trvptophasz
Glucose
Esculin
Gelatin
p-Hitrophemyl-§-D-salactopyranosids
Assimilation of ¢
Glucosa
| N-scstvl-glucosamine
Maltoss
Gluconate

10+ +]4

|+ 4]+
+

L

L T I T S
L T B T S
I 4 a]a 1 |
[+ o+
I+ y+ 1

caprate
Adipats
Malats
Citrate

YT S Y R A 0

+ 4+ 7 o + + |||+
+ o+ o] = v
L T I S

AlyHP32 .
100.0%

V.eyclitrophicus 63.6

63.6%

V.lentus 2.3
2.3%

E—— H
5o 0o, | V-splendidus 59

V.tasmaniensis 8.6

8.6%

[29 4-3-7] DNA-DNA hybridizationS %3] DNA full sequencezte] #+3H24 {AM
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=
=
<
T
v}
w
(&
ol
P>
D

o [
ok
£
o)
T
S
o
©
(@]
de
ofy
1=
=2
o
—
NN
lo
8
=
—
=)

gAg A3 15° CAA 7HE 52 E4& JeEUT A& pHE pH 6.0914 e
WAl 1 o] %9 pHAlAl activityZ} #H&sAth[IE 4-3-8] =% ol 22 BHx
A= AgNOs7F H7EE S of H7bebA] §4skS o 2ok &4de] 2 A& EDTA¢}
o FA4<S 3t FlstATHE 4-3-31.

110

100 4

90 A

80 4

70 4

Relative activity (%)

60 4

50 A

40

i
(4]
(=]
-
[=-]
w

105

100 4

95 1

90 1

Relative activity (%)

85 1

Temperature

(19 4-3-8] 9 EAHS £33 AlyHP329] &x14F B3 &40 AA pHY
Lo B A}
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[ 4-3-3] F%0]£37} NADY, EDTA¢ ¢]3} alginate lyase &4 &3}

Fold activity

Chemicals

Shiala Co.mbi_.nation
(Cation ~ EDTA)
None 1.0+£0.01
Fes04 (ImM) 6.84+0.03 6.21+£0.02
CaClx (ImM) 3.68+0.07 2.95+0.07
CuCl (1mM) 395+0.04 4.37+0.05
NaCl {1mM) 2.0+0.14 6.58+0.03
COClL: (ImM) 2161005 0.2610.02
MgS04(1mM) 0.7420.04 2421002
KCl  {ImM) 4.47+0.06 2.21+0.01
AgNO3 (1mM) 10.58+0.02 7.63£0.03
MnCl: (ImM} 6.16+0.04 1:4240.01
MeClz (ImM) 5.11+0.04 2.68+40.03

ok AA WA F3 AlyHP32¢] Fosmid libraryES o] 83+ Alginate lyase &4 &
238y

AA WA 1848 5 AlyHP329] A genomic DNAE F&3 %,
Ho+ 38kbe] DNA H#H-g 7= & insert DNAC| end repairingg &hal size A&
s+ %, CopyControl Cloning-Ready vector, pCC1FOS (Fosmid library production Kkit,
Epicentre)ol| ligationslal thawtol FAAES Azl FH, FHAZS /3t A+ H
dufAlo  =etar wjekstel A WAS Uele FEASFE AE
Fosmid libraryE #2353t} LibraryZH-E AlginateE EEAA S AU F2&
CPC assay, TLCE %3 =384 3 & &4S AHEAZ 74 £33t alginate
lyase &4 713 159 88 FRAT (28 4-3-9, 17 4-3-101

[29 4-3-9] CPC(Cetylpyridinium chloride) assayE 83k AlyHP32-F39] &4714F &
éls H7t
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(18 4-3-10] vt} g 2ntE7giu S 283 AlyHP32-F39)

3]4J(lane 2), LB+chloramphenicol broth(lane 3)¢]™, M2 GU(&F=

M

\

1 2 3

AlyHP32-F3 &4F5 <4x14kat 37C, 24413 ¥hg(lane

9 =) GY(AZLELL =) TEEIEo|T)

74 23
) Wg A

2 A e 5242 (AlyWLD9 Open Reading Frame (ORF) #4]

A8 e WEAE golBg g E o] &5t CPC assays Fall &x14F &3l
g8 7= FES g5t AdEsta, AlyWLL olgtx W3t fFdxtde &&
2ol &8-S 9)3te] Open Reading Frame £41& E3a 7] m &<l ORF 2, 3,
10 FAAE 13
[ 4-3-4] AlyWL1 9] ORF &4 A3}

%‘:F Homologous to BLASTP Osganism/Phylum or Domain Position I;I;‘:‘lﬁz Steand
1 ATP-dependent DNA helicase RecG ggﬁmﬁ;ﬂ{ 60...1751  OOED0 Forward
2 hypothetical protein Plabr_1708 3‘? %‘?P”’la‘l’ffmz;;;:’“ = DEM 2284 4170 Z0E21  Reverse
3. hypothetical profein Tsop: 3048 f;’gﬁ’;ﬁ mTCC 4006...6396 2.0E-22 Forward
4 WD.10 zepear ;ﬁ;fg‘:‘h o SECD 6645...10253 3.0E-53 Reverse
5 won Willebrand factor, type A gﬁa‘*ﬁ;’;ﬁ:ﬁmb = 10757..12805 2.0E-09 Forward
6  probable serinethreonime protem kinass fﬂ?ﬁ:ﬁ;ﬂi By LI 12960 15863 60E-24 Reverse
T thiodedoxis 4 ?‘“‘;’;”mm’;’:; DS 16138...16368 8.0E23 Forward
g  peptidase M16 domain containing protein { fm;mi “_}f;;; 1638517674 21-';?‘ Forward
9 f_g;‘;‘;?f;{;:enﬁ A-dihydroxy-2-utzanone ffg’:g ;ﬂmmm S 17713...18915 llgf,:_ Forward
10 hypothetical protein M23134 01153 Aarosd e ug ATOG 18972...19184 063  Forward
11 Foldaze protein prsA Tepidanaerobacrer sp. el Firmicutes 19202 20302 10E-1¢ Forward
12 transaminase hadonn el dx;“‘“”" L 2050921535 4% Forwara
13 methyl-acceptmg chemotaxis sensory transducer Exiguobacterium sp. ATIB/F micutes 21572 22345 g7 Reverse
14 ?nyé“:me“:‘lﬁf:ﬁm f‘;‘;h—”?o (Bt ﬂ?ﬁ%ﬁ“ﬁmﬂg ShL 2341323551 6.0E05 Forward
15 308 ribosomal protein S18 g‘;"fgm” . 23735...23002 2.0E13 Forward
16 excimuclease ABC subunit A uncultired microorganismunclassified 24164 24913 1 0E-95 Forward
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4. g.of 5 A

b Ea B AU 2AE BTSSR0 ARAS 24 A5
g 7142 s A9 2ua 2ACCOE o] g3t ULl
AIZEE 10kGye] IAgE A=ZFE=E 10, 25, 50, 75, 100, 200, 300kGy7FA] Z=AHE 313

i, GPCE o] &3ty A& BAFES SAHY 2y 25kGyolA &AFel F43H
dastdtr. =T 200kGyol A= A" dart £3kEHs 23S #dsiin. ol9t
2& AfRE o] gste] 10kGye] #rbd ZAReL v E 54 §3 AAE B & F
|Fo=H 25kGyol well= 53 &FHE A &, GPCE o] &35t
B BAE Wske] A, @ AAYA gAnt EAFE 10kGyel vk 2AE
7d% 259 kDa, M= &40 A4 175 kDaez FIHlon, Zvpd A 5 7
AE 24 88 AdA 8Ll kDae® FafHo] 25kGyeo| @ Znpd ARG
=

e BEAEE st &4t gElud A4 &&S TLC (Thin-layer

chromatography)& &3l #43% 23}, oY dAg 2dEY AFE9 Zupd 24

(10kGy) & mAE E45 AT 43 ;

& FH3ATH O]Q‘r 2o Aas gepd 9 54 83 dAE g A9, 71EY
°.

01
E’.
- YHYS HoEn.

ft

v AA WA sz oA &3 184 FF gH 9
AA WA vAEE 238 dste] §
T(AlyHP32)E & H 3}l 16s rRNA geneE o] &3le] Phylogenetic Pr%# = st
Re W, Vibirogel A5 11008 =9 Zolvt dbg A &231e] FAEYE w§- =
7] wj&oll 16s rRNA geneEAHbo 2= o] Br}sled 165 rRNA gene ¥ =
= Mol 7HA AL = atphA, pyH, recA, rpoA and rpoD 5 6%2] house keeping
gene= ©]-83} Phylogenetic analysisE &3t al, V.splendiduset 7V fAH3

o] =2AE skt APl 20NE, API ZYM kits (bioMérieux) & )-8+ A&y s}t
std Ao A§, Vsplendidus$t Trypsine, Urea, N-acetyl-glucosamine ©]-& 5-&

oA zo]E FHQlE 4 9llem, DNA full sequencezte] #3832 FAH HEE =
At W<l DNA-DNA hybridizationS X3k A#, o33 2] Vsplendiduset

FAI=7F 59%= 9A E1E e, HybridizationZ23 7Fg fA=7F =
V.cyclitrophicusts A7 712< 70%0]35te] FAMES &3l AlF HAAE=R
A 4 AAgH

KeN
-
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ot A WA 2 AlyHP329] Fosmid libraryE ©] 83 Alinate lyase &4
EAARE

&8 X~

2o &4k 2o g4 Aol A" AW AlyHP32 #FE ol &

i

il
le] 4 38kb insert sizee] Fosmid libraryS +=3F3 0™, 3,840 & tiste] CPC

assayE &3l Alginate lyase 24& 7HA= 8% 23gdsta] &t 3 &40 ¢
ks

[

F

3+ potential clones X3}y, AlyHP32-F3o.z wweldth =3k CPC, TLC(Thin
layer chromatoghraphy)& %3l <714k 3= A3k A3} AlyHP32-F39| A%, &1

= pd
2 BE g0 958 TaE ANEE 229

. Ad & veAs FE(AlyWL1D Open Reading Frame(ORF)&E4]

A8 e WEHAE golBed F &4 FAgA S Ad WEAE 28
(AlyWLD®] Open Reading Frame #2412 %3 7]&o] w3el=d ORF 2, 3, 10 +4
A& gelstAt

5 F5A ¢
O AA WA sz oA Es)axF (AlyHP32-F3) shot-gun library +% %
screening

O Shot-gun sequencing 4S5 53 szt dA £3)] F34 ORF £4 4

-1 =X
HAREx7
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MERE A 2 F3AA glo] AFHor REELEE ALt
(CBP) 71Wt7]1<<S &3} pervaporationel] °]gF H
ol Ao FAolt}

v A7 e

fxFol AAeAAA a5 glo] AHHor HaE
J =34 (CBP)E ¢3F algal ¥ S
FehZol] ek o] o=Ax JoHA 1Fs FEE

& HWddte 75 A3t algal hydrolysates

>

i
o
ofo
ol

B Ao E vAwt (Laminaria japonica)= At ALEsES o
Clostridium beijerinckiis ThA v} 7hFE3s] €421 laminarinase §42] W= 2 g
Ag 1o A3 2™ sub-cloning¥} cloninge ¢138te] pJET(Fermentans)e} pET21a
= AgstY o LIAYHAEES 95t E colf BL21& AF&SQ(TE =3I G490 B
g 2 AHAE st His-tag HP columnE AHE3tRTE ©hAmp Zheditaf 8441
laminarinase &4-°] W= 9 2 AG 29| A= Clostridium acetobutylicum < 3

2 o] &3} TLC, HPLC, GC, Westren blot kit-& =3}l characterizationS 3t th.
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g aY AR

Lam-Cbei_2828 without sp

|

pJET1.2/Blunt-Lam2828
l RE digestion and ligation

pET21a(+)-Lam2828

L Transformation
BL21 (pET21a(+)-Lam2828)
L IPTG induction

BL21 cell pellet

Cell lysis and centrifuge

Crude protein

His-tag HP column and
concentration

Purified enzyme

Enzyme Enzyme Polysacchride

expression activity consumption ::";f";?;s -

assay test evaluation y

Western blot TLC GC HPLC
Mutant characterization
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Host, C aceto

(1) gAm} 7F=E8) &4 laminarinase 49 @& 2 248 A9 ]

Transformatiol C. aceto

(lam_L2-50)

Selection

C. aceto
© (lam_L2-50)

4
X
e
1



3. A7 A

7} gA el RS E 4 laminarinase £49) W 2 3E Ay 1

Laminarinase (Cbei_2828) chemical characterization

(1) Laminarinase (Cbei_2828) purification

Imidazole

150

100

75

50

37

(2) Optimum temperature and pH

120 120

Relative activity (%)
(=1 @ o
S S S
Relatve actvity (%)
o) =)
o o

iy
(=}

o2
o

ey
o

h%]
o
L

20

o
o

20 3 40 5 60 70 80 3 4 5 & 7 8 8 10
Temperature (°C) pH

[1¥ 4-4-1] Relative activity of Lam at different temperatures (A) and pH (B).

In Fig. A, the reaction mixture was incubated in 25 mM Citrate-phosphate buffer
at pH 4.0 for 1 h at temperatures ranging from 20 ° C to 70 ° C.

In Fig (B), the enzyme reaction was performed at 50 ° C for 1 h at pH2.0-5.0
using 25 mM citrate-phosphate buffer and at pH 6.0-8.2 using 25 mM phosphate
buffer
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(3) Vmay and K,

30 ~

Vimax=1/Y,=1/6.6 = 015 U/mg
K =-1/X,= 0.389 mg/mL

v (mgiu)

. y=170x +6.6
R?=0.9929

04 0.2 0.0 0.2 04 06 08 1.0 1.2
sI"! (mL/mg)

[13 4-4-2] Lineweaver-Burk plot of the hydrolysis reaction with laminaran from
Eiseniabicyclisbypurifiedlaminarinase(Chei_2828)in20mMCitrate-phosphatebufferbuffer(

pH4.0)at500Cfor30min. Theexperimentswereconductedintriplicate,thedatawereexpresse

dasmeanzstandarddeviation
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. oA u} JhERS &4 laminarinase 49 whE 2 2d A 2
Expression of laminarinase gene (L2-50) in butanol-producing strain

Clostridium acetobutylicum

(1) Crude enzyme profile of C. acetobutylicum (lam-L2-50) cell

(2) Enzyme reaction of crude enzymes from C. acetobutylicum (lam-L2-50)

TCL. Condition: 0.5 mg crude enzyme (concetrated by 30 kDa filte) pH: 5.0 Temp:
37 °C, [S]:10g/L
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4. g°f 81 AA

Laminarinase (Cbei_2828) encoding gene<- ecpression vectorQl pET2la(+)oll
cloningsl 3 3L £ coli BL219)| overexpression A% th. Laminarinase (Cbei_2828)< A
AR 3z EAy A FASATE. Costridium sp.olA 3 o2
laminarinase?! L2-50+= Clostridium acetobutylicum ATCC 824l heterologous

expression Al Z il FEFSAIARS 93 - isolation F&Ystal At

5. F5A#

Laminarinase (L2-50)+= recombinant strain C. acetobutylicum (pCSTLL-lam)
S 2HE EE AAstA ssty A4S AT C acefobutylicumi= laminarin
mediumol] 2§ 7}53t Z%F< Laminaria japonicaS EFAE3FH(CBP)IA &

&7 A7) glo] BELL Aty olgatt otk
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2R o R4 A MaginaOz YNA P AR gATSE gl
 pxz wol Qg 53 4xde] Ba A AYHEE wiY
. _

g

AHmannuronic
29 Huronic acide 3A4 FHEA

l..;?i
®)
=N
=
-
o
=.
o
[ab]
Q.
e
1o
U
rlo
Jo

A Y. oleh 2L wWiFo®, dxfFo A

—_L
1
S BB EA UERE FASD s G0N BARS UAT £ e maRe

U A7 W&

Wiy adefe] tAEA FAAE 2 G EH e ARs Hs (D
4-deoxy-L-erythro hexoseulose uronic acid(DEH) reductase A X % {7}
Z2Y 43 (2) oligoalginate transporter +&z+e] PCR =% % {Az F24 (3)

L5 dAbskE A= PAES] B8k Aot

il

2. A7 Py
4PN D AR
(L) 2B

(7h wi 7]
u] A& wjFe $s8 shaking incubator (F+=F&7171A2tA, F=HE ALE

st

=A3}7] 984 Spectrophotometer (S-3100, Thermo
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(th High performance liquid chromatography :
Al ol E2Asks gk tA=2 Y SAHS faliA AR AAlT =3
< O3 2
- Agilent 1200 series, Detector (RID & UV210nm), Column (phenomix Rezex
ROA-Organic acid H+(8%), 300x7.80mm), Solvent (0.005N sulfuric acid),
Other conditions (60C, 0.6 mL/min)

(b Thin layer chromatography :
L e e £4s A ARSE AR 202 v 2
- TLC silica 60 F254 25 Aluminium sheets 20 x 20 cm, Mobile phase
(N-Butanol : Acetic acid : water = 3:2:2), Development (spray 10% H2S0O4
(in Ethanol))

(vh 71€717]
(D DNA E2#*]: Agarose gel electrophoresis (Bio-rad Co., USA)
@ }4)7]: Sonicator (0.5 mm LD.)
@ @ Be]4x): SDS-PAGE (Bio-rad Co. USA)

Q) AIdA =

O dHbA| e

glucuronic acid, Na-alginate, agarose(Sigma Aldrich Co., USA), oxalic acid
dihydrate®} 32F4HDuksan, Korea), sodium hydroxide(Samchun chemical, Korea).
Ultrapure water (B&J HPLC Certified Solvent, Burdick & Jackson Co., USA)

b A7

(D LB medium: 10 g/l yeast extract, 20 g/l tryptone, 10 g/l NaCl

@ M9 medium: 5x M9 salt(Na,HPO,, 60 g/l, KH,PO, 30g/l, NaCl 5g/l, NH,CI
10g/1), agar 3%, sterile water, IM MgSO4 1ml/L, 1M CaCl, 0.1ml/L.

@ R medium: (NHy),HPO4, 4 g/L; KH,PO4, 13.5 g/L; citric acid, 1.7 g/L; MgSO,
«7H,O, 1.4 g/L; trace metal solution (M HCI, FeSO;7H;0, 10 g; ZnSOye
TH,0, 2.25 g; CuSO4+5H0, 1g; MnSO4+4H,O, 0.5 g; Na:B4O7¢10H:0, 0.23g;
CaCly, 2g; (NHpsMo7O24, 0.1g), 10 mL/L
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(h mAEHF
Escherichia coli MG1655, Saccharophagus degradans ATCC43961, Vibrio
splendidus KCTC12679

(@ F3x4 A4 54 9 JE

Accuprep®genomic DNA extraction kit (Bioneer Co., Korea), Accuprep®gel
extraction kit (Bioneer Co., Korea), Accuprep®PCR purification kit (Bioneer Co.,
Korea), Plasmid preparation kit (Axygen Biosciences, USA), A& 4 BamHl (20
units/ul, Enzynomics, Korea), Xbal (20 units/ul, Fermentas, USA), EcoRl (20 units/ul,
NEB, U.K), Ndd (20 units/ul, NEB, U.K.), T4 DNA ligase(350 units/ul, Takara)

aHYS oA FHe u|AE Saccharophagus degradans®]  Alg7D
(sde_2547)& Endotypeo] €714 Bajfg4z &714-S Leluvo Jez Fasts
og-g g,

o] FAA+= pET2la+el 4= o] E coli BL21(DE3)o d&d HZEo] glo
o, =3+ Exotypee] &x14F B &4l Algl7C(sde 32848 &714+S G FE 23
st 98-S 3kal o] =S pET2la+ol] AFi=le E coli BL2I(DEYS 4 A3 =
o] ATt

wet A o] 2 W slry] ¥ working volume, 1 Lo LBA mediumell A 37¢C,
200 rpme] =7olA wjk3E Pt OD6GOOnm)ZLe] 0.57F == PTG, 0.lmMo.&
inductiondt a2, Z71S 167C, 150 rpmeE W7 3 12A%F o)A v k3o,

(1}) SDS-PAGE analysis

ol A W o] AFE Flstry] 95le] SDS-PAGES o] &3t}

ME U9 a4E /546401] o] 83l7] 93l crude extract¥El = R¥h&E. crude
extracte] FelE TE7] A cell down(centrifuge 12000 rpm, 10 min.)< 3}
o},
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Cell down % KPB (potassium phosphate buffer, pH 7.4), 100 mM, 50 mL<
2 resuspensiond}il sonication©. & A EZ 33 5FA T},

g & YJAEE 7S o] R3] soluble protein®} insoluble proteing )3}
A, F 72 S SDS-PAGEE o] &3k 4o o] &3tATh

Alg7De} Algl7CE 22t 9l9F & WHOo=E At

(th &x14ke] 23
KN

2NE o] &3t
U714+ 5 gram¥} Alg7TD Z&EAY 50 mLe HeH 2 Fgazel 9
50 ColA 6 AlZHEQE 33k 6 A7 Fof] Algl7C =& 49 50 mLS Yar 40 C

oA 1043t o] k&3

(2P Thin Layer Chromatography

TLC silica 60 F254 25 Aluminium sheets(merck, Germany), Developmentol]
Ao AES 1 uld dA% $ &u (N-Butanol : Acetic acid : water = 3 : 2
D DR A, AAE Fof ekl 121 10 % F4HE-H(sulfuric acid)E plateol
Y 5 130 CAA 2&Y o] &3k developments} i T,

(2) DEH reductase-f-d#te] S84

(7P Constitutive vector2¢] 3t

E. coli MG1655% T7 expression systemo] &x)3}# ¥

u}2}4 DEH reductase’} AdEHAA A= S2h2v|= pET21b+-Al-RES 9]
g3t MG1655 sFAM ZollA = Al-R FAAE TAAZL = flof,

B AgoA= pUCI9wEle] #E 3 lac operator’} A7 % il lac promoter
tlo] sl Zk v = pUCmodllS LA WEE AAstT

BamHI¥}  Xbale o] &3l Zetxv|= pET21b+-Al-Rel &Asl= DEH
reductase+ A AS A3t pUCmodilel] T4 ligaseES o] &3 AdstAth

oA Azt @ EF}2u|=F pDEHRYC 2 WHH 3T

(\}) Transformation
Azxgdd ZgdrucEsE ZZS s £ coi DHSe ol 2 A=A,
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plasmid preparation®}* 3} subcloning®}d& AA HFZHOZ hostdFA E coli
MG1655° F& g =it

(3) W=
(b R A& WA A=
(NH4)2HPO4, KH2PO4, citric acid, MgSO4°7H20% HZOOH L—':,‘OE] Ak ‘—QLE‘}%E}‘

trace metal solutione 5M2] HClo] Z+ AEE A Z YolFo] A XS &
w2 autoclavestA{th BHE F XS 4o XS Az T

S-S dA FalR A dER/RE S gLy vEE HUISIAAL, T

() ++
Wild typee] E. coli K strain MG1655, pDEHRYeo] Ad® A=z E col
MG1655, E. coli B strain BL21(DE3)& 52 o]&3}o] wjFal it

(2} Fermentation conditions
- 37 C, 200 rpmo. & ¢F 25413t FoF wj kst

(4) Oligoalginate transporter-f-Z#}2] F &4

(7H Polymerase chain reaction
Vibrio splendidus v & 2] genomic DNAZX-E foade} toaC 7 AE PCR

primer sequence

toaA forward 5'-CGGAATTCAAGGAGATATACATATGACTATCGATACTTTTGTTGTTCTC-3

taaA Reverse 5'-CATGCCATGGCTACTTAGCAACTGACTCGTTGTTCATCTT-3"

toaC forward 5'-CGGGATCCAAGGAGATATACATATGCTGTGGTGGATGGTAGGTGCA-3

toaC Reverse 5-CGGAATTCTTAGCCTTCGGCTGGAGTCACTT-3
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(1} Transformation
Oligoalginate transporter-+A A5 44s pDEHRYS £ colif DH5e o &%
3 ZZNAHS AR E coli MG16559] subcloning@ A& Ax HE2Q §
A 75 Azt

(th) Fermentation of recombinant £. coli
FAHSE #FE5 M9 mediumell A vl FFH ok

B
o
o
=)
b
>
X
e
o
L
oo
okt
£
o
rf
lﬂ
N
il
A

A% A3, Alg7De] o

ZF FRARE BT AR 4TS JEAHOE widsta PTG H7ME
Az BHEE FES o] T, ] AEZ oA Alg7D9} Algl7C
ez o] Wy S Felslr] 9t SDS-PAGEE M EZgHES BEAsPtH1Y

Wz E coli BL2I(DE3)S] =WEIQ]l pET2la+7t 4Fle A=y #5
231& A TEE S, o] AxH 7 AEFHAE 2T E

o

SDS-PACES] At A Re) 3 WAL bandks | B27] 2NN 34
¥ 5 UYL, F AL BT ORE £89 JuU AL 9SS FASYh

List]
= a4
-
= 136

-

Insol. Sol. Insol. Sol. Insol. Sol

(#0010 |

[-194-5-1] Alg7D$} Alg17Ce] SDS-PAGEZ 3}
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a2 o] SDS-PAGE 49 o] &3tA ™ Alg7De} Algl7C 284 E o] 8314
L GFAE Azt YRS NTEAT

k= “%‘ WA e AP Zo] dZ14Ksodium alginate)oll  Alg7D<}
Algl17C7} "?} ZRALE HIIE o)F, Z AZte| WE AEE TLCE ©] &3t
A sk TH 19 4-5-21

2

14S X4 B EARE A7 A Alg?D”J Hh3-3lS wi(A. 3, 4, 5,
6l= Hol olFFE E3l7F A, Algl7Cet W3S #(B. 5, 6, 7, doll&= F
o] &4ko] Bl HA &gk

skA Tk Alg7De} Algl7CE A €714be WSS wf diREEY ¢ilibe]
9952 BEad AW 7, 8, 9, 10& Fst
FTH o= AlgiDet AlGl7CE 7 ol&stal 16413 &t WS &3
A A o] Ao R o] &3kt

=
[e}

o 1=
WS ke

1. Mannose 10 g/l 1. Mannose 10 g/L

2. Maltose 10 g/l 2. Maltose 10 g/L

3.0hr: Alg7D 3. 2-Deoxy glucose 20 g/L
4.1 hr: AlgiD 4 Glucuronic acid 10 g/L
5.3 hr: Alg7D 5 0hr: Alg17C

6. 5hr: Alg7D 6.1 hr:Alg17C

7_6hr: Alg7D + Alg17C 7.3 hr: Alg17C

& 7 hr: Alg7D + Alg17C 8. 16 hr- Alg17C
Q.11 hr: Alg7D + Alg17C
10.13 hrZ Alg7D + Alg17C
11.16 hr 2 Alg7D + Alg17C

[2384-5-2]L704e] 47 H&] TLC 23}
(2) DEH-reductase?] Al-R §##te] w3
(b DEH-reductase §d#te] 249
pET21b+-A1-R Zg}~v]|=28H DEH reductasef#A¢l Al-R FHAE

Eg]sle] pUCmodl #WEje] 4H91ste] DEH reductaseE constitutive 3+ Wy o=z dh
g = Feh=v= pDEHRYS A& £ coli DH5 ¢ o A& skt
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PDEHRY: fal7te] AQos <ls) Nod ARas Aejzt F Aelng 4
9% A T /M w=(eF 0.8 kb, and 2.4 kb)7} UEIGE= Ho| Yts A7}
A" Zglan=ely & 4 9t

wetA colony 1, 2, 3 ¥ F 3WTo] Het= FHAVE AAdR ZEh=m =t

e
(g
(T
fru
A
2
X
1
flo
i
)
[>
=)
[

pDEHRYE ©]-&3te] £ coli MG1655°]

Lac promoter
MCS ..
F1 origin
dri (A1-R)
ColE origin
R
pUCmodil AP I OET21b+/drt
pBR322 origin

Lacpromoter Xbal
. RBS

drt (A1-R)

ColE origin pUCmodll/drt
=pDEHRY
3269bp

BamHI

EcoRi
AmpF

(% 4-5-3] A= F2k2F =(PDEHRY) A2 24 =
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[71¥84-5-4] Transformation of pDEHRY into £. coli DH5 a

b
iﬁbz 1. Marker
2. Colony 1
3. Colony 2
ki 4, Colony 3
5. pUCmodll

Vectorself ligation= 21 (Ndel)

[7184-5-5] vector?] self ligation&<l

[(1¥4-5-6] Transformation of pDEHRY into E. coli MG1655
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(\}) DEH-reductase®] &3

DEH-reductase?! Al-Re] ##dZA= SDS-PAGEE o] &3t &3+
Al-Re] ©lad Z7]= 27 kDa® =39, =370 @md wmery} 9x5=
710 & ®o} DEH-reductase®] 32 Ze Zo 2 o ST

3k, DEH-reductase?] W& A= MGI6KHE STFAERE & F97} E
coli BL21(DE3)¢] T7 promoter system XU} SQtt,

M 1 2 3 4 M 5 6 7 8

VER M : protein size marker
63 : 1: E. coli MG1655, pDEHRY soluble protein

i 2: E. coll MG1655, pDEHRY insoluble protein
48 p

3: E. coll MG1655, pUCmodll soluble protein

4: E. coli MG1655, puCmodil insoluble protein

5. E colf BL21{DE3), pET21b(+)/A1-R soluble protein
6. E colf BL21(DE3), pET21b(+)/A1-R insoluble
protein

7: E. coll BL21(DE3). pET21b(+) soluble protein

8: E. coli BL21(DE3), pET21b(+) soluble protein

35p

25 »

[Z194-5-7] DEH-reductase?] Al-R & SDS-PAGE A3}

(th Enzyme activity assay

Al-R& NADPHe|&EZ Q1 reductase & Z 4] DEHE KDGZ A &3st= ALE
) 7} 2

wEkA Alg7De} Algl7CE o] &3] Eag &3I4t £33 d-R/FE DEHU 4L
o] &3t

340nme] A FFEE S5t DEH7} KDGE W3letHA st
NADPH®] #H3}= #A#Z&}9ich =3 BSA standard curved} Hlwdte] AT} thx
o] @A okS =A3k3, NADPH standard &3 =2 curvesl Hlwdte] &34
= S35t A9 AAES 7HA L AAGHE ] specific activityg T3t

NADPHe} @i d F%9] standard curve= Z+2b [194-5-813 [174-5-9]
o|A1L, Al-R& T3t A2t AT Hxdo 2E4E o83t AI-RY ®F
S-S AHEE =43 A7= [194-5-1017 29T

1 A3, Al-Ro] 2" Aol §4 A4S 5.96 mU/mg protein® 2 Al-
NS FEA e controlBth oF 2ujA & =gktH 194-5-111.
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NADPH (mM), standard curve

01 / & NADPH (m)
0.05 / ¥ = 01824400022

R2'= 09995

[Z1¥14-5-8] NADPH standard curve (&3%% at 340 nm)

BSA standard curve

1 / * AGH2

y=1402x-0016

' R?= 00088
a5 L 15 2 25

(25

[Z1384-5-9] BSA standard curve (&% % at 340 nm)

1 .\\\
= -03703 + 11825
08 S % ; 4
\ L 2 Al-R({ﬂ_SdU)
06 $

y = 02725 + 00105 B Control(£340)
04
02
0 T T T 1
0 12 L 112 2

[71%4-5-10] A1-R¢] NADPH ZHAoF4 =4,
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DEH reductase &4 9] total activityAl4+e th23 2t}

Al-R Control

Ase 7.9 13.0

A1-R protein concentration (mg/mL)= 5.65

Control protein concentration (mg/mL)= 9.28

DEH reductase, A1-R activity (Unit(umol/min.))

=NADPH conversion factor(mM/Abs) X slope (Abs/min.) X total reaction
vol.(mL)) X df

*df :crude extract 3]A vl

wHehA,

A1-R activity (Unit) = 0.182 (mM/Abs) X 0.3703(Abs/min) X 1 mL = 0.0674
Unit

Control activity (Unit) = 0.182 (mM/Abs) X 0.2725(Abs/min) X 1 mL =
0.0496 Unit ©13L, Z}7te] specific activity Al4HA]2 activity & T o] FA=Z
e gheolt mekA,

Specific A1-R activity(Unit/mg)

=(0.0674(unit) / 0.1 mL / 5.65 (mg/mL))X(1/20) =0.00596 U /g

Control specific activity (Unit/mg) = (0.0496 (unit) / 01 mL / 9.28
(mg/mL)) X (1/20) =0.00253 U/mg

(U/mg) Specific activity

Q.007

0006 -

0.005

0.004 -

mA1-R

0.003 -
® Control

0.002 -

0.001 A1-R :E coliMG1655 + pUCmodIl/AT-R

Control - E. coli MG 1855 + pUCmaoadll

0~

Al-R Control

[7134-5-11]1 A1-R specific activity
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() &4t EFA

i

AT o] 5 FEA WY

7t ek ik
R #jAol A 71 324 wiFe] A3, E coll MG16559F Al-Re] A44H E
coli MG16557F ¢F 20~25 A1ZF Atolof| glucoseE ¥ AR3a, ODES ¢ 5 7t
A F7vstAtHIE 4-5-121
Glucose7} thAF=THA] pyruvateo] F4l=2 A AL, citratee] v=+= W
Sto]l AT &=, ok E E coll MG165591 A A5 2] lactic acid7F A E AT 1A
ok E coli BL219] 4% R wjA| o)A tHALE 3FA] %E3lal glucosee] AE% 1A X
sttt o] A wERE o] Foj A A kgkal, whekA pyruvate®= A4FSEA] XS
gads XA B 9RRE o83 widdAs Al TF BT
OD(600nm)7} oF 2 74A] F7betal Hlsegh sfedlS Holm A8t tH 1H4-5-13]
o] o glucoseE FHUL=E AEAE wjet= &g Citrated 28417 &< <F
1 gLAE 2R3 Ho] A

AAAe=z o 0.5 A= pHatol dsstdlal, vE Fabed AGFHA &

oL
o
off
-
45
iy

A9 glo] R wiR| o A9 o] dAslA] EstAT. =3 citrate §lo] &7l
[e)

A EdlEs ¥ WA AR Fo] AAshA Zekit.
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OD(600nm)

OD(600nm)

E. coli MG1655 + AlI-R/Glucose

B
pH, glucose (g/L), organic acid (g/L)

0
30
Time(hr)
E. coli BL21/Glucose
10 8
iﬂ—.—.—.— e oo ==
8 )
6 3
W
6 8
A S
‘ a7~ |4 252 —e— 0oD(600nm)
‘ Y| 28 e
& &8 —@— citrate(g/L)
2 2 o g —&— glucose(g/L)
i o % & —+— acetic acid(g/L)
. e e, 3 —— per.Nate.(g/L)
0 5 10 15 20 25 30 —&— lactic acid(g/L)
Time(hr)

[1¥ 4-5-12] GlucoseES &4

Qo7 0|83 E coli 59 flask culture
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10E' coli MG1655/Alginate hydmlysateB E:‘goli MG1655+Al-R/Alginate hydrnlysaate
g —o oo J—H—Q—Q—H_H
8 -
6 46
8 i 8 3 {s B
) = e 5
a 4 S g af A
o = o z
2 & 1s
2 ® 2+
oqp_—.;,m-”—./ e 0 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(hr) Time(hr)
A B
5 E. coli BL21/Alginate hydrolysate i i E. coli MG1655/No carbon
SH—. P a— T o ] BLC—H—.—.
B s 16
= B g |2 s
o =
8 ‘s |8 -
O 4 - O 4+t u
@] > (o] i
s s
2 12
2 P 2+
N o o o0—o o
)
0000 80 0. : 0 0 —F— - 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time(hr) Time(hr)
C D
i E. coli MG1655/No carbon § E. coliBL21+Al-R/No carbon
i~.—0—0—0—0 L e 000 @
8 8
18 ]
€ ENES )
14 ® s
% = = @ 4 s
O 4¢Ff Qo a 4 %]
(@] > o E
4 -,
412 2
2t 2
I 0—0 @] I —0-9 —o
0 —8— . 0 0 L 0
0 5 10 156 20 25 30 0 5 10 15 20 25 30
Time(hr) Time(hr)
E F

[184-5-13]L74 Hal=5 Sade

o] &3t E coli #F9] flask culture (A,

=
B, O)9} Aol glo] wekst E coli #5<¢ Flask culture (D, E, F) 23
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(4) Oligoalginate transporter A #}2] F&24

ToaA¢} ToaCx Vibrio mjA ol &3l alginate 2|31 H 2] A
SAZ dEA Ao, S5 GFA Y AE U o]Fol® B Ae AL
Ca=A=g

ToaA$}t ToaCel FAAE Mz e =Ast7] st PCRES ©] &3t
o Zt FAAE FFsHAH

Zr fAAo]| B0l primers o]&3da Vibrio PSS HAMAES
template2 ©o]&3te] ZF FAAES FESA, 1 AF foaC (1659bp)e}  road
(1767bp) A+ BEFAQ FFHS Gl ATHIH4-5-141

Zt fFH2E gel extraction 7|WHE o] &3ste] ®EF F oaCe ATFEA
BamHIZ+ EcRl& o]8-38t] A@stal, lfoadw BamHls} Ned< ©l-&3ho] detstal
1, Zt 21245 Zgk2~u| = pDEHRY A skdth

Mgt & E colil DHSeo dAAHISIH, FTZYZHEH plasmid
preparation# A& A H7]95S E3te] pDEHRY+toad+toaC (¢ 7.5 kb)e] =7]
£ gl

o] 3o X4 AFAE hASH] A SFMEQ] E coll MG16559) =2}
2-u| & pDEHRY+foad+toaC & &AW 3slg] a1, agarose gel electrophoresis® %3}
o AF3 =As FAstATH174-5-151.

1Y

t
=)
°

ety
oo
¥

A B

[1™4-5-14] PCR A3} (foaC :A ; toaA :B)
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[[19H4-5-15] pDEHRY +foaA+toaC
(6) &4 Bm thAY Algt mAdEe A
2 AF4dol BEfsla v Y EYrAES o] &5ty 1A BRiem g
A& B3 A9 v ES AEeth
M9 minimal media®|A <&
ESnAE golBdgE HES ol F, =4 wiYFS stATh

™
(L
S
:?LL
2
il
o
p—l
(e
wQ
[
i
rlo
=
N,
i
>
ofo
of
ol
R
K

5 2= 10 g/lLE H7EeE WAl wigS star, 1 34 HEaFFS (1
H4-5-16]2F 2}

olde] ofyol M th2A TE 2043t o] Fo] FAZ AAS B HF
2o g o OD 49 #AFEE AUt

o 1=
ATt O Ee] A GdEFA £2RE FolEr] YA AEE Hads
AFsE Zade] ShHE 4 GEFA o] oS TLCI1¥4-5-1719F HPLC[19

4-5-1815 ©]-83t &Rt

- 217 -



new microorganism
10

—&— OD(600nm)
8 —8— pH
80 6 —0 g ¢o©
L
o
o 8
£
C
S
3
E 4
O
2
09 T T
0 10 20 30 40
Time(hr)

[(2¥4-5-16] Unknown new microorganisme] growth curve

oP1 P DP1

DP2 DP 2

DP3; DP3
k"i 234 56078

: Alginate hydrolysates

: New microorganismO hr

: New microorganism23 hr

: New microorganism31 hr

: New microorganism35 hr

. E. coliMG1655 (pDEHRY )0 hr

: E. coliMG1655 (pDEHRY) 31 hr
: E. coliMG1655 (pDEHRY) 35 hr

O~ &EWN =

(% 4-5-17] Aqte A& wjFde] TLC 23
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RID RID

=, §
wiimy) i R l'l
wooee-3 DP1 - |8
535 I ‘ 40000 '. |
- g 2000 \ B
o DPp2 ﬂ | | f I { g e
03 — T 1 - : b— R __:1%_ - T
1 1 (1]
-:VWD(210 nimy)
.- VWD(210 n{zg] .m. ( ;
15003 A
i #Dpl s
oo
= = * it | <5 @& A 8
= A = g8 ] 3 MN&_F -
T - a4 % E 23 . Ly o —
: ig'_.a = e \--e —‘-'-_’--_. ' jn i 75 » 5 5
— :
' RID ﬂ
RID ) oy 3
oce | i 0004 f
BO000 il ‘ |
o | s [l
Bo000 | i |
o00a { | J
#0000 || .l, / | - |I I:II , P
30000 - a I\ |-
20000 I w1 A r, I S r_'ﬂ-_'—r_
0o Ja LY N, = - I T T T
03 > r
: : ” %{VWD(210 nmy
AL g Il
1200 4 it ;I
1000 i i
- 40 ] I -
(5] :.—. EE 5 :: E
200 i 0y - - s 8o -
gt = " H 0 B
L R

(19 4-5-18] A2 & WIYEL WS vkl e] HPLCEA A%}

4, 9°F 2 AA

E. colit 5 AZtstr] Hsto] WA 43
=, st XIS G FE Eadoh =3 £ coli WO &4
A AE cloningslr] $3& DEH-reductase2 ®©443}l$th. DEH-reductase
= hoste#F WollA @dste] SDS-PAGEZ #1341, EA4S ZAHFFHS v t=x
TET 28] & 4S5 Bk =3 I4kY] AlE W o]FAE dEdete '%%i
A5 Vibrio splendidus WA EOSZHE BASty PCRE o] &3ta] oligoalginate
transporter®] ¥ 7}x 72l toaAet toaCE ZZ3+ %, DEH reductase %%ﬂﬂ%
toaA, toaC x5 S —’F U HEA2ES TS0 3 G4 T A

B UYBLUOE ol §dte] HFT F At EF MBS AEssnh
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(2

7h g A G4k dEEA] oAl Ao A AS v Y= )
Ad714F gEA wgEYe AESHR 333A 3 A
-L- HE Y=z

. ol%el

22 i

4-deoxy-L-erythro hexoseulose uronic acid(DEH)Z Z 3= 31, o] &2

=
ol¢®  o]Fo]  2-keto-3-deoxygluconic  acidKDG)Z 3 F
2-keto-3-deoxyphosphogluconate(KDPG)Z Z1%+%] o] Entner-Doudoroff
HEe Ao g didn
114 GFA wREYLAY] A WA dAPEEE Fviske DEH
reductase(47-R)2] F2AA GEHE = 3Ad = T35S 4=3AT
T WALt A AR GAE 22 Sk KDG kinase F+AA}F (kdgk)<k

B o o

ol

KDPG aldolase % AHkdeA)] FAAE FZ3to] HIT
Kagkel kdgAs thgaolA Tdsr] A% 4 TdEN=EE 759 5
3] AlI-R Fxkel Aol 2@, dFHos D = e WY Al="HE o

47\ AI-R, kdeK, kdgAd §-AAre] MEA2ES thgF MG16550) £ 5}
o, YA GFA TARAA S BT F/hE FAAS HMABLS LB,

1= 1=

ESnA=E %Oﬂfﬂ v el 2 =S Y3 gstE TEAE A8
o =

DEHE di
N 4 e AAEL RAAEE BRHD A8 ASE SR
Z, MAd s nage] BAH 94 dEA GARAR FRTe AA
E 222 BA 2 RAAY BN DA S4E FIIC
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H 5 & Ozl d4yx 88 34

Al 1 A Next generation sequencings &83+ 7|4k =&

Fd71=
1 A7 24 20 e
7 A B

1) A= TS olgste] =F Hlol e FIIA AL o] T

A3 AW vl eml AR Feli AR wolomjai Fa HFAEI FY
S 1 AT AEA vrelevlay, Agw APHos FAHAE Lot Bl
(o)

oAlwol A AFEI ALAE APst= 2 A FZA vlo] v =9 2] 4

EAA ol FHH O ol fo] GolF RO JhH Yk
AxFE 2 B2, F2F, FEFE UHE TRl e YR A
EAGG AIEY HxF, FEF AR BE WaE T NPT 2
rae] % Aelzdel Juglel FEF Hpol

/\_l|l

g
Mg o]§F ENAQ FOT HAHow, YARFE YAHI] kel w5
A

o=

‘c o o

F vl Qu) 2o W] shite] FFI} opyd

2 zgae] AU % doA FF7) gEo

= WEE St Ao F2HH oo fe BxR &
2

FH WEE AT VEEA L VS PP ARt BashA HUok
@ AR o8 N5 F714 AN YR 2P FHFE B

Sruope] obd B wldke] A9 Ao FAT MAE TR Fu
@ £ Aol WS FLF BAIM 1Y) AWM HPHOE BEHA HEF F
dlolodl WE vHE FHE AL 5 dolok sl wekM AHD A2 F
WE MYEEYS PHSE VAR dofsa w8 54 nARY SEFEe
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) —
Coul} 25 Tdentify key microorganisms in

== VEA M Specilic prpcess
M2 puzamas

sequence reads

Correlation between
microorganisms and NP

Dzv&rsﬂy and richness L

index

[19Y 5-1-1] A9 =&

>

(1) pH 2 sizFol & {714 B4 49
Aol AHER BARE A B 8 13 &

o EF AXVIE ol&3dto 23 Ax F EH7IE T £ F 9 uAnE 4
el o] g3tATt. EZ APt 2 g& mineral medium 50 ml wjA] o] H7}g & of
23 7t2E o] &8t WiXE @UIEHE AxsAT. o] W AREFF mimeral
medium®] =4 ot [&F 5-1-1] HebAS. 7] ZEe tAlrt #ix= 121
TolA 157 &< B3 & A ARE HFsidoH, A5 A Ass 43
T F9Y Al AEE 2 mls HEs HAPS YA Serum bottleS ] &
ste] 30 CollA F71Ho s wjgstlon, 2443t 1A R 7 3 Hpole 7hx A
2FF, VFA, solvent A4 2 pH ®W3E A3t
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[3 5-1-1] Mineral medium %7

Composition Concentration(g/L)
NH,CI 1.34
KH,PO4 0.78
NacCl 0.292
Na,S04.10H,0 0.13
MgCl,.6H,O 0.12
CaCl, 0.0006
EDTA 0.05
FeSO,.7H,O 0.0031
H;BO4 0.0001
Na;Mo004.2H,0O 0.0001
ZnS0O4.7H,O 0.0032
CoCl,.H,O 0.0006
CuCl,.2H,0O 0.0022
MnCl,.4H,0 0.0025
Ni.ClL.6H,0 0.0005

FAA e v E TRANA FAA FE JIEE o] &8t wjd

ot
o
il
i)
oo
i
32
£
Juy
(o))
N
=
Z
>
Jo
=
_|>i
o|N
I
rlo
-
QO
a
o)
o
(e}
Ll
i
ot
ot
o)
=
3
®

=

=

T s =

o o]Fo] Hom FZH {FHAA+ pyrosequencings Fdtd H7IAE

o 2ol VM Ee A=A EIEQ AYE AA B4 AHEE AVIAES &
B3P om o] A7|A gL Eztaxon-e databaseE 7|WFO 23t B F38zF Q] 927}
A=At diversity indexs ] 412 73 48 AZE9 o] MOTHURE ©]
stod AlAHE AT

o

3. 475y Az
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[3 51-2] v[AE AL A=

1< 2 3 4 5 6% 7d
Gas
55 105 182 206 220 224 224
(ml/50ml)
pH 5.59 5.1 4.8 4.88 4.87 491 4.83
Ethanol
0.93 0.93 1.34 1.51 1.72 1.59 1.83
(g
Acetic acid
0.96 0.80 1.68 3.12 2.83 2.41 2.52
(g
Butyric acid
(&) 0.21 0.27 1.39 2.07 3.02 3.26 4.14
g

1-44 2] 47 AMZo|A F 43,9767 barcodeo] 93] EFH A7 AEL o
Ao o]F primer7t YAISHA Z= A 82871, Bl 165 rRNA A1 A 427,

Z1M 2} 1271705 A 2)5he] F 41835702 71 Lo] EA o &85 ATt

Rarefaction Curve

510
480
450
420
380
360
330
300
270
240

Mumber Of CGTUs

210
180
150
120
a0
60
a0

1000 2000 3000 4000 5000 G000 7000 8000 an00 10000 11000 12000 13000
MNumber Of Sequencing Reads

W™ W02 T3 [M D4 |

[29 5-1-2] % 714 D9 rarefaction curve

- 229 -



[ 5-1-3] Pyrosequencing2

ol o M=

TR A 165

rRNA 82 471

A AR
14 2 3 44
HIZE &8 9819 11686 14440 8031
Primer 2 X| 169 257 306 96
H| 16S rRNA 0 16 26 0
7|0 2} 175 697 242 157
j‘I—"‘- 9475 10716 13866 7778
Ha 4ol ( 456.3 454.9 453.5 4543
(% 5-1-4] #27 Aol B2 vVYE P72 Gy A
0.01
oTU! ACE? Chaol Shannon Simpson
1 2649 22561 11222 5.5973 0.0444
2 2533 22750 11241 5.7046 0.0279
3Y 1936 21396 9170 4.6179 0.1143
49 2670 28638 11928 6.0068 0.0222
0.03
OTU ACE Chaol Shannon Simpson
1 656 3041 1608.9 2.749 0.2336
2 729 3889.2 2168 3.3047 0.1322
3d 477 2638.8 1476.9 2.0922 0.3074
49 838 4407.6 2326.9 3.7653 0.0765
0.06
OTU ACE Chaol Shannon Simpson
1 201 609.67 423 1.4754 0.3912
2 276 802.6 590 1.9694 0.2972
3Y 159 698.62 480.18 0.6365 0.8263
49 296 796.11 562.14 2.1115 0.2813
1-44 2] 47) AEANA F 43976702 barcodedl 23] EFE F7IAES o

?SZ

o™ o]F primer/} ¥YASHA = A 8287, Bl 16S rRNA FHA< A 4271,
7Ive 127170 & A 9ste 5 41835719 E7IA o] B4 EE&HUT. Z4el A
S8 H7IAE B Aol 450bp ©]/do] H AT rarefaction #A ol 9|3t THA|
mt o], FEEA A A E THAY S TFEE ddFoR D Holn #

a1 R GIND 2AE FRASS BAT 5 Aok v WE TR o



A Axe 777802 ZFITE AFA AMENeH ol A Ges UEY
I ok 53] 39 Aole 29 #F7F dostridum® = ThFA 0] Ad Fdh
[ 5-1-5] Pld= AW 8 £/ 2 A4 £FT £
Taxonomic rank Name 12 (%) 299 (%) 399 (%) 4Y (%)
Phylum Firmicutes 0.37 39.73 92.69 81.38
Class Clostridia 0.37 39.73 92.69 81.23
Order Clostridiales 0.37 39.54 92.64 80.29
Family Clostridiaceae 0.12 38.30 92.13 78.52
Genus Clostridium 0.09 37.73 91.77 68.41
Genus Clostridiaceae_uc 0.01 0.51 0.31 9.31
Phylum Proteobacteria 52.98 50.15 4.90 3.77
Class Gammaproteobacteria  52.11 49.70 4.72 3.29
Order Vibrionales 51.82 48.68 4.44 2.96
Family Vibrionaceae 51.59 48.30 4.14 2.88
Genus Vibrio 48.71 44.16 2.70 2.37
Genus Vibrionaceae_uc 1.14 4.08 1.44 0.51
Phylum Fusobacteria 46.35 9.17 2.32 10.84
Class Fusobacteria_c 46.35 9.16 2.32 10.84
Order Fusobacteriales 46.30 9.00 2.30 10.61
Family Ilyobacter_f 43.97 3.65 0.97 5.79
Genus Propionigenium 43.67 3.54 0.92 5.36
Family Fusobacteriaceae 0.92 4.97 1.27 4.51
Genus Fusobacterium 0.74 452 0.97 3.90

Acetate

e Butancyl-phosphate ¢
BUK (buk) PTB (ptb

Butanoyl

Butyrate
W CoA

Acyl-CoA hydrolase

(19 5-1-3]1 Clostridiume] VFA %k A=
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Tidal flat enrichment

100 3.5

Fermentation product (g)

Percentage in total community (%)

u Clostridium
B Vibri i ‘e
B Clostridium !
B Propionigenium Propianigeniim Virbrio -~ 37.73%
43.67% | 48.71% Virbrio Clostridium Clostridium
B Fusobacterium 44.16% 91.77% 68.41%

B Unclassified Clostridiaceae

B Unclassified Vibrionaceae

= Other

[Z29 5-1-5] A& AW F2 &7 ¢ pie-chart
HAE FAAWS mdE 32 vl 545 WAt 190l= Vikrio

o} Propionigeniune] $-4ZF oAt Vibrio= 3352 457t ol FEsta e

H =3 B2 57t 27 FAEET stuel alginate &3] €48 VIR Ao=
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dHA Aok mEkA Vibrieo]l 7] 3L OE B4 o] Qle Aol tAntE
S EAol o3 Ao = HRAY. Propionigenium® 735

2 Jde ALz dHA ded ol 27]de B
N

o} 3l dostridium® 73
=

ZRE BAY 5 QoA HxFE Lo AHAS AVFO BEE A

Ak, Webd 299 Castridiume] 4 Vitriorh £31@ ThARIES o] g8t)

%@@a@zééa%q-ﬁmwla%cmﬂ@mm:@mM%%ﬂgm oy A
o o o8 FEaA AN=F Bas o

=
HAOoE Bolw BEE4 P o EM, Holertis A 3
L2 Z o] A"l H]F0] 7Q%o]¢,].§_ =

_\|l_,
QL
32
ui
=
©
)
o
o W
o
rlr
Q
2
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%=
£
=L
ok

JA FA FLsAT. FEEAE YAk A AR
1

Jet. SE=ae #AHY $HE

AAE TA FkA @e AoE FA
21;+5gw ol Fol = ol e
E'

Clostridiunel 23 A4
A

3 opMlEsbe] A

N
)

>,
o,

~
>
5
7

O ol AAstA il oln AdH O}Aﬂ‘—f—’tii—rﬁ FE| 242 st

F4d0.

4. 2.oF 9 A
ABANEE FFHOR AHE3te] TAn} ol g, RE 24 Alste PAE
ks QiﬂﬂsﬂOlm@gaﬂmlﬁa%zgﬁwﬁ}@ﬂgm%ﬂ Vibrio?}

Propionigenium-=-
A o metd frlEe] FE5T AR JuAE AN

nz
Eqog Q3 AT F gt F71E0 AUW 190

il

o

[

o

rlr

N

ko

£

N

o
Lo
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% o

Clostridiume butyric acid
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(genome) &4 23} butyric acidE A4sh= § alginate 3 FAAE 7H AL
NE FoE 1A
et Vibrios Z719 ©hAlvE & dF2 AEstal o] o o]

A B3l =S Tl dostridiume] butyric acidE A4bsts Ao 2 FAHHT

A

5. FFA
Clastridium) Vitricd) 0@ #7449l #3840 Qasolol shn 4%
FHTE BAS 53 dojx PRI MBPOE TES T} o] § REIZH Y

SAMSEAE LD Aol

- 234 -



Al 2 " VFA A4kE gaA AEdsr] 24

7). A7 B
AR 71 EMB AL TS B SRl RN B o) AR FE S
A% = o] o] Fojxm az T Ages wae AU u}o] SELCEE XY

27) 9l wAel AR A AAHE FAE BED
A B A% s ATE FasEa Sl 2l
- VFAl 9%

(2) s =F5 ol &3 VFARM oA A= g7 24
- @< MSC-HCDC(HHHA| s

b
o=
il
&
olo
N
il
o
oo
o
=
ox

S
>,
>
o)

D == A2

Bacto yeast extract, Ammonium Chloride, Trace element solution(HCI,
FeCl, - 4H,0, ZnCl,, MnCl, - 4H,0O, H3BOs, CoCl; + 6H20, CuCl, - 2H,0, NiCl, + 6H20,
Na;MoO4 - 6H,0), Vitamin solution(Vitamin B12, 4-Amino benzoic acid, Nicotinic

acid, Calcium pantothenate, Pyridoxin hydrochloride, Thiamine-HCI, B(+)-Biotin)
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(2) AFAA]

4 + 4 + 4+ 4 4
+ Tl -

= = =t

L 1

N

=t = =

Z

i " B
- + o s 0 . *

[2% 5-2-11 VFA AJ4HS 913k 48L 4%HA A% w47
U 23 Azt
() A"} C/N Ratio =4

Al AARA £ZS d4a 47 (€% EA 1108, NA 20000&

o]-&3la] C, H, O, N& =A3}dch

il

(2) ThAImE AA Y A}

A nl o]jel HAio] VFA Aite] F&FS ujxe= Ao g AdgS
AsNA 57FAY] B R E(NHDSO,), A4 E5NNHNOy), AAHIEFNaNOy),
AZFEEKNO,), FIIEFNHCDE 1w/ve LoFAch 1 9 dAnt 35g/Let
o Zg8e s 1%w/v) NaHCO; Z7]ol mixed culture Inoculum(thd &=
AYge] wEA AP=2 =9FE= 10%(w/w) Bacto yeast extractS o] &3}
HaE YstATt

(3) &= MSC-HCDC (htAl 5= AERES7])E o] 83 VFA A4t [2, 3]
O% 5-2-2¢9} Fo] ZHgtrIAE o] &Sty AWA A& d

W&71E AZtste], oharp LA AREITE o] w wio] Quj gl ThAWEY] ¢

111138 = 2

7H71 A dAREE

VFA A4to] A3t &7 & whEolF7] fél pHE 8= A3t Bty Fm1, Shaking

incubator ¢+ 40C, 150rpmo. 2 %]t}

=
off
kr
N
35
=

o]

fand
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Feed l ;

Fresh ___|_,| Fl F2 F3 F4 - __ Product
Liquid % % % Liquid

Centrifuge

Shacking incubator

[LH 5-2-2] 49A] A& 1F AZaF w-g7]ol 2] VFA 44t 34

Feeding 4
-1 4A) : 15g/L thAm}, #lA), NaHCO;
- 25 94 : 5g/L G} (GYuiT) BHE)
Dilution rate
- 0.05, 0.1, 0.2/day
pH control (pH = 8)
-5N NaOH

% 5-2-37 go] WE7|9 48L 49A A% Wgr|E o] g3ke] VFA
o Zoll 48L 49A AL ¥ES7|dl ZEuhes AAsh
=

[}

A
T AE wYgs AYP3IY. g 494 A&

=7] W&ol 1%w/v) NaHCO;Z pHZ

SHFL HES7] 9ke] 25 = 40C, £ S5+ 150rpme 2 A gk},
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Feed, Buffer, Nutrient Residue, Cell

-
N, pH Control |

Feed, Buffer, Nutrient

|
:_ ______ F-——==- c--—-=-=-- ; Residue, Cell

A : | |

FERMENTOR ——— |
v v v v
=00
Centilifuge Product
4TH REACTOR Centrifuge

[18 5-2-3] 4.8L 494 A& ¥187)9} Har)|S E3F VFA A4k 34

Feeding =

-1 <A : 15g/L tAlm}, v #], NaHCO;

- 2~5 EA : 5g/lL thAImE (5L Pith ¥HE), NaHCO;
Dilution rate

- 0.1/day
pH control (pH = 8)

-5N NaOH (‘#=.7])

3, A7 23

7} ©kAlvE C/N ratio

Texas A&M thehe] Mark T. Holtzapple w47} Bioresource Technologyol
W =gl Folet # MAEAERE e AFES 4914 blend®E RFE©] Feedstocko.®
71 A AR AAE SRt 4] O delHE o] &3t teFg C/N ratio
%] 2] Feedstocke.Z ®&E stk 2 A3 C/N ratioZ} 30 ZAHNA 7H3

& A2BYY 57} ehg,

I

dr
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(& 5-2-1] Folst 5 WAUER WE AL YR

Office paper Wet manure
(&H0/100g vet sampi b= 10 il
& asn100g iy sampio 16.9 = 05 nrEw
(2C11008 et sampie 16+ 008 M
(@N/100g wet sarmpl 06+ 004 B
éegsﬁgl—\]r)ntrogen ratio 2493 + 55.0 65 + 0.2

[1¥9 5-2-4] C/N ratioo] & 7}2 544 A4 A3} [4]
A) 7] 712844 55 B) £ 712844 5

A 987 A= Feedstocke] C/N ratio® <z A Fs}x|

R4S FA hAvke] RS AT

rr

o)
s

d

o

[ 5-2-2] ThAmle] AM BA A

Sample Nitrogen | Carbon | Hydrogen | Oxygen Ash

S. japonica 1 1.1539 30.7035 3.5727 34.9361 29.6338

S. japonica 2 1.1837 29.9843 5.1892 40.9281 22.71147

S. japonica 3 1.4135 31.7465 5.7276 39.9944 21.118

Average 1.2504 30.8114 4.8298 38.6195 24.4888
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AgA3, CIN ratios 2624 =Z A4LE AT AT 9 C/N ratioo] H]3j
% AS Hol, Fr7HHo =2 &4hvt Be EHE& Yo blend FHZ
o

A4 A Holt ThAmle] SojglE Aiwe] ohd FriE
& Abstel WS Hnyth Ae BEE F/AE AR Aael o3
Mo 7lERTh M AAsts AT Be VFA A4S o] & Zojth ey
A0S 9 W VFA ANe A BEE UE 298 Uk

25

20 4

ik
(4]
1

VFA concentration (g/L)
=]

O T T T T T T
0 5 10 15 20 25 30

Time (day)

—&— Time(day) vs 20g/L
~@- Time(day) vs 30g/L
—-¥— Time(day) vs 40g/L

(28 5-2-5] 221 d % Fed-batcholl A A4ke VFAS] &%
(mh) 20g/L, (%) 30g/L, (3h) 40g/L
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(D k=25 (NH:504)

Organic Add (gL)

4% 0%

i

5]

—l_'
9 H 4 6 ] 10 2

Time (day)

[C19 5-2-6] dA&o] et ewd W tAvt &E A

(2) AR (NHNOy)

Omanic Acd (gl

—
z 4 8 g 10" 12
Time (day)

[T19 5-2-7] dae] Addrsd W tAvt &8 A

- 241 -

2Formic acid
2Aceticadd
4Propionic acid
2Eihanol
4Butyric acid

aFormic acid
2Aceticadd

4 Propionic acid
2Ethanol
4Butyric acid



(3) A4} EF(NaNO3)

Organic Add (gL}

25
]
15
12
5
o —
] z 4 8 g 10" 12
Tim e (day)
B Formic acidpl)
= Aceticacd{gl]
[ Prepionic acd{ g}
I Ethanoligil)
. Butyric acd{pL)

[C19 5-2-8] d4&fo] AMUEFL W tAvt &E A3}

(4) A2Z-FEKNOs)

Omanic Add QL)

||
z 4 ] ] 0 ="
Tim e (day)

[C19 5-2-9] daflo] AZFL u vgAnt 2 23
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aFormic acid
2Aceticadd

4 Propionic acid
2Ethanol
4Butyric acid

aFormic add
2Aceticadd
4Propionic acid
2Ethanol

4 Butyric acid



(NH.CD

(B) e

e
e
or

aFormic add
2Acetic add

4 Propionic acid

Omanic Add (L)

2 Ethanol
4 Butyric acid
Tim e (day)

I Formic acid{gl)

= Acstizacd{pl)

[ Propionic o gL}

I Efhanclgil)

I Butyric acd{giL)

(718 5-2-10] Faflo] AstAmEY o vk BE Az
Ao mE VFA A4S 93 43 235 B9, Z4dd weh VFA

LM Est, 2o &4k, RE|24F vl go] ST =3 54 AAaYs

7 A A e FAEo] ALHAT A A EEY Ae MY e
20.70g/L &x°] VFAE AL AIT, og-&o] dF AiEAo™ Hl&o] 7]&9]
6:1:30] obd 7.5:251% ofNEZ, ZEI 24kl T @Wo| A4t AR
e TR AT BbEQd ELEAS) oekgo] Wol AJAE QT WA F Aol
AMUEEY AZEe] 2SS, ZEAS JEEA @em 18g/L <A VFA
e Btk viAe ARy Aee FAHER #ol uUshs BRb oyt
VFA A4 =55 ot 2x1d % Fed-batch A&l A 30g/L, 40g/Le] thA v} A9,
Zk7y 16.16g/L, 22.71g/L W2 Zlel WIstH VFA A4k 23Ut Fhae & v
AR dadd] wel VFAS Hl&3 FAMEC] vbow Zo #Fd He 7z

.l

Lo

L.

Aoz 2 Axeta dddn.

g
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25

- ()
o o
! !

VFAs concentrations(g/L)
S

Timn (day)
——@—— Time(day) vs Ammonium Sulfate
@ Time(day) vs Ammonium Nitrate
——-y-—— Time(day) vs Sodium Nitrate
——A —--  Time(day) vs Potrassium Nitrate
— —& —  Time(day) vs Ammonium Chloride

[Z% 5-2-10] @4 @& VFA A4 5= A3

t}. Dilution rateo] w2 ©<= MSC-HCDC(thHA 1% A Eu-3-7]) A

223 x EFg23E o] 83 s MSC-HCDC ®WH o=z VFA A4k =7}
L1118 tAmp HlgolA =2 ygkz] wiZell o] ®l&olA Dilution rateol] w&
VFA A4 A38& 3¢tk 18]3 Bacto yeast extract®] ®EE 37 9l A
F7t4 22 Trace elementt} Vitaming 4ol HjA|S wEAT o=
yeast extracte] X7} Hl&LS 10Ww/V%AA 1w/vez EHT. 18l a8+ 3W 9
F7}4 02 FeedingS ato] 20¥ H¢F wastgict. [5]
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(1) Dilution rate7} 0.05/day wj

Yoldtile Fatty Acids (g/L)

Yolatile Fatty Acids (/L)

30

i ]

om

=
[ -]
T |

I Acetic Add {g/L)
B PropionicAcid {g/L)
[ ButyicAdd {g/'l)

40

Time (day)

8

5]

=

N Acstic Add gLy
= FropionicAcd {g/l)
[ ButyicAdd {g/l)

Time (day)

N

“olatile Fatty Acids (g/lL)

Yolatile Fatty Acids (/L)

w
o

w
&

B
m

S

m

=

40

w
=)

a
=)

=1

Time (day)

I AcsticAdd (gll)
S PropionicAcid (g/L)
[ ButyicAdd (gL}

Time (day)

B Acstic Add (L)
[ PropionicAcid {g/L)
[ ButyricAdd (g}

[ 5-2-11] Dilution rate7} 0.05/day¥ =i VFA A4t 5= Az}

a:

A AR 2 F dA, 30 A HA 4 HA
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(2) Dilution rate”} 0.1/day oj

Yolatile Fatty Acids (g/L)

Yolatile Fatty Acids (/L)

m
1

B Acetic Acid (gL}
[ Propionic Acid {g/'L)
[ Butyric Acid {giL)

Time (day)

‘olatile Fatty Acids (g/L)

Time (day}

B Acetic Acid (gll)
= Propicnic Acid {g/L}
[ Butyric Acid (giL)

40

B Acetic Acid (gL}
[ Propionic Acid {g/L)
[ Butyric Acid {gl)

[1¥ 5-2-12] Dilution rate”} 0.1/day¥d wj VFA A4k
QA" 1" 20 F 1A, 3 A HA 4 HA

Time {day)

30 4

204

Yolatile Fatty Acids (/L)

Time (day)

B Acetic Acid igll)
[ Fropionic Acid (/L)
[0 Butyric Acid (giL}
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(3) Dilution rate7} 0.2/day ¥

b5

=
=TT
[==T ]

“Wolatile Fatty Acids (g/L)
]
[ii—T |
[==11]
[i—T ]
f—
]
|| —
|/
[
S
[ —
e —
C i
[
[ —
[
|||
| —
[
“Yolatile Fatty Acids (gL}
=
[T ]
]
T
[ |
[ ]
[
e
[
[ T ]
[ |
[ —

i} [] a
o 10 15 20
Time {day) Time (day)
B Acetic Acid (gll) I Acetic Acid (glL)
[N Fropionic Acid {g/L) EE Fropionic Acid {g/L)
= Butyric Acid {giL) [ Butyric Acid (giL)
20 a5

5]
L

Wolatile Fatty Acids (/L)
=T
[
[ ]
[ ]
i —
[
|
[ —
e —
= ]
[ ]
pE— |
[— ]
[— ]
[—— ]
Wolatile Fatty Acids (g/lL)
8
=
i —
]
[ ]
[ I
[ ]
[T
I
[ —
e —
[ T ]
R =]
[

a
11
[T
=T
=

Time (day) Time (day)

N Acetic Acid (gll) B Acstic Acid (gll)
[ Fropionic Acid (gL} BB Fropicnic Acid (g/L)
[ Butyric Acid {gl) [0 Butyric Acid (giL}

[719 5-2-13] Dilution rate”} 0.2/day¥ =} VFA A4k 5= Az

QA WA 20 F 1A, 3 A WA 4o 1A REST)D
o= MSC-HCDCZ A 3t9& wl Feedstockd! ThAlmlE A & AR
YolF= ARG 5¢o A4 UHA Feedingg 3ty Lol s=7F =4 L27tn
Umzl 49 s 254 Sk A g4l wid #Es] VFA AAHE AT Eja
gAmE Eol E07tH a7t sojued URA ¥We Zlol Ry soue

A=7} 71ZR T ZojA ws MSC-HCDC system2 z2133l7] =Lt}
A3 AxE 1B, Dilution rate7t AZSFE dA v Exxto)7 ARl
0.05/day?l <= MSC-HCDColA = Al ®Ael Wl A9 Zfol7h A gigleH
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238 209 ool A WA wxr} Fth ol whal 0.2/days] 73§ wAviTHe]
zZkol7F # Fow A WA wESr]elA 10g/L H=e e VFA 555 FA 3T
TEla 209 oo HE A BEES EAS KUY 0.05/dayol A 34.35g/Le] VFAZ}
AAH T, 0.1/dayst 0.2/dayol A& zHzh 34.83g/Le] VFA, 30.13g/Le] VFAZ}

AAEQY. agrg HE 2% Diution rateE FuA I AP AL
0.2/dayoll A 6.03g/L/dayZ d=AHo=z =ty T3 A4k®E VFAS] HF HIELS

5:3:2%9.t}.

[3£ 5-2-3] 209 ©]% T MSC-HCDC systemell 4] VFA AJ4F w=9F A4HA

Dilution rate(/d) |  Ist ond 3rd | 4th (g/L) P“Eg‘/f}‘é‘)’ity
0.05 24.26 31.26 34.93 34.35 1.72
0.1 18.91 28.75 32.74 34.83 3.48
0.2 8.83 18.24 26.03 30.13 6.03

2. 49A A% WevIsl RE/E B3] VAR
48L =719 4TA A& wrgr|vre =z WwEgE sty dou thAnle
J

237t & ool 3 @Wol ZFrhstel @AAbeld] MXF Reluhe FashA Rch
DA M recyced 1% B AASL B A recyded 371 915

gr|E AMSEY. 1 A3 A Zar)e e E AlX wjde 93 recycles

AYsta vhe A BENS AWA A% W-S7]E A VFAS Aastgch
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(1) EB7] A VFA A4k

Volatile Fatty Acids (g/L)

16

Time (day)

—&— Time (day) vs VFA (g/L)

[29 5-2-14] W& 7oA VFA A 5=

(2) 4A A&EHr37]ol A VFA A4 (HF VFA A%D

Volatile Fatty Acids (g/L)

0 T T T T

10 15 20

Time (day)

—@— Time (day) vs VFA (g/L)

[ZL8 5-2-15] 42A] A<EH-3-7]ol 4 VFA A4k

TE
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=2 1 = 9 a=ze
2o dEV| M= 13.34g/L7HA] Ekstor, 48] A&EHST]dA s 15 AE=
20g/L7FA] &2zt oy HF %= 19.26g/L7F AAEJT AT 209 o] %
Feedinge 3A E3edl Ztx3=2 33 o< MSC-HCDCol Hl3] Ea&j =X
3 gAmke] ¢Fo] sojA BEAY HETE UF AXH E£Fo] AdE APHA
XS I1EQ18] VFA A4 5% 9] ARG 4dd] @sdkth olg g EAF S0
LAl Ak dAmtte] Feeding ¥55 4:3:2:19F o] @74 thAnte
FE Bol HoFa 494 A% RgI|dAME 2w ¥olFe FHoE g

of Jolc}. ®=3 Dilution ratex= 0.1/dayoll Al =AA dPs) & ZH ol
4. 9°F g AA

(1) Texas A&M thete] Mark T. Holtzapple <=7} Foleo & A EE WHE AE9
blend )& C/N ratios ZH3te] LagE s on, C/N ratioZ} 30 A oA
77 =& ZIEEAL 271 YEgH. 283 gArE 94 E471E o] 85k

243519 W C/N ratio7} 26 A Z AL

(2 Axel WE VFA A4S 0 H¥e UL @, 2] weh VFA
SPAEAR, ZEes, RE=4 gl Tebzod, 53 FaUS A
VFAZL old A s o o ATt A B =3
Z7kste AL olUgly] Mol Fabgo] WasiAY 3

U
Zad wo Aot f&3 dolHz AHgE Aeolth

ol

2 524 VFA A4t v g0

(3) Dilution rate7} AZFE DA R F=xtol7F AKX o Dilutiono] %
L35y whAE ¥kgrIRT T REg71Y VFA s=7F ARG 28 HF AL
= 0.05/dayol A 34.35g/Lol™ 0.1/dayst 0.2/dayol A= Z}zb 34.83g/Le] VFA,
30.13g/L olgith 1=z H=E %} 30g/LE Hl<a 43kl A Dilution rateo]
A% 52 FaA Qe AN A 0.2dayld 6.03g/lldayE FEHOo

o
A%

rlo

(4) TE7|o} 4TA AEKNEIIE Ho] AHRES o), FEZ]dAME 13.34g/L7HA]
e om, 494 A&7 A= 19.26g/L7F AAE AT AR 209 o] %

BaHA 2 TATe ool MY EolM wEele HEIE HH AL @Al
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ettt o2 I8 o] AgE YA Zdo. Ayt oy BAHEER
sl VFA A4t w55 9 AR a3 it wela Al53 Feeding &A1&
fAst YA FIUHH R AL BAS F e 2AES DA A2 A
yrztol & Aolth. wetA dEr|e} 49 A&EHEETA 40Y o) L#;MESt
o] a3ttty AdHETh

(2) A A% g7l A T 9 2

- AR B osAet A3
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A 3 A HUAd A%FH o8& VFA ALir|<s

L a7 %4 2 ug

/e AAQA A2A S} AA ] Z2A vo]uj =& AL +
© A3 At vlo]euj2: Lo 2 A o]F AEHOE Hio] AT F Qe 7
=9 Jjgo] Fastth

B AFE 53to] fistuasts VFA S9E 7)&e 1380 yeldnke}
2ol xR FrldasAgoA MErtart AR EZ] AAAA BAEEHE F71
4Hacetic, propioni, and butyric acid& 3]st FulE ©] &3 FASIRFES AA

TFLAES A== Aolth

VFA production

Macro VFA =

N : Mixed
algae (Anaerobic epoElion. Acids

: Concentration
fermentation)
— gty st Mixed
Esterification € Alcolioh

[ 5-3-1] VFA E3 & 3AE

S VFA E3RF 7€ o3 22 A3l do

o AREHEF T/l thad Alde] gAY Soh w&tA oY 7HA fx2FE
HolM A8 = o
=4 548 NN Fart ok
S, A 5 ke o)) fUIEEEE VFARS] g ojgHER
&o] =th (F3EHF 159 o)

o Z3higolr] W dvs & davt glom wEki o] W Bad JquxE A
T ¢ A
ERUYILL &F dBEET A8 540 $55hh
MR EHAFALE 23 WBTEGERFAZL 15-259)RT vhg& =0}
576 wiEo2 AJskgo] &t
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FAAA AT BEE e 2o
3l = g5 &3 VFA ALY & (FEA) 30%01d F

e VFA ZaaAel nEAAe A% A dadozwMd &8 JHeA =

v A5 e
F714F rge] F2 v g ek FA9 =7 W& producte] A A

g

=

A 7193t &l eke] EAlE mixed cultureE E3) siA2 4 =4, mixed
cultureE AF&3lH biomassol $HHE B2 T/ 7]Z(cellulose, hemicellulose,
pectin, sugar, protein, fat )= 7|40 2 HBAZ 4+ 91O, ol 1EXR EF

of AR BAT Hao QI 24E AAE 2T AFHo A spsdiTa

s HskA] ¥om AAE VFAVE mgo®m HoxEug
B3t VFAE HUE AitstsE, A48 VFAZE O o4 At
HA == "olo doh. XA o= AFY oA A vkey o], A A T
g9l pH, Z88#AFAZHhydraulic retention time, HRT), & EA|7F A 7Hsolid
retention time, SRT), &%, 438 =2 (oxido-reduction potential, ORP) &2 =7
< HAFslA ML HUFsta VFAL] vg A3 WXtz ko

xR AAgole dukd AHE WE< &2 (heat treatment), 3}8+2(3]4
b, ), A=A (lginate 3l PIAS)TE AR F AS AOE AFEHA
T AR 3l sl HA A AAGel o4EE ¢ derE AdExFY /7]
b Hgko] Ads] HREE MolA s AAZolw hagk WS Ad™stazt g
}.

714 HEe] EOE BE2 HanA 53], 24HY Hlgolth B A
NAE ALYAo g 4959 AT S AT

TAZAJA AFFINELS B

o df=F (EP\I uh, m, de)E A8, kA, nAAEAEY & Fdst

4

:i
L
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(1) 71#&(substrate)
B Ao A&3 AR (Laminaria japonica), S (Pachymeniopsis

elliptica), A3ve) (Enteromorpha crinita= 247y 225, T27, %ie of &dt=
%%

2 sjx=Foltt. ol# T xR AMEe F7IFAM =T F oF 1 mm 37]
2Edd dHzE dEFAE el TEEdt

(2) nlj Fv) A E(sludge)
714 v AHgE S8R = Aol XS BEATE strAggY &

9Ag 71l gkt

(3) 8 A (medium)

714 3R HAHE IHE AT @AY o]9e Fr|doE
yeast extract’7} AF&E Ao} yeast extract7}t @714 A3t o EaEHE= EAZ
Q15te] defined mediumo. 2 thA = Aot Defined mediumo. 2 AFEH wjx]o] =4
o =z g9 1 L% NHHCO; 4.0 g, KHPO, 2.0 g MgSO4+7H,0 0.2 g, NaCl 0.02 g,
MoNa,0, 0.021 g, CaCl, 0.02 g, MnSO, 0.026 g, FeCl, 0.008 g ©| it}

(4) Wgrt=A & &4 (gas inhibition)
A7 Ashdrae] HFAESQ wWEerbaet e npo] 9t~ AGNES
A = AfAE ASE jodoformS 10 ppm~100 ppm FEZ A3

U A 2R

(1) ¥7142= (anaerobic fermentation)

FHE 7" AHSAZI7] st 2 L =7]19] jar fermentorel] working
volume2 1 L2 dAg&udstAach m wjdde] 10%E Mz 7128 £33 vjF
oz ZolFtt. VFA HaEAHL 300 mL 714 Exg2E ARE3SHe] 35T,
150 rpmz71 S 2 shaking incubatoroll Al F=3stgth 712 s=9 FHIFAHFS

27y 30 g/l ¢} F+ 10% ook wWert~M A A s|A iodiform= 30-70 ppm, pH
ZAE 9% CaCO; = 1 g/ig 713) & FY3ATH
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[18 5-3-2] Ao o] &% 2L Bioreactor 3 HPLC2] AFA

(2 &4

Hkg o] VFA A& (acetic, propionic, butyric acid) #2492 HPLC (Shimazu)
EAHESA T AlEE 8000 rpmell A 103 A Ee st Asds AT = 045
ume] syringe filterg ARg3te BEES A AT & HPLCY FY3sksth. Columne
Bio-Rad®] aminex HPX-87HE Al&3l41 AZS7]E UVE A L3sI9th o) 5440w
+ 0.004 N HSOs& AH&3EA AL, ovend] &%+ 40T, o549 £=+ 0.6 m/min
olgitt. W EXol= 20ule] o] AFESIHTE UV-detectorZ 240nmoll Al #2443}
o BAE AlERE dukziog A= FQ VFAQl acetic acid, propionic acid,
butyric acid, valeric acid®} 7 92 7L EE & o] YEY 4 A& succinic
acid, lactic acid, formic acids< 243} ch

ass AAddE dert~s gas chromatography-thermal conductivity
detector (GC-TCD; Agilent)& A}g3te £4s9th. Column HP PLOTQ,
carrier gase helium< A&3lth Injector, column, detectore] 2= Z+z}
150C, 35T, 260C o]Ath

MEFAES C H N FFs Ad4LEA7IE At 200, A

AES TGAE AR&ste] &43t3th 105-550C ol Al 743 TFo2HE UL
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EFFS AAA ArteAT

3. AT5Y A3t

1221d 50 1) szFo s I8 438t AAxY, 2) dzF EHE
VFA A5Hd, 3) Z71dA1E, 4 #7714kl o3k @714 4319 A&, 5) extractant
o] MA Fol TS AFZAHAE RIudAT 122950 AFAAE Qs H, T
mk 1000 Kg ol &4 @714 435 T3t 858 + A+ VFAY F7FS 2325 Kg
ol of7]o] FAHI} WMEFE 80%E MHAY W dE F Uve EFEIAEY FS
142.6 Kg ©lt}. o] % Ry 1783 Lol sig=En 2 dgo| ALgE At
VS &&o] 61% 1 AS A o VS 18 & EFLEIE 78L& 292l

1

G A Aol VFAS AAA BHL st AA A ae} 4
Aol #g e AT

7F xR AR AREAN 2 dxF FHE VFA HEEA By
NzFAERE ZEF, ITEF, ZEFAM 4 gAwt (Laminaria

Japonica) , V19 (Pachymeniopsis elliptica), 2 3+e} (Enteromorpha crinita) 5
g FRYE At AHEsEAT 4 AR AES F 13 Zo] EAHAT

Zt dz2F ARE AMESEY VFA A S AR 23 O9 2@ 2ol
NA%E 30 g/l Yuf, SAEE 6.3 g/, e 4.4 g/L, AFtejE 36 g/Le] VFAS
Akt AAdE VFAS] =48-S acetic acid, propionic acid, butyric acide]ar
acetic acid7t 7H¢ =2 &&<s WeEidd (28 20). xRl 238 3EAd 1
P, grsE, aid, A 5o FFH VFA A8 A AAE d SR o,
# 19 19 29 AS2RE FBBAE S F Atk GFA, sxF @55E
o] F-xo wel VFAS] e EA o] Wete Zo=w AddT
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[ 5-3-1] Compositions of biomass sample (as-received)

L. japonica P. elliptica E. crinita

TGA analysis
(wWt.%)

Moisture 4.4 9.6 4.3
Volatile matter 59.9 66.9 60.0
Ash 35.7 235 35.7
Elemental  analysis

(wt.%, dry)

C 27.76 31.95 29.16
H 4.16 4.49 4.15
N 1.74 2.06 2.85
Compostion analysis

(Wt.%)

Carbohydrate 48.4 53.8 41.2
Protein 10.0 12.1 17.0
Lipid 1.5 1.0 1.8

(=]

(@)

o)
L

(=)
L

[\S}
L

—e— Laminaria japonica
—o— Pachymeniopsis elliptica
—v— Enteromorpha crinita

(=}
L

Total VFAs concentration (g/L)
N~

0 1 2 3 4 5 6

Time (d)
5
(b) mmmm Acetic acid
41 —= Propionic acid

== Butyric acid
—— Valeric acid

VFA concentration at 4 days (g/L)

L. japonica P. elliptica  E. crinita

[18 5-3-3] VFAs production from macroalgae; (a) Total VFAs production, (b)
Composition of VFA at 4 days of fermentation; Substrate concentration, 30 g/L.
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g 714 AAY 9%
CGARA RS WEEAE FHAI SIte] 4 dPel goE AHLYT

= VFA AAHES AT ArrId w5 10 g/l duf AAA3d 23 19
5-3-40 yEphdnel o] VFA A4karo]l A g weuke} oF 20-30% S7lstAt.

mVFAs conc...
4.50 407 396 4717
4.00 :
3.50 S 00
3.00 563
250 -
2.00
1.50 -
1.00
0.50 -
0.00 - T ; . ; : :
1 2 3 4 5 6
No Pre- NaOH HCl NH40OH Soaking HCl
0.5M 0.5M 0.5M Water 05M

[1¥ 5-3-4] VFA Aol Eegksta] dAele] 9%

A FA) FFL AAHORE A 9iste] BAh v, Aste)E
NASAEIRRL N AFEE ARAA AAYT F VFA BEHFS S 1
% 53-5() AN Ael sEel Wy AxanE Jehd Aotk we A
SoldE Axe wus} wEsht 714 S0k Bobd +5 AAMY Zdsh 2A U

Bt & 9, gt 712 % 50 g/lellA, AAsAgS A A VFA
TET 114 gllolloy, ¢zeldxgs 49 15.2 g/, Ex8s 45

Aol VFA =& YEUWAT. AAg &= Hol VFASE ol davt
= S7MAFES 1" 5-3-6()ell wEbdukel o], Hof VFA s&=7F dAY
< 737 5ol vt ou AA T B¢ 3L vErskth VFASY & (yield
7NdE=] wet 30.7-41.2%°1 At [719 5-3-61. thAlwpr]do] W =
of Hlgte] FHoE £& VFA A4S Yeiiiey, dAe axe Ak
T AR A2 e

vz UT A&Me] 5723} sugacane bagasse} chicken manure &3H&EZH
B 1.69 g/(L - de] BAHoE 324 g/Le] VFA 55 A4kt 2 dAFoAs
Hd VFA 5% 15.2 g/lLo]loy, A4de 51 g/L - D2 =A YEbSTh metA

MzfFe Fntol e ze Hste] BlFAdo] w2 HiojoUxatd o AT

b

i)

2 o &
sl
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Y AEFERE VEA A4ss 3H) 4858 A VFA S
A ENE AFAEY EFLRE] FAL
e

AAkel gk AAAQA A77F 27E T

320
E (a)
S 151
N
[+
=
g
o 10 1
=]
(=]
(5
<
<3 3 —e— Control
> —o— NaOH 0.5 N
E —v»— Thermal
£ 0
.5 ' ' ' ' '
= 0 10 20 30 40 50 60
Substrate concentration (g/L)
20
(b)

15 A

10 A

—e— Control

0 1 —o— Thermal
—v— NaOH 0.5 N

Total VFAs concentration (g/L)

2 3 4 5 6
Time (d)

o A
—_

(179 5-3-5] Effect of pretreatments on VFAs product concentration; (a) Maximum
VFAs concentration obtained at different substrate loadings, (b) Time course of
VFAs concentration at 50 g/L of substrate concentration. The Laminaria japonica

sample was pretreated with 0.5 M NaOH at room temperature for 24 h, or
thermally pretreated at 120C for 20 min.
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8 \ - 40
] - 30

2 1 —e— VFAs concentration | 10

VFAs productivity (g/L*d)

—— Yield

Yield (gVFAs/ gsubstrate), %

0 10 20 30 40 50 60

Substrate concentration (g/L)

[1¥ 5-3-6] VFA productivity and yield in VFA fermentation at different substrate
(Laminaria japonica) loadings. The sample was pretreated with 0.5 N NaOH at
room temperature for 24 h.

)| 272 VFA @8o| 92 v X & alginate &S E3)ste] VFA 2a<4

£ A7) 1A}, alginate 8 50] 53k vibrio typed] HAES o] &t HA
% e dey. 18 5-3-78 Vibrio harveyi %9 H7}ekol wlg} VFA A4k
e BAFE AS=R Vibrio harveyl € ©]83F AA g o3t FH) AE<9] VFA
s

——@&—— 0 ml Vibrio

s o SUTRRTIN 2 ml Vibrio
——-w%—— 5mlVibrio

P a\ — - —A—-- 7 mlVibrio

- \ — —& — 10 ml Vibrio

4 | - \ — —0—— 15 ml Vibrio

Total VFAs concentration (g/L)

0 20 40 60 80 100 120
Time (hours)
(18 5-3-7] Effect of biological pretreatment using Vibrio harveyi on VFAs
fermentation.
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. a5 ALgE

VFA BEZHOIA A4 D Rr1Ee] FFE VFA A4 Fad 4TL
@tk 19 5-3-8014 UEhdnlel zto] QergRel Fhael we VFAS Al4ro] W
[e)

s glom, AAd v FPdEe]l Wad AL & + Atk B ATNAE of
_]

o B YPYRE FUASE QASIA =
BEAUS FASAY. 19 5-3-98 A5 A7 Sl mEk VFA Ao
oA = s BAFa Ut o3 AHAERE F4HEFE VFA HaoA 87
He FEL4EES 5 dAE + e 2E & 7 U
8
I — Ve
I g ::giumgé‘: / 7"
g B medium5% /
5 il A medium8%
% ° ¢ medium10% / /
- / /
£ » __—m v
g 4 //e
7 v 7
£ N .
§ e A =
S e =
0

Time [hr]

(179 5-3-8] Effect of nutrient addition on VFAs product concentration.

O manure0%
VvV  manure2%
— 5 B manure5% .
< A manure8% -
% ¢ manure10% _
2 4 e
g yd -4
3 / —
2 3 b AT
S /
2 e e
E ) > /
> T v
Z o m— L v
oa v
e -—
14 —
(Ve T T T T T
0 20 40 60 80 100
Time [hr]

(1% 5-3-9] Effect of pig-manure addition on VFAs product concentration.
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4, 9°F 2 AA
B AFAE @718 REITES o83t sEFIE THRE I8 AW
AHVFA) BEEAL S AR OH, VFA Aibgo] mAs AAgashs satdsE
AaYo Rl AT S AR
27 oA F2F Y, 52[Q Al Histe G o=
2 VFA A28 YeER ST
E838td dAg o] st VFA Hdl 55 50% °)d FFAE F
o, alginate EH|YES o] &3t A E T A5 oF FuIHES VFA iAo
FAE AT B AFolA 50 g/Le] EWUMZ‘ETH 3Uzte] W o3t Hu)
VFA ¥%= 152 g/LE 4S & AAh
HEFHE o] &3 VFA AT A AAA F4E Qs 4SS viAA
Bog g Ay Z4HH5E VFA 2FoM 27HE JUA4ES 97 oA
T AE ALE et
AA7NA o] AFA3, EFEZEE VFA Asle 349 24832 siA
VFA s=3d71e/lidad HA3AE] £FL3eY F2s <

Aol YEFES VA= ARl Uizt AAARJ] A7 7E T

%0
32

v

_—

[

5. F5A2)

VFA B4y 348 BE2 24933 9 SRS AbEe AHsetn
Astel, VFAY 35 3 ¥%34L 9% RIS AT /1209 5
AR EF VFA BEFFNA AAHE vshso] YA e Aol VEA F
RE] AANE PR DAR,
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- 87l B3 furnaced o= FX=E HHZ
dE52 WaHz g3 Aoz EEg 3o GC  (Gas

chromatography)® =xA-<& 2434 th

Cooling zone
— —__ f2-28m)

Furnazs
(T=220~275 "C)

Temporature
Cvan Controdier
L )

= Aw

Pump
{0_08 millming
Pump hoad (modal) : 58
Flowrale range (mifmin) § 0.025-5
Fressure range (Mpa) @ 0.1 =60
Manomaotric module imodel) © 805

Mied acia
[RI--EE

(19 5-4-1] 43 AA=

2
(1) ZEHA Cu/Zn/Al Fv] Az &2 54 4

- 1.2 M¢] NaHCO; =89 A= (pH = 8.9)8k%1, 0.02 M2 F<4 Uo]Ed o]
E ogd F8F §A(pH = 5, 68 - 69 °O)oll H7%

2/ ZH52 69 - 70 °Col A myk.

DI water2 Z¥ 2 A|l3H.

105 °Coll A 48A1%t&?tF A=

- 350 °Coll A 3AIZHEQE &4,

- XRD, N:0-3}3t53h, TG
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E O
o

=23 #7014 §3Fe 0.015 mL/mneg Zul %

Q] eko] i3 WHSV(Weight-Hour-Space-Velocity)&= 0.35 h'& &A.

Sl A Alxd Fvje] T WA

- S BES] AMEE 49 e TR AA E59 200(EHDE
A

- 1S L= 250 °C, W3- & 40 barg #A.
3. A7 A=
7b AEHA Cu/Zn/Al E0] Az L EA B

Cu/Zn/Al Frls 7]&9 WHoZE 55 SulE 3t A=xsAT. o2
A AZE Cu/Zn/Al vl 2 74 a9 vld w2k 1711 - 31.68 m*/g2 +
g &4 ZUHS BT oo tiulEty A ZF-E(CIEAN=YZ/E = 4/1)

-8 4554 m?/go] At

[3 5-4-1] Cu/Zn/AlY 2t 74 H49 Hlo & 2 FHZ

Cu/Zn/Al ratio] NaHCO; concentration (M) solvent Cu surface area (m?/g)
4/2/1 1.2 17.2
2/4/1 1.2 21.8
4/2/1 0.1 20.4
3/3/1 0.1 water 19.8
21411 0.1 20.3
2/4/1 0.1 17.1
3/3/1 1.2 31.7
Ethylene
3/3/1 1.2 Glycol/Water 45.5
=4/1
A F-E §qoA Axd FHEGEM)7F =& FHH S VA= A
2 IR Axd %7] Cu/Zn/Al S AFA7E w-¢ F AAA S 7HA
v ZOEZRE FAY F vt FE&AA IAH Cu/Zn/Al EFA7E £28H 9
CuO AA Aol FE3tA g+ A vl }OE] fgdlZE -5 &Yl A=
Cu/Zn/Al E3FAI7F &89 £ CuO 2B FEstA &t o|2A BWEstA &
o AAHAL Cu0 YA e FAY HAPFoZ FAHYS S oudit) v A
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GRe] GAE Fulol A Bl e AgelA ol F Yonz of

Ly
2% XRD A 24F dold Cu0 YA7 wlg Aobn B WEDA S A
o

4000 - /S ‘ .
'. o _r./.ﬁ"'- k"’u-a.-.-f h,.«)'“""*“\r“\w

I 5
P gty b e e g g

Infensity (CPS)

2000 T T T T
20 40 &0 &0

two-thetla (dagrea)

[19 5-4-2] &4 AZ Cu/Zn/Al v} AF-A12] XRD 23} (9]: &l A
Azd S, off: LA I-= YoM Ax" =, Cu/Zn/Al = 3/3/1)

Azl vl Ui YA= ot 283 22 SEM 32 TEM ARKICZ #EE
Atk N-E8 53 Aoz =49 =vje BET TWHAL EGEe A% 147
m’/g, FEHOTZRE Aol Zmj(WHm)e] A 85 m’/golth EGH 9 Cu
FWHL 455 m’/g, WEHS] Cu FWHL 317 m’/gl®, Cu EWH| ¥
(455:31.7 = 1.44:1) & BET EHAH|(147:85 = 1.73:1)9} ¥52d A4S HA) o]
& AFAZHE EGEM ] 52 ®¥A L F3E S99 Y Tx4E #AE
o2 Rt

rr
N
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[19 54-3] A2 S Z-& §Ho=2HE Lol Cu/Zn/Al (Y%}
[e3]

7l Cu/Zn/Al S(LE%)Y SEM($1), TEM(et=l) AR

A

EGEZm7E EF&dolA Jd8 5, 24817 e d3etd 545 TG=
AR 100 °C 2o Wi & &3 FJas Fu AxFol AER 9 &
o] SR Btk &dFo] AP Zuf AFA= 235 - 280 °C FZolA &
et Tt 5% FHRVO|ES 54 JES A4k ZoE A

(Zno, Cuz)(CO3)2(OH)s — ZnCO; + CuCOs + 4ZnO + 4CuO + 3H,0 + CO,

AAE CuCOE 394 °C HZoA CuOgt COE ElFE Aoz dHA
AT
CuCO; — CuO + CO,
AAE ZnCOs= 428 °C FZoA ZnOt COE E3lEHE Aoz dH AU
=3

- 269 -



ZnCO; — ZnO + CO,

o] % A4¥ CuOx Cu0% CuZ 805 °C F-9 1204 4 glojx 3

2CuO — CuO + 1/20,
CuO — Cu + 1/20,

ojg|3t A= RE E Fv] Az FAHoA 350 °)C FZolA FulE LD
i=]
B

7% ZnCO;¢F CuCOs7F o

i_z % 0 %
[O98 5-4-4] A= =-F 2E HAAH Cu/Zn/Al ) AFA S TG

HFTHoE A EG S 2 FA98L AF7HA EdA 483 =

Mz Hoo] xudoz AA Ho THA <

b
=2
il
2
BN
_o‘h
2
i)
ki
et
o
%0
v
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[¥ 5-4-2] Cu EHZ ¥l

Cu &4

w7 (m*g)
J. Catal2005, 229, 136. |Cu/Zn/Si (2.8:1:tiny)| Co-precipitation 23

J. Power Sources2006, 159, Cu/Zn/Zr/Al

27 (1 Au) SR EES

Co-precipitation 25.9

1296. (3:3:1:0.4)
J. Catal2004, 228, 43. Cu/Zn/Al (2:4:5) | Co-precipitation 10.1
Cu/Zn/Zr[Al L
J. Catal2003, 219, 389. Co-precipitation 23.3
(10:5:12:4)

Appl. Catal A 2003, 253, o
Cu/Zn (4:6) Co-precipitation | 21.5

201.
Appl. Catal. A 1998, 174, o
231 Cu/Zn/Al (10:11:2) | Co-precipitation |  29.1
Catal. Lett..1997, 48, 55. Cu/Zn (3:7) Co-precipitation 20.3
KIST |9 (W=H) Cu/Zn/Al (4:2:1) | Co-precipitation | 10-23
8- (CF 83-3M) Cu/Zn/Al - 9.85

KIST A48 (EG &w) Cu/Zn/Al (3:3:1) | Co-precipitation |  45.5

U, 714 2dukSE A5 bk

E3Fg7)4ke) ML zAS 48S Folsty] 98l Katalco 83-3M M2 o]
g3l olHEA, T2y ek Helabo] 1:1:19 ERE E3d =2d 3 {4
T3 ISR AHIANAG AAHE EF €IS GCE o83t &l ¢ A3}
o AHE BXE FAsAY. T4k WA AR 3 ¢F L WSSl oA
HZE A=Y, 3714 #4714 HHSE=2 o] 83 EAdF oAM= 9714 9] o 2H)
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[3 5-4-3] =& 7714 2 3§HE9] 43 HhS

WHSV 0.47 hour™ | 0.94 hour™ | 1.17 hour™
C2-acid 100.0 60.2 51.8
A&

@ C3-acid 100.0 60.1 54.9
C4-acid 100.0 61.0 57.7

C2-ol 18.9 5.8 4.2

C3-ol 24.2 7.2 4.9

C4-ol 37.2 9.0 6.4

kg ¢ADIE F714D 652 180 127
C2-acetate 1.7 3.4 3.6
C3-acetate 2.0 7.2 6.9
C4-acetate 2.1 4.3 2.9
C2-propionate 1.9 0.0 0.0
C3-propionate 2.2 4.5 2.9

TE C4-propionate 2.3 5.5 6.5

(%)

C2-butyrate 2.5 3.2 3.7
C3-butyrate 2.4 4.2 7.2
C4-butyrate 2.6 6.2 6.0

C2-ol freff ol=H =2 5.8 14.9 13.5
C2-acid & o=HZ 6.1 6.7 74

C3-ol e ol =H = 6.4 10.0 94
C3-acid #&f ol=H= 6.7 15.9 17.1

C4-ol fr&ff ol =H = 7.5 13.7 16.9
C4-acid & ol=H= 7.0 16.0 15.4
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2. A 2

7h ARAA 2 As
1) 2E A=
B Aol AEE SRR vtolemjs B FHRAEL 45 CCollA 24437

Az & A&t o [ 5-5-1]0 29FstATh

[ 5-5-1] A4 A=

Al B 4 9 Ay

T} A |} d=, T4 A=
GC-110615-E1 A, 48 &  FHOE MH
GC-110615-E2 BA, 8 5 F oA ESE AlF
BJ-110617-E1 AU, +48 FF F FAHOE AF
BJ-110617-E2 A, F4 FF £ oMHELE A F
RL-110610-E1 A, 48 F&  FHOE MH
RL-110610-E2 AU, 4 5 & oA =2 AFH
BJ-AP2-111117 s, &4 WA (5 wt% 34k, 100°C, 500+)

g2 T4 control box, feeder, fluidized-bed reactor,
cyclone, quencherZ T/l Ut f53 7|Al= d4E ol &, 54l

2 E sea sandE AFE3HY T

CRAIDH s2Res -r
400~700 g/hr 400~500 T [~ BioChar [~ Bio-oil

| Feeder |—| Reactor H Cyclone |—| Quencher[—b Bio-gas
| | | kil




[3 5-5-2] AAxe] A4 =4

Sample 5 g of Kelp, dried (150 gm)
Solvent H,SO,, HClI, NaOH, NHjs(aq)
Conc. (w/v) 0.1, 4%
Temperature (°C) 25, 50, 75
Time (hr) 0.5, 24

==
fres @l ¥E71Y WHE fFE5AE 100 g9 sea sand (< 300 gm, M.D.
_Q_

A&7 Aol w3712} hopper W

BE FAkA 9712 7] sl BAE 1A FQF purgest] FAH o] & W
7t 5 £¥A7]3L air pre-heater, ¥F-8-7] 4T3} 3H, cycloneg W3 A 7}
gstAth ZE A2Ee 257t b3l HWH drying ovendl A v AXH AIEE
%

=
#&ato] hopperdll Tt 535 7129 FEFS AF FEFoE 2HFT T O

oF 1M3t &< purgedto] F At £497] 2 2%, o] A AL Fdsta
Hhol el 2 ARE W7o FH38H7] AZein. Blolertzel Aie #4357
s AE AF F 1587 4539 gas samplerg T3 7F2=E samplingd}tSl ©.H
+H TR F 1IN T AY 22 E purgingstit

X7 E 0] 8% Hlole e d A4 AFdAE Fa 4 Wyl &S
25, H4& 7531 £5 H], feeding rates WA AZIHA I FEFS A9 HYOS
o, AAgd gArtY Aeolle AR dx 8 F8 didEE 7S s
&3 2% 400 °C, HA3 53 £58](Uy/Ung) 14, feeding rate 300 g/hr ¢l
z3NA sttt
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1) 39 &4

B Age A AR FE, IR, SR 3y B4E AAEAT §
B g3 gtastn g AMSsla JE AXWMS ALt AR B uye
Sl Al oF 2 g& AAStY Wil 10543 “Co| I x7] FollA 243 A=
A F, B4 G dAAolE A W F At OA 1A7F Tk Az
o} S wbEdte] A& 23|19 FH AUF 2 mg °lshyt 2 wWiZkA dEE ALE)
o Ax Fe 2k 3ta T H%}fﬂr 3|89 AS ol A

Ad NRE F4S = A3 719 &3 A2l 3 60025 C«] ovenol| A 7
g3l 43S EBSIAZITH EHYE 28 AT AU AoA WAz T g AA
] H IS

= 1
olf A A3a AFste AS WEste FE IS FAAR fLEY o= 4
7

-5-3]0 L.oFEk 4T

Condition

Flash EA 1112 series, CE Instrument/Thermo
Instrument .

Quest, Italia
Standard BBOT (C, H, N, S), L-Cistina (O)
Sample weight 1~2 mg
Combustion 1100 °C for analyzing C, H, N, S
temperature

Pyrolysis temperature | 1060 °C for analyzing O
Column Porapak Qs (C, H, N, S), Molecula sieve 5A (O)

©G) TdF &4
Hioleumj 2z gl Hiole o o] WAL ALEA AHAE 7|22 o] ot ¢
Dulong’s equations ©]-83}o] A
Heatingvalue (Kcal) = 8100 < C + 43250 < (H— (O =8)) +2250 xS

>
Ol
o
2
o
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4) €& A= &4

AR vtolertxo AAF F AR £4S S GC 24 e AAlsan. A
Z7]2+ TCD (Molecular sieve 5A)9} FID (Carboxen 1000)E A+-83t% o™ TCD
AX= Hy NoE 243313, methanizer’t &3t FID| 4= CO, CO, C1~C3 7}

Ao g3tras BAST AAE Hloleed e daRy, 8 I 24, 2
F o4 2 A4 BHS FI¥sdd vloleed WY FE OFH 24
Volumetric Karl Fisher (KF) titration method®] €&l ASTM E 203%°l| F3l<

=R

3. A3 A3

AA, lzF "ol emj2o] &2 RS fdl "I sAHAA HiEH=
HabEe] npoleede] drmA FEIMsAHS HIFSIAT. Wrtel ARER
&

A Az

-1 =

offt
ol
==

=

& 24 e 49 B, dge £F
Ak BB BT AT Tk, s, a8 Aae] FFol A9 4
q

T}
@ Ass LR (F 5-54]). W, VFA B4 482 AL&sh] 9js) 4
o}
=

"

A PHBJ-AP2-111117) 8] 7 $-oll= ©49] o] of 17% A& F7tetdon 7
A wreo] e 29k FARE s JE ST

(WE%) | (wt%) | (wt%) | (wt%) | (wt%) | (wt%)

Kelp 29 438 1.6 <03 38.4 73.8

GC-110615-E1 31.6 42 2.7 <03 37.4 75.9
GC-110615-E2 32.7 46 26 <0.3 37.1 78
BJ-110617-E1 31.9 5.0 1.8 <03 39.3 77
BJ-110617-E2 31.3 438 1.9 <03 40.1 77

RL-110610-E1 30.5 46 23 1.6 38.4 77 4

RL-110610-E2 29.8 45 2.2 <0.3 405 78.1

BJ-AP2-111117 46.9 5.8 0.8 <03 412 94.7
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T B4 AxE 2y wmd ([ 5-5-5]), oAk dASe vusde u
NFE FF F tAInt BAEL JHo] o] ¢ 5% AE FUIstom ol
met 3)Eo FFE oF 5% AP o™, VFA TAH FAEL Agoe IR
gheFo] oF

o] °F 30% AE Z7}slgoen 3Ee] sFT 1% o|st=E AP uelhA,
ot

ke FF F Ant BAES A eols ThAlvl dAlset & AolE Holx| ¢kt
A9k, VFA 34 FAEol Ao= 400 °ColA oF 10%, 500 °CollAl ¢F 15% A%
dTF Wt FUtete A4S BET £ AJT ([E5-5-6]). WEbA, A7 da
B, 3 24 2 423 24 2945 EUE ARy, F5IEHE ol &3 vt
0] 29U Aato] VFA 74 FAMEo] dF2A o]&rssity AdkEH, thAnt
A S} HnPS o Hlole Y & ZFHAANE FET Zolgtx AztHT

Sample Water Volatile Ash
P (Wt%) (Wt%) (Wt%)
Kelp 4.66 65.17 30.18
GC-110615-E1 412 68.81 27.06
GC-110615-E2 412 69.86 25.72
BJ-110617-E1 3.99 70.73 25.27
BJ-110617-E2 4.62 69.03 26.35
RL-110610-E1 6.38 69.04 24.59
RL-110610-E2 6.4 69.4 2415
BJ-AP2-111117 3.62 9591 0.43
[ 5-5-6] 5 74 vl
Weight loss . After EtOH After acid
o Kelp as received .
(wt %) extraction treatment
400 °C 49.7 51.4 60.6
500 °C 54.7 57.6 69.9
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— BJ-AP2-111117
—— GC-110615-E1

—— Original

100

o o
«© w b

(%Im) ssoj Jybrap

20

500 600

400

Temp. (°C)
[28 5-5-2] FFH4HE TG

300

200

_lﬂ,ﬂ
W
xr
i

=
£4

sl
)

181 & Fsty =23

W, A2 gArp o] &A] Hloleex

SHE B

A %

T Az}, Al

—

1o

o

P
T

At webA, Feid=ols Holeed

455

o

mK

il

[ 5-5-7]° YEbHAT. A2 A3} Hasksd

7l ARG 4 AE A 2 '3 w3k,
(5 wt% 32F 100 °C, 500%)7 AL FARRE 94

o)
o

UFER AT

4 A%}

=]
R

1 BH, NaOHE At&

Astg 2w

7 )=
T+H =4

73

1

A9, NHs(aq)E A&7

J

L=
gor 3

7
Furgel
bel 7o) 27 wtol

J]

s}
=

/§:]'E'4

el grepol of 7

i

o] e k7% AR

°F 30% <7tstlon 3
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Rl

3

=
[¢)

%
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[ 5-57] AA 2 GArte] 94 £4 A
Sample C H N S @) Total
P (Wt%) (wt%) (wt%) (wt%) (wt%) (wt%)
Kelp 29 4.8 1.6 <0.3 38.4 73.8
4wt% H,SO, 421 5.5 2.1 <0.3 46.7 96.4
4wt% NHs(aq) 30.9 44 1.2 <0.3 46.7 83.2
4wt% NaOH 33.1 4.6 2.0 <0.3 43.8 83.5
[ 5-5-8] A2 vgAlrke] & £4 23
Sample Water Volatile Ash
P (Wt%) (Wt%) (Wt%)
Kelp 4.66 65.17 30.18
4wt% H,SO, 3.42 95.35 1.23
4wt% NHjs(aq) 6.0 72.16 22.83
4wt% NaOH 6.56 62.59 30.85
[Z2% 5-5-3]0l ZH2be] A g W wE d5% B4 234E Yo
97] %02l NaOH 2 NHyaq)® AH8@ Z5ols thAnt dAlgst Aol 4
92 FEHL JEon, Wi HSOE A8 Ade gude g% 98
L% 279 400~500 *C TRIIA L] AEF WSl oF 20% A® ZrlsE AR
Bgh mebd 4719 Aa B4, FY BY 2 9FF BY AFERY 44
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4719 AE ENE A ARt o] §3te] oo Fael P

25 425 °C, HA3 #F83 £EY(Uy/Un) 18,

21 4 arduge FUsat. 44 A5
SGATEE ol §F T4 GRS AY Ash, whole oA £ %A 6% oF
A FAL £ At @A & FolA AFH HH A

9% BE FH
oz 44T
A28 A v}
8 o)},

= = =
2 Agstr] s w2t 324 RESFAE set-up AT ([1H 5-5-7)). 3=
AL A3, Hol B A7 JFHL s FHEEA 9 ol Pd/CE o831
712 AP s WA, S0 1 g3 30 mL whAvE feEf vloje e d F{igh
T FAEE T8 purgedte] ®REEZIWe FUE AASAH. o] F WEEIIE T4
2 A9 9 4 50 bar7kA &AL WG 2531 300 ‘C7HAl F2AIAT ¥
25oA 2045t REEAES FHEAT. Whgol € &, WASsE o] &5t
3718 AetA WAA7IAL AgE AF St HP-5 capillary column(60 m x
025 mm x 0.25pm)¢| 2 GC-MS(Agilent Technologies, 7890A)Z WH-& A&

0
= Aoz BYsdn ([1¥ 5-5-8]).

AE A3, vk F ulo]e oo FEHE #ES HS u A A vole
ol HlE| MZo] P AMofx de Ao Walgt S ISt on (1™
5-5-9]), °l& Hol 2
Hpo]l @ @ Aol 23}
ol & glstr] 3l
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5) 34 BAIZF AT BN size® AT 2 FAe ARG 7
o

[ 6-1-1] ZxFo 74 AR

Compenznt Base of design | Used in simulation
Dry wt % Dry wt %

Ash 23.63 25.48

Algin 27.78 27.78

Laminaran 16.67 18.52

Mannitol 14.81 14.81
Fucoidan 3.7 -
Cellulose 6 6

Protein 741 7.41

o] & {5t oA EHEN YEld Zdx2Fe FAHAHEES HT4S base®

st A AR (fucoidan)= A d UmA] AES TAHREA ARESAH (3
6-1-1 F=x). &, ZZFT mannitol, alginate, laminaran, ash, protein, cellulose &)
EgEoly B4 d938 mdyg S QoFstd oS3 )

v' mannitol¥} sorbitol o] @A o]™ sorbitole aspen database°l] 7]¥-% o
2 A FH+= EZo]2E mannitold EA-E sorbitole] A& AT
Alginate= A Z7F E23}H ascorbic acid(CgHgOs, aspen databaseo] &
g = 75T
v (7}Esl] $) alginated] ©EFA|= skeA o] CeHi00701H FAFSH 81eh2a] &

[e)
=
=
=

\

zr=  D-—galacturonic—acid—monohydrate (aspen database°l] <x]g})<]
de A& T

v' Laminaran< cellulose® ZFF3}lo] aspen database®] £#]3}+= cellulose?
B4 A& T

v' Ashi= calcium—oxide® FF3F . (NREL[8]H <)

v Proteine aspen database°l] &3l &2 o)t}



HIS04 NH3 Enzyme Enzyme H2, CO2 H2
1 | —

Feed
W . Acetic acid Acetic acid Acetic ackd Fihanol Ethanol Ethanol
- Y =4 Saccharificati S— . “thanol . -
‘ Freizeasmient ] A SASERREERN on’ i‘ Production ] -"[ Purification ] “| Production " Purification

Steam Inhibitor Waste Water

RIS

Solids and Waste \\"alu.-_

(19 6-1-1] SIZFZ2HE TdLIS

o
o

37 = =
Ao T4 s5%

O dAe 2 F3sA

t=o "ol Aspen plusE ARgste] 7R dAE B ZEyAde yE
it A dx gAvt 39HE 10%(w/v) ’“Fﬂﬂ]i W=7l fs 2 A
R 164.3C, 689.5KPa2] steam= ©]-&3 A& F FibE=7F 40 mM7F HES
A= A7k
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E YERIT
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TAEEE

Liquids from F-101

MTEBE
To hydrogenation reactors

P-104

Extraction Column

[19 6-1-5] EFF714 2285 A

MTBE tiH]
TAoz HAH

CH,COOH+ Hy— CH,CH,OH+ H,O
Faslo] o oerg P ALEZHA HAHL Schuster ol 23 7
HAale] & OH%M oere FA A 7 A o]
S 97%°] EL S FEI TE oME )
< ¢4 oll?‘r[6].
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Dry seaweed

Hydrogen

VFA produced

Ethanol produced

11,415 kg/hr

312 kg/hr

4,757 kg/hr

3,540 kg/hr
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[ 6-1-3] 929} AFo B9 714

Raw material Cost (US$/kg)
Ammonia 0.392
Sulphuric acid 0.093
HP Steam @ 165 PSI 0.0179
Nutrient 0.786
Hydrogen 5.9 $/1000scf
Hydrogenation catalyst 18.975 $/Ib catalyst
Solvent (MTBE) 1.29 $/Kg
Inhibitor (Iodoform) 3.3 $/Kg
Products Selling Price (US$/kg)
Ethanol 99.5% 0.891

F ZZAE AEH= AAH 9 economic life 10837 A 7P dzre] W

ale}

>,\1

2 B3 X7t "ol AoE BFaAn A HYES A8, AF WA
o)

=
cAMA 10d 3% T EJE7HA =2 ¢ A= HY sixzF vpolevs
AF 7HEMDSP)2 Azt sl =F A # 100,000MT 7]z 153$/tono. 2 A4k
Atk o Ee &Y Z71F AL AL g HoE

[3 6-1-3] 10d & & &7l Ao Ag4HUSS).

Total Project Cost 18,341,000
Tot.al operating labor and 1,854,000

maintenance cost per year

Total raw material cost per
year

Total product sales per year 36,256,600
Total utilities cost per year 9,921,120

18,297,200

AEZ T Ifo] YeERglt AECA

10d3F R84 £2E 1ol
b TASE AL B ¢ Yok 916189 397% =

AAAE AA LG8 768Y
e} AAGEd ol gy Mg 53 % A RUFE-EF
71 BB, EULRE BYFH—AY qUA 2T Anz 2 £ 9

.

:|0_HAT~
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B Total Raw Materials Cost

B Total Operating Labor &
Maintenance Cost

m Total Utilities Cost

B Operating Charges

B Plant Overhead

G and A Cost

(19 6-1-7) 33Gule] sl e

Agkalgol B3 I A7|(capacity)®] EHE A7) S, 71 A2AA
(100,000 MT/Year of dry seaweeds)®] 50%°NA 500%7tA #EE s F4=
Aspen Process Economic AnalyzerE AR&ste] &4 sttt 71 A3, B AFolA
ARERE 712 A thiEl oF 400% O 2 &FY 3Fe AT A 3RAAY A
AGE FENE = e AS & F UM v=2 2"l MDSPet &4 =719
FHRAAE el e 1HZE YEH AT

210 -
190 -

170 -

MDSP $/Ton
[y
&

50 75 100 150 200 300 400 500
% of plant capacity

(29 6-1-8] A 318 A= =7 7HA43% 27|98 ZaaA
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7 A+ 53
B AFoA s AZFEZHE F7|A8 ASE 53t O Ys sslds=2 o] &
H £ Q= & ozl FE(bench scale) §714F A A 7)€ AYE 232 3

U A W
@714 Ashe Bavt fE 2A0A RS @74 YR o8, %
4714 BAG - HA14ANE, AR, SABRANE 4714 A% D2

del apmbgelth 8714 Aste = ARAE FEHEE $A, DR 4]
(o - B5SE, w0, AW )Y AFEAAY, FEEA 4B 9T

faaw X
1=}

f s
HEsAH oz AR ZE && 7153 vlo] LW E(methane, CHy 7}2~Z #2335}
?_:x]_
s}

)

Wik 5)8 o83 3 fr]4Hvolatile fatty acids, VFAs)
2 SaHy) 7F2E BIEts 34, 18 JEFHoZ 2

g7t~ E A dd AA o 6-2-D.

o it
ki

>

A, o=

3, =

2
a

4
24 9 F28 olgdl

2

ki eichy 70 C0z + HO &(CH
o9& — o].u];{\l. — 11'1_:: ' > W &H(CH)
g 2ol & \

—
\ CH:COOH [y | " EHCHY

A2 e e

______________ |

[EoN 5 e———

B e QB 1 o

_______ |_______I
= > | < >| < > | < >
R e s A B et
REYOE

(1% 6-2-1] @718 48k o3 f7= EalDA
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A7 &3t AAHNA AAEHE FrIe 2AHC2), Z23)24HE3), FEHE=E

ACH) FoR FHHM olES F2UPNEE Bl 747 oEg, Teug ¥
92 WBY 4 Atk Bed, B ATE H2F volens SRFYL AT F
B FRe F714 YA E 2Aske] FAY sl A3 f714 YY) 27
& AESD Ao 208 WAse] oFel f14E YASE AH g v

7h AdEA 2 AR

(D &4 AAge 93 slz=F FE2= &1

2 Aol AHEE slxRe AgdE gxolA AE BAlwHLlaminara
1

Bds f714F AL 7P E WHEY] St [1F 6-2-2]19F o] #4k AAHYE
st A2/ FEES dRSAT St AAY AL A4, /717 ZF2E 250
S

_i"?_r
L &9 few-g7lol gAlnt 20 kgt 5 wt% 3ak=89 180 LE ¥ 100 Cell
o wuksly HkgAZl & ukg 985S HE g A(filter press)E ¢

Hate] A W= AT olF FAHAw(CaSO)e.z FIAI7]aL HE Y2
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Seaweed« Acid solution

20 ke 180 L+

\/

Reaction Condition:
[ Autoclave ‘

Temp.: 100 "C«
Reactor+

Time: 500 min«
Residue+ Liquid«
h 4 h 4
Washing to Neutralization
remove H2SO04v by CaCOs-
h 4 v
Material for Filtering to
another process- remove CaCOs¢

Material for
experiment«

[T19 6-2-2] &4t AA g 93 =/ FE== 714 SHHA

(2) Bench scale @714 438} 3|
2 Aol AREE bench scale @714 43 34 AX= WA 40 cm, =°|
100 cm= 100 L &%F¢] 3709 w3717} A E 2 ddo] Fof
I A& (continuous) HH ] T&o] JhestesE AAHJAHIE 6-2-3]. &
.%:

2 e & v JJAE AR @714 vg =2l H
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Total Total Total
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LooL 1001
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102 103
I — Water ot
2 13 e
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He TUT i
£ 1083t Fdstdrt. ol F s HAFA] WwEsAE 44 10%0/v, 10 L) F
dstar, pHE =4d37] 93l 3 M2] NaHCO; pH &% 898& o] &3ttt #7]14F A3
b W82 pH 6.7~7.0014 35C, 30 rpme.2 FASIATHE 6-2-11. WH-go] Z3P=]
© ¢ HSAX MM TSt TtaFe S fste] Tt 2HTVE A As
n

He Ansgh

Gas Gas
bag bag

Reactor 1 K Reactor 2

(19 6-2-5] 3] &4 43 ZA

[3 6-2-1] 3 &4 438 =4

Reactor 1 Reactor 2
Feed Concentration (g/L) 55
Temperature (°C) 35
Nutrient KH,POy4
Buffer solution 3 M NH4CO; solution
Sludge ratio 1/10 (Sludge volume/Working volume)
Working volume (L) 100
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Hkg-o] M HE = Tt iAol dAFE AU ERGE,500 rpm, 5 min)sked
A 10 mLel 10 mMe] wWE g 24kinternal
4-methyl-valeric acid: ISTD)® 3 M2] <?l4Hphosphoric acid: HPO)S Z+zF 1 mLA
A7 e H oAl AAEE(15,000rpm)>E AAEHA S frl4h S8 sk BAS
ZH(capillary column, Agilent Technologies, Inc. model HP-FFAP, 50m X 0.32mm X
0.50um)o] 2+ GC(gas chromatograph, Shimadzu 17A)ol EZro] L3} 7 &7|(flame
ionization detectot: FID)& “&&ste] &4& AAATh &4 T HAst= 7t=e
dFHE% #HZ7|(thermal conductivity detector: TCD)E #2FgF GC(Shimadzu 9A)E

o] &3l AT WEg=AHE 93 GCo =& injector &% 200 C, detector

ojf
2
tlo
e
o
of
ol
=
ox
ojf
L

L% 250 CHom, flow rate= 30 mL/minZ FA 3Gt §7]4ke] B A-Ax}= [

d 6-2-713% 2o

(79 6-2-7] §714F 24 A3

- 310 -



HE-3-7] 25 58417 F<Qbell Z+7 18.98 g/Le}k 20.60 g/lL= =2 F714F A4t 55
FoEQ Zzke] whgEe] f714 AR FE0)

o
2
(z
o
A
—
lo
o,
0
—

9 56 A1 A H a1l 26.12 g/Le] #7145t %
W-3-7] 25 172470 H1 F6714F 5= 25.08 g/LE YeERAT. Z Hkgollo o
YA 238 AtiF o7 oA E4Hacetic acid), = 23] 24Hpropionic acid)
2 FEg Hbutanoic acid®] s =71 A YEsow, i E4Kvaleric acid)y} 3
At o) tHhaxanoic acid)2 iAoz ©e w55 HUT AN, oA EL}
2y 24k} A w57 13 20 tia) A2 tE Ades Bon, ole Ze dN
< 9Y FY &g vAdE0] old £8A FHY £ HAES A E HITULE
| & "AESC] f714F A8 98-S s wek ALkE {4

zxAdo] ApolE HQl Ao = ALRHTL

[kl

>
ofo
off
O
&
N
\

(% 6-2-3] 3184 AF e F 4714 P4 H=A

Total acid concentration (g/L)
Time(hr)
Reactorl Reactor?2
0 0.77 1.16
14 0.76 14.13
32 13.25 12.55
42 14.25 14.23
58 18.98 20.60
64 15.77 17.06
80 1943 15.63
88 15.09 13.01
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104 16.42 14.58
124 18.58 15.35
132 16.35 18.77
148 16.70 24.40
156 26.12 21.01
172 15.82 25.08
180 17.85 23.57
30.0
—&— Reactor 1
--O-- Reactor 2
25.0 | o O
o)
A
% 20.0 |
N’
=
=
N
g 15.0 |
N
=
)
>
S 100} :
O .
5.0
0.0Q ] ] ] ] ] ] ] ] ]

(19 6-2-8] 3 &4 AdFAe F 771 A

20

40

60

80 100 120
Time (hr)
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14.0

—@®—— Acetic acid
~~~~~~~~ O------ Propionic acid
120F ——-v-——  Butanoic acid
——A-—-- Valeric acid
100k — —& —  Hexanoic acid
— —0O——  Ethanol

Concentration (g/L)

0 20 40 60 80 100 120 140 160 180 200
Time (hr)
[27 6-2-9] 32 AolA &= 19 F714F =4 W3t

14.0
—@®—— Acetic acid
~~~~~~~~ O~ Propionic acid
120 | ___s ——  Butanoic acid
——A-—-- Valeric acid
— 100 H — —& —  Hexanoic acid
-] Ethanol
=~
=1l
N’
S 80
0;
£ ¢
-
s 6.0 // \Q
51
=
s
O 40
2.0
0.0 A~ -t N - 1 ._h_
0 20 40 60 80 100 120 140 160 180 200

Time (hr)
[719 6-2-10] 3&4 Aol W= 29 77t =AW}
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204 16.52 28.50
220 20.30 29.45
228 22.05 22.05
244 23.85 23.85
252 30.18 30.18
268 29.81 35.02
276 28.48 25.49
292 17.60 30.41
300 20.86 29.15
316 17.16 24.91
324 19.44 20.53
340 19.97 23.10
348 19.16 22.08
364 18.27 23.91
372 18.08 23.43
388 17.15 22.39
412 18.43 18.86
436 17.68 28.14
460 17.85 23.27
484 16.68 26.59
208 19.70 25.04
ol6 21.62 25.06
932 22.23 23.15
540 16.35 19.47
556 17.32 18.36
o964 15.95 21.73
580 17.01 26.05
604 15.66 28.62
628 18.89 28.48
636 20.58 26.48
652 21.51 20.89
660 17.83 19.77
676 17.56 22.02
684 18.68 23.78
700 18.83 24.14
724 15.25 20.50
732 15.28 21.70
772 15.62 22.75
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Concentration (g/L)

Concentration (g/L)

16.0 < »>< »
14.0 } 32 A9 A2 A3 —@®——  Acetic acid
-1 e OQ-vvvee Propionic acid
———%-—— Butanoic acid
12.0 — - —A-—--- Valeric acid
— B — Hexanoic acid
100 — - —0O—-—  Ethanol
8.0
6.0
4.0
2.0
0.0
Time (hr)
(29 6-2-12] A&52] AFoA dg&x 19 F7]4F =4 W3
16.0 < > »
324 A9 A& A9 —@®——  Acetic acid
M“or | e | (O Propionic acid
’ ———-%——  Butanoic acid
12.0 ; —-—A-—--  Valeric acid
— 8 — Hexanoic acid
v —-—0O—-—  Ethanol
10.0 | I
II |
| 9-4
|
8.0 - Yl/ /'\ i
IR Ayt Y
O /ooyt ] b4
6O 9y &3 AT 174 SN T o
.:/9% ¥ oco'(?\ [V \‘Yv/ \';V\r—v
s OO ? & F #\/ Y

Time (hr)

(19 6-2-13] Q&4 AdFoA Wgx 29 #F7Iqt =4 W3}
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On-off valve

Air Tank
Pressure gauge
: Safety valve
Electric heater
: High pressure reactor
: Impeller (stirrer)

: Cooling bath

: Separator

: Stirring speed

& Temperature controller

eRNg UMb -

i

e

Ve

211

+ CO2 tank

: Pressure guage

: High pressure pump
Extractor

+ Heat exchanger
¢ Chiiler

¢ Seperator

© Sample collector
+ Flow meter

10 1 Digital thermometer
11 : Safety valve

12 : Nedie valve

13 : Check valve

14 Filter

15: Metering valve
16: BPR

-3
-

I LI

(3) &4 AH

(D Amino acid auto-analyzer (S433-H, SYKAM, Germany)

@ High Performance Liquid Chromatography (Shimadzu, Japan)
@ UV/VIS Spectrometer (UVIKON933, Kontron Instruments, Italy)
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g 4E g3

(1) otAAGE o §7 H2F sl 53

ANzF (GAvhERH FE&Ed FE/ALE7] A oldAS 7HeRs] &

219] FAEE [O29 6-3-11 YepdTh oA Zteisle &5 27 0971&
7171 Hastelloy A& &2 o] Fojx 200 ai §H&7]G)olA FA= AT 7hH-Ea AP
AzE gA et B2 3 g3 2F5 150 mL (1:50, W/V)E &8t A E(slurry)E &=
H3t ¥HE7](0)e] FHIAT I F AIAVIWE ol &3t AH 2=7HA HEEA
Atk 7z A d37] U 259 dEe 25 2E79% HAQR A7 54
HAh §EE7] W WREES wRbrlel ofste] 150 rpme] YA £EE wHHE
o A3 2EF 200 °C~280 °CE AAHAL, ¥hg g HAAH 7 2xoAe
F37] z3gtg oz FAFSSH, AdHARE T3t 1.3~6.0 MPa HMeYS &
T AT = S AT 28~4280]%a, A 25| =EEtd wEAIZES 28
o2 uA3HL H FEED A U FSuiAlY TS dotry] fste F
o Hhg-of stk ¥ TR F w2 g 93 I+

AZA 1% acetic acidE qb
s

it
Jo
ofo
it
X
lo
Mo
=°.*=
et

o g@ AR Y A7 4Rl BE aves 243
71 93k, AYA el %A o)iEes FE AXE o|&dte] AZT U x=A
& AASAG. QA EAL FF XY FTAHAEE [1%1 6-3-210] vrERII 2L

)
[\
S
je}
Lo
Y
N
it
:(x)l'_',
BN
Ju r
>,
il
rr
[>
v
rO
=
[>
[
e
b
-
it
2
™

500 mL FZ&7](4)
H7kA 7hskE o] F

=2
ol
™
i
32
v
o
>
ot
>
b
rlr
ox
A
=2
>
=2
A
o
[H
®
=2
il
ol
E2

@) FRaE o aaw g 24
ZhrEdE W #9499 FFS HPLCE AHE3ste £45t%tHl] HPLCS +
’32 Shimadzu LC-20AD pump, CTO-20AC oven, Sil-20AC auto-sampler, RF-10Ax]

fluorescence detecor, CBM-20A system controller, LC Workstation software& ©o]-&

o
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ol
.

19t 399 EE ion exchange Shim-pack ISA-07(4.0 mmXx250 mm) 4]
column3} Shim-pack ISA guard column(4.0 mm x50.0 mm)S AF&3t T} ©| &5
Ag o7 potassium borate (pH 8)¢F B&J © 2 potassium borate(pH 9= A-&3}
F=d BEME 0&oA 0%=2 AlFsle] 30&o 50%2 F7FA 71 5059 100%=
7kt 15&3F 100% = FA8tth7F 65 o] F-oll 0%E FHasted F 909 4 A

A=A 3 FBFHE7(Ex=320, Em=430)E Al&3te] B35 HESAfo®
1% arginine?} 3% boric acidE fste XS AMEsIAY. 93 FFE4S o
o233 FRF  &3AA 0520 w/mL HH FEFEAE  FAFHY
HPLC(Shimadzu Co.) #2418 A AJslal peak areaZ -8 A#FEAS At Al

.

4 7tieleE W FAdotu mqtk 24

TAdobr| A4 £ ofr 4k AE 741 71(8433-H, SYKAM Co., Germany)=
AeF BA AL o x4F B4 %718 cation seperation column(LCA K06/Na)2.
=, sizee 4.6 mmx150 mm, %+ 57~74 °C, flow rate= buffer 0.45 mL/min,
reagent 0.25 mL/min, buffer pH range= 3.45~10.85, wavelength 440 nm<} 570 nm
2 E48ith

T s FE 24

A

3F=¥(Total Phenolic content, TPC)<> Folin-Ciocalt
o] &3t FAATH2-4l. Z, 508 FA(v/v, in FFHE 7t
E31E 1 mLel Folin-Ciocalteu reagent(FCR)S 1 mLE &E%3ta 48 & 7.5%
sodium carbonate solution(w/v)E 7}sted 5% &b X&sta FdolA 24T A2
WA AT @, blanke 1 mLe] A E JteRdlES ImLe SFTE wATS
24 2 EHAY. RS EY FF == UV/VIS Spectrometer (UVIKON933,
Kontron Instruments, Italy)S ©]-&3}e] blankel]l thdlF 765 nmolA el FHEZ =H
AT AL 33 WrEd e HFXNE FAGN L EEEFEE gallic acidE ©hoF
g FEE xASt AEFFAS A AHRES 100 g dx AE o gallic
acidel #%@3lE= mg zHmg GAE/100 g DW)o. & AR T Gallic acidel g 7
2 g2l 2 y=0.0398x (R?=0.9984)] A T}

Mo Mr =
o
1o
ol
i)
e

S8
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6) 7l W & ZTRxolE 5 4
Zy 7tRElEeY F EEExol= &&(Total flavonoid content, TFC)-
Karadeniz et al (20050 % Ozsoy et al. (2007)ol BALHE wWHol| ol& =AH=E AT
[5-6]. ®A], 125 mLe] ZFH<ol 0.25 mLe 7leREES Esta, 5%w/v)
sodium nitrite solutionS 75 ul FH7Fste] 68 Fok WAAZIY. 1 F 10%(W/V)
aluminium chloride solutiong 150 ul F7}ste] 58 F<F WA AT wpx|uto g
0.5 mLe] 1 M sodium hydroxide solution} 275 ul& =
T, HFTHOE WA THES b2 T IHAIY. EFEY §FFE+ blank
of gk 510 nmell Aol FF == ZH3Yh blanke 0.25 mLe| 7MEES 5
of THTE nAToEHN FHHIG. FAHL 33 WEHIL, REEHdEE
cateching T3t =& ZAste HAHFIAHE A8 234=2 100 g A=
A2 o catechinoll 443t= mg #t(mg CE/100 g DW)o.2 E A3 T Catechinell
o3k Az A2 y=0.0031x (R*=0.9985)°] A T}

(i

(7) 7}FE38]E2 DPPH &z £7% £4
Zy 7R E2] DPPH &tz A7 %S Miliausks et al (2004), Saha et al.
(2004) % Cai et al. (2006)°] BEAFE WHE 7|22 SAHEHAJAG4, 7-9]. 3.9 mLe
o e-& DPPH &) 0.1 mLe 7lFESE == o eh-S(contro)S £33 &
oA 308 B¢ A2 WAAZIL I F JteESES controld] FF
UV/VIS Spectrometer (UVIKON933, Kontron Instruments, Italy)E o] &3}
(blank)ell thgk 517 nmol A9 FHE=Z SAHSIT. FHE=E A | wESHY
Hy, TFEZZ = TroloxE Odd 352 A <]
#5100 g A= ME < Troloxe a4kslksoll 4
100 g DW)o. = FEA S T} Trolox o o gk el %’; WA A2
y=-0.0006+0.6697(R?=0.9960)°] 21 t}.

2
S| LU (A2
o Mo ff

ol
-

ol &
%
r 3&3 r
IS
5
— mlo
)
A N
oX,
ol
ol
= 3R
=R
>
Q m

(8) 7}E3 &9 ABTS @olz &A% E4

Zt b s = ABTS @tz /\7% 5o Cai et al. (2006), Wtewitayaklung
et al. (2006), Cuimarzes et al. (2007) % Surveswaran et al. (2007)ol] B.AFE wH ol
w2t SASEATHI-12]. WA, ABTS etz &2 250 mL Z4] o] 10 mLe] 7
uM ABTS &3} 7+ <ko] 245 mM potassium persulphate €948 £33ttt 1
S ABTS 2tz 882 AoA 12-16 AIF &<t A20A] dark blue &<Ho] =
W 7FA] X €tk ABTS &tz 842 A8 % denatured ethanol® 734 nmollAl &
BE7F 0.7£0.0282 BE e FAE wW7hA 34 Eox.
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A, 3.9 mLel ABTS &tz &) 0.1 mLY 7tEsis e Jdes
(control)& Z33E & AoA 68 Bk Ao WAL I F 2
control®] &35+ UV/VIS Spectrometer (UVIKON933, Kontron Instruments, Italy)E
o] &3] oek-&(blank)o] 3 734 nmoll A e FFE=E ZAHI{AY. FHEE= A H
HhEste 54 3, EFEHZE TroloxE k3l 552 A5t AEaAs
st d3sS 100 g A= A1E o Troloxe] &4tshsol 43st
(xmol TEAC/ 100 g DW)e=Z AP Troloxel Wig AF WAL
y=-0.0007+0.6276(R*=0.9966)°] 21 T}.

kﬂ
§2

fr

S

3

S
oo

2 TAE oHEA £Ue FF U AESIAL, 25 °ColA
02 5% 32 UL g HFLRH Vst 2Ue F2ANL 32

4
i
o
r
_‘
o
o

M4 el AAR 4
[e}

6-3-31& 7t £x

2712 55 °C, 25 MPae 211, 1 9FS 259 goldth [1¥
2 oE =2 wet 2UA Olﬁi}%ic‘ﬂ F= T4 918}04
Atz e F29 A" FS Hlud ot I 2=ddA, ARtz RH F
=9 A F2 dH Ao I IR ole= w2 dHA =UdA °]

t 7kt gAlmtell dfEo = AE
ol Bol 21 o= A}EQOWE}. FARE A QA oS RS o
2 ATl A T E T
el 2AAM AgE gt 22 gAant U A fFe g f8Ed FE
of 3t 9F= dotrnr] st otdAF Tkl A2 Aotk

oo
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e
X
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4.0
—e— 15MPa
359 | o 20MPa
—w¥— 25MPa
_
20 3.0
2
E 254 -7 v
% O ........................ / ///6— .................................... O
< -
i-' 2.0 =
% v
.
(=]
= 1.5 4
=
g ’\o\'
2 10+
0.5
0.0 T T .
35 45 55

Temperature ("C)

[19 6-3-3] &4 23 =Zo W& vgAr Wi & F=& & vl

GbeRE W AT FF 24
[e)

QAR RE vlole oluAe] ATA D AWFS Hool A MAE FF
oz olgd & Y= BATL WA 97 AWM ATk SR RelA

Z71 2 1% acetic acidE H7FgF oA olel A 100 g3 814.10 mg
o7 VM BRI, FoRE Ze Y YA oiisiet AR ;qaa ThA
b 719.09 mgo = Wkth oldAlF ThAIRE TJhrRsEol A SdY 22
cellobiose, maltose, rhamnose, ribose, mannose, arabinose, galactose, xylose,
glucose® & 9 7FA¢] &do] ZAHHAE, &4 ddd F 7P w2 FFE 7t

1 AL arabinose?} mannosePth. A, RE AIAFNA 59 =79} 37 3

(o

¢

Fo] gasts Aol THEHA=H, 01% o EE9 9 dUHes 2=F
G717l fs Ao vk A WEQ Alw AlrH RN BEEAIZEe] &3t
o gk FAR Ade F AAY] HZES kYA RS & AFA vERE
oH15].

Aok Ads 5l Ao AAE v

ZdjA =24 1% acetic acide] H7He ot
TINAY. ol SulAlE HITEoEZHN
=
_‘_TL

v heRAE BRI BAT TS F7
SgRel AAERAE HS Golshl uEol
oAtk mhAo R A U AW EA

B A APANOE ARH

o
of e BAY WA HAE= F)

Jo
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& ohAlutol Aol =AW 1 Y Fo] B

ERE AW

°2 YERRtT
AAGozZH, &l ofYA T} ThAlvl U T

HSEh= AjZko] ZojH 7] fEOE ALgH o] Xt}

160

500

o] A T

Aoz

fa] m

a

= | ———  lMaltose i Ib] —a——  Cellobiose
b 140 e Rhamnose K o Maltose
3 \ ——-w—— Ribose 8 : ——-¥—— Rhamnose
Z s \ ——p—-- Mannose = 300 N ——g—-- Ribose
— & —  Arapinose =] » N — = —  Mannose
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4
obm:it FF P 2AL e @rmu}.
seaz A
2 7} weka 7o
dAT THAIRE 7} ezl T4
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10 74A ¢ SAHAS. 4 opr it F

3T T T o =
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o}m) 5 Ako] M =o dEs kxRl AL
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ofdAlT FE2 A2, A 25 oY B 259 =& Tk ofdA dH=E
gt o 2 e A fA8S FoslEg ZgtRolsgt e nIA FHIFES
FEater W B Ao LA At [19]. ofdA FE2 AwbHQl F
= T @2 AR el FEEEE AYHoE A e B WEH

ok
lo rE
b
k)
=2

[
B A7 Az ERHQ ol & Wk A sl ThAlmtel] oe
_]

T
TE FEEE 42 oA Sviet =09 0}%]71]5? FEHE 483
H

D) F ds FF v
A% AmlZ5E total phenolic compounds7t M 2¢ FEH <l ofd A

=
Ztrad 3de T FEEHAL S 2 =5 JBRAR e 7€ FEHH

o] & FH o] v BEXEL [I1Y 6-3-6]04 9} o], 240 oC 25 W FZuj
Z7A HASZ polyphenole] FEFH Yo, AzH AUAut 100 g & F=53
polyphenol®] &#-e 2908.5 mg gallic acid equivalent(GAE)Z #HZH ATt o] Az}

190 oC =AoA odAIF FE2WHE ol &ste dxH SuPo=RE F53
Zo¥E 3 (35.06+1.28 mg Quercentin equivant/ 1 g Dried materia) 2t} 2
AATH22], A2 RE 19 B3 S 2 F Jdvde 24 90 & +
ATh 200 oCE AFo 2 F= 25 F 280 oC7HA] =dol w2t A3 o o}
dolstd ot 240 oC o) 2&=oA polyphenol®] F=& F&°] hAZ o2 A
skith o2 @ A= 240 oC H2°] polyphenole FEsh=H H2 =1d<S e
Wi om, ol EJ 129 F= A 3
F= BWMEAN &5 ES AESke ofdAF FEW2A ol thid polyphenolic
compounds®] E2 EHAAE BHAF JoH21,23]. FulAZA] 1% acetic acid®]
H7F &3+= 240 oC &% =74
st O FE BE&o] EYTE o] AAes FHL 9 FuAE= polyphenolic
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compoundsE EE&ZHOZ Y & JUte AL HAFAT g, gAn {3 A F
A A+ polyphenolic compounds®] & 4= ZAAF oM, AA AA7 FF &&
[e} ez

of 4 IFES 7HAES & F AT

NE 22HA o HEA Sl HH 2F 2AL oBe I 20%Y o,

AzE tAnl 100 g & F=9 polyphenol dH#Fo] 183.1 mg GAEE UElytt). o]
A= o]ZAEA &vl Axgle] T vl A|x®lHT A EZHE  phenolic

compounds& FE3sl=dl © &3Holzgk= Nawaz et al. (2006), Turkmen et al.
(2006), Kim et al. (2007) % Yang and Zhang (2008)2] A+ ZAF}E -z Tt
[24-27]. 18y} o] EA &) FEE2 HZF ZHA 9 polyphenol 3-8 o} A
T Zlrasl A/ Ha Al HZ oldAF TheEsl 24 3 ol AT
FE=o Hsl of 16u] 22 Ao =A, ofdAlF g ¥l 71ES HAFF
H TTetthe AL AT F Y 19 6-2-69 A= F

2 SMEA ES o&3te oldAF RS FAel tAIRtEEEH  phenolic
i

A WRlol 7]Ee] AFA FER g =&

8

[b]

100

TPC (mg GAE/ 100 g DW)

1000

TPC (mg GAE/ 100 g DW)

——#—— Raw Laminaria japenica

- Raw Lamineria japonica+ 1% acetic acid
S T

R Deoiled Laminaria japenice + 1% acetic acid

. . ‘ . ‘ i ; : i i i
200 0 240 260 280 0 @ 40 a3 ) 160

Temperature ("C) Ethanel concentration (%)

[19 6-3-6] TPColl th3t ofdAls 7lrwal 538 89 a&4 vl (@) ofdA ST

[e)
b= (D) deeE-= o]dEA & FE=
(2 & ZgHwolE g vHlu
Az OAEE ASEZRE oA 7hris] 38 2 o|dEA &9 FEHE
T B FEARY T FHEEoE FFES v FAHSIAI o]F HIEOE
AZ g8 F& Y g2 Zgryolse FE88S HUsdth AZE & %
oA 353 ol dAF FEEY AT, [3F 6-3-7] @A BAXE= A 2o
HHo F& 5&S UeE 212 F d=s35Y VAR 240 € 2= 2 F
S 2 A HHoE SR olEY FEEHICH, dxd ATAr 100 g &

- 329 -



< 642.1 mg catechin equivalent(CE)o. 2 #Z 5]t}

S5 280 CT7HAl =l wey Ad =do wep Aolst
b wslkel VIR R, 240 C o) &AM FEF 8

o] A F 2 ZFA3F ) polyphenold wizl7lx|2 AZ U A AA A SR
1P

A
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i

il

i)

o

o
o

A

1o

%

o

rolE FF F&o] fAad wd, ZuiA H7F Aldl= polyphenol¥#+= Rithe] A
£ UERH AT

[2% 6-3-7] DA BHAAE A Zo] T e oeg-& o] &7
& FEEY FgExolE FFS G polyphenol«l g gE2A dEE
100% =14 713 =7 ’%Q Ith 100% oee F2E FHE dx gAnt
100 g 9 SerRwo|l=9] ke 116.8 mg CECE o] J&8A &u F2E & 714
= UrE‘rkkEUr, HAA F= Zczjow 3l olJAF FEE240 C, AGAIT}, =
o FH7Pe] vl EFetRkolE F& 3%01 oF GHl A = JQ%E} o] Az
oFAAF ThEEl %7801 71E9 HEH FEHY 7] &9 FEH vlEo o
Aluke] polyphenol ¥4t ofyz} FEtHxolEE F=3ol AAA ¢ F83 HH
A& AASL AT

" Tt 1o | [P

:m - Tempe:;mmre("C) . - ' ? Ethan;uconrmtrajon (%0) N "
[2% 6-3-7] TFCl tigk ofdAIF 7krital 378 289 &4 vl (@ oFdAF
7trEEE (D) oEe-& oJFEA &u FEE
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ME & 2ddA 35T ofdAls 552 4%, DPPH @iHZd &7%

= UEhd HA 231 240 C 25 2 FEFu) 2dollen, dxd AvAvk 100
g 3 5071.9 xmol trolox equivalent antioxidant capacityS UelHE Aoz #HEE
ATk A, gAvE W A FL skl E FFS FIAA FUAAT, tHH o=
Aol AAL gAute] &atslso] A= 7/4\2 A 4 AJT A, SHjA
o H7he= AuAlvt 2 A AA TAlrt BRoA itsksE SRl BEE
A=, 529 F7tet A dass S TRV Hiske, SH HUM A=
259 Z7te A AF stk [O9 6-3-6] (@ 2 [298 6-3-7] @A =
A 24 1% acetic acide] 7= TPCQ} TFC RFoA &5 =719} &7 1 3

o] Zu] FH7trol st 4F ZAsAAY T ol SUHE Ao AFHA=
o], o]Ao] 2 2EAAE dAEsS FASHAY £F FA] AR Bt
ER o AFE Fole oF dbseES UEe d4s Ed &2+ TPCe TRC
e F8 JdAE AAsy EAEHPEY, 4 A3 E‘r o} oAl FEEol T
FrEol e T ol9e EdE0] AAHEHAY EAske] DPPH &tz &A 5o ¥
g Ao AziEo

71 FE2HA oA EA &l FEWHAAA Fstso]l HHo= Yt =
AL dEE FEUF 80%Y W=z, dx" otAlnl 100 g & 554.8 xmol trolox

equivalent antioxidant capacity(TEAC)E YEtHE ASE Yepyth I8y ofdA
T 7hrEd FAHNA HH 2o Iad FEE viste] oF 9wy @ 2
Z 7% Es BAFAeH, ol oldAlF Jtisl Aol dAvtERE TPC ¥
TFCe} 22 sl Ed e &3 E&8Y By ofyel, I Aedds X

S AT AL FANA FUo

>,\1

G000

600
[a] [bl
; 2000 - ? 200
= =
L oL
= = 400
=
= 4000 - =
,_2: 'g 300
2 2000 | E
= 2 2
E ————  Raw Laminaria japorica E
= 2000 | e Raw Laminaria joporica + 1% acetic acid (= S
S S -
bt £ T Deoiled Lamuaria japenica + 1% acetic acid
1000 T T T T T .

T T T T
40 60 B0 100

3
-3

200 220 240 260 280

T emperature (“C) Ethanol concentration (%)

(18 6-3-8] DPPH 2}tz &7 5ol thak obdAs 7hrEsl 348 A8 5&4

HL (a) obdAlIT 7FEsli= (b) degE-= oA & =&
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(3) ABTS &tz &A% Hlu

ABTS assay E+ TEAC assay= Milller et al. (1993) ¥ Rice-Evans et al
(1994 o3l g Hu® =HHo =z ABTS+ o tigh i3] LA S =4
3= WhHolth. DPPH #tujZ3 niartx 2 $A4¥ oz 24 ABTSE potassium
persulfate9} WHg-3te] HAlol ABTS ttZdS FAJsta, A ABTS vz &

A e b BARNE AAE ol RAo BAR HAREE, S0 goix

_l

T AEE ERFEAE o83t FREE SHFOEN A& F Ak [32-34]
Az e =AM I ofdAs FE=2 A5, ABTS Sz 27%
S el HA 271 260 C 2% 2 Zu) Hyl 2do|on, Axd ATt

o2 #FHUY. A, DPPH gtej@d 3= & FFs HJ<H, 2Sud &27%0]
w59 Aol Jdoy BEE A Az tARt 100 g & 4237~4444.3  mol
TEAC Abole] 3k At &, B oA 4200 xmol TEAC o]/del =3t

E gusse AT 9tk G2 FBY FL otdAL R

O

tlo
fz
£
N

e 3 T A9
Z79 BAGe] ofdAT FEEL E PSS HAT dokE Aotk 4
3l E2¢ TPCS TFCE 280 C= Z7134E gAdoez 7rasts A4S 1
W, ABTS gtz 24 %2 F7lstAY, &% 4 o A s 22

olf W& AoZ AlsHTh ABTS gttjZ2 DPPH itz viariAl = gt
U, &3 7180 2ol fHERE 54 AT ol HISAd AR &4tkst
5 Z2Ao BT AL 7FssioH35]. 1222 DPPH gtz Hls] thadk A g9
Gaksls =Ao] ALRHETh =3 ABTS assays= WS B9 pHollA =Ho] 71538}
o2 pHell w2 ikstAle] EAdoly Wizt SE Aol ARg-o] 7hssttt [36].

“like disolve like“e] ¥gjol] wel, &= 22 &uje} v S-S 712
=SS FEIU37-38] 7] &l FEo BF A sk wet 35
go] Bgtong, orjA = At
TAEA dvke e & -’F AU} oFd

2 BEo=

iy
o

=

B2

)5t} FE

il

>-1LJ£
oX,
C o

(o]

_—

N

2

)

O

Hu

>

b

a

°

E .
(e

B
B9, 71E FEHA | HEA &) FEWoIA ABTS S0z &r%o]
& 2 27%7 AR dge FEsl 80% o

=l OAmp 100 g & 8854 umol trolox equivalent antioxidant
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capacity(TEAC)E Yelll= A2 yelgoh I3y 0}?:‘74]—’? Zhrael &g ol A
HA o= 3gd FEFo vlste] oF by w2 gz AAFE BHAFI
th. o] Adte ofdAST Tkl FA4o] tAmERE TPC ¥ TFCS 22 4hs)
EdS F2 de ANt dom, 7EY {Fr8 F
=4 AA FAo
o

3 g -

: -

g‘-m- ——¢— R Laminaris jmponicn ;f; =

20 ps 20 0 e T o @ = o

Temperature {"C) Ethanol concentration (24)
[Z1" 6-3-9] ABTS 2tHjz &7 5ol thak ofdAls 7hedal 348 289 &84

Hl (a) obdAlIF 7FEsi= (b) deg2-= o|d&EA & =&

4. 8o 2 A

B AT DANERE 4888 FE/AA/EFE] Astel ot
S oleRs) 3He ABAZOH, FERARE BAY, ofFwal, U wHaksEd
A EeldEd Feuiolsg %A Bz AASAT = olAF s5E

g
IAES Tt FE&E4E FE/APE] A% HH =
2 Sl A 747} g gEste] A48S T3t
S ghaFe 200 C &= =d 2 1% acetic acidE ZH713F A ThA nfol A
100 g% 81410 mgO2 7Fg WtE, ofulwat ke A ojastEia A
AL A5 E AFESE 200 C 2% Z7oA 100 g9 826.59 mgo = 714 ko
A, oA ThiE] FAl og dAwtERE ks EHQ
E 9 ZgHxo|=o & §8% Yolry] Y3ty 7E FE I
< 0] g3 o)AEA &vl FEHe] vluw EAEHIY. HdxH gAnt ASZRE E
2] 3 =(2908.5 mg GAE/ 100 g DW) ¥ Ze}H o] =(642.1 mg CE/ 100 g DW)oll o
g Hol F&o] ofdAF VRS 38240 C 25 F FFHu, AgAnr 27)9
o3 FAHHAL, 7IEY FEH dEE-F oHEA &v FEHES B3 9
=(183.1 mg GAE/ 100 g DW) % Zg}R % o]=(116.8 mg CE/ 100 g DW) & tiH]
of 16vfel 6u o] ¥ Eskth F= W wWE tAnt =9 A4S FAHE

Do
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Al 44 slzF FdeEe ol &3 vl 5ESA T A

1

1 A7 ye

B AT A E vl QARE AxS] S AT AEFOHARE, ZdE) %
4B B4 BAHT o8 BAAD AET Hol LRFARY AT A5 B
Hahe 278 FYRT Ytk HEF FHE o]§ WolLBIAR A&
AATE (28 6-4-110] Jehlieh =9, J2F H4E8S AagAgon &

O =7 S7E Fiee] 5424 2 Holy &1
O slz=F FAtEs o83 I8 voleu5dA = ML 7x2As g1
O xFo 44 &&= A s SE&E°F A

k- HOl2 5SS =
T FAE o8 Hole Bt R Ve AR

7} ARA R

12 AdA s A AR B oy ATled oA wuggos
ol gt 3= FAES ARSI 2aF ddAss HE LU F
4 B opEeR A £2¥e] ARE TPl AMEsit 1A AdA RS
ThAloh gl gAjrp S5 BabEs Al 5 dA 8] BAAR AHEE & A=A
g #4s @ A3 At AAE HeleBd A5l BN G502 ARG
23S 7HAE vole B dA R Axrt oH st welsd & 4

SRR
FoAE $4E HASHES Holt BYS D ANl F2RS EFT RAA)
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£ AH&ste] Hpol L BB E Alxsta 23, 7AH 54& 245t A
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OAlubE ZxF/  Laminariaceae(thAvtah) ] styEA] &2 Laminaria
japonicac]t}. Zo] 1.5~3.5 m, YH] 25~40 cm ©o. 8 Eo] ZA m= AL ZAo]
W, vigo] I vyt & uHt A=A 2R
Zldl= &7] - A - Yo el FEsith 92 0 RYfew i JheH FEE
Zo] Gt g9 7hed FES T4 1.8~35 mmEA <t =Y. A v}
S R 91%, 9@ 11%, 3E 3.5%, FH 3.6%5o=2 FAE o1l

Z7F UvaFgizhe) &3t= =F/FE %2 Enteromorphac]th.
F AT BASAY dx(HRolal, Fiol whebA
2 (7)1 AF

BgE @ FRE o ol TIAML Utk T 53 WEe] FYBer
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Hlo| L B3R5 o] WEYAE AMESE ZYLIZIAL (I LT F=2H
A A Fkol ALg3Tth Algte Zojzgdae YEHAY dREA FE AF
2ol WAAAE AFS At AFEEHI AT ARG EA Dol 40~120 mm,
HZ 091 g/em®, &8¢ 160~165 °Coln] HZAjete] EatekydS 98 719z A
(chopping)dled A}-&-3} 3 Th.
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[ 6-4-1] ThAIThe] YA

7F21 5 100g3(Per 100g edible portion)
HEdT e
E—Hﬂ Tﬁ'g
Food S Q—‘ Al | 3] | Carbohydrate | 7} 5(%) Hla
CNEY | Mois |2 Edible | Remarks
ture P?Ot Fat | Ash | ©2 Ae | portion
keal | Kj &l Non-f | .
. Fiber
ibrous
B
Ak 21 | 89 [ 910 | 1.1 | 02| 35 | 36 | 06 100.0 =5
T o !
(A http://portal.nfrdi.re kr/page?id=aq_seafood_2_7&type=tot&from=totList&

fim_col_id=2009-MF0011150-6-D01)

(3 6-4-2] Ao FEAHE

FAAR | WHEAAR
o T Total Acid Aeg2x | gad | Hx
= Moisture dietary detergent Cellulose | Lignin | Remarks
fiber fiber
22 13.2 35.8 13.2 7.2 6.0
(&4 ‘http://portal.nfrdi.re kr/page?id=aq_seafood_2_7&type=tot&from=totList&

fim_col_id=2009-MF0010565-6-D01)

L E R

Aol BRS ARG BR AFske] Fr] B4
12de AANA CloLCs o}
3 AAEEI %t HEE ouE
FZoA 1AZF HE
2 AAFYE ovl 10%5Usk, A4 5571 7%7)

golo g pHE 10~11%

Ej e

o

SAZ & AHsAT gARY AlFH 2 g@adS (13 6-4-2]0 A
B E T4, oHAE B Fito g AHeste BEE F93 AAHe [1F 6-4-3]9
R At

ot ohAleE 2 she) ke
ChAwE A geh g

dEsjex 9 dorHAl S IdFHEA 7] (Thermogravimetric Analyzer, TGA Q-500,

- 337 -



TA Instrument)& AF&3te] = . A=A
=871 oF 20 mg AEE Fo} 10 C/ming A4 500 C7HA =43 AUt A4
Aol 100 m/mine.Z AAE FHRYoH, FTF
] A4~ (Derivative Thermograv1metr1c DTG) =4 WslE #&3tH T

gAup g st BAEe] dis] 54 [ 6-4-419% [119 6-4-5]<
P ATt A Aol ot tArp AAE A= 200~300 °CollA F RS 4

#2& (Decrement of weight)¥}

el F3 27 detuARE £9S 3 A9-ol= 200~300 °Coll A shute] s d=
2 300~400 °Colld shtel dis d=E Holal vk FHE TA vkl A YEhY
£ 350°C F9o & 25 A2 one Vste oz BN £ e W
ol gAmE dAEE AFE SR e HAd =do o FeE vz
S 200~300 °CollM WA &8sl He 54& Hola Ak o] A= FxF U
T Fx2F Ao sl 5% FARE Aoz 2450013l

N

s AR SAL Atyel wet d2A vehgth 4 2 ofAE
2 AHI A$E 200~300 °Col A F 7He AES Fy sl Farow Hed A4S
= 350 °Coll A affsﬂ F9 37 eyt dEs AzEw ddsid Z4 A3
A ge] Aot o]l S5ate]l RAARAMY ATl AT HAARE Fi A
P AmolME 4 A7 Bo] Yu =3 M2 gasiA $FE o] ZEA
ol E4baks Zo] ojd gt WHe] F4 52 o ECE AT JPe BT

B BAAR ALsEs Ao &olsdrh
w

-HE HOIg M4z gu -MAE AR 82 7o
810 27|12 5 o[22 & HH  OlS0H0 B

Cl0, bleaching H,0; Samples Dry
(2 cycle) 4 bleaching (wet) (100°C 48hr)

« Cl0,2 23] T . EHTpdo| 9=
(M ES| et 2= =F) (HIX| " =4 =

(29 6-4-2] ThAImFe] AH 2wy,
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(3) g4t MK 2
(&=4: 121°C x 250min,
3wt% H2504)

WH7| F822 M

lmw sz NH

H7H7| A=
A-3,B-3, C-3

l 1) Y58
(=7:78°C x 3hr x 33| &)

HH7| EE
A-1,B-1, C-1

A

R|77| M= @ WAH7| oY E HH
A-2,B-2,C2 (Rt 42 A x 38))

(19 6-4-3] g2 Al 2L 223 A4,
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100 +

Weight( o)

— Lasinaris Blased Dry 10T 8hr

= Laminaris aw
— Lasioaris Bleacked
—Laminaria Blacked Dry 100 45hr

Deriv. Weight % G

-
e

—Laniur R
—Laninra el

—Lapinrs Biached Dy 10T by
—Laninurs Blaked Iy 0T S

100 00 300 10 S 0 100 m i M 500
Temperature () Temperature (C)

[1H 6-4-4] OAv} LA R 51 e A rke] dEs 54,

1
100 -

~
0
80 - ¥
0 X
9 &
o " Enteromorpha FHEE -
- 00 - -ED
-ED I " Enteromorpha OfH[ENH -5
:a " Enteromorpha SMHKZ \ g
c 4 g
v
i
-
)
0 - A

0 0

0 100 200 300 400 500

Temperature (C)
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A
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o
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2}, Hpo]l L BA R o] Az
o] e Bt 5o BAAE AHES TAIvtE FAAHS AX HY
A Edo] AAHID ZWo] H AISE AHE3tH o AAs7] Hal dd
Hazel Zro] 100 T Ax7|olA 24X %F o] A=x3ATE FHe] ASole 4
2 ol ECZ AHEH v BZS 20-50 wt%7hA 10 wiE 2 WA 7|HA Zg
22 A st AxsATH
Zozedag fEG2Z s v o BFgre AeyEe Ady =
As 7HAE DAME AFESt ¢4 22 d gAn BAES EFS &
25 B Yo ¥ A4 163 C7FA 4083F ¢F 3.8 C/min=
Ao 5259 YH7E 163 Coll =23 & mEYH 27} FE3] &
A4 Abolell A o] 2] EFo] dF3] o] FoAAEE 208 F FASHL 1
1000 psi(6.894MPa)e] St 71ek & ItE FASHAA AF7bA dzsidt Bt
Ol EZAE AEE 50 mm X 50 mm X 2 mm Z7|E A Z3IS T vlo] L E3HA)
8 AzFAS (28 6-4-6]o) JERAAT
HAdF B 2 50 witn=z st o™ tArte] e g
gEF tiB] 0~50 wt%7hA] 10 wt%HE WSIA 7] HA A Z3A T vlo] L B3R 5
7F AlzE Foll F5EE0M BEAIA 2443 o A2ollA dAAZ & A
G715 o] &3t 7 EA 9 AAH BAS A% AHS Az
o] ASole F4 B oiAECE AHd ) BLES 2050 wt%7FA
ZYZ 2 A Tt Azxsidd. AxEEL

=
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7} vlol e Bl 5o FHtH E4
o] B3 A 5 o] At E (storage modulus) P Tano #FY 2L 59
gt A4S 4387 fa 5982
DMA Q-800, TA Instrument)E o]-&3tAth. 2 AlHe Z7& Zo] 35 mm, YHIE
ok 11 mm, A= <F 2 mZE A Zste] £33 5 T2 -100~100 CT7HA] SA3FA T Al
Ho &2 2 -100 C7HA 2EFEAY 100 CU}X] T} Stk AEe Wzke 95|
HAALE ALEslRor axAQd IS HSH air bearing®] gageE 60~65 psi=
ARt Alg-2 vertical )2 A single cantilever modeol| A FsPE QoW AL
€9 x5 (frequency)= 1 HzE 1A A7]31, %153 (oscillation amplitude)2 0.2
mZ  FAEAT. =3 APS AdyPsiriel LA, @4 clampel  position}

3T
compliances EAst A=A e AHE 4 F JAES 3HATh

St AEA #47] (Dynamic mechanical Analyzer,

GRFIZE RAAZ AMESE |2 o] gAup H7FF el tigk &
o8tz EAS [18 6-4-7]9 [ 6-4-8]9) YEMN AT ThAnle] H7)F Qo] &9
F Hxurs 50 wte H71eF A9 AAEHEL 549 GPagE ZzE2dH mjEl” A

of wlal 47% F7H3 #= qu—rﬁ‘r A dE iéz_‘E‘r”EEl HE e
Tan delta gk T3+ 50wt% &g 22 & A w2 Tan delta &t
UEt AT tan o gkol Fiste A2 Y ZEFE mEYH: A9 A
(Damping)e EAM 77 3202 = AL om

s} FelTRWAL ERHOE WS Ye AR AT 4 Uk

Wrel B Pae] chan}

%

SHES 10 wte® Z71A
A A A zg Ble] e B3AF ] ALBHES I T7IFo] gastes FFS Hols
o, 22+ 10 wt%, 20 wt%, 30 wt%, 40 wt%, 50 wt% TAulE 713k A-¢ FE =
22949 wEY 2o Bl& 37%, 37%, 31%, 25%, 20% =7} whdo] B4 HxZ =S

50wt% H7hek vlol e BA TS FHEH E—/“Oﬂ vl A= 10%, 10%, 16%, 22%,
21% a3kt ol ®mHE ThAjutel] EAsts #w7l€d 3 @7 &2 7% =
A3 R 22 Bl Yz =g 3o ’“ﬂ]x—igi FretA &7 WESZ
e 4 Stk

T4 B oldELE AT AfE RAAE 3 vo| e EAA R FHH
A3 sl ol wel st 54 WHEE [1¥ 6-4-9], [1¥ 6-4-101%% [
4-11], [2F 6-4-12]o YeEtAT. 4 5 ofAlEcz A2 v 23w
EdA s g FFolu Azl wet 2 WIE Holx gtoen £
Lo s & 2 835 Yehi A sk
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a7

[ 6-4-3] 8F = B mlo|EJA RS A4 SA0 i vAnt +=

=9 %7} 3%

B3
H) & H50:L0 H40:L10 | H30:L20 | H20:L30 | H10:L40 HO0:L50
Storage
Modulus 47 37 37 31 25 20
<7 (%)

H < 2=, L gAn &=

7 —PP_NF(HWP50:LMO0) 0.1
—PP_NF(HWP40:LM10)
-0 —PP_NF(IWP30:1LM20)
] —PP NF(HWP20:LM30)
A —PP_NF(HWP10:LM40) - 0.08
g 5 —PP NF(HWP0:LM50) 7
= =
= . S
'E 4 — 3
'g - 0.060 =
=3 :
) -
S0 —
= - 0.04
=
w1l
0 ' ' ' ' —- 0.02
-30 -10 10 30 50 70 90
Temperature ()
(79 6-4-7] vlo] 2 BRA 5| Ttz 54
8
At-30°C
-~ T
g
D 6 549 47 4o —
7] 4.85 4.64
= 5 - ;
=
2 4L T
=
&3
£
g2
(77}
1 L
0 L L L L L L

PP Matrix ~ PP_NF(H50:L0) PP_NF(H40:L10) PP_NF(H30:1.20) PP_NF(H20:L30) PP_NF(H10:L40) PP_NF(HO0:L50)

(1% 6-4-8] BHSFHEE B vlo] QBYA RO FASHH S4o] @

ek 47

- 343 -



—PP matrix
—PP_EN20wt%
4 —PP_EN30wit% .
—PP_EN40wt% 1013
- _EN i
= PP_ENS0wt%
=9 |
3 1 o
wn 4
= S
= . <
= 1 0.00 2
» i
3 - 0.07
32
w 1 |
-1 0.05
0 b e ] 003
-30 -10 10 30 50 70 90
Temperature(C)

[23 6-4-9] FAH o2 XT3 Fe) B7} no] QB Ao THstz EA,

3.67 370 370 372

(] w -

Storage Modulus(GPa)

.
T

PP matrix PP_EN20wt% PP_EN30wt% PP_EN40wt% PP_EN50wt%
(29 6-4-100 FHOE AeId she) B Ho| LBFARS TS 54 o]

el e 4.
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0.15

=—PP matrix
—PP_EN20wt% i
4 L —PP_EN30wt%
—PP_EN40wt% - 0.13
= —PP_ENS50Wt% 7
m -
€ 3¢ \ - 0.11
E N : i =
= : =
-g - 0.09 a
2 F J
g : ﬂ“& - 0.07
2 1 | =
— - 0.05
0 i I I i i i 1 i I I i i i I i I 1 i i I i ] 0-03
-30 -10 10 30 50 70 90

Temperature(C)

(13 6-4-11] ol ES 2 A3 T B7 nlo]| o B3 AT T3 EX4

5
At-30°C
3.85 3.86
4 L 3.67 3.70
I 349 I
= 1
=
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Z3 -
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=
=
§
ua f=
2
=
e
=}
S
w2
I L
0
PP matrix PP_EN20wt% PP_EN30wt% PP_EN40wt% PP_ENS0wt%

(18 6-4-12] ol ES 2 A3t mte) B vlo]| QR Te STH3A EA O

o she g 9
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L vlol e B R Z5 54

Hlo] e B3tA| g o] FXEA LS W5AEA P 7] (Universal Testing Machine,
UTM, Tinius olsen Ltd., H-50K-S T, Redhill, England)& A+&-3te] =439t} =3
Age FAFEE AFHA ASTM D 790 Method 1 (three-point loading)ell 2] 7 3}ed
3" == (three point bending®WH o2 AL (room temperature; 23+2 C and
50+5% relative humidity)ell 4] ZA3sFH 37, A/H2 50 mmX25 mmX2 mm Z7]| 2 FH]
3t th Al 9] span-to-depth B]-&2 16, load cell 50kN, cross head speede= 1
mm/min®. 2 AAsPtt. FJ4=  (flexural strength) e} =IEAE  (flexural
modulus) TsA 7= SA8E AHAE 424 2 (@ 2 4 )9 ALt el o st

R

3PL

2bd”

S = stress in the outer fibers at midspan, N/m? (psi),

P = load at a given point on the load-deflection curve, N (Ibf),
L = support span, m (in.).

b = width of beam tested, m (in.),

d = depth of beam tested, m (in.).

L’m
Ep - - L. (b)
4bd®

Ep = modulus of elasticity in bending, N/ m?> (psi),
L = support span, m (in.)

m = slope of the tangent to the initial straight-line portion of

the load-deflection curve, N/m (Ibf/in.) of deflection.
b = width of beam tested, m (in.),

d = depth of beam tested, m (in.).
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7Fet A5 100%, 20, 30, 50wt% 7}k
BAA7 A=s o2 3t Eofd

o]
Bopll= 83 A8 £ Uoks AL & 5 Yok

R
&

fo
et

77

H & H50:L0 H40:L10 | H30:L20 | H20:L30 | H10:L40 HO:L50

Flexural
Modulus 110 72 75 38 20 11
S 7FE(%)

Flexural
Strength 7.6 -6.7 -28 -34 -51 -44
S7H (%)

H 2 22, L gAn &=

- 347 -



o
=
T

uPP_NF(HWP_LM)

-
th
T

60.39
56.15

Flexural Strength(MPa)
‘é‘ & %

—
th

5235

40.22

36.91

27.09 3132

11

il

PP_matrix  PP_NF(H50:L0) PP_NF(H40:L10) PP_NF(H30:L20) PP_NF(H20:L30) PP_NF(H10:L40) PP_NF(H0:L50)

[13 6-4-13] S|+

RSN SR

2R 2

arL

Awo] e hAn}

==
AP
3
=PP NFHWP LM)

=
o 215 -
&) 1.79
A1
=0
= 1.41
=] 1.23
2 1.14
E 1.02
=1 r
e
=

0

PP_matrix ~ PP_NF(HS0:L0) PP_NF(H40:L10) PP_NF(H30:120) PP_NF(H20:L30) PP_NF(H10:L40) PP_NF(HO0:L30)

(18 6-4-14] EFFFE=Z 27 nlo] B3 g9 XA E U tAn}

247].03 Sk
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56.15

(=23
=
T

42.92

th
=]
T

32.80

=
(=
T
-

32.01

[ 25.05

w
=]
T
pem—

Flexural Strength(MPa)
S

[
=]
T

ﬂ L L I 1
PP matrix PP_EN20wit% PP_EN30wt% PP _End40wt% PP _ENS0wt%

(19 6-4-15] FHOZ Ael@ she) 87 vpoleBAATY TIPS SHo) T
shel g 9

3
- I 2.09
= 1.96 et
% 1.87 '[ )
&l : 1
=
Eo I 1.02
= I
1 [
E 1
=
m |-
0 | |

PP matrix PP_EN20wit% PP_EN30wt% PP_End40wi% PP _ENS0wt%

(19 6-4-16] FHOE Ael@ stef B wpoloBFA T FIFUHE 54 o
o e g 9
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ot Hlol L B A RO &

ol Bkl R ol FAAE Al@e fd otolxt HdEH FFH APV
(Pendulum Impact Tester, Tinius olsen Ltd., Model - IT 504, Redhill, England)E A}
g3lit. B A¥7]7]+= pendulum type hammer”} &2tH Fej 24 ASTM D-256
of ojAst] Al AA B HFE AT Al Zol= 63.5mm, URIE 12.7
mm, A= ¢F bmmE 3R o, TFEAHH| 2= notchE 9HE7] 93] Automatic

specimen notcher (Model-899, Tinius olsen Ltd., Redhill, England)& A}-&-3} 4t}

Y
ol
b
A

2

AstR o, FAZS (impact strength)= J/mel T2 $H4kste] Yeliisit A9
Wil doix AR X E [O18 6-4-17]0] EA == ey
G HxXE BAAR A ZYZ2FE blo]EFAIR] FAAE Ui
gAuE F7FEEFS (18 6-4-18l UeEbAS. &g FZE 50 wtn H7Ee wt
oleEdAEE FYZEIA WEHZ A H& FALETF 366%=E A FFE
ok wbdel] &ig Hx 40%0] THAIEEE 10 wt HUiehd 211%E E9<4 F=nk
A7bst S WB T 1 ol A ZAsta vAute] el S s 9T
Haxgk Jrbstaie W BRoh HapF o g 7HAags 4 5 Aok

dutzow
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=
T

78.94

52.83

52.56

16.95 I
0 J L L L L

Izod impact strength(J/m)
th
(=]

= PP_NF(HWP:LM)

41.00

24.54
I 18.15

PPMatrix PP _NF(HS0:L0) PP NF(H40:L10) PP NF(H30:1.20) PP NF(H20:130) PP NF(H10:140) PP NF(H0:L50)

(-

[19 6-4-18] BFFEZ BHA vpo] L E5qA 5o T4 tg tAlvt H7bg

40

25.70
25.15

[ W
=] =]
T

Izod Impact Strength (J/m)
S

17.54
15.25

[ I I
0

PP Matrix PP/EN20wt% PP/EN30wt% PP/EN40wt% PP/ENS0wt%

(1" 6-4-19] FH o2 A3 g2 B vole R g FAG5E tht d2)

A9
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2. vlol e BgA R o] AAF B4

Hlol| B3kl sel 4% AsH ERZAT  (Coefficient of thermal
expansion, CTE)E €744 &4 #47] (Thermomechanical Analyzer, TMA Q-400,
TA Instrument)E AH&3te] E43tAh 24 100 T7HA 5 C/min® & st 5
Qé}oigﬂi AHe BAAHEE SA3= probe F=91= 100 ml/mine] A EL7=2

FABATE AHY] 271E 2 T mm, AE 7 m, FA o 2 mE FHEF oM, &
3] 2ol FEFFE ALy s ddste v ACIHA FU} AES
HE-EY F AR

g dxE BAAE AT Y2 vol e B R] IRF &
Aol gk galvt H7t9&e (29 6-4-201 (29 6-4-2110) YehdT (19
6-4-20] AF-eollA 100 CT7HA o] Hlol B3t g o] FAAMSFS MyPow FAZ
Aolw [18 6-4-211 AAZAAFE vWnd oz Y AL Ziae 54
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AESE AT g E BAAE AT 222 nlo| e Bt ge] I3
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—PP_NF(HWP50:LMO0)
—PP_NF(HWP40:LM10)
—PP_NF(HWP30:LM20)
—PP_NF(HWP20:1.M30)
—PP_NF(HWP10:LM40)
—PP_NF(HWP0:LM50)

[
w
T

= [ =
= th =]
T T T

Dimension Change(m)

5 I L !
30 40 50 60 70 80 90

Temperature (C)

(19 6-4-20] BRrEx B vo] e E5dA 5o Aol gk tAlnt M7t
o] 5F

0

200

= PP_NF40wi%

121.82

150 -
e 1577
% 89.23
j : '
0 L I 1 L

PP_NF(H50:10) PP_NF(H40:L10) PP_NF(H30:120) PP_NF(H20:L30) PP_NF(H10:L40) PP _NF(H0:L50)

CTE (ym/m-C)
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—PP matrix CTE
»é\ 25 | —PP_EN20wt% | | 2143 mm
110.9 pmfm-
=2 —PP_EN30Wt% | | 50500
& | —PP_EN40wWt% | | 5142 m/mc
= —PP_ENSOwt% | L """
% 15 -
—
=
: L
e
-
2
2 S
R i caie
= —
5 s
30 30 70 90

Temperature (T)

6-4-22]1 4 A€l 2 B vpoleRdA s EHFSF o
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a
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g g H7b

250
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31.95

200 -
135.53
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- 150 |
E
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= L
= 100 60.92
[
35.74
i I -
0 I I I |

PP matrix PP _EN20wt% PP _EN30wt% PP EN40wt% PP ENSO0wt%
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~ 25 |—PP_EN20wt% ||2143um/m
9475 unjm-

i —PP_EN30W% || ., ;0
1) “|—PP_EN40Wt% || ©7 90 um/m-c
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= 15 -
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30 50 70 920
Temperature (TC)
[ZLH 6-4-24] okAlE= A2 dtef B4 vle]eBdA 5ol IdRBF5gl gk stef
v
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200
o~
£
g 150 - 109.90
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= 100 |
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40.95
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0 1 I L 1 .

PP matrix PP EN20wt%

PP EN30wt%

PP EN40wt%

PP EN5S0wt%
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Abstract Melissa officinalis contains various secondary
metabolites that have health benefits. Generally, irradiating
plants with ultraviolet (UV)-B induces the accumulation of
secondary metabolites in plants, To understand the effect of
UV-B irradiation on the metabolism of M. officinalis,
metabolomics based on gas chromatography-mass spec-
trometry (GC-MS) was used in this study. The GC-MS
analysis revealed 37 identified metabolites from various
chemical classes, including alcohols, amino acids, inorganic
acids, organic acids, and sugars. The metabolite profiles of
the groups of M. officinalis iradiated with UV-B were
separated and differentiated according to their irradiation
times (i.e., 0, 1, and 2 h), using principal component
analysis (PCA) and hierarchical clustering analysis (HCA),
respectively. The PCA score plots of PC1 and PC2 showed
that the three groups with different irradiation times fol-
lowed a certain trajectory with increasing UV-B imadiation.
HCA revealed that metabolic patterns differed among the
three groups, and the | h-irradiated group was more similar
to the control group (0 h) than the 2 h-irradiated group. In
particular, UV-B irradiation of plants led to a decrease in
sugars such as fructose, galactose, sucrose, and trehalose
and an increase in metabolites in the tricarboxylic acid
cyele, the proline-linked pentose phosphate pathway, and
the phenylpropanoid pathway. This study demonstrated that
metabolite profiling with GC-MS is useful for gaining a
holistic understanding of UV-induced changes in plant
metabolism.

S. Kim- E. J. Yun - M. A. Hossain- H. Lee - K. H. Kim (=)
School of Life Sciences and Biotechnology, Korea University,
Seoul 136-713, Republic of Korea

e-mail: khekim{wkorea ac kr

Keywords Metabolomics - Metabolite profiling - Melissa
afficinalis - Ultraviolet - Gas chromatography-mass
spectrometry

Introduction

Melissa officinalis (lemon balm), a member of the family
Lamiaceae, is a perennial herb that grows in East Asia. It
has been used in traditional medicine to treat headaches,
digestive disorders, rheumatism, and hypersensitivity [ 1, 2].
Aqueous extracts of lemon balm have been found to allevi-
ate Alzheimer’s disease and regulate the central nervous
system [3]. It is widely known that M. offfcinalis contains
various secondary metabolites exhibiting many health ben-
efit activities [4, 5].

In plants, both primary and secondary metabolites are
intermediates or end-products of cellular regulatory path-
ways, and their total number is estimated to be over 200,000
[6]. Since the abundance of each metabolite changes in
response to various types of environmental or genetic
stresses, profiling of metabolite levels is a key for relating
an external stimulus with possible changes in metabolism
[7]. Metabolite profiling is a valuable tool for quantitative or
qualitative determination of such changes particularly,
in plants [8, 9]. Gas chromatography-mass spectrometry
(GC-MS) is the most commonly used instrumental analytical
platform for metabolite profiling because it is highly reliable,
relatively inexpensive, and easy to use [10].

Many studies have indicated that there are significant
changes in the growth, productivity, and morphology of plants
following damage to their DNA, RNA. proteins, and cell
membranes after exposure to ultraviolet radiation (U'V-B;
280-320 nm) [11-13]. Because UV light has such adverse
effects, UV defense mechanisms, including leaf thickening,
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Abstract Macroalgae are considered to be promising bio-
mass for fuels and chemicals production. To utilize brown
macroalgae as biomass, the degradation of alginate, which is
the main carbohydrate of brown macroalgae, into monomer-
ic units is a critical prerequisite step. Saccharephagus
degradans 2-40 is capable of degrading more than ten
different polysaccharides including alginate, and its genome
sequence demonstrated that this bacterium contains several
putative alginate lyase genes including alg/7C. The gene
for Algl7C, which is classified into the PL-17 family, was
cloned and overexpressed in Escherichia coli. The recom-
binant Algl7C was found to preferentially act on oligoalgi-
nates with degrees of polymerization higher than 2 to
produce the alginate monomer, 4-deoxy-L-erythro-5-hexo
seulose uronic acid. The optimal pH and temperature for
Alg17C were found to be 6 and 40 °C, respectively. The Ky,
and V., of Algl7C were 352 mg/ml and 41.7 U/mg,
respectively. Based on the results of this study, Algl7C
could be used as the key enzyme to produce alginate mono-
mers in the process of utilizing alginate for biofuels and
chemicals production.

Electronic supplementary material The online version of this article
(dei:10.1007/s00253-012-3882-x) contains supplementary material,
which is available to authorized users.
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Introduction

Recently, the use of marine algal biomass for biofuels produc-
tion has gained increased attention as a potential replacement
for terrestrial biomass (Singh et al. 2011). In particular, since
macroalgae including red, brown, and green algae are primar-
ily composed of polysaccharides, the enzymatic and fermen-
tative conversion of these polysaccharide into biofuels may be
possible (John et al. 2011). Compared to terrestrial biomass,
the carbohydrate composition of marine biomass is unique.
For example, the carbohydrates of brown macroalgae are
mainly composed of alginate, laminaran, fucoidan, and cellu-
lose (Shekharam et al. 1987; Jensen 1993; Jiao et al. 2011). To
utilize macroalgae as the biomass for fuel production, the right
depolymerizing enzymes for algal biomass and metabolically
engineered microorganisms that are capable of converting the
algal polysaccharide-derived sugars into fuels would be nec-
essary. Inregard to brown macroalgae, there have been several
attempts to produce bioethanol using brown algae and their
major polysaccharide component, alginate (Aizawa et al.
2007; Adams et al. 2009).

Alginate is a linear polysaccharide composed of «-L-
guluronic acid (G) and its C5 epimer, 3-D-mannuronic acid
(M), as monomeric units (Garron and Cygler 2010). These
units are linked in three different configurations: blocks of
consecutive Gs; consecutive Ms; and heteropolymeric ran-
dom Gs and Ms (Gacesa 1988). Alginate is depolymerized
by an alginate lyase through a p-elimination reaction to
form a double bond between C4 and C5 at the non-
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ARTICLE INFO ABSTRACT

Anitfe history: The S domain of hepatitis B virus surface antigen (sHBsAg) is the primary component for vaccine devel-
Received 7 December 2011 opment against virus infection. For stable expression of sHBsAg in recombinant Saccharomyces cerevisiae,
Received in revised form 14 March 2012 new accessory genes necessary for foreign protein expression were screened by DNA microarray. Among
Accepted 4 May 2012

600 genes of interest, genes coding for an activating protein of ATPase in Hsp90 (Ahalp), 5. cerevisiae Dnal
(Scj1p), thioredoxin 2 (Trx2p) and a GTPase-activator specific for Sarl (Sec23p) as well as Pdilp were
selected in transcriptome analysis, which are known to facilitate disulfide bond formation or induce pro-
tein transport in the secretion pathway. Individual and combinatorial expression of SEC23, TRX2 and PDIT
S domain, Saccharomyces cerevisie increased total sHBsAg concentration by 1.9-6.5-fold, relative to the control strain expressing sHBsAg
Accessory proteins only. Additionally, moderate expression of Kex2p protease able to cut off the signal peptide enhanced the
SEC23 portion of the authentic sHBsAg to total sHBsAg. Fed-batch fermentation of the §, cerevisiae 2805 strain
X2 coexpressing the sHBsAg, SEC23, PDI1 and KEX2 genes resulted in 70.6 mg/L final sHBsAg concentration
which was 5.6 times higher than that of the control. Transmission electron microscopic analysis of the
yeast cells elucidated the effects of the accessory gene coexpression on the intracellular localization of
sHBsAg. Like PDI1, coexpression of both SEC23 andjor TRX2 newly isolated in this study is expected to
improve the target protein expression in S, cerevisiae.

Available online 15 May 2012

Keywords:
Hepatitis B virus surface antigen

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Hepatitis B virus {HBV) is a member of the hepadnavirus fam-
ily causing the acute and chronic diseases of the liver. HBV is an
enveloped DNA virus consisting of 3.2 kb DNA, core proteins and
envelope proteins (Valenzuela et al., 1982). The envelope proteins
referring to HBV surface antigen (HBsAg) is composed of three
structurally related large (L), middle (M) and small (S) proteins.
These proteins share a common carboxyl terminus; the L protein
harbors pre-S1, pre-S2 and S domains, and the M protein possesses
pre-S2 and S domains. The S protein equal to the S domain is called
small HBV surface antigen (sHBsAg) and consists of 226 amino
acids, which is antigenically most significant from vaccine develop-
ment point of view [ Bruss and Ganem, 1991 ; Shiosaki et al., 1991).

* Corresponding author. Tel: +82 2 910 5462; fax: +82 2 9105739,
** Corresponding author. Tel: +32 2 8§80 4855; fax: +82 2 873 5095.
E-mail addresses: ycpark@kookmin.ackr (Y.-C. Park), jhseo94@snu.ackr
(J.-H. Seo).

0168-1656/8 - see front matter © 2012 Elsevier B.V. All rights reserved.
http:/jdx.doi.org/10.1016].jbiotec.2012.05.001

The proper orientation of the N-terminus of sHBsAg is assigned to
be important to allow lateral interactions between the S proteins
in their assembly pathway (Bruss and Ganem, 1991). To show high
immunogenicity, recombinant sHBsAg produced in heterologous
systems should gain a typical particle structure with 20-22 nm size
(Valenzuela et al., 1982). Currently, such a ~22 nm particle form
of HBsAg was produced in various eukaryotic systems including
CHO cell (Lee et al., 2008). Heterologous expression of sHBsAg in
Escherichia coli has failed because recombinant sHBsAg is unstable
in E. coli and deleterious to the host cell (Miyanohara et al., 1983).
Transgenic tobacco and soybean plant cells produced sHBsAg at
a basal level (Sojikul et al., 2003} and suspension cultures of soy-
bean resulted in 20-22 mgjfL of maximum sHBsAg concentration
(Smith et al., 2002). A recombinant Aspergillus strain was able to
produce 0.4 mg/L sHBsAg by simple culture (Pluddemann and van
Zyl, 2003). Pichia pastoris could express and secrete sHBsAgin apar-
ticulate form and a fed-batch culture using glycerol and methanol
resulted in 6 pgfg sHBsAg specific content (Vassileva et al., 2001 ).

Saccharomyces cerevisiae is a popular eukaryotic microorganism
recognized as safe for food and pharmaceutical production, and
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ARTICLE INFO ABSTRACT

Available online 30 August 2011 Supply of NAD(PH is a key factor in microbial production of xylitol from xylose. To facilitate NAD(P)H

supplementation, acetaldehyde dehydrogenase 6 {ALDE) and acetyl-CoA synthetase 1 (ACS1) were

Keywords:

X;}I?:ol overexpressed in recombinant Saccharomyces cerevisiae harboring the Pichia stipitis xylose reductase
Saccharomyces cerevisige [XR)} gene. In-vitro activity analysis confirmed the functional expression of both enzymes. Glucose-
NAD({P}H limited fed-batch fermentations of Saccharomyces cerevisiae BJ3505:8XR strains overexpressing ACS1

Xylose reductase
Acetaldehyde dehydrogenase 6
Acetyl-CoA synthetase 1

and/or ALD6G were performed by feeding 600 g/L glucose in the presence of 100 g/L xylose. Among them,
ACS1 overexpression gave the best result of xvlitol production: 913 g/L xylitol concentration and
1.76 g{L h xylitol productivity, which were 25% and 11% increase, relative to those of the control and
ALD6-overexpressing strains. Considering the changes of cell growth, ethanol and acetate production, a
remarkable enhancement of xylitol production by ACS1 overexpression seemed be ascribed to energy

and NAD({P)H generation through a metabolism from acetaldehyde to acetyl-CoA and TCA cycle.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Kylitol is a popular sugar substitute with low calorie, cooling
taste and high quality sweetness (Lee et al., 2009). The annual xylitol
market is estimated to be $340 million in 2008 {Akinterinwa et al,
2008). To date, various microorganisms have been developed
to produce xylitol from xylose: Candida tropicalis, Saccharomyces
cerevisize, Escherichia coli and Corynebacterium glitamicum
{Akinterinwa et al., 2008; Kim et al., 2010; Lee et al., 2000}. Among
them, a GRAS-grade yeast 5. cerevisiae (Ries, 2009} does not have
xylose metabolic pathways so its genetic engineering has been
adopted to express xylose reductase (XR), the first enzyme for
xylose metabolism (Fig. 1} and hence recombinant S. cerevisiae
strains are able to produce xylitol with almost 100% conversion
yield {Akinterinwa et al., 2008; Lee et al., 2000; Chung et al., 2002}.
Meanwhile, XR-mediated xylose conversion to xylitol requires
NAD{PH as a cofactor, of which sufficient supply is a crucial factor
for efficient production of xylitol (Granstrom et al., 2007).

In our previous works, direct and indirect modulation of
NAD{P}H pools was carried out in recombinant S. cerevisiae expres-
sing the XYL1 gene coding for P. stipitis XR. For example, soluble

* Corresponding author. Tel.: +82 2 880 4855; fax: +82 2 873 5095.
** Co-corresponding author. Tel: +82 2 910 5462; fax: +82 2 9105739,
E-mail addresses: ycpark@kookmin.ackr (Y.-C. Park),
jhsec94@snu.ac.kr (J.-H. Seo)

1878-8181/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bcab.2011.08.011

transhydrogenase (EC 1.6.1.1) catalyzing the reversible conversion of
NADH to NADPH, and glucose-6-phosphate dehydrogenase {EC
1.1.1.49} which is a main metabolic enzyme to generate NADPH in
the oxidative pentose phosphate pathway were overexpressed in
recombinant S. cerevisine able to produce xylitol (Jeun et al., 2003;
Kwon et al, 2006). Simultaneous attenuation of phosphoglucose
isomerase (EC 5.3.1.9) activity and improvement of glucose-6-
phosphate dehydrogenase activity increased xylitol productivity
via the change of glucose flux from the glycolysis to the pentose
phosphate pathway producing NADPH {Oh et al., 2007). Meanwhile,
because of the absence of metabolic enzymes to catalyze further
oxidation of xylitol, recombinant S. cerevisiae expressing XR must
require co-substrates for cell growth and xylitol production. Under
this background, a glucose-limited fed-batch fermentation was
designed to maintain a basal level of glucose concentraticn in
culture broth for prevention of the catabolite repression of xylose
uptake and generation of energy and NAD{PH (Lee et al., 2000;
Chung et al, 2002; Bae et al, 2004).

In this study, two metabolic enzymes related to direct or
indirect cofactor regeneration, NADPH-dependent acetaldehyde
dehydrogenase 6 (ALD6, EC 1.2.1.4) and acetyl-CoA synthetase 1
(ACS1, EC 6.2.1.1) were overexpressed in recombinant S. cerevisiae
containing the P. stipitis XR gene to investigate their actions on
xylitol production (Fig. 1). Their activity assay confirmed the
functional expression of both enzymes. Fed-batch fermentation
with a strategy to maintain the glucose concentration at a basal
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Efficient conversion of xylose to ethanol is an essential factor for commercialization of lignocellulosic
ethanol. To minimize production of xylitol, a major by-product in xylose metabolism and concomitantly
improve ethanol production, Saccharomyces cerevisizge D452-2 was engineered to overexpress NADH-
preferable xylose reductase mutant {(XRM'") and NAD'-dependent xylitol dehydrogenase (XDH) from
Pichia stipitis and endogenous xylulokinase (XK). In virro enzyme assay confirmed the functional expres-
sion of XRMYT, XDH and XK in recombinant 5. cerevisiae strains. The change of wild type XR to XRMUT along

K ds: 5 # 1 5 AR k
E::::Drl i with XK overexpression led to reduction of xylitol accumulation in microaerobic culture. More modu-
Xylose lation of the xylose metabolism including overexpression of XRMUT and transaldolase, and disruprion of

the chromosomal ALD6 gene encoding aldehyde dehydrogenase (SX6M7 ) improved the performance of
ethanol production from xylose remarkably. Finally, oxygen-limited fermentation of 5. cerevisiae SX6MUT
resulted in 0.64g 1" h~! xylose consumption rate, 0.25g1~' h™! ethanal productivity and 39% ethanol
yield based on the xylose consumed, which were 1.8, 4.2 and 2.2 times higher than the corresponding
values of recombinant S. cerevisiae expressing XRMUT XDH and XK only.

Saccharomyces cerevisige
MNADH-preferable xylose reductase

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Ethanel is a promising biochemical to be used as a biofuel
itself and gasoline additive. As a resource for ethanol production,
lignocellulosic biomass has been intensively studied by several
research groups because it is the most abundant and non-food
oriented resource and is autotrophically renewed by solar energy
and carbon dioxide fixation (Bak et al., 2009; Hahn-Hdgerdal et al,,
2007; Matsushika et al., 2009, Saha, 2003). Lignocellulosic biomass
consists of cellulose, hemicelluloses, lignin and small ashes. By
physical, chemical and/or biological treatment, the biomass is
decomposed mainly into several monosaccharides such as glu-
cose, xylose, arabinose, mannose and byproducts (Bak et al., 2009;
Saha, 2003). As xylose, the second abundant mono-saccharide,
is a representative five-carbon sugar and should be utilized as a

# Corresponding author ar: Department of Agricultural Biotechnology, Seoul
National University, Seoul 151-742, Republic of Korea. Tel.: +82 2 880 4855;
fax; +82 2 873 5095.
#* Corresponding author at: Department of Advanced Fermentation Fusion Science
and Technology, Kookmin University, Seoul 136-702, Republic of Korea.
Tel.: +82 2 910 5462; fax: +82 2 910 5739.
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0168-1656(% - see front matter © 2011 Elsevier BV, All nghts reserved.
doi: 10.1016/}.jbiotec.201 1.06.005

carbon source in order to realize the commercial application of
cellulosic ethano! (Jin et al, 2000). Several research groups have
developed wild and/or recombinant microbial systems to produce
ethanol from xylose; Escherichia coli, Zymomonas mobilis, Pichia
stipitis and Saccharomyces cerevisiae (Asghari et al., 1996; Jin et al.,
2000; Lee et al., 2000; Zhang et al., 1995). Among them, 5. cerevisiae
has been used traditionally for ethanol production from starch-
and sugar-based feedstocks. But it does not have catabolic path-
ways for the utilization of pentoses (xylose and arabinose) (Jin
et al., 2000). Some research groups have engineered S. cerevisiae
able to metabolize xylose and preduce ethanol (Ha et al., 2011;
Hahn-Hdgerdal et al.. 2007; Ho et al., 1998; Jin et al., 2000). Key
metabolic enzymes for xylose utilization in yeast but, absent in 5.
cerevisiae, are two cofactor-dependent enzymes of xylose reduc-
tase (XR, EC 1.1.1.21) and xylitol dehydrogenase (XDH, EC 1.1.1.9).
In yeast, XR converts xylose into xylitol and then XDH catalyzes
xylitol oxidation for xylulose production (Fig. 1). Xylose is con-
verted by the two enzymes to xylulose, an intermediate in the
endogenous pentose phosphate (PP) pathway, and then xylulose is
metabolized into ethanol via the PP pathway and glycolysis (Fig. 1)
(Matsushika et al., 2009). Among them, cofactor-utilizing systems
of XR and XDH have been studied thoroughly. Mainly, S. cerevisiae
was engineered to express XR and XDH from P. stipifis, a xylose-
utilizing yeast (Ha et al, 2011; Ho et al., 1998; Jin et al, 2000,
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Abstract A metagenomic fosmid library was constructed
using a genomic DNA mixture extracted from the gut
microflora of abalone. The library gave an alginate lyase
positive clone (AlyDW) harboring a 31.7-kbp insert. The
AlyDW insert consisted of 22 open reading frames (ORFs).
The deduced amino acid sequences of ORFs 11-13 were
similar to those of known alginate lyase genes, which are
found adjacent in the genome of Klebsiella preumoniae
subsp. aerogenes, Vibrio splendidus, and Vibrio sp. belong-
ing to the phylum Gammaproteobacteria. Among the three
recombinant proteins expressed from the three ORFs, algi-
nate lyase activity was only observed in the recombinant
protein (AlyDW11) coded by ORF 11. The expressed pro-
tein {AlyDW11) had the highest alginate lyase activity at
pH 7.0 and 45°C in the presence of 1 mM AgNO;. The algi-
nate lyase activity of ORF 11 was confirmed to be endolytic
by thin-layer chromatography. AlyDWI11 preferred poly
(f-p-mannuronate) as a substrate over poly(a-L-guluronate).
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AlyDW11 contained three highly conserved regions, RSEL,
QIH, and YFKAGVYNQ, which may act to stabilize the
three-dimensional conformation and function of the alginate
Iyase.
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Introduction

The need for new microbial enzymes is on the rise due to
increased industrial demand for novel functional foods
and fermentable bio-resources from seaweed. Intestinal
microbes from some marine animals that produce a mixture
of seaweed-degrading enzymes, including agarase, lami-
narase, cellulase, and alginate lyase, have been screened
[24]. Recently, an enzymatically degraded alginate was
found to exhibit certain biological activities, such as pro-
motion of root growth in higher plants, acceleration of the
growth rate of Bifidobacterium sp., induction of the produc-
tion of cytotoxic cytokines in human mononuclear cells,
suppression of IgE, and antihypertensive effects [1, 6, 11,
12]. Accordingly, both alginate lyase and alginate oligosac-
charides have attracted the attention of researchers in the
food and pharmaceutical industries [11]. There have been
many reports on microbial alginate lyases, which have been
classified as polysaccharide lyases, and these lyases can
cleave polysaccharides through the f-elimination mecha-
nism, resulting in the formation of a 4-deoxy-L-eryihro-
hex-4-enopyranosyluronate at the new nonreducing termi-
nus [10, 25]. On the basis of the enzymatic cleavage speci-
ficity of a nonregular distribution of mannuronic (M) and
guluronic (G) acid units, alginate lyase has been primarily
classified into poly(M)-lyase (EC 4.2.2.3) and poly(G)-lyase
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Abstract In this study, variations in Capsosiphon fulvescens
composition with area and during the harvest period were
assessed by analysis of crude protein, ash, and carbohydrate
content. C. fulvescens in Janghung showed the highest crude
protein content in December and the highest carbohydrate
content in February. Changes in total amino acid, free amino
acid, and fatty acid content were observed between December
and February. Total amino-acid content of Janghung samples
tended to decrease over the course of the harvest period, from
35.7+0.2 g 100 ¢! in December to 32.9+0.2 g 100 g* in
February. Total amino-acid content in Janghung and Gohung
samples was higher than that in Wando, except for glutamic
acid. Significant increases in the major fatty acids (C12:0,
Cl14:1 n-5, C18:0, C18:1 n-9, C18:2 n-6, C18:3 n-3, C20:0,
C20:1 n-9, C22:1 n-9, C22:6 n-3, and C24:1 n-9) in Janghung
were observed as the harvest period progressed. Fructose was
the most abundant and glucose the second most abundant in
the monosaccharide composition profiles, while galactose,
ribose, and lactose were present in low quantites and mannitol,
fucose, and arabinose were not detected.
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Introduction

According to a survey conducted on worldwide aquaculture
production of aquatic plants, there are approximately 16
million tons of aquatic plants, of which 14.9 million tons
were produced by aquaculture (FAQ 2009). Of these, China,
Japan, and the Republic of Korea are the largest consumers
of edible seaweeds (Zemke-White and Ohno 1999). Algal
production in Korea is mainly limited to Porphyra tenera
and Undaria pinnatifida, which comprise 89% of the total
seaweed harvested (Park et al. 2008). Recently, considerable
attention has been given to Capsosiphon fulvescens as an
altemative resource to create new economic opportunities in
Korea and its market has continued to increase with increasing
consumer preference for healthy foods. The green alga C.
fulvescens (C. Agardh) Setchell and Gardner is a filamentous
chlorophycean seaweed cultivated in the intertidal zone with
about 5-6 h exposure time per one tidal cycle (Hwang et al.
2008; Sun et al. 2011). About 650,000 t (wet weight) were
cultivated in 1997 (Informatization Officer 1998) along the
southern cultivation coast of Korea in a short period between
December and the following February (Hwang et al. 2008;
Sun et al. 2011). In recent years, many studies on macroalgae
have been carried out and their proximate composition differs
according to species, geographic origin and seasonal condi-
tions (Patarra et al. 2011). However, detailed studies have not
been conducted to evaluate the effects of the time of harvest or
area on the chemical composition of C. filvescens. This study
was performed to assess changes to amino acid, fatty acid,
monosaccharide, ash, and moisture content of C. fulvescens
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Abstract A gene, alg7D, from Saccharophagus degra-
dans, coding for a putative alginate lyase belonging to the
family of polysaccharide lyase-7, was overexpressed in
Escherichia coli. The properties of the recombinant
Alg7D were characterized. The enzyme endolytically
depolymerized alginate by f-elimination into oligo-algi-
nates with degrees of polymerization of 2-5. Its activity
was maximal at 50°C and pH 7 and was slightly increased
in the presence of Na™. The Ky, Vo Kea and ko /Kyy
values were: 3 mg ml™, 62U mg_l, 1.9 x 107257,
and 6.3 x 107> mg™" ml s, respectively.

Keywords Alg7d - Endo-type alginate lyase -
Polysaccharide lyase-7 - Saccharophagus degradans
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Introduction

Alginate is a linear hetero-polyuronic acid composed
of a-L-guluronic acid (G) and f-p-mannuronic acid
(M) as monomeric units. These units are linked by
%-1,4 bonds to form homopolymeric regions of either
a consecutive G or M block and heteropolymeric
random regions of alternating G and M blocks
(Wong et al. 2000). Recently, brown algae, which
are the main source of alginate, are being considered
as a biomass feedstock for the production of ethanol
(Adams et al. 2009). However, specific enzymes for
saccharification of brown algal polysaccharides have
not been used for bioethanol production (Kim et al.
2011). For the conversion of alginate into biofuels,
the depolymerization of alginate into oligomers and
then into monomers is an important prerequisite
step. Alginate is depolymerized into guluronic acid
or mannuronic acid by forming a double bond
between C4 and C5 at the non-reducing end through
a fi-elimination reaction by an alginate lyase, and the
monomers are then non-enzymatically converted
into 4-deoxy-L-erythro-hex-4-enopyranosyluronic
acid (Kim et al. 2012). Depending on the substrate
specificity of alginate lyases, the enzymes can be
classified into two categories: polyguluronate lyase
(EC 4.2.2.11) and polymannuronate lyase (EC
4.2.2.3) (Wong et al. 2000).

For the saccharification of polysaccharides into
fermentable sugar, the enzyme loading and activity are
critical for the final production cost of bioethanol
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Abstract Increased aldose reductase {AR)-related polyol
pathway activity and the subsequent formation of advanced
glycation end-products (AGEs) have been implicated in the
onset of diabetic complications. We have evaluated the
inhibitory effects of the methanolic extract and its fractions
of Laminaria japonica on rat lens AR (RLAR) and AGE
formation. The CH,Cl, fraction was separated by high-
performance liquid chromatography to yield active
porphyrin derivatives, including pheophorbide a (1) and
pheophytin a (2), which were assayed for their anti-diabetic
complications and yield Compound 1 exhibited potent
inhibitory activities against both AGE formation and
RLAR, with respective half-maximal inhibitory concen-
tration (ICsp) values of 494 and 12.3 pM. Conversely,
compound 2 was found to be active against AGE forma-
tion, with an ICsy of 228.7 pM. For further elucidation of
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the structure-inhibitory activity relationship of the
porphyrin derivatives, the inhibitory activities of four
commercially available porphyrin derivatives on AGE
formation and RLAR were measured. The presence of a
carboxyl group and the absence of a phytyl group at the
C-17? position of the porphyrin were found to contribute to
the inhibitory effects towards both AGE formation and
RLAR. These results suggest that the L. japonica and its
porphyrin derivatives may represent a potential functional
food resource for further prevention of diabetic
complications.

Keywords Laminaria japonica - Aldose reductase -
Advanced glycation end products - Diabetic complication -
Pheophorbide a - Pheophytin a

Introduction

Long-term diabetes gives rise to serious complications,
including atherosclerosis, cardiac dysfunction, retinopathy,
neuropathy, and nephropathy. All of these conditions are
associated with a diminished quality of life and significant
morbidity and mortality in diabetic patients. Accordingly,
the prevention of such complications could potentially
improve the quality of life and reduce the mortality rate of
diabetic patients. Previous experimental findings suggest
that hyperglycemia can cause diabetic complications via
several pathways, such as increased aldose reductase (AR)-
related polyol pathway flux, increased formation of
advanced glycation end-products {AGEs), activation of
protein kinase C (PKC) isoforms, increased hexosamine
pathway flux, and excessive oxidative stress, including
superoxide overproduction, glycoxidation, and glucose
autoxidation [1, 2]. AGEs in particular have been shown to
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Abstract

Purpose Laminaria japonica is a representative marine
brown alga used as a culinary item in East Asia. L. japon-
ica extract was shown to exert various biological activities;
however, its anti-inflammatory activity has not been
reported. The aim of this study is to investigate the
molecular mechanisms underlying its anti-inflammatory
action.

Methods Anti-inflammatory mechanisms of L. japonica
n-hexane fraction (LHF) were assessed using lipopolysac-
charide (LPS)-stimulated RAW 264.7 macrophages. An
anti-inflammatory compound isolated from LHF by
reverse-phase chromatography was identified using nuclear
magnetic resonance (NMR) spectroscopy.

Results Our results indicate that LHF significantly
inhibited LPS-stimulated nitric oxide (NO) and prosta-
glandin E; (PGE;) secretion in a dose-dependent manner
and suppressed the expression of inducible nitric oxide
synthase (iNOS}) and cyclooxygenase-2 (COX-2) with no
cytotoxicity. As results, levels of pro-inflammatory cyto-
kines were significantly reduced by pretreatment of LHF in
LPS-stimulated RAW 264.7 cells. Treatment of LHF
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strongly suppressed nuclear factor-xB (NF-xB) promoter-
driven expression and nuclear translocation of NF-xB by
preventing proteolytic degradation of inhibitor of B
(IxB)-¢ in LPS-stimulated RAW 264.7 cells. Moreover,
LHF inhibited the phosphorylation of Akt and mitogen-
activated protein kinase (MAPK} in LPS-stimulated RAW
264.7 cells. One of the anti-inflammatory compounds was
isolated from LHF and identified as fucoxanthin.
Conclusions These results indicate that the LHF-medi-
ated inhibition of NO and PGE; secretion in LPS-stimu-
lated macrophages is regulated by NF-xB inactivation
through inhibition of IxB-«, MAPKSs, and Akt phosphory-
lation. LHF may be considered as a functional food can-
didate for the prevention or treatment of inflammatory
diseases.

Keywords Anti-inflammation - Fucoxanthin - Laminaria
Japonica - MAP kinases - NF-kappaB - RAW 264.7 cells

Introduction

Inflammation is a complex response of host defense against
harmful stimuli, such as microbial infection, endotoxin
exposure, or tissue injury, and ultimately leads to the res-
toration of normal cell structure and function. Macrophages
are key regulators of the immune response to foreign
invaders, such as infectious microorganisms, and are
activated by exposure to interferon-y, pro-inflammatory
cytokines, and bacterial lipopolysaccharides (LPS) [1, 2].
Stimulated macrophages play a pivotal role in inflamma-
tory diseases via excess production of cytokines, mcluding
tumor necrosis factor-o (TNF-z), interleukin-15 (IL-1£),
and I1-6, and other inflammatory mediators such as nitric
oxide (NO) and prostaglandin E, (PGE,) [3, 4]. Excessive
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Dichloromethane Fraction of Laminaria japonica Ethanolic
Extract Inhibits Lipopolysaccharide-Induced Nitric Oxide

Synthase and Cyclooxygenase-2 Expression in RAW 264.7

Cells via NF-kB Pathway

Ji-Young Lee,1 Min-Sup Lee,’ Ji-Woong Ch(;i,1 Tai Sun Sh'm,2 Hee-Chul Woo,3
and Hyeung-Rak Kim™*

Abstract  Strong anti-inflammatory activity has been found in Laminaria japonica dichloro-
methane fraction (LDF); however, the molecular mechanisms underlying its anti-inflammatory ac-
tivity are not reported. Our results indicated that LDF inhibited LPS-induced nitric oxide and
prostaglandin E, production in a dose-dependent manner and suppressed the expression of inducible
nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2) in RAW 264.7 cells. Also, levels of
pro-inflammatory cytokines such as tumor necrosis factor-ci, interleukin (IL)-1f and IL-6 were
remarkably reduced by LDF in LPS-treated RAW 264.7 cells. LDF greatly inhibited promoter
activity of nuclear factor-kB (NF-kB) and translocation of NF-kB subunits by prevention of the
degradation of inhibitor kB-o in LPS-treated RAW 264.7 cells (p<0.05). Moreover, LDF inhibited
activation of mitogen-activated protein kinases and AKT in LPS-treated RAW 264.7 cells. These
results indicate that the LDF downregulates INOS and COX-2 expressions through the suppression

of NF-kB pathway associated with inhibition of multiple signaling proteins.

KEY WORDS: Laminaria japonica; anti-inflammation; NF-kappaB; MAP kinases; RAW 264.7 cells.

INTRODUCTION

Inflammation is a complex progress regulated by a
cascade of cytokines, growth factors, nitric oxide (NO),
and prostaglandins (PGs) produced by activated macro-
phages. Macrophages are major inflammatory cells and
immune effector cells. Macrophages are activated by the
exposure of interferon-y, pro-inflammatory cytokines,
and bacterial lipopolysaccharide (LPS) [1-3]. Activated
macrophages play pivotal roles in inflammatory diseases
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vig excess production of cytokines, including tumor
necrosis factor (TNF)-c, interleukin (IL)-1p, IL-6, and
other inflammatory mediators such as NO and PGE; [4,
5]. Hence, substances which inhibit the productions of
these inflammatory mediators or cytokines are consid-
ered as potential anti-inflammatory agents.

Nuclear factor kappaB (NF-kB) plays pivotal roles
in the early stages of immune and acute phase
inflammatory responses, as well as in cell survival [6,
7]. NF-«kB activation mediates expression of inducible
nitric oxide synthase (iNOS), cyclooxygenase 2 (COX-
2), and various pro-inflammatory genes [6, 8]. Activa-
tion of NF-kB induced by LPS involves the phosphor-
ylation of inhibitor of kB (IkB)-a kinase, which
phosphorylates [kB-o¢ on serines 32 and 36, leading to
subsequent ubiquitination and degradation of IkB-¢, and
translocation of NF-«kB into the nucleus [9]. Also, the
activation of NF-kB is regulated by cellular kinases such
as mitogen-activated protein kinases (MAPKs) [2] and
phosphatidylinositol 3-kinase (PI3K)/protein kinase B

0360-3997/12/0000-000 /0 © 2012 Springer Science+Business Media, LLC
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Abstract—We investigated the thermal stability of polyphenols and fatty acids from Laminaria japonica powder by
subcritical water hydrolysis among the range of the experimental conditions. The experiment was carried out at tem-
peratures and pressures ranging from 200 to 280 °C and 13 to 60 bar. respectively for 28 to 42 min. Polyphenol and
fatty acids in hydrolysates obtained from different conditions were anabvzed by GC and UV-spectrophotometer. The
results were compared with those obtained from Laminaria japonica oils extracted by supercritical CO,. Polyphenol
and several fatty acids in hydrolysates produced by subcritical water showed high thermal stability.

Key words: Fatty Acid. Laminaria japonica. Polyphenol. Subcritical Water Hydrolysis, Supercritical Carbon Dioxide. Ther-

mal Stability

INTRODUCTION

Seaweed is a potential renewable resource in the marine envi-
ronment. It provides an excellent source of bicactive compounds,
such as carotenoid, dietary fiber, protein, vitamins, essential fatty
acid, and minerals [1,2}. Interest in seaweed lipid has been on the
rise owmg to the recognition of important bicactive molecules hke
conjugated fatty acids, pigments that have profound physiological
effects in the treatment of twumors and other cancer related prob-
lems [3-5]. In addition, polyunsaturated fatty acids (PUFAs) are
reported to share more than 30% of the total fatty acid in diatom or
brown algae [6]. Laminaria japonica 1s a sort of brown seaweed
that contams carofenoids. It has the ability to rapidly colomze dis-
turbed or new surfaces, This seaweed 1s widely used as a human
food in different countries, especially in Korea and Japan.

Polyphenols of plant onigin may act as antioxidants in human
and animal diets, thereby reducing the risk of atherosclerosis and
coronary heart disease. They can also protect against some forms
of cancer [7]. It 1s widely accepted that significant antioxidant activity
of food is related to high fotal phenolic content. Plants and foods
contain a large variety of phenolic derivatives, including smmple phe-
nols, phenylpropanoids, benzoic acid derivatives, flavonoids, stil-
benes, tannins, lignans, and lignms [8].

Currently. the most common method of extraction 1s liquid sol-
vent exfraction using many organic solvents. However, the con-
ventional method mvolves the discharge of potentially hazardous
solvents to the environment and can also damage the fimetional prop-
erties of the extracts by hydrothermal stress [9,10]. Therefore, alter-
native extraction techniques with better selectively and efficiently
are sought. Supercritical flud extraction (SFE) is an altemative sepa-
ration technology. The exiract obtained from SFE contains fewer
polar impurities than the current organic liquid extract and so subse-

“To whom correspondence should be addressed.
E-mail: bschun@pknu.ac.kr

quent purification steps become easier [11]. The most commonly
used supercritical fluid is supercritical carbon dioxide {SCO.) because
it has a favorable critical temperature and pressure (304.1 K and
738 bar) that enables heat labile matenials such as biomolecules to
be processed. In particular, SCO, has further processing advantages
such as low viscosity, low surface tension, high diffusivity and good
density, which play key roles m enabling the solvent to readily pene-
trate the solid biomass matrix as well as in extracting the solutes.
SCO, is also non-toxic, nonflammable, mexpensive, widely avail-
able and chemically inert under many conditions [12-15].

Suberitical water (SW) s also an effective solvent for both pola
and non-polar compounds. As the temperature of water ncreases,
the polanty of water decreases. As a result, the solubility of non-
polar organic compound ncreases, and the solubility of polar organic
compound decreases [16]. By achieving low polarities at elevated
temperatures, suberitical water hydrolysis (SWH) has proved high
ability to produce high yvields with short extraction time for a num-
ber of hydrophobic organic compounds [17]. For this reason, both
SCO, and SW are considered very useful solvents for many indus-
tries such as the nutraceuticals and phammaceuticals. The aim of'the
present work was to investigate the thermal stability of useful materi-
als such as polyphenol and faity acid from freeze-dried Laminaria
Japenica powder after subcritical water hydrolysis among the range
of the experimental conditions,

MATERIALS AND METHODS

1. Materials

Laminaria japonica was collected from Guemil-eup, Wando-
@, Jeormam, South Korea. Food grade carbon dioxide was pure in
999% . Gallic acid was purchased from Sigma Aldrich Co. (USA).
All reagents were of analvtical grade.
2. Sample Preparation

Fresh Laminaria japonica samples were thoroughly washed with
water and their holdfasts and epiphytes were removed. The cleaned
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Title: Construction and characterization of recombinant Bacillus subtilis JY123 able to transport xylose
efficiently

Article Type: Short Communication
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Abstract: It has been known that wild type Bacillus subtilis cannot grow rapidly in a minimal medium
containing xylose as a sole carbon source because it does not have a xylose-specific transporter. In this
study, the arabinose:H+ symporter, AraE protein from B. subtilis was expressed in B. subtilis 168 in
order to transport xylose efficiently. The AraE expression cassette was constructed to contain the
xylose-inducible xylA promoter, arakE gene and fba terminator, and integrated into the chromosomal
amyE gene in B. subtilis 168. Batch cultures in a defined medium with xylose only or a mixture of
xylose and glucose showed that expression of Arak led to fast and complete consumption of initially
added xylose and hence a considerable increase in cell growth of the recombinant B. subtilis [Y123
expressing AraE. Considering the systematic analysis of cell growth, sugar consumption, respiratory
quotient and xylulokinase activity, it was certain that AraE protein could transport xylose into B.
subtilis efficiently.
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Abstract: Hybrid biocomposites are one of the emerging fields in polymer composites. The purpose of
this study is the development of natural fiber and ceramic sheet reinforced polypropylene (PP) hybrid
biocomposites for broadening of the field of potential applications of biocomposites, Hybrid PP
biocomposites were manufactured with 20wt% loadings of kenaf and the addition of a ceramic sheet
(single or double sided) by melting and compression molding. The effects of the ceramic sheet on the
mechanical and thermal properties of the hybrid PP biocomposites were analyzed in terms of tensile,
flexural, and impact properties, and inflammability, smoke optical density, and toxicity of the
combustion gas. Also, the surface morphology of fractured hybrid PP biocomposites was observed by
SEM and AFM. In spite of the brittle properties of the ceramic, the mechanical properties of the hybrid
PP biocomposites were improved and, also, the inflammability of the hybrid PP biocomposites with the
ceramic sheet was highly improved. As a result, full impregnation of ceramic sheets into the kenaf
reinforced biocomposite can contribute to the improvement of both the mechanical properties and the
inflammability of biocomposites, resulting in a broadening of the field of potential applications of
biocomposites such as aerospace.
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Abstract: The seaweed (SW) was derived from the residue in bioenergy production processing.
SW/polypropylene (PP) biocomposites were prepared to investigate the SW species and pretreatment
effects on the characteristics of biocomposites. Laminaria japonica of brown algae (BA) and
Enteromorpha crinite of green algae (GA) were examined by pretreatiment with ethanol, acetone, and
sulfuric acid, respectively. SW/PP biocomposites were manufactured with various contents of SW by
compression molding and the thermal and mechanical properties of biocomposites were investigated.
GA/PP biocomposites showed higher thermal stability and impact strength than BA/PP biocomposites.
The pretreatment of GA with sulfuric acid gave the highest thermal stability among various
pretreatments. Sulfuric acid-treated GA/PP biocomposites showed the generally improved thermal and
mechanical properties.
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This paper propeses a new methodology for the real-time on-line quality monitoring of biofuel processes through the in-
tegration of infrared spectroscopy and chemometrics. A method of Partial Least Squares (PLS) in Chemometrics is emploved
for quantitative analysis of key components in bicethanol products. After a number of preprocessing methods and variable
importance in projection (VIP) are used, Savitzky-Golay method showed the best performance in terms of spectrum correction,
noise reduction, and model maintenance. The proposed methed allows us to economically forecast the concentration of multi-
ple impurities encountered with the production of bicethanol. The proposed system is also accurate encugh ® > 099 to
replace the laboratory analysis.

Keywords: bioethanol, Partial least squares, spectrum preprocessing, variable importance in projection, Infrared
spectroscopy
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