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Summary

Biorefinery is a coined word defined as the technology
for manufacturing biofuels and chemical products
using biomass as a raw material. We are vigorously
conducting research on marine biorefinery using the
Japanese Lessoniaceae (Eisenia bicyclis, Eisenia
arborea, Ecklonia cava, Ecklonia kurome, and
Ecklonia stolonifera) as biomass. In this review, we
introduce the latest research results in the following
three areas: (1) phlorotannins and their new
physiological functions, (2) separation and application
of seaweed-degrading bacteria, and (3) production of
rare sugar from alginic acid. Phiorotannins, which are
specifically contained in brown algae, are attracting
attention as new functional polyphenols. As a new
physiological function, it was found that phlorotannins
(eckol and its oligomers) contained in the
Lessoniaceae have anti-glycation activity superior to
aminoguanidine, a synthetic anti-glycation agent. A
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marine bacterium Formosa haliotis strain MA1, which
was newly isolated from the gut of abalone, has many
hydrocarbon degradation genes to degrade brown
algal polysaccharides. Alginic acid is the mucus
polysaccharide most abundantly contained in brown
algae. It was also revealed that the strain MA1 has the
ability to produce succinic acid from alginic acid.
Furthermore, a marine bacterium Falsirhodobacter sp.
alg1 has two novel alginate lyases (AlyFRA and
AlyFRB) that have been isolated from spoilage of the
brown algae. We succeeded in producing the rare
sugar (4-deoxy-L-erythro-5-hexoseulose uronic acid)
from alginic acid with high purity and high yield using
recombinant proteins of the alginate lyases.

In September 2016, we established the Seaweed
Biorefinery Research Center at Mie University in order
to globally disseminate our research results and
praducts.

(F7ERER - Wi X FEKERFERE AR
Bzl ARIEEARRE LAty 774
) — i ORRBMR (HYRE: HH7+ b7 I AL
D 7= D KEHGERINE 77 v b 7 + — A4k D RE%E)
IZHUO A, BRIz, 544 ) 774+ —FEO
MRELD S HUEMEORE, WEF RIS OBFES 2
N6 DFOFET IR A A - B EE O B R s
IZHFRI A T 4 b 3 LD L4 PERESR IR
SMEEEY L. ZOCRESTHIETIE, 734 A RE

FEDHE ST, WEE) 7 x ) —LOWE, WES M




FFI JOURNAL, Vol. 223, No.4, 2018

oI L RS - AR E L & BERLFEONE 5T
124 w32 A Z AHRABR TS, KBTI, &Rl
FRAPHNOEMICER I TEPLT) Y34 F ) T 7
1) =% Thabs EBErSOEDIL D] IZBT
BMEOMESE L SHOBEHIZOVTHETT 5.

2. N(FVITFPLFU—I[CBULI
R EEEICHIT TR D A

IAXN T 74T —DFERE LS4 T A, B
L Xha oy FuI VRO AR/ A A A B i
L XN AAMPHD O HOIEATRR/A F 7 AHET
5NB, ZThED74 F v 2k, ELOFHATIEHHE
A FER R 220, (LEIRRER. A K DT
MRS AR0EHH S, Lih - THELMMAERBE L
IAX YT 7450 =13, AERTIEERLBEELNEFZ
chTws, —f. HERZEDEBFECZH 2T, #
4wﬁmréﬁ $Kk&ﬁ%t%@%%ﬁ*ﬁﬁﬁﬁ
LTHD, ZTITEHETAHM (B s MilEs) |
%ﬁk%h%&ﬂ%*?ikﬂ6>

IAF Y T4 FY —ig 8 F T E =LA A
WORHE RSB A AR OATEH 2N B2, 714 794
ONTEAAY FOBSEPS b—F2 L7 0 X AORFFRNE

% GHI U 2 AUSHES L &, PN S A~ 2D TH
EHIL, TLE VBT a4 40 0o RO BRENE S
PEELTaAFY Y F Y, TAATU—I, FARVELE
W bl 2 O R A R - L TO B RS #
WY BT T AR H Y ABEHEHCL 2D TR
HigsmIziz, zhsicATr7uon g vy =V ELIETh
HIER) T2/ —LHEEIZEEh TS, Z0LS
LEEEAROBMED L, BN AL - Th
n. BEREMELH 7Y AV PHBTO= - EE, 8
A S MR AR ‘ﬂ’:ﬁk%. DEHELTOREE R
ALV, QEMAETHS. ZhoDfil#z 2 ) 7l
*5% ﬁ%@ﬂbfﬁﬁleﬁva/n4¢U7?4

F ) =i L =R Y, A= X & LT CRESTHIE T,
T ABEWEE (772, ¥HTA) LHT A BEEHE
(A4, rux, YL752)([H)BEREEERL .

TIAR AVABEERL. 2 THA Y ARHCRTY
5EFEEOAMBERETHY Iy TREFR AL DY,
M2, EEOA T4 - L FREBCTRELAEY T AL
7Y ADWBHPHROBERTH 5. HET -2 ICRohb L5

KB R GRIEREE) ATERT 5 Z L AVKRMED
BT H 5. KoMk, S Te0EENR LN
LDO, 5HEOZNE % &HbEiu, ®ibr s WNREE E
TORRFBIET S, EEoOMMzLD, BBE (21
B—Z . ~NIto—Z, TLXVEE, 7a4 %y, 73
4508, IBA. K5, Aa
T/4 FEEK. 7002y = Y HEOERISOVTEMRT
KRELZBIBOZEHBHSEMIHSTVEY, ZTheo
SREOMHIZ WL, RAEEKAFIRL, 3 7ELH
A, 7»#>&Tﬁwﬁﬂvﬁﬁmmﬁ(%ﬁ@‘?ﬁ
B, fERE, BEE, KaRal) ITTaHE L ToHEE
3B HEO0RHTIRENTHN. IV TRIH A/
)& A REBERO SRR L TR SRR ODIEE
INBEETH S, LI=A-T, TI AR - AV ABESEEE
FILER A A2 2L LTHOWEAF ) 7 74T
— iAo U, RERETOY ) v a F ) T 7 A4
+ 1) —OERMA MRS, 20035 H 6 REAELAKBENF
Ky o — L REElERE - Xt 9440
WL AEHL T, Zun 2 vy BV -2 LTO

FF3u, = b=N),

77)‘!?&%%
754 T 4HSA
mxm;ﬁ'
il ] s s |
hioA WILTSA

1. P5AB - AL ABEEE
FZAE70A}. RER - RBH. $AFAEHTAG ZER - F
W, YT Z AR, WOR - TEAATHERLE 347413 ZE8R
Tl "H58" EHL{ALFERTVS,

B2, ¥ HFAEHT AOHPH® (BRREE)
SBRTEHEMRICTRY L1,
SROBENOTIEZRIE. 20 kglww)/nilET 5.




Foods & Food Ingredients J. Jpn., Vol. 223, No.4, 2018

EHahi-70X, 70022 SOME0EBHICBLAERTVS,
CRESTHIZ® [BEm<HAO-»0EMTEREHORK] Tl BB
1AV 774+ -—DEHANAFTIELTERBL

FIFZEHINZ A 2 A BEEEICRT 2 2 0 X O M E
ZERL TS (X3)

BIfE, 126,700 ni DXET, K25 > (EhfHEE
DY o A EEOEREIZRINL TwWa. ZHud, JEEHOM
EIZFFE L THkG L - HAYIOWHFIERTH D M & h
yat £ NG Gl A w = (- s o B QNI 1 cBPE S S (4
BEREOFEMBE L TGEHEATWS (BER. BRELT
D=—ZXEH5), EHELOBNT, #iiruxrtroi
KIRGER (CKHE) MTHBEAILDET2RHBOE
HX7oug = Y EOCEHIRIC EEE RN L 4
MR LTV 3", CRESTIF%. [T ERHO-»O%E
WA OERN] Y Tl ZTOXREERM 2 o 2 % FH
IS A ZNTRIE L VA F T2 ) — LAV s HE B 5
THURABERE ™ L34 ARBBHOBRAR" ™ 22 h T
PRI 7=, FH S IE, 2016810 [ A FME/ A
D774+ 0Kty 22— #EFILY, 75 2B - 7
T A RGO N MR O1E B B 5 BB IR O FREL
LIRTE E NS RO RS ORI B #lA T
RPN

3. BERUZx/-IL [700%
Y=Vl EMULVWEIBEEE

KU T7 s —nkid HFRIZT7 7 - EREEEE
(AL (L BMOBER L ST\ 5. BE Liitho 4 i
THEY 7z —NEHI 75308 - LB EREO(LS
MNEAS LSS 2 = (condensed tannins), %1
#% (gallic acid) R 7V BAEOHFHRILEME L
- 2B EOBENT 2T AEE LMK GRS v =
YRAFINYFREEENETONDE. K T /-0
B3, 2O SR E B, 6 R MRS
REMOREGIFAL VS 2= DEDH D, EERLH A A,
KE, RN =8 K74 23LFE) 7z /- LEICE

3. fEARBRXEMAMEBETITHOATLE 7O0XDERE

UhEMEEM AR L @ aiRicEhsr 2 > Twa
Tlid, HEOHEMT 2 TELL,

W) 72 /=@ 7ana iy =¥ (phlorotannins)
i BEENADOR ) 72/ —AHTHD, 7Zuu s Ly
/=) (1,3,5-trihydroxybenzene) A HUZEA L /- %
EH5TVBY, Zuugy= V@R JuusLy /—n

SRS SV ORET SR/ A
fucophlorethols, fuhalols, isofuhalols, eckols? HL{ Kt
MEEL", BHFE,. Zh b iZcarmalolsA - T3

(214) .,

Fof, 7o sy =V HEORHE LTy VLAY
OfFfEE AEEh T3, 7your y =V HAEET S
e LTid, LR ALKOWMBEMIZTHmT 3
Ascophyllum nodosum=°Fucus vesiculosus. Bijyid) 7 5 A
& - APV RS < Heh T . (LAmDEEIC
BT aHIRE BV, 77 4B - h Y ARBENIZEEA
H7uus =3, dibenzo-1, 4-dioxinfiii& % 5>
eckolDA ) Tv—H %, EHESOHME I L —TTit,
eckol, fucofuroeckol A, phlorofucofuroeckol A, dieckol,
8.8'-bieckol ([X5) Z iz, AFEESHELESRIZBE4 A 0%
EEDTWS, Z2Ofth, 77 A& - H VA RBEECEZ
hib7oog =/ RlUZFEY, Juoar=
YL, T - ARBORE RO, ARERIZX S
STECIC KD RS S IR ESIZE S Z LA MKRS. %
7z, WHHHPLC A 7 £ & WA ) I — O 5 & ATRET
HB,

un gy = OB OWTIE, S, A
EHFRCHEERRE AT 5 - S0, ST
PR & EACER R R & O Ho
HMEE L TRELZHLEOND Z LA 50 2005
FRATRABICHLOBESER) 72 7 —LE LTORIR
WA TS, BEERYIOR ) 7 2 7 — LEE [FRR. iR
LRI T VL F — . JUSIENE. M. L7
v —REH L E DL T E TIClE ST 5,
ZITI3 FESOMET L —THHS I LI-REFOE
BIRREL LTy um 2w = VORI D0 T
15,

EARNTEITHEL 202 ED) & VRER 7L =
YERHE L IER R RIG U & v 3 2 BOREEN A2
#E1697, Zhid, 2 3y BOBHEE (glycation)
LIHThTE D, BREOZTHTIR, 4417 — FRIBZ
IET I/ ALEZAFIEDEHRTHONERIETH
27, & vy BOREEIGIE, methylglyoxal (MGO) %

fucols, phlorethols,

AT

357



FFI JOURNAL, Vol. 223, No.4, 2018

" OH b OHHO & OH oH
W ™ 0HHO OH 04
OHHO Ho OH OH Ho OH HO OH
d \ e f =
Hﬂ“ NNw ol el @ N
f_ ‘_-. ¥\ OH OH
OHHO Ho H 0 OH
OH
HO T O0H
OH
O h OH

[ ] OH
HDMUH
M4, 700% > = O BEAEE

a, phloroglucinol; b, fucol#8 (difucol); c, phlorethol#E (diphlorethol) ; d, fucophlorethol (fucophlorethol A); e, fuhalol# (trifuhalol B);
f, isofuhalol#E (triisofuhalol); g, eckol$ (eckol); h, carmalol3# (diphlorethohydroxycarmalol ) .
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a, eckol: b, fucofuroeckol A; ¢, phlorofucofuroeckol A; d, dieckol; e, 8,8"-bieckol.
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UWBREMER Y 7 2 7 — L & LT 5% & S-MRTFZE & 451
TVELVEELI TS,

4. BRIBEHEEODMEZOINHA

W A AN 774 F ) —%EDHTN S ATHEHES
7% 5 R EREAOR Y, BEHLE Vo piEETH S,
EERO RN RO %, BRI 212 K 0 g0 i ik
EER LA —MNTH S, FEESHIE. T0 &5 5D
fimg LA B 45 U | etk & At & 2 5 X 5 Al 4 R4
HIERTELEVNEEXTE . BEFREEX 56
NEFOMEOR R OO TIIEERMI30EIZEM D | R
PN Nz 1984F Iz dLiEED 2 » TOR S 29K
PRI DR S 7 X M -EEIE TH 5. HAKKT
Bz, TOFERIZVERIIEEL 800, FO4F
% 1998FIZ S UER E N te, ZORFIZHE, [H—
DOFHF A 778 £ . Pseudoalteromonas elyakovii 25 %
A Frd & L T20005-12aci 2 2™, ARBEIE, din
LA DR BT 50D EHOBHREHFL T
BIEAGHN BEOTT T T A MEORARL EATT
bhi", ZO%, HABMETIO XS LSRR, 5
BHEBER LSS AN AT AHE X 7.
FFIZ1998%-12 77 X #1.7=Saccharophagaus degradans!ifi
RO HAEEA ) TR < | % < OWFHERAL 2 1 77 IR % %

B AR SESR/FIRAM HEE
Saccharophagaus WRE T Y T agar, alginate, cellulose, Ekborg et al, (1998) 2005
degradans chitin, 2 -gluean, laminarin, Sakatoku et al., 2011

pectin, pullulan, starch,
xylan
Pseudoalteromonas WA v T Ek alginate, mannitol, Sawabe et al.,

elyakovii

laminarin

(1984) 2000

Formosa algae R

alginate, mannitol

Ivanova et al.,2004

Halomonas marina OV T

alginate, mannitol,

Ivanova et al., 2002

laminarin, pectin
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DRRIZOEN 7=, FOIZRTED, THETIYEIEZ
EOMEML|ME TV B,

FE ORI A P 5 S RERI I O (LA 12U,
RN ART AMELFET 2O TREVALE R B
BEFATRRATIEIZHEHEL N EZ2 ) —=V
T EITo72E 2 A, KI900BkD RIFRRP. 1RO A, R
EHAE () S AMIEOFEECRINL 7. ARIZXTIC
AED , RGN ERETH - 722, ThETOM
HIOME & 13k E < ACENHERS 5 F RV RE S T
LG iYL L Tadiik& L. Formosa haliotis (7 4 L&
+ N F T4 ) it Eh, ThoE TISEREAE
BEEIMEOBME XHBEOH A THERTH 5 Z & H
L, WHEEET LML RAEINADIZ, EZUEHTD
&L 7",

#EEGILF, haliotisD2Y 7 LR EITS> 2 EIZ& D,

7. Formosa haliotis D& ¥ B4 iR E{%

Subsystem Coverage

- —-:1-3
i il
i3 17820 .
Carbohydrates
30
At 353/ 2076
I e

o ] - 1
e Al

Subsystem Category Distribution

KEHSED LS L THERF PR 500 BIEZT L
NUTHHEZED S Z LIZED, ZO—WHPRZ TE -
K87 /) LARITASROMELRT. AWy /444X
A4Mbp a8 A . — A 2 AR TR o 1 RS
Bb5BIEZ T2 L REL T, 7, MR 2B
T 57200 % OR(LKEFWBIZFEAL. ZO
RIS A ZZ, BRI ESTED S 5% { OHIG% S
WAETLX /BOGRIZBEL T NTOBEF»555 0
T 24 —%ELTHEY, Algnate lyase (family PL-7),
Oligoalginate lyase classified to the alginate lyvase (family
PL-17), 4-deoxy-L-erythro-5-hexoseulose uronic acid

(DEH) reductase, KdgF, 2-keto-3-deoxy-D-gluconate

(KDG) kinase, 2-dehydro-3-deoxy-phosphogluconate

(KDPG) aldolasei#{z 17 £ MR T & 7=, Ref%i=/E
R ENKDGA LK BRIZZER L, hyefRR 4 58
LTWBZEeRgh-o7=", Rz Th 0 iEE
UL, T 2 iz B Bn T2 IRA L. X
AT S AL RIS R A TE L,

37 E O AN RSN (F. haliotis)
AT 5L, SHIEEET F o FolsiEd zubiXEo
LA fER T X 5. ZORLR L BRI AR DHES T
BIZED A AR ) —NEFERTZILEANTES, &
7o, ILBHE EHAGDhELZLIZED, 1A AT T AF
2EEETARE WS4 XN T 74T —DT Ty b
TA—LELTHaIclEET 2 HHEMETH 5. IR
THD | RO FIEEIC X 2l LIZED S H LWL

Subsystem Feature Counts

@m Cofactors, Vitamins, Prosthetic Groups, Pigments (174)
=M Cell Wall and Capsule (118)

@ | Virulence, Disease and Defense (80)

@ M Potassium metabolism (19)

m m Photosynthesis (0)

B Miscellaneous (29)

@ W Phages, Prophages, Transposable elements, Plasmids (17)
@ @ Membrane Transport (60)

@M Iron acquisition and metabolism (0)

@  RNA Metabolism (135)

@ W Nucleosides and Nucleotides (83)

@m Protein Metabolism (210)

@M Cell Division and Cell Cydle (23)

® 1 Matility and Chemotaxis (0)

m Regulation and Cell signaling (21)

@  Secondary Metabolism (1)

@ m DNA Metabolism (111)

@ W Fatty Acids, Lipids, and Isoprencids (68)
& @ Nitrogen Metabolism (39)

= m Dormancy and Sporulation (2)

B Respiration (64)

@ W Stress Response (71)

@  Metabolism of Aromatic Compounds (18)
@  Amino Acids and Derivatives (307)

m  Sulfur Metabolism (39)

@ ™ Phosphorus Metabolism (24)

@ m Carbohydrates (353)

8. Formosa haliotis D #1{EFEEHRIER
RIKERNMERETFRE T/ 7— AN A2076RIFFH35IMETICRAL, ST /BABNMEBRETNL307ICH LUREROALS T

EREOHBRICHBFSL VBRI LN aP 3.
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—JiC. Al (F. haliotis) (&, #H0D EEHK L HET
HHETLEXYBERE L LR NS TR RIS AT
e, ANIBEEEET DI LA 005 TE . AR
DFIZL2 L. TLX VBEARKNTA Y TT7LX 0
IZETHRL =05, FHENIZERN AR, TF UMDY 7—
VIZEDHI-E THMT 5. ZOHINIDEHL T
L& a4 —FIZEDKDGIZE D, ) Bt 2 hKDPG&
BHBAMNZIZELE VB E L THERTR#Eh Ty
BEDEHEZGNDG, 6248 7 LW & FURECHEERED
REEEIED LA, B LSRRI TOENWT L5
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WA, ONZEEEAA ) T4 ) —TORSBHEE L
ThiFohs@EmitmiifEz A4 2METH D, 5%, %
NoIANIBEEENSET AR EOHEMNTESZED
LEL TV A,

5. ZILFVEHNSORVEEE

YL ERRIEERIC LT [BRRIZTOF
ERDPDEOHREE ZOFEME] L LTERST TS,

ZFLT.EhEDOFHLEEDIZLE A L HBE LR EIZTF
ETAMEM k> TEESNSHIETH 5. FEHL L
ISR AV EPEST 2 7L X L BBHEE T H ADEHIC
HHU BERE - THER S EET 3 Z & THFHERD
TR S Z L IZRINL 72254 42 210 K4
WA A ) 7 7 A ) —a T A0 BE Bz
BEhAEVWTALEXYBEONIZHER {DEHZ TH W

L. REFCES A Z M e R L T 70 o — e bl @R
LS EMNERTIVENH S, TILX U EE TRT
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EREIZ DTS,

HETH D2 7LF BT EEC—-HOFEGxh
LR RO ZHETH D £h 5 OIZEEROKIZ0%
B, TAEVBIIKIRNEETH S, F ) o4
BELTHET 22T AEVEFT M)LK
a5, 7TAX U BOMEIRX, p-¥7 /7 — 28
DD-7 VXD VEEE «-¥F /- 2MOL-7 Lo A BAR
4R LR Y n Y TH S, D-v R VB (M)
EL-rnoryig (G) ORARITERCEAR L
STELESLD, WFhd, M7uw 2, Gyuey 2, B
70y 2 EREN TS (M10A)". TALX U EHIE
T FEA ) TREEE ST, BRI & B IR
THATLE VR 7 —H & RMRICIZENES
ZENTE, GiEIEMA ) THEBL LA TE, %E
RS- LD " EHEAEERT A 2o REIMA ) o
PEehs,

(4. W RPEMIE O 77l L 2 OIEA] Tk S
IZEE TR D B X h, 7/ ABTIZ k> T2 OR
BHERRIZRBIZHS Iz NDDH S, FREITNE On
DXy PR ZFIRDTLF VBT —E4EHETHZ
ETTALF VEAHMBATH 2FEEOEAE £ TUIKL.
RAAZ IRy o v TaEhs (X10B)“ Y,
ZORERY o VEE, ThoE TEMEMNIZY 7/ — 2R
D_EEGHHRHET 5 Z LT HEKOWEET5 5DEH
IS LEFELZONTELAN, HE, HobbsbH 2k 5T,
PLAI7IZBT A5 VRO T LY VEEY) 7 — ¥ TlEKdgF
EWVWSINEEE NV BENZOMBRIGEY R —-FT 5
ZEMMEENTWAY, Z0O%, DEHIZDEHR TRf#
12 & D KDGIZIETC X 41, Entner-Doudorof iff &I L > TE
LEVENERENS (K10C),

FEHODIN—T3, BEHEEEREE, ZOHRH 5
MDA D) — =0 T HEIT - 4ER, 7L X VB 5 RE
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