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BEAFREHTIBWNT, 1.3 fFIZHINLTz, EOFTET ANRTHR U (T ANTX L + T ARTF U FE) OIEINTEE D
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T5 9, ZNARXT T BRI B-(1, 3)-/B-(1, 4)-%
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KBEIE72E DARL AZSHINL TS, 2072, FHIIC

PEVRBEZ R T 20 ERHY, FLEETIE7aIR TR,
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LOTERMNEEAETRN, ZDT28, ANAIZL DR E
A DI LN TEDR, ZNNREDIDNTETTNDHID
53 F AN =R LOERABRETHD, 2T, ARAIZBT
DIBAG T EALICT D720, 7/ LABLIOMREE D
DB T IEROBGER LI THDLIENE, ALY
BIOZORFN DB E T ORI To7,

2. IERAE
2.1 #H#

v A SR FEA B D & 2% )\ ERT VR /K THEERL
L7z (Fig. 1), BT —ERE, 12 MBI &F T T2
D—EREEH LM, —MEHEAN AR T CHERL,
T D%, KEKTHEF LI, HAEZELTZDOZHN
Too VAR, Do H—T L F— (KR HL)
T, ZOVABRZAERET 2-C 15 FPRIFEL, R
T, k7 2T 15 BT 5L TRL, B8
TFRAT  OFREREL T %-80°C TIRIF LT,

Fig. 1. Red alga dulse. (A), Dulse on kelp farming rope; (B), Dulse under test.



2.2 BHHH
2. 2.1 BmeE

W RICE ENDALHET > 7B, 20 mg Dakklz
FANT, 73In—R/ 7In~XIF o7 veAFy ATV
A1) DT B ENT L a— 2B EAERL THIEL,
2.2.2 7I/BE

W RICEENDT IR, H2 B EAVAT R
TH L ZIVIRCBE TR RL, fFbi e/ e =t
RUL «RANZ B3 A5 TIERTL, HPLC TofrLiz,
WelET B OIE, 1 g DIIRIZ 60% =% /) —/LT
85°C, 15 43 HIMNEAL , 3.0 B KD B EIRL, 20D
BuER 2 E{T-oTn, T/ R — 2Ty ) — L EfRELZ
%, VTN —T NV CRRIEE S R BRE LT b D% ilE
BETS BEEL, =2 BERY < INANG T DA IETIESGL,
HPLC TH#rL7=,

2.2 3 BBYOATNIS5T74—

TLC 2 U# % /1 60 (Merck Millipore) {Z 10 mg/mL (ZIA
fRL7-3E % 1.0 pL FHOARY KL, BRI n-7' %/
— L TR KK =4:51 (viviv) B AW TCE R
U 0.5 em ETEBAL7z, MHIFFHARIE(CT7z=1T
VT =00 TR 80%Y R =2:2:100:15 (WiVIVIV) )
ZWETEL, HERAE L TIT o7,

2. 3 ERIIRE
2.3.1 cDNAYRA—=2%

H VA RNA L, BEARZHREPEL, RNeasy® Mini %
> b (Qiagen) # FIVV T BLL 7=, ¢cDNA 7147 7V —I(1,
PrimeScript™ 1st strand cDNA Synthesis Kit(TaKaRa) %
FWCRRLL, 3> KD Z 477U —% 3-Full RACE Core
Set(TaKaRa) & F WV T L 7o, 77 A ~ — I fthFE ALk
DE BB E AT @& eI, Blast TIRIFMEDEWERSY
R L CERR L 72,

2. 3. 2 &/ LR

772 DNA Z, NucleoBond® HMW DNA (TaKaRa) %
FAWCERSIL 72, Total RNA (34 NV ABIKRERIKEHZT
BAET %, RNeasy Mini Kit (Qiagen) Z IV CHARIL 7=,
4HdFIE PacBio Sequel 1T ¥R —r P —I2L0fiF
HrL7-. mRNA OfiFHTIX Iso-Seq (LT LT,

3. MIRHR
3.1 A9
3. 1.1 {IEBHNE

v e — VBB 1T DIk S L
Lic, £, AP icEEns7 va—2&idarha—
VB LB EEL E N E A 1.5 me/g iR E AL
22 mg/g Wi B ThoTc, TIT—BEOERLIIZL
VRSN EIZENEI 99 mg/g HAREREBLIOD
21.5 mg/g W EE B CHEEEEHC 3T 2.2 f5 9L
7o RELOFBEFEIZ LT, MIRAREOR K 80%% 4L
BN HODEMENHHN D, KRB COEMITZ
AU THEDNTH -T2,
3. 1. 2 7I/BMERD LB

2 b — LR RS AV BT B 7 R B %
FEEZL7= (Table 1), ¥ ESI2 5D D7/ B I3
LM TFICBOWTHIE LT X TOT I ERAENL,
BRELT 1.3 LTz, T TET ANTF R (7 AR
FXL AT ANRTEUER) 1T 10 mg AL, BEINSy D
20%UT< & D 7o, FHXHEEL TRV AT AL ROATF
= BREIENLIZDITHL, TI=BL N7
TAKEEAEBAC Uo7, 15 REED I 2B Rk
97 55 S0 AR PRI 57 DR FN Y R D3 o D oy Ik 85 7 X il
(BCAA) CIREUCED RN HLEM T /T2 e —
IV EHALERSURF CENLE L 1.3 R KUY 2.2 fEHEN
L7,
3. 1. 3 #EET7I/BEDLLER

b — LR SRR BN S 5 1 Dl T /R
k% FE#Z L7 (Table 2), 20 FEEAOBEEET S/ MEia &1L,
a2 hr—/LiREE 951 mg/100 g 12X C, HALELEEC
1,115 mg/100 g & 1.2 f5ICHIINL 7z, B 7ile i
ELTTANRTXUER, T NVAIUR, 7a)y, BIOTZ
= ThoT, TI/BO P THI N AIBEB LT AR
TXURILEWICET L0 T, HAERET 1.1 5T
boto, HRIZBETHT7I/BEELT, To=2, 7,
UV, A=, TAHEIL, Taly, BIOT AT
FUNFEHEINDD, TNOOREE{LEL THAAFR
BFC 1.2 fRTnL7z, — 7, SWRICBT 7/ Th
BNISRNT 7, T VT I=, AVaAfvy, afi,
TAX=Y, N, Fuir, Uiy, BIORERF VU,
YALFREEHC B W TENL DB ED 1.6 2L,



HALBREREL O H IR I LONERICRE 372 7 /I I3
FLZEH 428 mg/100 g 33X TN 91.0 mg/100 g THY, gL
L CHBRICB G357 8D )5 3o T=, Z Doz
BiE7 S BRIZ BRI BN D a5 T, AR
BWTTZ/— /L7 M 2.7 [FEREMEZ, #UVt

Table 1. Amino acid composition of control and stressed dulse

L4 (G&ieote, 7RISRV =V 70 EORRIp T T
RERERT S B-7 T =0 DNear ba— Lk BHI B0
THHENR D -T2 - AFAERTF DU RSz, —
U7, T TVE R, o-TIUBRER, v-T X/ BRER, =5
=TIV, BEOW LAy AT LT,

Ala Arg  Asp”  Cys

Control mg/100g 1,344 789 1,562 121
Stress mg/100g 1,374 1,010 2,568 317
Stress/Control (fold) 1.02 1.27 1.64 2.62

Glu™  Gly His Ile Leu Lys
1,749 852 207 489 925 825
1,977 1,130 283 618 1,124 1,232
1.13 1.33 1.37 1.26 1.21 1.49

Met Phe Pro Ser

Control mg/100 g 156 584 919 681
Stress mg/100g 284 779 1,277 930
Stress/Control (fold) 1.82 1.33 1.39 1.36

Thr Trp Tyr Val NH; Sum
621 53 508 698 293 13,385
864 62 737 933 400 17,900
1.39 1.16 1.45 1.34 1.37 1.34

*, Asp + Asn; ™, Glu + Gln

Table 2. Free amino acid analysis composition of control and stressed dulse

Ala  Arg Asn Asp Cys Gln Glu Gly His
Control (mg/100g) 118 32 10.7 340 N.D." 22 195 7.1 1.8
Stress (mg/100g) 126 34 133 377 N.D. 29 219 9.7 2.1
Stress/Control (fold) 1.1 1.1 1.2 1.1 N.D. 1.3 1.1 1.4 1.2
Ile Leu Lys Met Phe Pro Ser Thr Trp
Control (mg/100g) 8.2 10.9 8.6 N.D. 8.8 182 8.8 10.2 1.4
Stress (mg/100g) 149 204 10.6 N.D. 13.6 222 14.9 13.9 24
Stress/Control (fold) 1.8 1.9 1.2 N.D. 1.5 1.2 1.7 14 1.7
Tyr Val o-AAA o-ABA y-ABA  B-Ala  EOHNH, Hypro 1Mehis
Control (mg/100g) 43 9.3 0.60 1.01 0.22 3.48 0.34 3591 N.D.
Stress (mg/100g) 6.6 17.1 0.54 0.92 0.18 3.77 0.90 39.72 0.37
Stress/Control (fold) 1.5 1.8 0.9 0.9 0.8 1.1 2.7 1.1 N.D.
Om PEA Sar P-Ser Tau NH;3 Urea
Control (mg/100g) 231 193 0.44 91 3.15 4.13 3.38
Stress (mg/100g) 234  1.66 0.33 99 4.27 5.38 6.03
Stress/Control (fold) 1.0 0.9 0.8 1.1 14 1.3 1.8

3-Methy histidine, anserine, carnosine, cystathionine, and hydroxylysine are not detected.

*. not detected.

a-AAA, a-aminoadiputic acid; 0-ABA, a-amino-n-butyric acid; y-ABA, y-Aminobutyric acid; EOHNH,, ethanolamine;
Hypro, hydroxyproline; 1Mehis, 1 methyl histidine; Orn, ornithine; PEA, o-phosphoethanolamine; Sar, sarcosine; P-Ser,

o-phosphoserine; Tau, taurine.
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Fig. 2. Carbon metabolic pathway in red alga.

Metabolic enzyme in plastid: (A), ADP-glucose pyrophosphorylase
(EC 2.7.7.27); (B), Starch synthase (EC 2.4.1.21, EC 2.4.1.242).
Metabolic  enzyme in cytosol: (@O , UDP-glucose
pyrophosphorylase (EC 2.7.7.9); @), Starch synthase (EC 2.4.1.11,
EC 2.4.1.242); @, Branching enzyme (EC 2.4.1.18); @,
Glycogen phosphorylase (EC 2.4.1.1); &, Galactose-phosphate
UDP-transferase (EC 2.7.7.12); ® , Floridoside phosphate
synthase; (D, Floridoside phosphate phosphatase; (8, Sucrose-
phosphate synthase (EC 2.4.1.14); © , Sucrose-phosphate
phosphatase (EC 3.1.3.24); @0, Trehalose-phosphate synthase (EC
2.4.1.15); @, Trehalose-phosphatase (EC 3.1.3.12).

3. 1. 4 HEOB®H
HEEI AR BB AR L=k /0% TLC 12fik L7z, 7
DRV REFRSNDE—DARY IR ELIL, ARy R
FE7E 3.8 mg/g WLl RN G ENDHTEDN 3D o1,
3. 2 SIEFILRIZEITHRFERBICEALLIESR
3. 2.1 ERRICB TS a- TILACDER
ALEEIZ BT DA R CAESNOIEE LT, Fig. 2 D
IR RBEM B L ORI N E 2 DD, FLEEA VA IZZ
NoOEAB T DR NS DL RETLT- (Table 3) , HEkk
HIZIZZ va—2 1 Vg% ADP 7 /Va— A 2T D
ADP 7' )Va—A¥aR AR T —E% | DML, £,
ENE - NIAANRETHARE—F o F—EBLLT,
ZOfREA A+ IE 7 73V —GT4 BL U GTS 12
EEEND 6 DS B, GTS IZ/ESND 1 D2 ADP 7
Na—AERRIEEG THZ8% AL,
3.2. 2 MifREIZHTDa- TILhODERK
AR, 3ERMACARSILE 3 IRFEV DD
a—R 1 YU TED, 4% UDP 7 /L a— AL
#1342 UDP 7 /La— AL mR AR S —E R RS-,
FNERLELL TR Z SR T 2AF—F o d—
B, a-(1,6)-7 VI ANGIENED 1 4-0-7 NI 53R ESR,

DIZEEE T Va—R 1 VU ~SRy LT HAX—
FHRARIZ—E N &N,
3.2. 3 MREIZHITH2EEMEDER
UDP 7 /La—AnbLEHEIC A Thl/a— AR A1
—ZANEEND, —FF, ZaURSROREEILIT T/
— A THY, UDP 7 /b—2)s5 UDP HT 7 h—A~DZE
BN TH D, X INANLENE ST 20T 7h—2 1
VBRIV NN T AT 2T — B DB % LT,
Pade & OFEGHIAUALSA T oI A DO ~a—R 6 U
VR A IR ER ORESE (Gasu_10960: EME31717) /371
URUROE RO Z e S LT, RBIs 1L GT20
WSO R THY, FLEEX LA 3 DOBIE T
RSz, HFEIMEREDD 3 2055, 1 DOBIE T
46%D BV MHEIMEE R U228 D, ZVAIZRBITH 7R
R RGBSR B T ChOHENIS N, A/ T7RIRUR
A HlE R L LT Gasu_26940 (AN, EME29908) 23 7RE41 T
WHD, ZNVAZB W THEIEOHLBIR T2 2L
WTEIeoTz, —J7, b —2R 6 VG RIERE S L
T Gasu 01890 ( EME32832 ) ¥ L O Gasu 22110
(EME30539) @ 2 2O ®ESINTWDH, ZDHbH,
Gasu_22110 & 41%DFHEMEZRLIZZEND, RB{s T
WHEVAZBIT DR m—R 6 VA RklEE S
o I — D DBIE T 1FAT 23 A DOBAR T EFH A
PEA RS, Blast SRERIZIHNT, KEKLEED GT20 L&
WHREIPEZ 7R LTS, £ ORSREMEIZI R THD,
2y r— 2 SR GT4 IS, Fhicidzazn
—2R 6 VA RERBLIOAZ0—AA KSR I Z
T, LR AETEYE AT T OB ENE £, XL
A6 5 OO GT4 BARFDEHIZR, TbiEnTih
H A=A G R B LBIE T LIRWHIFEINE Th o7z,
—J7, Ara—2A 6 VNS A 0 — AR BT AR
fat% 2 DRHLEZ, ZhbiE 77%0MEETH 72, A
Ja—A 6 Vo TRA RS R o723, Z VAL
UDP 7 /Va—RET VI N—R 6 Y TRNDAZE—A 6 U
VEEEARL, AR — R RRAT A —BIZL A\
— A& AR D ATREMED VR E LT,
£7o, ZHENLIVR—REAKT D B-TIT—ED
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BIOELI N — 2% AT D~ /LR LR NT
— BT,



Table 3. List of carbon metabolism genes

No.  Gene Number Gene Amino acid CAZy database” EC number
A FUN 008319 ADP-glucose pyrophosphorylase 408 — 2.7.1.27
B FUN_008320 Starch synthase 444 GT5™ 2.4.1.21
@ FUN 027452 UDP-glucose pyrophosphorylase 449 - 2.7.7.9
@) FUN 003156 Starch synthase 1656 GT5 24.1.11
@®  FUN_008318 Branching enzyme 735 GH13™ 2.4.1.18

FUN 036317 4-0-Glucanotransferase 963 OHTT; 24.1.25
- CBM20™*
@ FUN 036036 Starch phosphorylase 868 GT35 24.1.1
Galactose-1-phosphate
®  FUN 021772 362 - 2.7.7.12
uridylyltransferase
® FUN_032299 Trehalose-phosphatase 1123 GT20; CBM20
©) — — — — —
FUN 032056 Sucrose synthase 400 GT4 24.1.14
©) FUN 012138 Sucrose-phosphate phosphatase 396 - 3.1.3.24
FUN 036628 Sucrose-phosphate phosphatase 396 — 3.1.3.24
FUN 003046 Trehalose-phosphatase 1203 GT20 2.4.1.15
FUN_ 014951 B-Amylase 457 GH14 32.12

* http://cazy.org

**_ GlycosylTransferase family

*#*  Glycoside Hydrolase family

**4%  Carbohydrate-Binding module family

4. ER
4.1 BRNDEE

BAABEONRFKLEL QEELETOND, EEDF
Rk oy EUCERET I BE, 5 -XI VAT R, EREREE L
ENTWD, WEEET S B CIIT NAILTRETT=0 N, A
IR BI O T RO IAFICI B AT LS
DILTWA 0 ¥ LX)V ADWERET I B e A i35
& WMETIIT VAV EEET 7= D3 1,000 mg/100 g
EENTWHDIHL, XNVATITHALFZ BN TE
N2 220 mg/100 g 3LV 125 mg/ 100 g THY, K&/
A RS-, MESNEX IV ADWEEET X k&b Hi 4
Hl, TNVEIVIBRET =03 FNER 430 BEIO
120 mg/100 g Tiho7= 1V, JLHEE PER L ORI EES LA
DUVNT I :isu\T%iﬁ*ﬂi@ﬁw%‘/@%wm\:&zn
O, MR F/ T L O FHICLAR B THLEEZD
iz, £, HEE TIZATU A3 1,000mg/100g L7 5=
VERRRE S ENTWDDITHL, # VAT 4 mg/100 g

CHBEITDIRNZEND, FIVADRH A AT Hbs 1k
DL RDHNDZENREENT-, £72, BWIZEL
TP UVBOMITIZEEWEELL T7RIRVROEHR VR
SNTe, Fbna—2ARR7a— A A AR N RS
7oy, ENBITIFE A EEFESITORNIEDN 3Tz,
TRYRURIIROD 7R HERE R TDEMOILTNDN, i
ETEITNAIERE 5-A /2 U EOMEH RN E RO
REBICRKESFETHESNTND Y,
4.2 KIEDT/ L

AL TERBEIC IV IZRE N KR E B DT ENLIED 4351
DNEETHDT2D, FERMASLINA NI T OB+ % H
WM TSI otz — 0, (REHBE 7422
—RT DR ) AOREFETT S VAT RS
~HBDOEFEIHADO I Th D, X IVATENL LRI
LT % (Fig. 3)
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Fig. 3. Evolution of red algae.

Red algae are mainly classified into two groups,
Proteorhodophytina and Eurhodophytina. The nuclear genome of
red algae is determined by several Proteorhodophytina,
Bangiophyceae and few Gigartinales and Gracilariopsis. The
genome of dulse is evolutionarily far from the previously reported.
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LY E ThHD,
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Summary

Seaweed is considered to be one of the sustainable resources for future food shortages. Red algae dulse is mainly
distributed in the cold waters along the coast of Hokkaido. Hokkaido dulse contains useful ingredients for human health
such as abundant phycoerythrin and lutein. In addition, it also contains the growth effect of oligosaccharides on
Bifidobacterium sp., bioactive peptides with antihypertensive and antioxidant activity, unsaturated fatty acids such as
EPA, vitamins, and minerals. Therefore, Hokkaido dulse has been revealed a new regional resource containing useful
ingredients. Dulse is a familiar food in Irish and Canadian, but not in Japanese.

For the potential of dulse as a food, we attempted to improve the taste by salt stress and elucidated the genes involved
in starch synthesis and osmotic pressure regulation compounds. The amount of floridian starch in the salt-treated sample
increased 2.2 times compared to the control sample. In addition, the total amount of amino acids in the dry weight
increased 1.3 times in the salt-treated sample. Among them, the increase in aspartic acid (asparagine + aspartic acid)
accounted for nearly 20% of the total. Branched-chain amino acids, which are the main raw materials for muscle
proteins, and sulfur-containing amino acids, which have the effect of improving lipid metabolism, increased 1.3-fold and
2.2-fold in salt-treated samples, respectively. In addition, the amount of free amino acids increased 1.2 times in the salt-
treated sample. The amounts of umami-related amino acids, glutamic acid and aspartic acid, increased 1.1-fold in the
salt-treated sample. Comparing the amount of free amino acids in Nori and salt-treated dulse, Nori contains about 1,000
mg/100 g of glutamic acid and alanine, whereas dulse contained 220 mg/100 g and 125 mg/100 g, respectively. Water-
soluble small molecules such as floridoside, trehalose, and sucrose are thought as osmolyte. Dulse genome contained
the genes involved in the starch synthesis in chloroplast and cytoplasmic, osmolyte productions floridoside, trehalose, and

sucrose. Among them, it was found that the main osmolyte in dulse was floridoside.



