BhakEE 0714

SR DM AT =X LA
~HRBET A Y R B D MR PR B R FHEOTRR 2L T~

BEoOAE, o R

(RN S ID e R i M | R S ERNE PN 2 PR 2

B E [REEM] YA EERBIIH R R ORI TR B SLOWEE O — o T, R TK 100 fE, HAT
18 FENHESI TS, HETERL CODZOMEIX, DO AR MEE R A RBBLSE, K ToAEEE
AIREIZL TWDD TH A, LinL, BARFALAHZ AR ERL CEIRWZ OBt - A E M B 2B s+ 4
B 2281, CRETRATBETH T2, EZANFE & 1, MK TIEeIRKICAETE DM 7 AW 8 w2 i IR L0 5
U7z B UARHEDEEREN DU LT K FE ThHHZ LA ERR TE | M OARFEAMEK F THAEF D AIRE TH UL, KK
T LMK T TRILL T DR FREA ELE L SO R D AP MR O AR 3550 0230030 5D TR
WINEE R T2,

[F1E] 22 CARMECIE, ETEFRERICIDIEAK T LMK T COARRE I LTz, RIT, AT R FHINLE 2 fifE
TELTZ, SHICHK T MK T CABSEIREBANLZNENZ L 772 mRNA Z it « Ll L, FBUCZEDOH LR
Za— RN 5 fn O EES 26 LT,

[ REEE] ARRITRAK THIAK THEODBEENZ ENIALNI /o7, £ —K 18SIDNA BLOEEK AT —R
rbeL JEI5FIT LD RAFMEMT ORE R . AFEITRIEANFEEET A BHED O PN E S DISI LT ThHZEDN L7,
AFELDG oI U7 7 A B X2 QU EFR C ., ARROSERERE) O L LT R K ERE CHHZ EMTRRIBI NI,
E5IT, WK FEMEK FCAEB SN LENENZ L 70 mRNA ZiH « Flge U7k 5, ik BE 28 ma ik O
HNZHE BRI DL 7 F UARELR 10, /KRS AR TR SIS BLED N D OB R TR DN

ST,

1. EREMEEMN

#9 38 EAERTICHE CREE L7, BVMEH 22007 T
HEAKINDYRIK, HKESDIZITRE B~ EFSHFTEILRL T
W7z, FOIBFETAEMIZIIAE < 7oA PR8I T RE
A7 AL 3 5 | R 2 &L, F b i LA 15 7 8 (AR
DR EL ., BUE R DNDEM SRR E R ST &

BEABND, 12120 ZLOEWTRITA T SHFH AL |

B Z AT HE I BRI £ CIAHIPRIC A B C& AR
W70, FAEBRPASIANETH-TH, TORICE
STAFRPEZVE VO CIL, ZOEFT R CH
HAMFEE DT BB O LT HELL, A BRI

HITPD HNDTGE DL, 72721 WA THUEAKIE T
HAEF TEDILEMHAEDD V72N IHL TS, iz i
IRHEVERFETCIT, fEOE el DR B EFHESREICE
FBKEMEDOBEH LRI LVIRB LR BN THh K
WK COEB N AREILR D,

BN OB FEFR TG RAEY THD W™ 14,
A OT R “HERARAE” L — R IEAEIZIY
HEAELTEEZ DN TS D, — R IEITIIIR G, AT
FEEH, RREEFADN G EAL, 2 — IR ILEIZ R CREAEL T2
FEMCHIEAK , VRAK, BT Ok % e BB\l IG L T-
FEFIET D, BIE, IR EABREIT A TRk, AL
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SR AR 72 A I TR AR 3 26 < YR AZ AR 7 o P e 7K 38
IAEB LTS 2, SREE CIIELSE 727 TS /i i
KARAKEBITEBRL, 74T BERIXITEA E DAL,
ok A <02 A R BN D BRIk 2 4y
LR L TND, ZIHEEOGA SO A B G
PRI | B 2 XM PEFE DS IR /KIR CAET A2 81L T
WAL, 72720 ZOHEY R THRkE~ U £
KPS =734 PV O IESE M M D GAEDNRESNT
W5, LU, ED X7 REIC L > Tk TH g /KIs ¢
HAB TEXHONEOIFEITEA TR,

FHELEMR TII DR W ORER IS MEAYIL, A
HRPESBEME DB E S F L~ UL THLNCTHZEDT
XLEBEREWHETHY, 2, WK THHEKTHEERT
XD ILHVE A A D CHEPEAE MR D AT HEME L C B 455y
FHERBEI OV THALMNIC TEDAIREE R DD, WEZIA
YRR ESRIENE O1E NSO E « i MR DOV TERiF D
FRVEY)SRAE T, LR E O TENOIISE A
HEDHHZ LT, AWM OHITH T HERAZ R T 52 8ITK
WIZERKT HEE 2B,

fkie 7 AV B I R OV R ClReh B S oW
BIEDO—>T, HFRTH 100 i, B AT I8 FNHRESN
TV I, ZOEBHCIE, BihELTHASR TWAAYT
F VR0 KEEALDIZDDSAF T V2 — | ML
AR EDEELELTOEDRANERSINTND
T TAYRENEGEND O, F—H T T ITA
EDTV)— A RNTENELE BN CREFRAEL B
REIZ 2 sTNB ),

WECESE L TODZ ORI, SO - A
BB FHEZ B KPR COEFLZREICL TV
DTHA9, Ll BIGFHLABZARDMERR TE 2T
DOAPIDHIMEENE « I B b D& a2 B2 &

L, ZNVETARA[RETH T,

LAV, T2 13EK TIERSEAKICAET 55k
EET AV R A A MRRIR LD R LU T, S UARTRD g pERE
MBI E TR KTE THHZ DR TE, I OATE Y
KFTHAEBNARETHIUL, WK T LMK T TRIL
TWDBIETREA LI L MR O FF O MR - A7
AR DO Z RIS D54 A2 DD TR DG
Ez1,

2. iRAE
2.1 R&E-£FHOKEIDH

YIKFED ka7 A JE#eFE Ulva limnetica (3, IR
FEEAE RN VO /N 3 KOG IR E B B I C
FREEL 7 (Table 1) , 748 5004 H T 0 50 m, 570
BOAEHITEEFR 10 THY, W@EREKOF AT e
W (Fig. 1) BREE LT BRI ZAVRE KPR AE (SAP) (12
R4 L7- (SAP 105561-105576) (Fig. 2), A3H DA H HY
TERELZRIRKDAA U FL%IZ-DUT Shodex IC
YK-421 cation column 33X TF Shodex IC SI-90 4E anion
column (FEFNE T) 2 W CRRAE LT,

2. 2 IEBEROBEIL-EREOLE

A 5 CEREE L7250 (P36 KR) 725 B RS 38 kR A Fle 3T
L7z, REREEIARZ 1 mm OFT 4 AZIZ¥TH 8%, 30 PSU A
T /K (Sea Life, Marine Tech) T 5 [ENEEPEV Y., 20°C,
12:12hL/Dcycle, 100 pmol photons m?s™ 444 F ¢, PES
Bs " &% 5 PSU N THEK CREAHEL - 9, Fh
U7zilie 1% Bl e T AR LERICHL 72,

30 PSU A T3fEK, 5 PSU A THKBLOGHEEAEE
HORAAK (0 PSU) TARREIEE LT, TN Dk:
FKITA—ML—7 TR L PES B AN x| a0 1
cm OFfiE % 10 HFAFSE, T2 ho B AR

Table 1. Collection information of Ulva limnetica used in this study

Locality

Collection date (sample no.)

Tabaru River, Yonaguni Is., Okinawa Pref.

Brook flowing through the park near Omoto-tunnel,

Fukai, Ishigaki Is. Okinawa Pref.

19/May/2006 (YNG1-YNGS),
27/Apr./2007 (C743-C750)
28/Sep./2004 (NY146-NY155),
10/May/2005 (P36),
20/May/2006 (ISG1-1SG4)
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Fig. 1. Tabaru River, Yonaguni Is., Okinawa Pref.

(DGR) &#HIEL7= 2,

3 DT RN

DNeasy Plant Mini Kit(QIAGEN) % f\ T RIR#E(RL
UL ITEF B BEA 0 DNA ZhiH L7 (Table 1), SRHEAEHT
1213 18S rDNA™ F5 108 rhel &5+ © % v =, AWF5E
TIRE LT RS2 GenBank [ 2GRS TV D LR
Bl 7 —HEMx, ik BETHWDLIRERET VE
MODELTEST version 3.7 ({2 CTHZL . PAUP 2T
Heuristic search (simple addition), TBR branch swapping
option D% Efe LR EHES LT 2, Bootstrap {13
AET 100 [8], e REHRVET 2,000 AR TRIL
77
2. 4 AUNYE DM -SDS PAGE T HL#

aREE RS O A 1M 30 PSU A TR B L
OAHEESAEFHORIRK (0 PSU) THEBFTS®T, e
NOBEA 300 mg 2B 7B a2, it
3,0009. 10 /pfEl oL, F¥A% 0.1% SDS &5t 12.5%
RNIVTZVVT IR )V CEKKEI LTz, SDS PAGE ., &
NENOBARM CRIUIEN T 19 kDa HEd/ SR
% PVDM &2 L (miniVE Vertical Electrophoresis
System, GE healthcare) . N KD 7 I/ BRRCY 1273 /1
v —27 x4 — (Procise 492, PERKIN ELMER) CIEEL
77
2.5 cDNA&YO—=2% - /J—H R

RNAgqueous Kit (Ambion) & H\ N T#a{& 200 mg 76
RNA ZHhH L. poly(A)Purist™ (Ambion) |Z T total RNA
(100 ug) 7°5 Poly A" RNA ZAERILT-, Eikd I IzikiE
L7= N K¥hc 12> degenerate 771~ — (5'-GCNGAY
TGYAAYACNGAY-3') Z {ERL . BD SMART™ RACE

Fig. 2. Ulva limnetica collected at Tabaru River

cDNA Amplification Kit (Clontech) % v C 3’'RACE %17
W 3RO FERLS A SN LTz, IRIT, RE TE 7L
BT 4~ — (5-GCGGATCTGGCCGGTGAAAA-3’)
ZAESRLL | 5’RACE ZATV 5 I EEL Y2 BB L
oo WETE 2R TI/EEALS%Z NCBI site (http:/
www.ncbi.nlm.nih.gov/index.html) |2 CHA[FIPER SR L=,

30 PSU A Tk 33 L OV 3 5 A4 B oD R #4&7K (0 PSU)
THABEELEEN»S, ZRZ 4 RNA ZHiH L
(RNAqueous Kit, Ambion) , f5#L CfH5Hi7- Poly A
RNA (0.5 ug) % 1.0% agarose-formaldehyde gel C& 5k
L, Hybond™-N* nylon membrane (GE Healthcare) (2%
L7-, cDNA Z§#% 1LC Ulecpro-f (5’-ATACACTGTGTG
GCAGATTCATG-3’) 331 Ulecpro-r (5’-GAGACATCA
GTGACACCTGCGTCCA-3’) TPCR HAATV Y, FERL
7= PCR W71 (100 ng) 7~/ L7= (ECL Direct Nucleic
Acid Labelling and Detection System, GE Healthcare) .
42°CT 16 W[l NA7VH LB A 2L, Hyperfilm™ ECL
(GE Healthcare) (2T 7 F A ztiLT-, 2o ba—L &
LT tufA {51 % FV iz (ULIUfA-f: 5’-TTAGCTAAACA
AGTAGGTGT-3’, ULtufA-r: 5’-GAAGTAATACACCTAC
ATTA-3"),
2.6 TAIT7LUIXIL-TARTL—H

AR EEERD LT, 30 PSU A THE KB L OV E S
B HIORIRIK (0 PSU) TEE SHTZHE (KD RNA Z-4
HiL. Poly A" RNA ZH58IL . cDNA Z{ERL 72, mRNA
T4 =TV T4 7 FyM=yR =) IlE&En
%7 T4~ —Tv e VT PCR G E1 TV EESWKENZC
INURE U T, FBLOZN TR0 UL
Bl A2 PR LR IRMERR SR LT,
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3. MIE#HER
3.1 £BHDKEDZHT

HHBEDOAEBTM CRELTZRIRKDAF k%
Table 2 (27”9, M—2/UHEIRE I 0.13 PSU Tl ik
(35 PSU) &Lbifie 32 &, 1/300 Fi B DG FE LA R\ K
(1 PSU LLF) THLZEBHIALT, 12720, Iy g
AL QO ZITEEHEKD 1/8 LIFEL T, ©F
WAFRAE BT RIS AT ATE TR THDE
W25,

Table 2. Comparison of the composition of the brook water
at Ishigaki Is. and seawater (g/kg)

Ishigaki water Seawater

cr 0.027 19.353
Na* 0.021 10.760
S0~ 0.017 2.712
Mg?* 0.011 1.294
Ca** 0.052 0.413
K 0.001 0.387
HCOy 0 0.142
Br 0 0.067
Sr* 0 0.008
HsBO, 0 0.026
F 0 0.001
NO; 0.002 0

Total 0.131 35.163

3.2 ARFEDLE

30 PSU A THEK, 5 PSU A THKBLOGHEEAEE
HDORERAK (0 PSU) TD H 4 £ = (DGR) Z Lhik L 7= &
25 MK THEAKTHIHRKTEH DGR SEWAE) T
(Fig. 3),

0.25
02 ] I T
045 | \ H 30PSU
5PSU
01 |
OPSU
0.05 I -
0

30PSU 5PSU O0PSU
Fig. 3. DGR (Daily Growth Rate) of Ulva limnetica during
10 days

3 TR

= —K 18S rDNA B L OEERK{A=—N rbel B 11
LB RMMEAT ORE R . AR TR P 7 AV me i 7 4
HEHTAVR T A RO/ —RNIZE 7= (Fig. 4),
ENGIS G 1oy g Wiksa e a0 i 1 (b STANGNI N & K=
WA VA NRULSS iRt ) -3 B i a7 e S 1
FECH T, rocl BB IR HE BB EFHAIL =24,
AFEITHK 250 TAERTNCHE ML 7z HEE T&E T,
3. 4 AU\ UBE DML -SDS PAGE TO

AFfiZ 30 PSU A LK 36 JOVMA HE 5 AL B LoD RARK
(OPSU) TABIE, ZAVELDOENR 300 mg i bHa L 737
BAHIL, SDS PAGE CHMZL7=LZA WK TERE
BT BAR TRIANED L TR (RED) A T&
72 (Fig.5), Z 19 kDa f-Hir d & 737/ R D N Kb
BB 27 ~7= & Z A, Ala-Asp-Cys-Asn-Thr-Asp-Ser-Ala
-Phe-GIn-Leu-Leu LW\ 7 X BREEH A GNC /257,
3.5 cDNAYO—=% - /—H kT

RN CIALNT 2572 19 KDa fHIE D2 7378
SR N RIRECH 755 degenerate 771~ —Z1ERLL
3’RACE BX U 5’RACE {EICTZDZ Y/ Eha—Rd
Hifn O IR Z O T52 L3 T 7= (Fig. 6),
TR S DR RIERR SR A AT o T R, M7 AV R
THTAFOLIF AR D L 30%EDHAMEI VRS
iz, /=P UENTCH, WK TAEBIET-ERIAT RNA
FBLEDH AL (Fig. 7).
3.6 TAT7LUIYIL-TARTL—@EHT

30 PSU A Tk 35 L OV 3 54 B oD R #487K (0 PSU)
TSRO BRBIR 2T 7 7L V¥ /b
FURT L —ETHILTIZL 25, BROBE TIZER D
HZENRHLNTI2 5T (Fig. 8), EDHHDUEKEFFR A
THRIN EFHL QW20 O R RO IR 275
DNZUTe, FARMERR SR UIZRE AL, B2 131 Oryza sativa
@ ubiquitin carboxyl-terminal hydrolase & FHFRIPE RS
Ni=b D=, A4 A% Hordeum vulgare subsp. vulgare @
glucan endo-1,3-beta-D-glucosidase EDFHEIPEDRE LT
HONHINI,
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Gloeotilopsis plancionica Z28970

Ulothrix zonata AY278217

Bolbocoleon

9796

50/72

Kornmannia leptoderma AF499661

piliferum AY205330

Blidingia minima AF499659

| . ,.I: TellamiaContorta AFAD9663

Fseudendocloniiom fucicola AF499662

Acrochaete endozoica AY205327

(a) 18S rDNA

= 0.005 substitutions/site

Fig. 4. Phylogenetic trees of the Maximum likelihood (ML) analysis inferred from: a) the nuclear-encoded 18S rDNA and b)
plastid-encoded rbcL gene. Numerals at internal nodes are bootstrap values > 50% for 100 replicates in ML and 2000

Gloeotilopsis planctonica AF499651
Ulathrix zonata AF499683

ﬂ.{: Blidingia minima AF387109
Blidingia marginata AB091005
65/54)

Kormmannia leptoderma ATI499677
Pseudendocionium fucicola AF499678

Tellamia contorta AF499679
Percursaria percursa AF387105
=3 Ulvaria fusca AB097611
Ulvaria obsewra v. blyitii AF499673

B9/ER

i . ** " { mbranlva japonica ABO9T612
Acrochaete viridis AY303595 T [m{rr arlva amamiensis AB097612
Acrochaete repens AY303593 F ‘mbraulva olivascens AY255876
56/
Endaphyten ramosum AY205328 L Ulva lim neaca
*f% ) i ) 8578 ( va intestinalis AB097616
_.{(.ra?;m'm obscira v. blyitii AY 303590 ( h ' compressa AB097615
Uharia fusea #C136: AB426254 Ulva psendocinvata AY 255869
Umbrauiva japonica #C14: AB426255 Ulva pertusa AB097624
L -[%' ag 9589 | Ulva lobata AY2355868
wsuy|| - Umbraulva amamiensis #C100: AB426256 Ulva arasakii AB097621
TRR3
r Percursarvia percursa AY303589 a0 Ulva lactiuca AB097621
_ — Ulva limnetica e {;,_,'I\ (' hapr olifera AY422554
6515 At flexuosa AB097618
Ulva lactuca #C208: AR425960 6 ‘E‘ Ulva curvata AF189071
r 4 " it a
Ulva pertusa #12: AB425961 hva tanners ABD91007
s | Utva iinza #E4: AB425962 oy linza AB097620
U siformica AY303586 Ulva procera AY422562
/va californica AY303586 e o) Ulva stenophylla AY255874
Ulva flexuosa #C47: AB425963 Ulva taeniata AY 255875
Ulva fasciata #1: AB425964 61/67 Ulva reticulata AB097635
LY e reticulata #17:ABA2596S Ulva fasciaia AB097633
seo4) - Liva relicuiata FEEABAS (b) rbcL gene Ulva olnoi AB116040
— Ulva intestinalis #C35:AB423966 o ) Ulva taeniaia AY422567
— 0.01 substitutions/site Ulva clathrata AY422563

Ulva compressa #C 184: AB425967

replicates in maximum parsimony (MP) analyses (ML/MP). * = 100.

Fig. 5. Sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) pattern of total proteins from Ulva limnetica
cultured in 30PSU and 0PSU conditions, respectively. The arrow indicates the protein (19kDa) of which N-terminal amino

0Ps0 20PsSU
kDa

0Fs0 30Es0

75
50

l -—

- —

25

15

— R —SSSSS—— -

acid sequence we determined. Two representative images of SDS-PAGE were shown.
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1 ATGGGGCTTCTTCTTCACTCAACAATATTTGCTGTCTCATCAATCT TGGTTCTTGCGGCC 274

1 M L LLHSTTIFAYSSILVYVLAAR 20
275 AACCAGGATGCTGGAGCTATCATGGCTTCACCTGT TGAGCAGGACAGGTGCTTGACGATG 334
2 N QD AGAIT MASPYEQDRTCLTM 10
335 TGCCCGACCTGCTGCCTGGACAAGGACTCATCTGACT TCGOCCTGTGCCTCGAATCTGEC 394

11 ¢ P T CCLDEKDSSDFGLCLESHh 60
395 GACTCACTGAGCGTCGCAAATTGCTTCGTTGGTGATCCAATGGCCGATCCAGTGACCGAA 151
61 D 8 L S VANCFVYGDPMADPVTE 80
1535 GTGGACGCAGGTOTCACTGATGTCTCAGCCLACTGCAACACGGACAGCGCCTTCCAGCTG Gl4
B Y D AGY T DV S ADCNTDSAFQI 100
515 TTGCAGAACAGCTGGAGCTGEATGACCAGCCTLCCATCOGTOTTCCAGATGTCGATTCAG 57l

101 L @ NS WS WMNMTSLPSVYVFQMS 1O 120
575 GCACCTGGCTCAAGCAGGCGCTACTTCGCGOCCCACGTCTACTATGOTTCHGACAACCGC G
121 AP 65 S RRYFAAHVYYYGSDNR 140
635 GACTCTGCCAGCACGTTCGTOTGCAGCCACGACACGOGCTCGAAGAAGGCCATCCTGCTG G494

141 D S ASTFVYCSHDTG AT L L 160
695 ACGGTGCCGGCGOOGCAGGGAGGCOTCAAGCTCATGGTCCTGGAGAACCGLGACACCACC 751
161 T Y P A AQ GGY KLMVYLEWNTERTDTT 180
735 GECAAGGGCANGACCOAGGGCAGGTACCTGTCAGCTCACAACTACTATTCCAGCGACCGC 214

181 6 K G KTEGRVYLSAHNYYS S DR 200
815 GTTTTCAGCGGCCAGATCCGCCTGATGATCCACACCGACCCGAACAAGGCTGCAGTGTGG a74

200V FS GQTRLMIHTDIDPNIEKAAYNW 220
A75 CGOTATGAAGGCAACAAGCTGAAGGTGGTGCAGAATCTTGATGCCACCGCCCCCGACACA 934
221 R Y E G N K L K Y ¥V QNLDATAZPDI 240
935 GCECGGATGGTACCTCACGGCTCCGTCOGAGGCTCOCCGLGACTCTGCATCCACCTTCCTG 994
241 A G W Y LTAPSEARRDSASTTFL 260
995 ACGOTGCAGTCTGACGCCAGCAAGGCCGOGCTCGTGATTGCTGAGACCGTCACGGCCTAG 1054
261 T Y Q S D ASEKAALVYIAETVYTA®=* 280

Fig. 6. Nucleotide sequences of cDNA of the 19 kDa protein

0 30 0 30 0 3{)iPSU)

Fig. 8. Differential display analysis between 0 PSU- and 30
PSU-cultivated samples

4. % =B

AWFFENC LT B CTIT DTN R DT
TR A WRE D SRR AE W) 7R B R A S D LN TE T,
R ORE R, AR ST AR —RE0E
REANTSENZ oI LT R T E TV | AT )N M PEFE)
SALLTEHRKPERE CHDH T ENRIBSI NI, FERR
Z e U7 R K THHE K CH RO AR R NED
iz, LA EOFERENG | AT &b LY HE T oK
I E T B E O TOAEFRE N ZHERFL CWD IR

OPSU 30PSU

—r
¥

~ .

ufA
Fig. 7. Northern blot analysis of cDNA of the 19 kDa
protein. Poly A" RNA was prepared from 0 PSU- and 30
PSU -cultivated samples and analyzed by Northern
hybridization. The tufA gene was used as a control for equal
loading of each lane.

MM THHZENHBNNTI ST,

SOITAMIZE T, AFEOMEIKI T HIERZBiE T 5
HHEYT, B 7058 mRNA OLIA T o7,
ROIAFICRONIENEL T, KRR A TR RN
\ZZ U RPEDOFBLEN DTS 19 kDa oz 737
BANVRBBRETE, /a—=0 ZI2IN DXL TGN
VREI—R T HEE T O FEEY A B X7, FH R
FRERIZEOL 7 F ARRIR - THHZ LN RIBS N, 20D
BB IR E L ~OL THUE KB 2 SR TR R AR BL
BB L CONBZERHALNNI 2T, 72720, 7oK
T CHRAENBADLTLEION, EDLIEREAE o
72 REIRDOINIBUED LZARYI T D, WiZifEK
BE A B IR R LTS B BN N9~ B3l s 1B HLEE
T/, Bl XA RIPE R &7z ubiquitin carboxyl
-terminal hydrolase i 16 H FURIRAERL 7= A RDFEAET
FEHRPTERSI TS 9, RFECBN T, ZOBIR 1Y
EHE VI AR A FIZB W TR ES - L HEESH
Do

5. SHRORE

AFRTHRANTH B LT A BEEO YK ER TH
Do TA Y BESHTIIBI TR T F /VEB WK TDAE
BIHERSHL, LAV T A VB BESN L ED AT H

- 178 -



OHPRIED 0 PSU Thotz, LWomiEbhs, 72720, A
T VSRR T A T — R AR TOAE B IL I RE
0, BEHMICAT THZLIARAREARZ ENRESN T
WB Y, S ARITT A BEEEO TR A E R
JEDFFAD NN AEM THDENZ D, Tz, ~UE
ST A RO AP RN M E A S S TS, AR
X~ VEICHA_TEEN RS EGHEIC IS &R
B DFONDFRHY | & FE BRI L= Ak ke
W25,

L1, AFEE IV CESITHEA S T COBG 75
BUZBET DI ge e | v S PRI OE W2y 1L
~ULTHLMIZL, ISR T 50 TR oW
THHLNIZL TNETZNEBZ TS, TR AL
FEW) D IR AN, T RSk, ZEM OIS x 95
VER AT HZ LI RVICEBNT D282 B L T
D,

X W

1) H B 2007, BEEH0(EAED BARLE 55 TR HEED
DAL EWEAL - HIBK - BR BT, SRR S

2) BT -SSR (BEfe) TIreHE () . 1999. 3
AT HEAN—=T = )= REEFAD ZRRNEL R
TS,

3) LA, 1998. H H AVERERE. PN H ZHESFE.

4) FRIHERL, B HE. 2004, DU+ OR5RES AL T A
VDY), WEEE A4 155:508-15.

5) REE A IERS. 1999. 7 AV OF|H L EREMBEE. il

6) Shimada S., Hiraoka M., Nabata S., lima M. and Masuda
M. 2003. Molecular phylogenetic analyses of the
Japanese Ulva and Enteromorpha (Ulvales, Ulvophyceae),
with special reference to the free-floating Ulva. Phycol.
Res. 51: 99-108.

7) Provasoli, L. 1968. Media and prospects for the

cultivation of marine algae. In Watanabe, A. and Hattori,

A. (Eds) Cultures and Collections of Algae. Proceedings
of U.S.- Japan Conference, The Japanese Society of Plant
Physiologists, Tokyo. pp. 63-75.

8) Hiraoka, M. and Enomoto, S. 1998. The induction of
reproductive cell formation of Ulva pertusa Kjellman
(Ulvales, Ulvophyceae). Phycol. Res. 46: 199-203.

9) VLURGLE, VERRIETS, B A, SERIHERL, 10 A& B
2007. Ht T iERZ FIWTRRBEAT T A SV DS T FETH.
K EEHISE 55 103-8.

10) Shimada, S., Horiguchi, T. and Masuda, M. 1999.
Phylogenetic affinities of the genera Acanthopeltis and
Yatabella in the Gelidiales (Rhodophyta) inferred from
molecular analyses. Phycologia 38: 528-40.

11) Posada, D. and Crandall, K. A. 1998. Modeltest: testing
the model of DNA substitution. Bioinf. 14: 817-8.

12) Swofford, D. L. 2002. PAUP*. Phylogenetic Analysis
Using Parsimony (*and Other Methods). Version 4.
Sinauer Associates, Sunderland, Massachusetts.

13) Miwa, Y., Yoshimizu, M., lijima, S. and Yamagishi, Y.
2004. Cloning and expression of alkaline phosphatase in
red algae Porphyra yezoensis. Annu. Rep. Fac. Life Sci.
Biotechnol., Fukuyama Univ. 3: 39-48.

14) Kester, D. R., Duedall, I. W., Connors, D. N. and
Pytkowicz, R. M. 1967. Preparation of Artificial Seawater.
Limnol. Oceanogr. 12: 176-9.

15) Wang, S., Zhong, F. D., Zhang, Y. J., Wu, Z. J., Lin, Q. Y.
and Xie, L. H. 2004. Molecular characterization of a new
lectin from the marine alga Ulva pertusa. Acta
Biochimica et Biophysica Sinica 36: 111-7.

16) Sasaki,T. et al. 2002. The genome sequence and
structure of rice chromosome 1 Nature 420 (6913): 312-6.

17) Shimada, S., Yokoyama, N., Arai, S. and Hiraoka, M.
2008. Phylogeography of the genus Ulva (Ulvophyceae,
Chlorophyta), with special reference to the Japanese
freshwater and brackish taxa. J. Appl. Phycol. in press

- 179 -



No. 0714

Elucidation of Halotolerant Mechanism of Seaweeds, with Special Reference
to the Search of Halotolerant Genes of Ulva

Satoshi Shimada*, Takeo Horiguchi 2

! Creative Research Initiative “Sousei”, Hokkaido University,
2 Department of Natural History Sciences, Faculty of Science, Hokkaido University

Summary

The green macroalgal genus Ulva (Ulvales, Ulvophyceae, Chlorophyta) is well known for its wide distribution
from marine to brackish water all over the world. Freshwater macroalgal species, Ulva limnetica Ichihara et
Shimada (Ulvales, Ulvophyceae) showed same level of DGR (Daily Growth Rate) during 10 days between 30, 5
and 0 PSU cultured conditions. Sequence analyses of the nuclear encoded 18S rDNA and chloroplast encoded
rbcL gene strongly support the independent status of U. limnetica, and this species was included in the Ulva clade
with high bootstrap values other genera of Ulvaceae usually distributed in marine were recognized as the earliest
diverging lineage within the order.  This results indicate that U. limnetica might be derived from a marine ancestor.

Ulva limnetica was investigated to understand molecular mechanism of its tolerance or adaptation to seawater.
A 19 kDa protein was detected by sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE), which
was accumulated in freshwater-cultured samples than seawater-cultured samples. The band was excised and the
partial amino acid sequence was determined by Edoman degradation. Based on the sequences, the corresponding
cDNA was isolated by rapid amplification of cDNA ends (RACE) technique. The protein encoded by the cDNA
showed 30% identity to lectin isolated from Ulva pertusa Kjellman. Northern blot analysis demonstrated that the
expression level of the gene in the freshwater-cultured sample was higher than in the seawater-cultured sample.
Differential display analysis indicated that some genes accumulated in seawater-cultured samples than
freshwater-cultured samples, and the cDNAs showed similarity to ubiquitin carboxyl-terminal hydrolase isolated
from Oryza sativa L., or glucan endo-1,3-beta-D-glucosidase isolated from Hordeum vulgare L.
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