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Mamoru Mimuro 1996. Phylogeny and evolution of proteins functioning in algal photosynthetic systems. Jpn. J. Phycol.

(Sorui) 44: 75-86.

Phylogeny of several kinds of proteins functioning in algal photosynthetic systems is discussed on the basis of primary

structure and pigment composition. A relationship of antenna pigment-protein complexes and reaction center (RC)

complexes among different phyla is the primary point of discussion. The RC complexes are strictly preserved in algae,

and this is, in principle, also the case for antenna proteins, however antenna pigments show diversity, which results in

a difference in apparent color. An appearance of cyanobacteria is discontinuous step for the evolution of photosynthetic

organisms, and some processes to appearance of cyanobacteria are discussed. Finally, the origin of two kinds of

reaction center complexes found in algae was searched in photosynthetic bacteria, and the phylogeny and continuity of

reaction center complexes and antenna polypeptides is discussed between algae and photosynthetic bacteria.
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FeA B E T DHERL, K 72 FUGIERD & 5 128
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NIHREFICL>THEDL S, BERBEICL VR
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BRI UL TFANED LD, RIEHLTIE, X
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(PSIRC) i, NADP* % BILT 5, R [ CHREH S
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BAHENC IO b BALERLT, EOoWMETH IO
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Mn, ¥ #H 75F,Z, 79 5%k, P680, PS2RC DET-H5-1k | Pheo, PS2RC DET-Z4M , Q, ¥/ > FeS, Stk 7
A¥—if, YFZOALL b Y MZOAD PC, 7T A YT = ;P700, PSIRC DEFH54K ; Chla, PSIRC DEFZHHK ;
Qf, ¥/ ;Fd, 7=V F*3¥ Y ;ENR, 7zl F¥ » -NADP ®ICE:H

DOMFORES » /37 B eI LT, EHOARMKM
REEZER THhD,

2-1. RICHD O RAGEHE
2-1-1. #ALFEXR 1 Ris$40 (PS 1 RC)

HEH LSS DO PS 1RC U, 57T 82KD (psaA),
84kD (psaB) D57z2DF) RTF Kbl sh
% (Fish and Bogorad 1985), — KM ATIEARM 1T T
WAHDT, BFIRFA—TH Y, #ET-ES - ZRI
Dol R BEICEI ko LR TE 5, M
PDFENSTDDR) RTF Fpbiilkashs 2 &
b, ANTuF AR LEFERD, 78
SR COMFEMEIL, psaA, psaB TZENENT6%,
70% T, L BRFEINTVS,

PS I RCHEAKIZIEZ L DBEIHEL TbH, &
Fft54K13 Chl a2 81K (AT ¥ LRT = LIFTH
%), BFZAEMIZChlalililkTH 575, FHEL T
b FEOLEI, #1004 1O Chla & 15-205F D B-
carotene T b, BIEICHG LaWwEaREEIT7T 7
FlaFEL LCHRET 5, 7 ¥ T L U RIEPG
T&HAHHEHN 5, Antenna/Reaction Center Complex (A/R
complex) &IN5,

2-1-2. Y% F 2 Rt (PS 2 RC)

M L SR O PS 2 RC 1, PS 1 RC[IAEIZS 7
DOR)XTF F ol b ZN 53D, 7 ¥ N
2% (psbA), D, ¥ ¥ /57 % (psbB) LIFIER, 5T
AT FNZN 38 KD, 39 kD T4 A (Nanba and Satoh
1987)0 % D—R M5 % & 5 L W& I ZIEF (TAHRI LSS
{, BFIZFR—THAH I EHIHBETEZ %, PS1RCH
HlieA7oy 4 v —RIRKEHOEEEh S, 7 V8L
MEMWOD, ¥ ¥V E, D, 57 HOMFETER
ZhEN, 84%, 86% T, REMICELD S E V', PS
2RCIE7 ¥ 7F %K< OTR complex & IfEIL%,

PS2RCEMI T 5 F#EDFIL, 20 F D7 =4 7 4
F- >~ (Pheo) ad7zY), Chla’%4-64F, B-carotene 7%
125FThHb, SOHT, BTHE5MAIEChla2 w1k,
BT ZEMRIIPheoaiii(h TH D, L72d5o T, 245
F-® Chla, 1%F® Pheoa, 1-2%F® B-carotene |L[E
WENAMRIGICHES T A b TIZER L, 2O
FEICBEMBER TRV, — 8T 7 FEFEE L
THHEfETE A (Mimuro et al. 1995).

FEtofEEI O G MR TOREESEEDL AN &
179 =W AAET B o FEO B TOZ N5 OAHEIMEIZIE
WIS L, BRIZZ LV, BRTEEO RISHEA I
100% ThHhrHEEZIDE, T VEIIBOWTHERSN



78
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- \ Famesy! diphosphate (C15)
- Protoheme Mg-protoporphyrin IX '
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-~ Plastoquinone|
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Phycocyanobilin .
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B3 LERBEFEROLESHER (—RH % SHRER)

BEATRLADEIRIEHORRERT v T HBELLT, $72RFET
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RIS RTT ¥ FHaEIMEERIE L7
BHHLHHERT (ZE1995), 7Tv7FaaELL
Tid, Chla, Chlb, Chlc, (Chid?), 743EY >,
AT, FHVEFT7AUNHY, TNOASERIC
HIGL22DHERT LAL, B4 DBEBEDNDEBRIE,
AT 4 FERWTHEERES DL LEELONT
Wi, LB THHREDLDHEETDHY, &
WCBETAEEE (BF) 2#HEBLLTRENZRLA S
LIIBESTIE R,

—H,BES NI BIEETAIBEIILN T
KEBOSFREET 2, AFX, sV BEES
LT, BRI EEERERKT 5, 22T, 7
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RLIMBRREFEERSE LTREL TS0

712,
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BHEY NI BICOWTREL R ZET

2-3. BROERR
2-3-1. ChI&m

Chlii, BRTOEWIIHFET IRV T 4) Y OEK
EFroo L TERENS (H3), d-aminolevulinic
acid (5-ALA) X HBWE L LTRLV 7 1Y) Y OEHF
PEEE Y, BPTHEL TChlERE~NAS (Senge
1993), Chl D FHEDOREUL, 70 VY RiEL#H
LE5FHD) Y IDPHFETHILETHD, COFHET
FORZEHEUIFRELT7L) LI RELSREZoTY
%, Chlald, 70 bRV 714 1) VIZMgHEML, 7
otzuo74YF, 200747 FET, &612
gL LTTNVa—= (74 F—) PFMENEE
HMET T 5, ChlaldChlbR/NZF ) 420074V
DEREDEERE L % > TV 5, Chlcid BISHICER 7 IV
I—-NERLEV, FOEBIEClaDgF, 7O 2
OO 74) FPLHEI %5, Chlc DRI nEFRH4
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DD¥T— V) U FICENB I ET, HEHITEL
74 ¥ ERUAFHEE, REHOFVRIE, ¥
—L—i (Faif) ORI, 27T, LdoT
Chla,Chlb% 7 ¥ 7 F+BFIIMHS T L & Chla Chlc
) LT, BRINT2HOMEIKELRL S,

2-3-2. HAF/ 1 KER

HaF )4 FOERRIE, FFEMEOERIZLY
BEDBEHTRE CEBRIHEAT (F3) (Amstrong
1994, =iR 1996), HiFEHH iX Mevalonic acid T, &K%
HS5nERLI=y } (Isopentynyl diphosphate) % Hfif &
L TEAH#A, Geranylgeranyol pyrrophosphate %5 2 43
FHETHZ L TC,yDERMERE (phytoene) ASTER T
%, COWRICH LT, Fafft, ®/it, RIS
& T B-carotene ARSI N, X512, BT, BERF
HA, KBEOEAL EORILHHRE, £ OBEED
AAFIAFR, ¥ TGRS ND, BEE
BHAFIFBEL0HATT ) 4 FOSHRBER, $0K
BETIITHICEBEINTWAE LIS R 2V, #0048
HOBITRLTELC IR, VLONBETHERD
EHRATEE, ThbbE4DBEOEAERMEIE
v, LEHERTWS @&, #E).

B-carotene iX PS 1RC, PS2RCOWVFHIZHESL,
B, SEEYICEENIIFETAIAITT /A FTH
b, =%, BICkoTELTAHOT /) 4 FHERIC
BREVAERMLFEETLLE, SUBEOIXER/ ¥,
IVRH UL TAN, HEOVTA Y, )T VE
OTOXRYF Y, MEEEON) T4y, BE-
HEO7IXY U F U, REEROVTA U RETH
5, CNLDBTHT Y FFELTHIELTWEDT
B, BRBEOSHILZREHD VLoD
Bliik) 5 2HETH 5,

2-33. 743EVUCER

T4aCY VL, TUE, HE, )T VRICHEE
THRKBUDBEY VI EOREETHE, 743
EY IRV T 1) Y OEBRFRD L5 LRI &
DABEND (H3,Beale1994), 70 b AL T TARK
HHEAPZRICREEIFAZ L, BiliverdinIX a 2T,
743V T IE) UHEREN, TRFBTEZT
T, 74axYAu¥)r, 74avu)) rLEHK
EICRIBAEHOBENLELSoTW 2T
MEDBE I, —HASESEH IR BEFEVD
NB, 743 VIMBOBRELRLZY, YN0 8
CHEREETH, ZODICRBEILET, 22

ETH% YBES D% o T E 7 (Glazer et al. 1995),

2-4, TUFFEBRINIEOBENIE

KERT v FHBES 8y BITIIBEER 2688
DEAEHDH B, KL L EEHEERA LTS
TTy7+E, BREEIHEEFRL TV VR 72T
V75 +THAH (K2, 4)o PSIRCIZAREEHEL
DTRCHIATT 7+ %2¥#HNLE, L\vwib,—5,PS
2RCIEREEELZDTaTT7T 7+ LT, CP43,
CP-47 LIRIZh B 2 BEEOBRES v /3 BESEITE
TEL, EHIERYT2FNT VY FHHHEET B, Y
ZxINT YT HIZiR AT 2O RIGHLIIHIE L T2
FEEDTEET B0 PS1RCIZHIET 5 LHC1, PS2RC
IZAIET ALHC2 Th 5, ZEICHFBN L BFEILS
{DFPE, LHC2IZHEA LTV 5,

2.5, PLTFBEREACINTHORG M

PS2RCLMEERAT % 288na77 v 577, CP-
43, CPA7T IR TOEBEZRBEREEREYICRVZS
hTws (H4), ZOMEIHRAEIEDTEL, £
BIIE—Td 5 L EZ 5N TV 3 (Bricker 1990), Bt
RERMFEHEYOR TR, KSPLERALL, B
BLTHD CTHEENB WY Y32 EThh, TRIF
L, RIBICLAOHEE, BELXHOIENETHIC
Zio6h5,

—H, RV T=INT FHiE, RFEMICHLOD
773N -KRFENhB, 7077 3~ LCAB
773I)—THhb,

2-6. SUE, HEBEOTFLFTFRET1AEY L
S UEDBEEIIET 4 A Y ORI ENT 42
EY Y=LV EREHERELTTF I 31 FEOHM
BERICHEIEL, PS2RCOITT VY FHICTRILF
— %% (Sidler 1994), LHC 1,LHC 2 iZHI6hTw iz
WV, 71428 Y R EOERIE, FhASOE
YITIN—lkWnH L THE, T4 A I E R
TBRIESEODF Ty b (akB) oINS,
BADY Ty MEERRAE, T2y FED
BLTDON) v 7 ARFVIRMEIIATOE D
HEIPTWT, FRaE(713v T8 k)
FREEETHT I/ BOMEIR, IF/0ESTA
LADHEET HMNE LR T, BRSNS RN T
Wb, 743y i3I0y 773I)—-Tdh
5 EATRENT WS (Pastore and Lesk 1990)
SYELALCEREABREN THS SO
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H4 HEECTOREHL, 7y 7HaEs v 80 o Rkt

2 ORISR E B ENw, F7 34 FEEZHEAT,

VIiX Chla/b (LHC2) %ibh, ki, w0k
BEZZHILHTED, 702700 YDLHC2DORK
WMEE T I BRSO OEETLL, T VHTHRZ
WIS SN B UERRZ & 782 B (CP43) 12\ [F]
Pdsdh B 2 L AW L7 (La Roche et al. 1995), = @
CP43'13a 77 7+ TdhHCP43 L DRENZEL, L
LHoTTu2uuyOLHC 2 AMED L DT %
, ZVHEOMEAEL, DEDOMY LIz N —
TERETHOTIEAVWEEZ LN,

RIS FEARMICIE T YR LaFERTH Y, PS2
RCIZIE74aE) YV — AL A VF-AHEEh
BH, JE4E, PS1RCICIZLHC | DSEAET 5 T & A3
L& N7 (Wolfe etal. 1994), SHid, T /D5 ALHE
~HETL L, BERR DML L RIS 5727 ¥ 7+ %
TOM—DELTHD, COLHCLIZIRET FH 2 F
UHHLFEAELTWD,, THIIMBOLHC | 21447 5
HHEIRERLIUHTH S,

FEEOWMBLU - THERTRE Z LILlE T O
MEOZEATH b, 7 ¥ HDFFo> TV GO
T, ZREANEBITL TV DD, AR 2 M
LIZOIWEETH DLy Y50, aTT v
F 5 NI B a— FT A ET D% TR

Y B

LHC 2 (Chl a,c) “pcp

ERAHA b o ==, TNV —2MWERT,

ENTVE, BEMYTRRY) 725 VT v 7T+ tau#
YN BEA- FT5RETRETHICHERET S
HS, KL#E Porphyra TlE, 74 I ¥) ¥ & V80 B %5
MO LPIIa—-FEnNTBY, BITOHHEBETH
% Z %R L TWA (Reith and Munholland 1993), 7
VT MNETH 743K 2 NS EDIERED
23— FEN T (Douglas 1992),

2-7. #IEHDSOER
COFENSOT T FROELIIIMY H D, O
DR ) T M, MEEEEANORKTH Y, iz
heh, HEEN, REEE~ORKTHS (X1,4),
)T NETIE, 7143 ) & U BRERET
% EBFIZChlcx AR T 5 L) Ik Y, ki ~o
AR NIz, 74 TEY Y F s Iz T 43K
V=L TAEI DL kol ZO—KHEZ
AbE, KloDHT1=y b (kB NDIBT, o
H7LZy PONKMIZKE R RELRZY, 20
KR, SEROBBINY — 255, T2 - fLEORE
D CyAFREED S C MFEANEIL L TV B 2 & ATIgE
SN7z (Sidleretal 1990)c ZNAST7 4 2K ) Y —4jE
BEHETHER2S LNk v,
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FESAT—
Y 3
Jo A Bl

PSII
AR

ANFES oA T

S o) o B HE S R

CP43 CP47

HLEE

5 HAEBREZEYTORIEHL,
K&g@EHhyaTHINZLOE,

BEEREIIMEOME, R T =D, 5T
Mgz RALIHMTEA LI, SoHTF /4 Fid
B BT RWEShb T /4 FEiddER
ICRL o i LTWwb, kEHIE8 T (C,) &
WERL, ANVFYTTF /)54 FRIZZOAuT /4
FIZZZiFAa bbb, R F4 =V I3KEED S 8y
BEEEL, RUT 1= =0 a7 4 —F 2Ny
% (Peridinin-Chlorophyll a-protein, PCP) # 13 4
(Hiller et al. 1995). Z D&k SHEEDSHEER & 22 &R
72 (Hoffman et al. in press)e = D ¥ ¥ 757 H D —LKHk
EERMOT v FFEEY NI EOFNE LT
B, Fo/ 22— bDTHHIEFHLMNIZ
Lol COREKT, MMEEHEDT ¥ 7 F RITAEHE
BWEE > Twh, ZORBIZBEZNO LTV
WS, BRIV — VIR EY D TRV LG

"

youay—4

FRERE

suuay —2A4

oooo0o

_LH

@ -
\

H-subunit

T awy

kR
T

LHC 2 (CP 43")

TyFHaEy oy BOREN
HEALDZEPIHFEL L EZONAHBHTET

BHEOEWIIRWIET I LITERY

TWh, BEEOT v FHaEY N IEELT
BEPIAEPED Chl afe- V) T4 = 7 YN B0 dH V),
ZHIFLHC 2 I2HY T 5,

FEEN SO @) OFEMITKE LR > TWhH 5k
A OREHKTIZ, LHC 1, LHC2 77 L, LHC
2ICHEATHtFEL L TIEChla, Chlb, VT4 ¥ H5E
b0k b, HEEFTIZ, LHC1, LHC2 »F1E
L, LHC2 4 3AmFEL L TIEChla, Chlc, 7
AFHUFUERDB NTALETAXH I F DS
FHEEIIRE GEV, BECRT L ESHAINT
Wh, EEEEEICIEBIICEET A e T 4 R,
TV, TEFLIE REREL, REAEHEI
MY R o W HERT . 29 L72ABfi 0L R
BB T L 2T 2V,
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2-8. LHC 1, LHC 2 mBfR

LHC1, LHC2id & %2 CAB (Chiorophyll abinding)
gene 77 ) — & 8N TW5H (Grossman et al. 1995)0
ZhiE, BEEYO LHC 2 123 LTS hiz ks
LHC1, LHC2 & b KKIET 5 T L2 b TE OERE
PHRENDBDTH L, “KTEREAVTITOR
T EREERATAIRYT &L 2 AT, LHC2IIELEE
THEIRDNY v 7 AERERIV—THEEL D OHER
&N % (Kuhlbrandt etal. 1994)c S D) HD 2 KIZH
CRFTR R (C, x5 M) 2RELTEY, 20
BARICEESTFIHEEL TS, B, 3BHREER
LTBY, EFEICHHEERLTVE, TI /B
BF)2 6, LHC1, LHC2i3 & b ICHAMIE L, B
PEBTAIRDOANY v 7 ARRLRTWS, EEZ
bhb, ZOLHCORRE - RS RLEE 28D 5
ko TE,

EREYTHAH IO UT YOLHC2IE, PS2RC
DAFTTVTFTTHbHCP43 L OMEIRIE L, L
DLHC1 L IZRLARELEZONS, L2L, o
LHCIZETO DD 773 —ThHrLEZLNTY
%o 7 VBRICHEATAD, BRI B TIE Vv HLIP
(High Light-Induced Protein, Dolganov et al. 1995) %
SkEY), BECHE XN T3 ELIP (Early Light-
Induced Protein, Levy et al. 1993), psbS BIZTFEY
(Wedel etal. 1992), REMFZDT77IV—ICBT R L
EIONB Lotz 2 L2y Ny EOME
HICEDNT, EHLIEMISELEZELONS,

LHC2 TOIZANF—BEER LR L, hu7
IJA R (WFAY, $hid7aF4 0 F>) ZEECH
aAlCTFNVE—%FEL, Chib, 7213 ChlcE&EHLT
ChlallTANVF—%ET I LIRBEEIN TRV, Z
DEBEEIISH7-O0OBENELE, EROBEMEBNE
PEEMEIRIEELEZOND,

2-9. BEOXEHRRNER

) LT REBRTOREES v BEAKROR
FHHEBCTETHSDICE - L, gz
AHCEET, TV TTROBES V37 BHER
BICIIREE SN, LTV o hnidA T A RES
DLDOTHD, LWHIBETH D, #ILOEHNIIOW
TiE, EHIZ2WD, RIZRDLHIZEZ TS,

SV, fEDT7 1) ¥ 32 (PE, PC,
APC) BT HIEDEBDIZE A LR TOREZRINTE
LRNED DDA, VALY VN BN, BEOTRE

DERLLEVT L) ¥ YRIETIE, EEOD
ANSFEPNTERLVITFSED S, 13FOBE
LT, FFEI10,000 N EDY V580 BDPLE
T, BEAEV, TRICKRBE, yua74Vy
NIBR 1 FFOBRECHTE Y VI EENPZED
10%BETTAR, P—F VOEENIEL &5, Chla
Chlc— 733 v Frevd Y X741, KR TER
TAHDE, bo L bAHHPEOBVEZRLER
BIENTEL, 4V VBFKLLIZBEOKATTO
KEOHREICIED - L DB LR L EoTW 5,
BEORERRTIE, Ho PR EREY RV 2T
ZENTED, FNHIE, () BEEOS VELLEM
DHE~DEAL, EREOHER, ) BEEE BT
BRYFL=y, BIUFOEESY V7 EOHH,
) METHOLHCHOHH, D3 ETHY, Z0Middk
FIABAEFRIENZKIE Y AT LA THDLEE L D,
ZOEICL 5T, BEBRRERIERAPITERELE
1tL7,
BEMEEOR TR o 7-flade a1 & ) #ri- nfE)s
FE LT GBI, FoBS (1995) iIcg# Ly (K1
ZR), CNRAEDHEHKERROEMDOT A F
Iv I RAEEEL TS, L2 LSRR EE L
HHEE, FAlddo LAREWLER O, TN,
FUVBEOHAIPBO TRERTH D LVWIBETH
Bo COBREEITL, TOBHELMAZ LVEED
HEABRROERIVNENDERTH S, Ik L TDF ~
EOMBUL, 36BERME D 27EERL DI Vbh Ty
B HIRKICEEZEORRE D251, FRICE > TEY
DEALDF AR EZ L END T VEORERRDR
EHEEEUTORTHLMILTWELZY,

3. RISROUEE [RamkimsE]

KA EAT D 1HIRA 2 2B & U O RATE A%
LTV 2, B, SODREHCHHEINL T2 (K
5)e NUANZ T T, REHEME, KElERR
W, el JrelEchb, T BMEIXD
LAALSTITIVELEVWTELDDTHE, 2D
BYWFh b BEHEEREN TH S, TOHTT VM
HDAMIERZE 2 B4 L 2 WA RIIC % BT 0 TERE
FRERABEIEEND, Zhbid, BEICHT i8N
BD o572 HEEND, HEXBERMEME (~N) 4
N7 T T ERRETEEME), BAEHEE (RaikEk
R, Ml Thb, BIEZZZ 58, B
BRORGAR IIBE IR TERVIBE LD ho 18
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# 1. BABEY DO RC DHEOHB

—&#K PFE BF BF A/R or BEK
HERK (kDa) 54 SH5E A

AYANTFYT  KE 68 BChl g 8-OH-Chl a AR ~35
REEENE RE 64 BChl a Chl a analog AR ~40
PS 1 AF O 82, 84 Chla Chl a AR ~100
FEEELEEE ~7o 35,35 BChl a BPheo a R 6
MEHME AT O 31,35 BChla (b) BPheo a (b) R 6

PS2 A7 38,39 Chl a Pheo a R 6or8

SFFREIRNROLETH), BIZL>TRE 2,

Eho, EHBEEHAEF LV EVETHL I LIE
ZoN575, 16SIRNADHFEM L EICT S L, Kk
EARKAE ST ORBETHE L TWAB I EHHEL R
I2% > TV % (Woose 1987), TEDHEITH L, JABK
RIisD&ERE 2B IR TEARMAE CHE S h, 2
OERENTZ EDPEBISREND LI I hoTE:
(378 1995) 0 £ TRIBHL, 7 ¥ T FRIZONVT,
ZORE, RHEEEZET S,

3-1. Rl

MR MR L SRR T TR o 72
AEREREBR LTS (K1),

AYFNZ T T LRETHEEME T, KEPOR
FLRYRTF F25Fh MR ENS (KEFA<
=)o FFRBIAVANIF) T LREBEAEOM
THELREHH, HEH6BKD, HEI64kDEET
Hbho TOHRABICIE, ETFBEIZHE) BENMIC,
7T LTRETIREREFFFEENETR, 355
F, 05 FEEZESL TS, JHIEICHA AR
HEHhTHY, PSIRCLRAILHETH S, RHEMIC
RIS ORAFMEO KB LHIN -V ThHLLEE
FRZY (-

BEITERIREE & A0 REH.0ME, FEEIC
HEEOEV2EAD R Y RTF FHR BRI TS
(ANFOF4<—) 5, BEOETIIERNLEVDIR
bBohb, AEMETIE, 7FEEIH31 kD (L
subunit), 35kD (M subunit) MAiZ, H subunit (5F
B 28kD) pEET B, HEICL o Tid, RCICcET T
JOLNEELTW2HEbH5H, RCIHEETHE
Fi3, 43 FDBChla (¥ 7213 b, BIKFF), 25FD

BPheoa ($7:13b), ELIZ15FDHTTF /) 4 FTdh
5, —F, REEEARAETIE, KIRTFFIEL
subunit (35 kD), M subunit (35kD) T, H subunit i
BIELLEV, #&6TA0%ER, 39FDBChia, 35F
D BPheoa, £ 13FDHTT )4 FTHb, TCICH
BTELIIICZOMHKIEIPS2RCERALTHY, R
Bk THB, LD oTPS2RCONV—V LEZD
5,

O LEIZEBICY NS, BEOHMBRTIC
Yo, MOBFEERIP S IFFHEENS,PSIRC
DBPEIIE, BFSABFCNDOREMTHS (N
#7832 5 7 Tid8-OH-Chl a, FEHEMBE TIXChla
DRME) LV IHfciZAShZWEMM S Y, T/
Sh—FiE (FeS) 7 T A ¥ — 2 #H0, LABMBEOETF
(ZERSICIEBCh LYAFELZVEVI ZEXITER
FY, FrEXERORPEIBRLALLERS, &
DT LY, TLREEOARRIH L 2RAE 6L
720 BChliZ Chl a % BIBBE L LTARENBDTH S
¥, COERBPURTHo - ENBEREINL, &
AR ETFSABL L TCNEERTHILE
MdHol:DTHhbh, —F, PS2RCIZD2VTIE, BF
SHRAEN PheoFFTHH L, 2ENX ) VIEF
EERS L LTHET A L L, AL 0Bl
HABEV, ThODEEDS, R4 IZEFOKICH L
DV—VEMBIELER ST,

3-2. 7LTFEEL2CNIE

K EMEd 37 7 ~ 7 7 (LH 1,Karrasch et al. 1995),
R 72 NMT T F (LH 2, McDermintt et al. 1995)
D2EEEFHoTHY, TRFNOERBESRES
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NTWb, MEEHIZ, L 1EEZEETLINY Y
Y AREOH Ty MRS (e & B) oM,
EXF T UVRENBCh DY H Y FiZhkoTWnab,
BChlid ¥4 <w—L LThizoDH 7=y MIFEN
ERCHEET A R 7SV T v TFFICIEE/) < —
LHEET 5,

DT YTFI NI EOMALERRTAL L,
HEHEORTOREUMRED THWOICHEL T,
D AR ROBRES ¥ /37 B L I3RS MEY, L
o T, TDT VT HRES NV EAIIBTRRER
KABREYIZZTRI NP MELEXBIL
HTED, RILFLORFEEEE X BH, ZOFEF
HIIEE 72D b,

3-3. SUEBHAEORE
CITEELMESICREYL D, TR, i
LTV —HEL L 2BHORICH.0AS, 7 alE
DHRIHFETH L) RERVPETFN P, T4b
b, 7/ EMBEORFIIMY, THo, EEEHEOH
W bo THIRAMEEEZ B2 LA - L DAL
LTHEETHE, OL20FLHE LTI, LM
HAEET, REMAEIHELLLVIRERSZ L
MNTED, Bl MIRANOBEREE2EZHLHET
WBHRIZLEWTZ ETHD, L2L, BE, £EEHD
REGIEIZOVTIRE o 2 CBEOBE B RV,
KA (1995) 1, BEEREEZTANEAMREESRL
7ATBME I, BEMEORC &L BHEERS (cyty
o Ak, FeSI/ IR —, 7L FXI V) LD
BEFPERABITLT, 7 BHEISHBELLEWS
RBLAREL T35, REMICIE, REMENI He
LFEELALEVW)ETIEFALTH S,
RBRIZFOERBITIE, BARMEOMTIX 700
V—bl lZALNB, i, REHRENE, &E4
WEEMECEBLTALRET V7 FRTH D,
BB & 9 ICZ D5 DDRMEREL, RCOWE, BEE
KT BB EAKRESRL 72012, @0
FEFHOLEIEIONLEV, 2 2hboTHENT
YFFREFOBAE LTI, BEFOEEBITH
boLDRYLEZHTHA,

34, FUBHMEOHRICHES RISROEIL
Kisduls, 7 v 7 FHBET o0 BORGEHE 5~

BHEOHREOMEL b )P LELEXTALV,

PS2RC TIIBD TREMLEILIE LTS, Fh

2, BLBTEMOKRELZETH S, 7 v BHIEIR
AEBILL CEFERBRT 201, BVELEL
(VULE) 2 0BET B, ZDLDICAFTTFOMIEF
POMR S NLKIRREME L1z, ZORIEHRITM
B, V=V EELIENERLTIR RV,

75+ TRIAE(IIPS2RCOITT ¥ T+ T
#HBHCP-43, CP47 L, RV TINT T+ THD
74a¥) yOBETHE, EBIIREHRLDDT,
ZORIF L D REBLRBEHH %\, CP43, CP-47
DN Y 7 AD—EIE, NYANTF YT ORIEH L
DN v 7 ADO—ER L HFEE W EAER ST
W5 (Vermass 1994) %, fIOXABME TIZE o 72<
HUD Y YT EBRWEERTWRVWOT, 7L
LMETELBHETIER VY, 74 I YT VNI ]
Bk icryoer773) —Thh, Z0ORIE
IRABMAEDORS & L TRBERAL MR- TR
W (7720, KIBRICREET A PO TV,
Wakabayashi et al. 1986), =) L:BlE»bR5E, T
YEHE TSR L EDbN 71 38 Y REDOHE
ZOHONBOTANERELFHTHS LB
B N BASKIEETFICEIN AL ShA L
ERBHBILIITERLN, REICZON - P 2ELY
A, FOEREZIIEIHENTI 2V,

i, 7 v EBMEORERRT, Mgl ) oRE
FLOMMERATREIIE L TELTA I LHL
IZhoTE&, ol b LlHbhzFlL, Ffthic
JEUTPSIRC L PS2RCOBHIEBTHNTH S
», ZORICHEAZZITADIEPS1IRCHDHE T, PS2
RCIE—ENEICRI- NS (Fujitaeral 1994), ZDf\h
DI, PS2RCOD, ¥ ¥ 7 B3 BHAHHREEES
LIBTHESH, SHLIZHBSNTHLVWESKZ
FERTHZENHALPICR>TE, 29 LRED
B R R EE — ISR L T2 28
ZRCTRESE D H 505, BERTIIROKTH S,

4. SHOBRFERE
EHEOBRZFERTVIE, BHOECH 725
VE (7 RAE) FRIELTREMED, BERE
Waks L TOREY S IIED TRERLBETH S
CLEBRRTEL, ) LB EHLIITIBOF
—7—Fit [MilakE] TH 59, BEOETIIE
HDTHREEZOR TV, EH—EN, EK—EH
DOHIBAPFEAD, EXFEZ-FETOIRI->THY,
TNHT B EAB LA THIE, XK1
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RREDOREBRENEEOREREEL B T LA
BEL 2 B, ATRI, RIEME R ML & EBRIIC D 7
WyBIEWLELLRDETHAS ),

COFEREEICHIY, EBEEYERER, HE
HEEL, MESEEL, HEUR, BRERAE, &
WE—EL, biEERE, BOREESLICEELYS
BWziwni, £, BEEOREMRICOWTE, #E
R#E, NFEEELORLfEbE TV vz, 20
B TBILEHLETES,
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PRIBEAFTHERERE Y ¥ — (415 8RBE THF 5-10-1)

Akira Kurashima', Yasutsugu Yokohama? and Yusyo Aruga' 1996: Physiological characteristics of Eisenia bicyclis
Setchell and Ecklonia cava Kjellman (Phaeophyta). Jpn. J. Phycol. (Sorui) 44:87-94.

Photosynthetic and respiration rates were compared between Eisenia Bicyclis and Ecklonia cava.The optimum
temperature for light-saturated photosynthesis was 25-29 °C in sporophytes of both species and the maximum
photosynthetic rate was higer in Ei. bicyclis than in Ec. cava. The optimum temperatures became low with decreasing
light intensities. Under light lower than 50 uE-m%s™ the net photosynthetic rate was lower in Ei. bicyclis than in Ec.
cava at all temperatures investigatged. Daily compensation light quantity estimated from photosynthesis-light curves
was higher in Ei. bicyclis than in Ec. cava at an environmental temperature. Daily compensation light quantity of
gametophytes was higher in Ei. bicyclis than in Ec. cava at all temperatures investigated. These results suggest that Ec.
cava can grow in deeper water as compared with Ei. bicyclis under a definite temperature, and that Ec. cava can grow

in warmer regions as compared with Ei. bicyclis under a definite light condition.

Key Index Words: daily
temperature

light g

(d

ity-Ecklonia cava-Eisenia bicyclis-irradiance-photosynthesis-

ILaboratory of Phycology, Tokyo University of Fisheries, Konan 4-5-7, Minato-ku, Tokyo 108, Japan
2Shimoda Marine Research Center, University of Tsukuba, Shimoda 5-10-1, Shizuoka 415, Japan

7 J X Eisenia bicyclis Setchell & 71 ¥ X Ecklonia cava
Kjellmanid & b IZABIDOZEEBET, HEROKTFER
BUELREPREBERT 5, #PHRITETERICBITS
FER 1 REENHTH S LABICAEOETHL L
T, F:, EENICHEESYOHEEL LTEETH S,

MEOHHIRIZOVTIE, 7T XIBFE» LM
HBETTHAEDIIKL, # VA ILEERIOAME
TLERTHY (IIE1989, BEES 1991), 7T AD
FHERRIFCTHT 5o T/, MENEDICEFT
BRI TRTIADENHI AL VBRICEETTAHS
LIS TWA (EMH - A1)l 1982, 1983), ZhbH
DT LHOTERIIZBRED 5 VIG5 £ 8F
HOMENHLLINDEEZLND,

SEE, T I ALD Y ADKEED B IIITFREE D
BIEEIREL SN2 L5 5 (Sakanishi et al. 1988),

*FEARFTHEEER Y V¥ —FHiNo.593

TEOXERFEICOVTEL OMENF LR ENTET
w5 (Maegawa et al. 1987, 1988, Haroun et al. 1989,
Sakanishi ef al. 1988, 1989, Arugaetal. 1990), Maegawa
etal. (1987, 1988) (XM D LA FHDIEE K —JEHh
BMELBLT, AV XRT I ACHREROD VR
FCEBETELI L BLDIT L, —F, BEOK
FEHHILREDEEE T 5 L &5 H%(van den Hoek
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Fig. 1. Photosynthesis-temperature curves at different experimental
light intensities in sporophytes of Eisenia bicyclis and Ecklonia cava
determined in May.
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Fig. 2. Photosynthesis-light curves at different experimental
temperatures in sporophytes of Eisenia bicyclis .
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Fig. 3. Photosynthesis-light curves at different experimental
temperatures in sporophytes of Ecklonia cava .
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Fig. 4. Daily compensation light quantity-temperature curves
calculated from photosynthesis-light curves in sporophytes of Eisenia
bicyclis (openciicles) and Eckloniacava (solid circles) . Vertical
bars indicate SD. **=significant, p <0.01 ; *=significant, p <0.05
(t-test) .
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Fig. 5. Seasonal chaneges of the daily compensation light quantity in
sporophytes of Eisenia bicyclis (open circles) and Ecklonia cava
(solid circles) in relation to the mean seawater temperature of each
month.
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Fig. 6. Photysynthesis-light curves of sporophytes (open circles) and
gametophytes (solid circles) of Eisenia bicyclis and Ecklonia cava.
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different temperature.
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circles) grown at 10°C, 20 °C and 25°C. Vertical bars indicate SD. *=significant, p <0.05 (t-test) .
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Fig. 9. Growth of young sporophytes of Eisenia biciclis and Ecklonia
cavain culture for 6 days at different light and temperature conditions.
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Fig. 10. Daily compensation light quantity-temperature curves in
young sporophytes of Eisenia bicyclis (open circles) and Ecklonia
cava (solid circles) after culture for 6 days at S0pE-m->s’!
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<0.01 ; *=significant, p <0.05 (t-test) .
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Miyuki Maegawa'. Kazuharu Kurifuji? 1996: Growth environment and variation of Eisenia marine forest of Owase

Bay, Mie Prefecture. Jpn J. Phycol. (S6rui) 44:95-102.

Distribution and population structure of Eisenia bicyclis marine forest in Owase Bay were studied. Almost fronds of
Eisenia in Owase Bay have relatively short stipe length and age. Fronds with 0-2cm and 2-5 cm long of stipe length
were corresponded to the age of one and two years, respectively. So, it was thought that regeneration cycle of Eisenia

marine forest in this bay was 2-3 years. Relationships between environmental factors and changes of Eisenia marine

forest in Owase Bay were surveyed. Eisenia marine forest distributed all over the bay till 1957. Then, it reduced

gradually to be scattering only in several point of the bay in 1986-1991. Recently it recovered north area near the mouse
of the bay. It was thought that several environmental factors influenced to the changes of Eisenia marine forest in
Owase Bay. One of them is inflow of thermal effluents from a thermal power plant located inner area of this bay and

others are eutrophication by fish culture carried out in large scale in the bay and inflow of sewage.

Key Index Words: distribution-Eisenia bicyclis-growth environment-marine forest

! Laboratory of Phycology, Faculty of Bioresources, Mie University, Edobashi 2-80, Tsu, Mie 514, Japan
2 Fisheries Section, Owase City Office, Chuou 10-43, Owase, Mie 519-36, Japan
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Fig. 1. Maps of Owase Bay with showing points measuring water
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Fig. 2. Maps showing the location of line transect survey from
Kodoka-hana to Ino-hana near the mouse of Owase bay.
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Kazuya Taniguchi1996: Fundamental and practice of marine afforestation. Jpn. J. Phycol. (Sérui) 44:103-108.

Recent studies on the succession of marine algal communities in the sublittoral zone have contributed to the development

of marine afforestation technology in coralline flats called "Isoyake" where the crustose corallines are dominated.

Coralline flats enlarge its area when the communities of large perennial brown algae that form marine forest are reduced
by the combined hydrographical factors of high temperature and/or low nutrients. Succeedingly, destructive grazing by

dense populations of herbivores such as sea urchin maintain coralline flats. Since dibromomethane, the secondary

metabolite of crustose corallines induces normal metamorphosis of sea urchin larvae, an enforced grazing pressure
sustain collarine flats. Marine afforestation in coralline flats reduce grazing pressure at the primary stage due to the
growth of large annuals. This relative decrease in grazing pressure drives algal succession towards the final marine

forest stage.

Key Index Words: algal succession, coralline flat, Isoyake, marine afforestation, marine forest

Kazuya Taniguchi, Shinhama 3-27-5, Shiogama, Miyagi 985, Japan.
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Table 1. Cause of marine forest decline

1. Ecological factors

11 Artificial factors

1. Environmental change

1) Hydrographic variation (temperature, nutrient, wave action etc.)
2) Geophysical change (tsunami, eruption, flood waters etc.)

2 . Biological effects
1) Grazing by herbivorous animals

2) Inhibition of algal growth by crustose coralline red algae

1. Over harvest
2. Low of transparency by pollution
3. Suspension of silt and drift sand
4. Waste water from mine factories
5. Oil pollution
6. Synthetic detergent (?)
7. Agricultural chemicals (?)
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Fig. 1. The areas recorded marine forest decline (Yanase 1981) .

(Taniguchi et al. 1995)
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Fig. 2. Cyclic succession of marine algal communities in the sublittoral zone (Taniguchi et al. 1995) .
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Fig. 3. Rate (%) of sea urchin, Strongylocentrotus nudus larvae
settled and metamorphased in response to substrates of live Ulvella
lens (top) , live Lithophyllun yessoense (middle) , and solutions
of dibromomethane (CH,Br,) , tribromomethane (CHBr;) and
chlorodibromomethane (CHBr,Cl) (bottom) . solid circles and
empty symbols represent metamorphosis and settlement, respectively
(Taniguchi et al. 1995) .
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Fig. 4. Chemical structures of active sesquiterpene derivatives, 1-5
obtained from the brown alga Dictyopteris undulata (Taniguchi et al.
1993) .
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Table 2. Elements of marine afforestation technology
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I. Production and supply of seed and seedlings

II. Preparation of substratum

IIL Protection of seeds and seedlings

1. Transplantation of matured adult

2. Mass-scattering of zoospores, gametophytes and
young sporophytes

3. Long-line culture and sea bottom transplantation
of sporophytes

1. Establishment of artificial reefs
2. Blasting of rocks
3. Destruction of other algae

1. Removal of herbivorous animals

2. Reduction of grazing pressure by other algae
3. Access obstruction against herbivorous animals
4. Enclosure of seedlings by net

5. Utilization of natural chemicals

(Taniguchi et al. 1995)
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Fig. 5. Schematic diagram of marine afforestation of Eisenia bicyclis (Taniguchi 1989) .
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Akira Wadano 1996. The use of oxygen electrode in measurements of photosynthesis. Jpn. J. Phycol. (S6rui) 44:109-114.

The use of oxygen electrode is described in measurements of photosynthesis. The stoichiometry of the oxygen evolved
is explained for the photosynthetic fixation of CO,. The stoichiometry for oxygen and carbon dioxide is checked for
not only Calvin-Benson cycle but also photorespiration. Fundamental ways to treat the oxygen electrode is shown for

getting accurate results of photosynthetic measurements.
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bNTWwa, ¥ U ARBOHETIE, X—=%H T F—
F ~ % % D Betaphycus philippinensis 25§ &l & L T
LS, 2T DR EHHAGDEEN TV,
iR\ o 727, AREISINEO— AT 1994 412
<K 5 MN72 C. F. Chang #IZIZHEIF S hTw 5,
ANa—5h bk - B - EYFE)
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Algae : an introduction to phycology

C. van den Hoek, D. G. Mann and H. M. Jahns &,
Cambridge University Press

Paperback edition : 24.95 K> K (39.95 US$)
ISBN: 052131687 1

Hardback edition : 70.00 K> K (110.00US$)
ISBN: 0521304199, 1996

AL 1978 SEICHIRL S Nz B A Y EED A E RN &
[Algen| DHFEMTH 2, LIFEZR, NHERBZOHD
HESHOMEDOEREZ S L ITKIBICHEFERL TS
(AL 4T L T19934E 1213 F A VEEIR D R & T
Wh), —HRICEBEOSHMEE R T ABICHVOR
LA BIVEOFBAEAT L T 2HBEIZ VDI
& L, RO Introduction TIXEBAEW DR Y L5 (H
A POFBNMEE S, F LT BE" BEWRIC
BWTED L) BRFENRMEE DL V—TTh
LNIOWVT, b ) RTWREHAE SN TV S,
LIS IV —TDEF N THLI L 2E
AN D& ICERMKELD & < R Ic 5
HEMF CREZEPROPIMESIT S LW HE
BYBE/EZLDTH NIRRT FEZ D UTICH &
TREBHOE7 V-7 (MoORHh, FEEERD D)
IZOWTOREFA 7 &N b, Heterokontophyta
Chlorophyta® £ ) IZKE % 7V —T7 T3, E5IZHD
LW TEZ T CORHIED 5o LimuhsrDENE
NOFEIMALTOMERE Z2->TWa ;M (@) o—
Mer 2 e (45t IR, B, HIRRYMIE, 3Ek
1§, 6L EOREERELOONTYS), M ()
BT BAEYOTELL L 55 - EREDOYEY, Z O4HEEEC
B4 7% & 5 VIIFFET R ESEHMOMI, SR, <
DO BRG], HHTIITBE L NV O, &
RO % 2T 2 THIRE 2k o Wi B 2 B
EHAIHELANLVOF— 8 b EEFIHEATY
bo REDWEHMDO—D2 & LT, EBNEFHEMETE
P L—ALZREZ SATZAIE > TV B EIZT
bIb, ERHFICIIET THELZLLRLEINELD
AKYOBHREEZE Nz o/z] EVHTESLWY
W, Do TAYDOERER2FRLIN) Ty £ 2%
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WLZZNLDOROAHHICEBER " Hits” J¢&
CER TV R WEHICE > T2 2 ICHB LRV
boLhoTwaERD,

EIAHT, BLH L ZOHFEERFFHED A7 <
DRFERIMDFERTH S ) . FtafEPyicizso
DELZRENH > T, TNOHIIHKER, 74V HEHE,
VXTVIEMIIELOONE (TTY ) EEEEDL
4 M@H) - - LHBLTVWREI AL, EH
Prasinophyceae, Chlorophyceae, Ulvophyceae,
Cladophorophyceae, Bryopsidophyceae, Dasycladophyceae,
Trentepohliophyceae, Pleurastrophyceae, Klebsormidio-
phyceae, Zygnematophyceae, Charophyceae & 9 11 # il
RHOMZNICT A LICRDDENS, HEHEDE
B, FACHEBRE ARG S0 < 4 MHIC 2 5 ICHI
FENR NS BERLAE, 235 50 7% CRA O E TR
ICFLDOBZ DMLV —TI3EE L TELEDT
LEIEWVHIZLTHD, 4MIL )R EELD
25, FLWVLOPOBEFICHL TIFEHRD L
LoTERERER, P TFREFHLIEIEALLS
RCERPIRE -7 TATHL LV HREEZ S
ECOGBHOMMI NS SRR R L DG F
BNV L LEDS, F X THRIUIEHE ik
BEHOTEIEET D o 72K L NV OHEALAS LT L D
BEEI L TV RWZ ED S o724 H, 44
il S 1R S AHWICED Y E 2D THS) L, 57
FDFEHLA & Trebouxiophyceae & V) M Z Hak L £ 9
EVIRIBLFIOMEZICL o TEHEINTVD LWV
HEDEZbH D, WTFNIZLA45RIE, BEEOH
ROGFRE, 440 LD S FE~NEAS 2 &
ZhbDTHA9,

FREIZZENZFNOFHEFIIOWTHD = VEAH
TN TH Y, FERIZHHEH S I OWFERR E T
BEREMSEY AT TN D, E5ITEKDOHFED
LTI DALEL TD (L LIFEALED
1990 4ELLFI D b DTH 5) o HIERTHFET 5720
DL LTI CNEHETHLLEER D, b L
b EARFIIRFIAERCHOFELE LR E L72DOT
HHY, BEOHBEBI LI FITE > THRIOEK
ThHho #HOMIIE, KRFIZ[ZF4 F2 ) —X" 8
BOLHN"| (AAERYREHERS) 25mbiud
T EICRICEHETD D,

bTImE A C A3 Ny NS L e 2 T e D)
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BESLIE HT7NVEEFOM HEHEHE - HH
=TA% I3, o4pp., ifEES 2,800 M

TH5VWRETUE MgE< ) EEKREZES 3 Bl —
BIIHPEE AR SADSLLE19964E5 5 (4
134 %7) it 6801

D EEER RS CFIBOREEE KR
F* (W) fdokpEFHER 2, ASHI280E (/19 —4H),
flrs 3,800

DFREEE  RONECE - FEEA (F) 1996, Gkl
J&  ISBN4-00--005938-6, 4200 [']

Bibliotheca Lichenologica, Band 48.J-G Knoph, K Shriifer
and HIM Sipman (eds.) , Series: BIBLIOTHECA
LICHENOLOGICA, 1995, 27 papers, 478 pages, Gebriider
Borntraeger, Germany, 125 78 > I

Seagrass Biology. Proceedings of an International
Workshop, Rottnest Island, Western Australia 25-29 January
1996, 1996, J. Kuo, R. C. Phillips, D. I. Waker and H.
Kirkman (Eds.) , 385 pages, col. photos, University of
Western Australia, ISBN 0864224451, A$ 80

Algal Ecology : Freshwater Benthic Ecosystems.
Stevenson, 1996, R. J. et al. (Eds.) , pp. 758, Academic
Press,ISBN 0126684502, 9 13,000 [

Silicoflagellates (Dictyochophyceae) .
Biblio.Phycologica, Band 100. Desikachary, T.V. et al.
1996. over 300 pages, 83 B&W plates. paperback. $143.00

Contributions in Phycology. Volume in honour of
Professor T.V. Desikachary. Prasad, A. K. et al. (eds.)
1996. Nova Hedwegia Beih. 112. 612 figures, 47 tables, 2
appendices. 552 p. paperback. $216.00

Lichen Biology, Thomas H Nash III, 303 pages, figs, tabs.,
CUP, GBP 50 - 1995 hardback, GBP 16.95 - 1996 paperback

The Genus Characiopsis Borzi (Mischococcales,
Tribophyceae) : Taxonomy, Biogeography and Ecology,
1995, Haydeé Pizarro, Series : BIBLIOTHECA
PHYCOLOGICA 98, 147 pages, plates., Gebriider
Borntraeger, Germany 52.50 7K > F

Progress in Phycological Research, Volume 11. Round,
F. E. R and Chapman, D, J. (Eds.) , 1995, 400 pages.
Biopress, #J 85 7 I

Bibliographic Checklist of Non-Marine Algae in Australia.
Day, S. A., Wickham, T. J., Entwistle, T.J. and Tyler, P. A.
1995, 276 pages, b/w illus. ABRS, Australia #J 35 -8 >~ F
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INETEALIEDD &) BMOKIFEI P T A Lize 2D
FICHFEEIR S N 2 MoFTIE MEEBLIE] & [F
HniE<) €| OFKE, TRZEROBBHOFT 25T
BRL 720 WTNOKRS L HARLTFHETMRL TESR
TVAEH, HFEICHAZLLHIC, EMRICE>THKRE
BISONEEZATEY, FAEEOMEH S &2 1
fFTHILDOREYEEFRAANEb>TWVA, TDLIH &
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DD oTWLESL) LBVWODZDEMERAL, T
WRAT A FIZREBD, WTFRIELWETELES,
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1996 % 8 A 9-13H : H 11 MERE(LREENFS
11th Biennial meeting of the International Society for
Evolutionary Protistology (ISEP) Universitat zu Kéln
(43% 1) (http ://134.95.209.48/institute/botanik/bot 1/
melkonian/isep! 1.html)

1996 £8 B 11-18 H : B 1 @I — 0O v/ EIES 1st
European Phycological Congress (43 %2 %) (http :/
/134.95.209.48/institute/botanik/bot 1 /melkonian/epc1.html)

1996 £F9 R 1-7H : B4 EIERERY > RO T L (B
) 14th International Diatom Symposium (43 %2 %)
(ftp : //ftp.ndu.ac.jp/pub/14th_IDS)

1996 £ 9 A 7-13 H : A freshwater algae course. (by
Eileen J. Cox and L. Elliot Shubert) (The Natural History
Museum-London) , the Kindrogan Field Centre in the
Scottish highlands.

Kindrogan Field Centre, Enochdhu, Blairgowrie, Perthshire
PH10 7PG, UK., Telephone : +44 (0) 1250 881286 ; Fax
+44 (0) 1250 881433

1996 £9 B 10-11 B : Evolutionary Relationships
Among Protozoa : A Joint meeting of the British Section
of the Society of Protozoologists, The Linnean Society and
the Systematics Association (44 % 1 =)

1996 F10A9H (K) : BRBEFSMED KT 4,
AMREAFTBHX (K7)

1996 £10 B 10-12 B : BAENZEFE 60 BIAS

VRIS ARR

WAZE

1996 £10 B : FE8EEFEAINF+v—aL T3 >S5
7 8th International Congress of Culture Collections
(ICCC-VIll) , Baarn, Netherlands (43 %1 %) (http :/
/www.wdcm.riken.go.jp/ICCC8/)

1996 £ 11 B 16 H : 1996 F&iEHES,

(A5)

1996 £11 B 16-17 B : 21— J L 7 HES
=, BRFEAE (55)

1996 £ 3 A 26-28 A : AAEEFRE 21 HAS, KB

KEF, HHKIG L IR, Tel. 0824-24-7452, Fax : 0824-

24-7452, e-mail : tnakano@alphaO1.sci.hiroshima-u.ac.jp

1997 £8 A 10-16 B : 5 6 HIEFEREFS#E 6th
International Phycological Congress Leiden, The
Netherlands (43 % 1 75)

1997 £ 6 A 25-29 H : 8 AFEZREERE=ZE VI
International Conference on Harmful Algae, Vigo, Spain
Beatriz Reguera. Conference Coordinator. VIII International

ERLFK

E12@M%

Conference on Harmful Algae, Instituto Espanol de
Oceanografa, Aptdo 1552. 36280 Vigo. Spain.

1997 £F5A7-10R 1 E2@7 7 -V T4 v I
YRS F 79 /09— JUEIRBT 7 -/
T4y ITIVHIVNAF T /AT —xE, The
Second Asia-Pacific Marine Biotechnology

RR—= T TR

Fo@T7IT—ISV T4y IR YNAF T /09—
BLUVEIEMT7IT—INO T4y ITINHIVNAF T /0T —R55
The Second Asia-Pacific Marine Biotechnology (APMBC'97) / The Third Asia-Pacific
Conference on Algal Biotechnology (APCAB'97), Phuket, Thailand

BB 199745 A 7-10H, F—AF 1 ¥
Biotechnology (APSMB) # & UF Local Organizing Committee (Chairperson, Prof. Dr. Piamsak Menasveta)o

International Organizing Committee for Asian-Pacific Society of Marine

Session 1, Algal Biotechnology : Session 2, Aquaculture Biotechnology : Session 3, Environmental Biotechnology : Session
4, Marine natural products : Session 5, Marine Microbial Ecology and Physiology.

FHRIERAST) 1996 45 12 31 Ho FHHA S 1 USS$ 300.

SEHESE © The APMBC & APCAB'97 Secretariat, National Center for Genetic Engineering and Biotechnology (BIOTEC) ,
Ministry of Science, technology and environment building, Rama VI Rd., Bangkok 10400, Thailand, TEL : (66-2) 245 7374,
(66-2) 245 5002 ; FAX : (66-2) 246 4850, 1996 4F 10 A 15 H ¥ TIZ pre-registration form % 7% ¥ L 727712 Final

Announcement % 1%3% 45 (1997 4E2 A Hh4)) . 728, 45 1[0 APMBCI5 1 1995 4F 9 A IZF#R R A THafE S 7z,
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1996 FEREHESOSMOE

BESRES (MEEERES) REEAMAMBR L TARLVIEOMEEOET ) T, BAKZHLICH
HEPMERRET > TR ET SEERUTOB)HHKELEL TV ETo 52 o TIBMLEEVIT &
ITRABLETEY,

B B:199%6411A16H (1) 13:00-16 100
% T mRALTREEER (T 630 RRMILAREN, EHFERY S LB~ESW 1057)

HMETE (—HEEOWREMAED)
BAEAN (MEKE - NERBERENRL Y 5 —) | BESKRER
EBERT, BOLT (RRRTFAF - BEH) | & Bomyococcus % iV 72 KA/ MR ORF 7
FREE (ERIEKRY - BER) EBELAVZT I I+ Y REHDOHENT
BTHRIE (RBKRY - FREFFEH) | £EFIR Trebouxia BIZH T 5 0FFE LOMER

SNE 500 (GREERY)

BRELRTH, BEAPFEINTVIET, KFELBLURBEEOBMAFLEH I TROE T CTEKBECF T
(BASMST), BLAASRAFICIEEE, FHICOVWTBALEVZLET,

SMBLAS - HVWabek | T606-01 REBHARREH AR FTRMAERE AHEEBRREEH
WBE  #%F TEL : 075-753-6854 FAX : 075-753-6864 e-mail : hatano@gaia.h.kyoto-u.ac.jp

- 1—JLFHRAE 12 EFRESD HH 5 ¢ ————

B BI1996fE11A16-17H (&) F# 1KLY 170 (H) FHR2EET
& B AREERE OBERESAHIR MENFERBEEM 1221-1) Tel & Fax 045-963-7935 (Sh%E EH)

DURIYL 1L 7T I FEFAOERKLEETFRE~I -V FAOILHICEIT T~
2. EEREORKEIL~2—F L F OB~
NFIVTF 4 By al  [EEMEORERMN]
—EBENEE  —MBERIIRRAY - L EF TR EET, BREREEB, BEKESR, BB % FAX (0722-50-7318)

TTAXBUETLI— LV IMEREERITBHASETE W, FTREZFOMOFEMIIE->TH
MH5ELET,

AR . KRR KFREDREDLERAERAREEENESA
=7V HFREEHR  Tel & Fax 0722-50-7318

& (Fic—Tp»5)

(APMBC'97) / The Third Asia-Pacific Conference on of Protozoology (ICOP-10)
Algal Biotechnology (APCAB'97) , Phuket, Thailand. University of Sydney, Australia. Professor D.J. Patterson,
(FEICEAD D) School of Biological Sciences, Zoology A08, University of

1997 £ 7 B 21 - 25 B : 10th International Congress Sydney, Sydney, NSW 2006, Australia. tel : (61) 23512438,
fax : (61) 23514119, email : paddy@extro.ucc.su.oz.au
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Phycological

KX 4451 SRR ER

Research

Robert G. Sheath* - Kirsten M. Mueller* - Alan Whittick* * Timothy J. Entwisle** : Nothocladia lindaueri (¥I3% 7
TEXVH) OHMELEBOBRET RKELLE Nothocladia lindaueri Skuja [=Batrachospermum lindaveri (Skuja)
Necchi et Entwisle] DSREM LB L EFEIC OV THRFEME L ETHEMBEIC L 2RT 2T o L AKHEIL 2B D cap
layer 2 #HH, HMADOLDIE F—2 K% LERBBNE A TEXIEHOE Yy V75 7250, EMROBREIZELT
I— KRB BN, EROWL 25, BEHRIE—DOBLE DTV IE, Mk, MEaEEATYS, 58
LEZBELERHLEREBFEAETIIND THL Mk o 7. FREOMIS O TER OKR IS MO - B
L T zone of exclusion (V) V' — ARMD F IV H & 7 HA Y AL WK [FRIE]) #FEL, £ II12iE—2D polar
ring R OGN 7z, EBREEDEOHIBIZ BV THLIICHBR LD, T2, 707 I XFF, /Mafkd LU/
BRON, SThHDOMBOMTIE, ¥y b 777 FHELEVORBESAREOE y hats v a v &@BL
THEETALIII LD ERFEIEZDIPIVFYTULMIEEATY S RBEDTERIMSOMAREILE
ICREIND, REFHEOPRBIIARBOFLEES *HOMEHMBO» - o252 Y, FEEFD
ERFIEIEODPF OV DOEL D, MEEOERBOLE, BMEMBON-T ) 2o00 R 5EMTFHEDHPR
BBLUBN G CERRET 2 ERBEOMAAEGLEE I TEXIHOBTIIZDOMESZTTRON S, N. lindaveri
DERICITERS L BRTFEOWM A 2T 5 Audouinella meiospora 75 &£ T % 4 KEAR & N7z, N. lindaveri 12
B 5B FORBIIRIZM SN TV 2\, (*Department of Biology, Memorial University of Newfoundland, St John's,
Newfoundland A1B 3XG, Canada, **National Herbarium of Victoria, Royal Botanic Gardens Melbourne, Birdwood Avenue,
South Yarra, Victoria 3141, Australia)

FHRE=ZZVURFETH 2T BF, I FUVSB) OMRAORT SHGE~T Y v~ E0MRBHICOVw
THEREEALS- 7027+ FT7) VY BrdU) ORYAAERDPHFAE L. DNAKY A5—E o« DM
EFTHAT 714743 L 2HEAMRFRICEERD S SHIIIH R2BETHL I EXFHLPIC R 72, &6
IZBrdUDH Y IAAEER D L G2IZHN 2BHTH S LEE LI, LIATIH Y v ETREIR LTI HERI
MEAICBVW TRy FRICAA L, ZIZAFAMICESREET) T LFMO T35, FRICGI HOKERD
BhhoRy FIROZERSIZIZEFHICSHICETTAILPHELNIL o7, 2F ), IHITEILRLN
AEHM SR ITIGLEL S sﬁﬁ«@%ﬁﬂ#@ﬂﬂﬂﬁ%@ﬂﬁﬁi?fé% CEDHL P o7, (051 LiE
FEMTH B 1-13 JLiEE K FRF IR ER Fe iR

W.A. Nelson * G.A. Knight : =2 —¥—5 > FOBEHRESER Porphyra subtumens (313 >4/ Y B) O
BTILBUREEEL ARLE=2—TV— 5 7 FOEEFET Durvillaca DIRAELESE T % Porphyra subtumens J.
Agardhex Laing (K[ > 7 /) H) OBET CORRICETIANOTOHRETH S, ChETIHRESTEH
FEEINTW/-REMRTF (archeospore) (FEFERE LR T 5. BN TRESNEFRICHRTIRFIZTVaL
JACEET Ho IV IRFIRIFLVEAEZEHEL, BET CTOEFRITHET 5. TNETOREOHETIE
WFFREIC & > TIRHR L BKROBF R 2 ) EROEFEESY, $-ROMEEIC L > TIIERED LICERHR
LERBIEREINS LOBEI L SNBEHR 5N, (Museum of New Zealand Te Papa Tongarewa, PO Box
467, Wellington, New Zealand)

EHME ARETY L T YBOSBEFHIRE I IXEYLITHICOVWT BHERICEFTHEV LB
THHIXEY VY OERLZRRE S5, EFRPHIMIIOVTHRE L2, VY XEY L 7 OBEN LI
FEROBET, HIZMA L, S9ROPEDIEE L, BERZLEMHI/NEV, ZOEEOB DA S 133£ET 3040um
&Y, PETS50-130pm (70-110) pm H Y, EFLT30-150m ThH o7 EHOFHOK S IIREHICL > TR
THY, E/MTIE70-130um (F3H 100um) H Y, —F, HMOHIKRTIL50-100pm (FF 70um) & %> TW7z,
EBOAREOKR SIIREHORD ) IZHD > THRAICHI 25 2 LDGh o o MR BAA TR BAK 4 &
EROEHTH 5, M52 L Spongomorpha-Acrosiphonia complex THERHE SN TV 5 D & A LZMERSHT
HBI LT oT. EERIIRMBRARMRLEBILV, Y LIV ORKIIEREBAT, B4 EMBERIC
Tolz, BHBRBEROBMTE,» SBEFIRE LT, HiltbEHtrREDORBEHEIREFEST S, VXEY LY
BHEREFRKRTH Y, BREALBETED SSCRAFHTRIR(RE L, T/, BEBME&I, 15°C fti%”“&ﬁt
2y, BPHIZISSCTREFECREL, BEFIIERL 20 o7, (274 TEEMEH =1 2-2-1 BHKF
LI E)
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AHE—ER -l Bl*-FE BRA: /05574 EYOAEENARIN. 70559 F L BEDEDR
F & HBHIE Gymnochlora stellata ¥ & U'SFE Lotharella DEEHW 7 0T F & =+ VY OFTBHHE Gymnochlora
stellata Ishida et Y. Hara % 7 L@ Anae B & ) FHEEE L 72, FEREE LAEROT 2 —KEHREY
T, ZHOLREREATAWBIRA v T — 2 2BRET, £ERTE U CHEE 2 FoMi e iEEMias &
U WD T b2, BRAOHMMS IENED b D L ERIIIZELT A, EL /A FIERTHY, %
HICEREEONEICHRT 5 F 2 — 7TRBENSBBAT 5, ZRELFBRFE T 512hl2y, €L I/AFD
BHEEE X 7 VAN T ONBEEBOSERE, FEMROBE L EFRO NS — 2 BOFEREL L TR
BL, 7995724 VBP0 EERERE L. BHIEEDORRED % ST Wi\ Cryptochlora perforans
Calderon-Saenz et Schnetter % B& { BEE L H L WS EBEFR O T CHBEFli L, Chlorarachnion BDEIIE & $1/&
Lotharella DERIREIT o720 T HIZPEV, BLETEEHR L7 Chlorarachnion globosum Ishida et Y. Hara %, Lotharella
globosa (Ishidaet Y. Hara) IshidaetY. Hara (ZHLAMER 72 (*305 2 K I THRES 1-1-1 K KRFEWRER, ++990
I F BN 1-4-12 (WK F LAY ER)

hill Bl*-ED fEr-=H - AEXM - FHLE B 18SIDNAREEFICESC V5 FEFXBE
/003y 7 LEORKEFE BREHBZ 7 I FEF AHO Chlamydomonas moewusii & 70022y 7 AH S5
(Chlorococcum hypnosporum, Chlorococcum oleofaciens, Chlorococcum sp., Tetracystis aeria, Protosiphon botryoides) 2
DWTHI— KA 722y b KV — ARNARIZT (18SIDNA) DIEEEFIZ RE L, ThHDEFIIET
KeEHE ) OWERBE Ao T b, ZDEFIZMOKBEF20BORF| & & O ISREBITICAV I, ZOKR,
BFETE ) O EXEE A FOBFIIERBEE (CW group) 2B L7zc CWgroup X3 DDEEL SNV — T II5D
hizds, TRLD TNV — T2 XFT HHENLERITR V2%, 18SIDNADRFR L, 75 I FEF 2B L
rouay 7 AEDEERHEHETHL L EHLONIR LA, ZHIE CW group AIZBWT, SKEMBLOMEHIH
SR ERM L TR WT & &R LT 5, F 7 Chlamydomonas/& & Chlorococcum/® b I RHHED L 3%
R TH B Z LARENT, FMROBIHERIL, BRSRIIBVTEETFOMRENFEL LML V-
EREIHEVARATELVI ERREL TS, (305 2 IEHRER 1-1-1 WK KFEWRER, 930 Bl
7ifE 3190 BILKRFHFFEHEMFEHE)

Catherine A. Russell* - Michael D. Guiry* + A. Rose McDonald** - David J. Garbary** : Griffithsia pacifica (¥[3%
1¥ZB) DERFEHICHEIBTIFLOME  Griffithsia pacifica Kylin 12 B\ Tl BERRAIISAE 2 OB ER %
T, Thbb, HHOEDICIEEREIHARAIBTH—IZAH LTV 2D, ZOHRMBETE AT D IERE
RIS BB LE L RO FERBRT 5.2 L THEO®RD ) 13 F B G EEB— 5/ T5 L5
WKhdo D EOEREEIIZ, 4 ATV YBICXWVHERZRT . 624 M7 ¥ BIRTEMAMR - ]
BRI B THEELHERELFE L, BRI 2707452V ORM, ¥4 M85 VBIZL2S
frfbicownTa—%3I > 7704 U gEICE YBRERT, LEMRICSET 5 MBA/NEE OEEICRIZT
ToF OG5 EHELRIZ L7z, (*Department of Botany and Martin Ryan Marine Science Institute, University College
Galway, National University of Irekand, Galway, Ireland ; **Department of Biology, St Francis Xavier University, Box 5000
Antigonish, Nova Scotia B2G 2W5, Canada)

At B-# —f -RE-H:\E71505442704505 (BE, 70452 58) K813 E/0— A SRE
RESHEI IO T TVNDOEE BETAUHF S 20N Y5 (Sphacelaria rigidula Kuetzing) &, £ T —2
I2UTATINEEET D, SO LI, CBHI (YO FOT—FI) % ESSELENTIC &L 2 ERE
BOOREENTZ, TATVHF I 20FYSOEMO—RI 2074 7)Y NViE, O KEVROBEEREL, 826
mm D—ENEE % b5, 1§ 2.6-30 nm OFHETET S, BEOHHIZ 074 7)) VOEHIZE->TRS
NB.BELAETAVT S 70 H Y SOMBERIZI DI 40DB» oMK ENED, Ero—23707 4
T NGHBRBEON DS SEBORBICEET S, 7V X757 F v —FEIlLoT, 74V K520y 50n
Ll u—AEHEBEEEEAE (TCs) PEIBRSN, TCsit, BBEEPFEIMEICHEEL, BIWLMAITSATT
&72320717) VORENOERIHET B, TCs 1d, —FUIEMIKICEFIT 24 721=y P2 oHBR SIS,
BTy POFEHERIIH 6 T, BHYEIH T2y MIHInm BEICEFIL, FOMBIILEH—ET
HBo TCEWMBT AT 712y O 10-100 D TEILT %, ZDHER, TCEEDESHKE BT 5, #
WYERVRDI 20714 7 VORRDOIRRENTETVWAEFILVE, T4 IH 20 F S 12BiFH 37
0747 )VEBICER L7z, (780 BATIREN] 2-5-1 BAMKFBELEWEHE)
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1. FFEEORK

REFHRBO=AEEMK GLLLX) B X OH
AR (MHEHEX) 32 ZREEHX, sEibx~
BEj SN -0FFRB R EHE S Nz, KA RIS
4402 & ) LXK O FF ISR S oA DAMBE IS,
MRHX OFF# R I IEREOFRRKICHE L Tz
Euiz, EHIRENECTHAAREI12A3IEETT
H5bo

2. BABEZRF20EAS

199643 H 28~29 H, HIKFHEE (IgH) 12
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