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An Electron Microscopic Observation on Mature Leaves of a

Bbrown Alga, Undaria pinnatifida

——fine structure of sieve tubes——

Hiroe OKUDA

ABSTRUCT

Many morphological studies on sieve tubes of Phaeophyta have been reported on many
species of Laminaria, Macrocystis, Nereocystis, Fucus, etc.

In the present study, several coincidences as well as differences were found in the fine
structure of sieve tubes of Undaria pinnatifida as compared to those of other algae reported
as above,

Lateral cell wall of sieve tube cells of U. pinnatifida was made of a bilayer structure
like other species of Phaecophyta. The sieve tube cells contained organells, such as nuclei,
chloroplasts, mitochondria and vesicular cytoplasm, The organelles were similar to those
found in Laminaria, Nereocystis and Pelagophycus.

The sieve plate of U. pinnatifida was composed of the same kind of material as that of
lateral wall of the sieve tube cell. In comparison of number, density and diameter of the
sieve pores with those of Pelagophycus, Macrocystis, some difference was detected even
among the Pheophyta, i.e., one sieve plate had many small sieve pores and another one
possessed not many, but big sieve pores.

Oncogenesis of sieve tubes, sieve plates and sieve pores of U. pinnatifida could be
observed in a specimen whose leaf was 3-5cm in length. It is suggested that the sieve
tube is formed gradually after cell division of medulary layer and subsequent removal of the
septum between the two cells.

Callus, known to be formed in sieve plates of higher plants, Laminaria and Macrocystis,
was not detected in U. pinnatifida. The sieve tubes of U. pinnatifida lacked companion
cells. Absence of companion cells has also been confirmed in Laminaria and Macrocystis.

The lacking may be a major difference from sieve tube tissues of higher plants.
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Undaria pinnatifida OFEAHEE S 70D 5 EROFEO—RE LT, ThETERAL
7c Undaria pinnatifida OKJE, BBMEES X O (BE 1980), REHR L E (BE
1982) D EBARBIEHRE R Wik Lico

Undaria pinnatifida O8O A RAMIEHRER OISR E D, BD THHMEHAR
0L 5T\ %, HBEFOEES Reinke (1876) 12 X » THRRE I htlhsk, Will, H. (1884),
Wille, N. (1885, 1897), Oliver (1887), Rosenthal (1890), Sykes (1908), Smith (1939), Esaw
und Gifford (1953), Parker and Huber (1965), Schmitz and Srivastava (1974 a) %3 U
»H %L DIFREI X - T, Phaeophyta (Brown algae) T3 Laminaria @ %%i»: &, Macro-
cystis, Nereocystis > Fucus ¥ CERiEMOMRBFANHERS, LI T3, §E, Un-
daria pinnatifida FEROBMMEE L, ChOORELHBRLIER, onomss
HEEx R+ ke THRET 5,

I HE&SIUHAHOHE

1. & ¥t

BEac VB RNY, 19784 4 Ay, IRERBETOWRE TR L Undaria pin-
natifida (775 #) OfELICERTTHS, EARIIH 80cm T, REELXODF, +oK
WAL= TH B,

BE#%, %ik% 0.1M Sodium cacodylate buffer (pH7.4) TEL BT ED A BREL
#, ERBOPRE FEGROL/2 HVOFTHRAR EFoRERS) »o—kF#
Smm O/pEA N Y LR AV,

2. REORE

@ kEEHE (WUT, OLM) SEARBORE

FHkHE 0.1M Sodium cacodylate buffer (pH 7.4) CH#R L7- 2% Glutaraldehyde ¢
5°C, 2RO HEIEDH, 2% Osmic acid T 5°C, 2FHIOBEELIT»>To ALK}
DPRICEFTL T2 2 &0 b, REEOE M\ MO L2 2R EZEBLT, %
4* 0.1M Sodium cacodylate buffer (pH7.4) TH®R L7z 10~40% ® Ethanol %% CIH
Uik o, Epon ALz k2 5, EX S5pum O % E# L, Toluidine blue #ufs
T ot

(9 BJRABEFFHEME (UT, TEM) 8EZHAREORE

Rt OLM oEpon ‘o Jigk: » i E ERik 0%, LKB Ultramicrotome 200~
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400A0)ﬁ§5j}3“7§3ﬁ5§g1,, Uranyl acetate ¥#T204f, Milloning ¥ C104RI%f 4 Hi L
7z #2ux HS-7 #, JEM 100-B # TEM %\, IEBEEZVThi 80KV Cff iz,

I RBRERSLIUVEER

1. BB (Medulary layer) & L U'E® (Sieve tube) D—fEHEE

Undaria pinnatifida ORI, FEAOKRHA SR % L, Laminaria o hitific
MEL, EEROEIDOMNI Y Hd, RBCLPEBLIHLHCRAIIh D RRAK: Hc b,
SRS, KBMRCE - & ARFET MR R RS, BROME, MR
L, #Ei3 Toluidine blue THEEBHEI I, HEMCEY (Fig. 1), R0 5 4
DVLERHR (Sieve plate) % T\, Zhx L, Will, H. (1885, 1897) i1 Siebhyphen #
1-t2 Siebzellen » #{f1}7-, Zieglar (1962) i Siebhyphe DE#E A H\ T\ %, Macmillan
(1899), Sykes (1908), Oltmanns (1922), Smith (1939), Fritsch (1945) % Parker and Fu
(1965) ©i% Sieve tube L #L, Oliver (1887) 3. True sieve tube, Zieglar (1962) 1.
Siebschliduche, #7-, Esau (1963) i1 Sieve filament O &ZFA F\T\-5, JE#E (1959) it
% (Sieve tube) LFRL, $EEF (1964) (ZEHHMAIAE (Sieve cell) F70i3fFH (Sieve tube)
DEEXHTWS, Lo, BEDLZAZhLORERMEOMENE, Y0
LOBE I EH DT AHK I, 22 TRERE (Sieve tube) EFTHZ LI T5, #
BodOfcd 2EECMEECIENR Oh, 2EOMBOET 2HOBINERT, B
SuxHbeicMicRe s (Fig. 2), Z h % Oliver (1897) (3 Trumpet hyphae & #441}
#-. Ziegler and Ruch (1967) i3 Trompetenzellen &\~ 5 Z#% f\, Van Went £(1973
b) (3 Trumpet fillament L L, JK#{ (1959) X 7 o -<WRHMHE, BE (1964) (LHI &4
Ko (Trumpet hyphae) &5 > T\ %, ZhbOMIADORREES Bl (Sieve plate) 1Z7g - Tu»
% (Figs. 1, 2); Mo X S rikifaeRfilao M E it Toluidine blue 12 X » T
CRAIhDYEIBEIhDS, T, 2hbofifao MAassix PAS, Safranin, Light
green WITIFLS % (BEHD1977) = &5 Cellulose 3ERWHSTH B ESE 2 5,
2. EE (Sieve tube) DHHEMEEICONT

FEGEERS 3.0~5.5 ym OfiR\WMilaT, MR (B DEIRH 1.0pxm B3,
ZhbDOMaRET 2 BT, B (st wall layer) 12 EFHEEO . Microfibrils »#
¥F0Thb, HNE (2nd wall layer) (2R HEE DKL Microfibrils 23flictEF - T\ 5
(Fig. 3), BBETHEEDOABIIEREEY LT\ 53 DL B2 X h 5 (Fig. 4), Rosenthal (1890)
TRk A ot OMIBEERC OV T, Rofs, BRABRET, MBBEOBBECOVTEELL
BTV 2, TRIT LD L, &< OFROMIELL 2 BTHER I K, ABREL LT Algin-
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siure 2 b7 b, §4k > Polysacchariden (3 D-Mannuronsiure ¢ L-Guluronsaiire »Fg
ETHEBRIhTW5, 20RET -14 BHTHY, Jod ¥ FALAECHEACREA I,
Eett% R Ui &b T\ b, HBIL Chlorzinkjod c# @it v, F& LT Cellulose #*
7213 Cellulose iz {ll7- Polysacchariden THE X T\ 5 & LT\ %, Undaria pinnatifida
» Cellulose > J@i3 Microfibrils THR S h, HMTHKAE > TH D, TOREII60~90A
THb, =it Cronshaw and Preston (1958) % Laminaria OfifasEcBi-7—% — &,
BEAE—FK LTS, T1o, 512 Microfibrils o EX Iz - TE LT, TOBIH
Wi ERETEZRT & BT 5,

AR EE L WA RE & AR ARHEBC E\ 2 hs -1 Cellulose @ Microfibrils T
REh Tk b, MEEEEfREOER T3 Microfibrils o —#a MM EIC A DA
ATWBONRE LR (Fig. 3),

HEARCIEF AEVCETCH chE Bz h (Fig. 3) ¥k, »5HECRELE
EomVETHHENBEEL TIFEL TV %,

B OmMBERRYBELCER, BOXHFETLHTHS O LEEEKRIBEHL L Z &2
¥z (Figs.5, 6 —HODOKH), #HERBEFHEEYHETHRE 1.0~3.3 pm, HE 0.6~
1.1pmd 1 BOENFEL, BEOPFLBCIBETFEEOSVER 0.3~0.37 pm OB/ME
N1IERSh 3, Zieglar und Ruck (1967) % Van went and Tammes (1972) 5358
L7 Laminaria OEEIBEF A &Ml ThH D L BRXTUV %, F 1, Smith(1939),
Parker and Fu (1965) % Schmity and Srivastava (1974 a) &4, , Laminaria, Nereocystis
% Pelagophycus DRH LI HEC KLY BIZELT5, Lh L, Macrocystis Tix A Is#
BHERT D ENHER ot ERXT 5 (Ziegler 1962, Parker and Huber 1965),
Wille, N. (1897) 13 Macrocystis WZ¥03% HhEh X #~X57-%, Karminessigsiure THu
BT HERYT-1, TOHE, BRAZELZEEAEMEL T WBCEREICII N
ETED, BVEHEOBATIHEETHILEE > T 5,

R 1 EOEEWIEC 1 ~BMR Shi, £OKRE JIXRE 1.0~5.0 pm, HE 0.2
~LO0um FIBTHEAMEYLTED, RBEC3I~65KDFFa21F - SV IRBEEIRS
(Figs. 5, 6, 7 —EDOXEH), LiL, MOHETCIEREDOF T 2 F v PRI
T, TORPFEENCBRTETOLOLH -1, CREEMESCEMRCHEET 28 RkE (K
B 1982) LR, £F, KEMBROEREGE 1980) kiR L TtoRb P, +7
a4 N ey FORENE, Ziegler und Ruck (1967) ® Van Went and Tammes
(1972) BB/ LI Laminaria O, T HCEREILFAL, iz Lamellen-
systeme 2 R Shtc LR XT B, Macrocystis DEREII VY AFBE L TE DY, TOHEE
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1t Kk Fucus D3RR (Leyon und Wettstein 1954, Wettstein 1954) & X < fIT\ %83,
Lamellen D3 Fucus X bAhicl, 5~THTHDEE->T5B, BED 2 & o b,
Undaria pinnatifida 5% & RkE Laminaria, Macrocystis %2 Fucus = 3, G A 1NHFAE
U, Laminaria OB TIISHBH, FF 34 F « v FEBEDTB, Macrocystis
DFS5 a4 K v Fofut Undaria pinnatifida 350U T3 EE 2 5,

TV P 7ERO FAECEE? D, SV o TIOREBRSES hic (Figs. 6, 7, 8),
Bourne (3 1 = v F U 7 ASEMMROE HICTILFET 5 0, WEEXSLBERED B0
T, BALERTER L OBFRIEV ERXT2, ¢ b2 v FY 7oRBIREMH, FF, i
REZLTED, PIVHOTRE 0.36~0.7 pm, FE 0.2~0.35 pm THDH, KEL}
DTIHER 0.5~1.4 pm, £ 0.35~0.47 pum H» 5, Cristae 2 KJE, KIEME (KM
1980) %°, EAERI(BE 1982) DL HICHE LT, B/ MERELE LR S T, MakBiE T H
n, MRS DO L D B Hh b, Ziegler und Ruck (1967) 2 Van Went and Tammes
(1972) &4, Laminaria O Cmit Sacculi 7£ 3 F 2 v VY 7HBD T 5, ¥, Parker
and Huber (1965) (3 Macrocystis OEfEHIC X < F&Z L7 Cristae #HFTAHEEL D I ¢+
2V NV T7H RT3,

SEOBSBETIIEEFIYR e T v — e RS 5 LR ARp - 7243, Huber (1965)
'Y Macrocystis “C Occasional 7¢I — A EHE LI L BT 5,

¥, BEEHCABID X5 MR (Companion cell) 1k Bl% Shis 2 -7,
Laminaria (Ziegler und Ruck 1967) = Macrocystis (Ziegler 1963, Parker and Huber
1965) <% R R K < LRNT 5, SEMYOEE;FEMELY > oL T, ®
BOEHREOD 2BHETABCHDLEL L 5,

3. &R (Sieve plate) & &3 (Sieve pore) DfIEIEEIZDWNT

il B O REWTTE TR E oMt LCEAKR b 0 & (Figs. 7, 8), mEHEM DK
LI P TEMDODH LD L0k b (Fig. 3), £ offlaifgn L2 (Fig. 9),
BTER e RE (B8R & RS Microfibrils o Bk Ih 5 (Figs. 8, 9, 10), #
BWOEELE 25~50 pum?, GEFLOE AL 0.02~0.03 pm FiEETH D, Hil 1 pm? X h D
FEi2 Yy 180~200/pm? B 5, HiH 4 TI1#94,500~10,0001C75 %, MR OE S L2IE—E
T 0.2pm B b, Microfibrils OFELXRCTE=2BhLhbd, FHREWE Microfibrils
DEENREL, TOWAOBOEE XM TH 5 (Fig. 10), Microfibrils ok X i3 EE M D
MEELIZEAERUTCH D, WILOBRILTLL—EL T (Figs. 8, 9, 10), EifR
HEREMBOREEC Sl R BT, ShBH KT % Microfibrils DR E L, EL
sh, MEECHEEHEKL T 5, b, Gl EEMROREEY BT 2 WEEERRICIX
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FA—oWETHsHLE25 (Figs. 3, 7, 8), Fig. 9 (—EHOKH) TIXEEMITDOREBED —
AW LT WD X5 ICRE 20, MEOMOTATIBEI hich -l Eh
b, HBROBETINTIEDOWAyETHHERTH Y, MILLFEETAH, HEMBORED
IREZ S, B OIS A4 Ko Microfibrils ﬂi@@kﬁzof;;ﬁg%, GBI FOE
FRELTVWDL0LELZ RS, MIRXEREERZT-> T2 2 EAEESHh, NI
FERBEADE—EARbh5 (Figs. 8 9), Ff=, ffloMDOPREMIR (Zwischenspangen)
DiEVEALLBEI RS (Fig. 9 “EOKH),

2~ 3O EMANEE LTV SBEFL, ZOMH/THBHRINL=ZRITE -
T %% (Fig. 6), Bl OBEREK 4~10 pm, EFfEOEEILK 20~560 pm?, EFLOERL
0.02 ym R THY, BHOBEZIIH 0.2 pm TH—DEROBELIBLALEb LR,

Ziegler und Ruck (1967) (% Laminaria OEFR DREEIZOWTKRD L 5 1ZHB-~<Tuv B,
it Cellulose 257 v, Fibrin OB D 5, SHOMKBE, ToOERBS, T2 Algin-
sdure AREBELTWB L LTWB, ¥, Will, H (1884) 12 Macrocystis DOEitR %
Clzn] ©#» T, BEERERSMT Cellplose, % 7-11 Cellulose 12{ll7- Polysacchariden Tk 2 &
TR, TEM 1T & 2884584, Undaria pinnatifida ORI EARC Laminaria
2 Macrocystis DEHRICELPLT% X 51CR %2 %, 1, Bisalputra (1966) (3 Laminaria
& Lessonia B LT, AOWMT—HFRErAC-HLTW5, ML, FHILPEZoFTEYOM
BIR—Thb, EfLIT Laminaria OFNREZRIL bavkEL, HILEBENEV A,
Lessonia 13 1 pm? Y4 130OEILAH D ORN LT, Laminaria 350~605%, ZhbD
M % Undaria pinnatifida t Laminaria X 5512 Pelagophycus % Macrocystis 122\ T
HEL, IEELCRBLEKRD L 515 (Tab. 1),
ChLDOHMEL T % L, R U Phaeophyta T3 ¥ %< DRWEILE b - Bl B,

Table 1. The numbers, density and diameter of the sieve pores of

the sieve plates in Laminariales

Undaria

pinnatifida Laminaria*  Pelagophycus** Macrocystis***
Numbers of pores 4,500~10,000 20,000~30,000 1,000~2, 000 100~200
Density of pores 180~200/pm? 50~60/um? 4~6/pm? 1/pm?
(auf ca. 9 yum? 1 pore)
Diameter of a pore 0.02~0,03 um  ca. 0,06 ym 0.3~0.8 ym 2~3 pm

* Ziegler (1967)
** Parker u. Fu (1965)
*ak Ziegler (1963)
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Brdie R EWEILEY ORI ESD T TORCEMD = LAMRD,

Undaria pinnatifida Offific Callus 2 FEEST Bh B R HER LI RIL Vv, £2
T, Carolin solution » i\ THeta Uik R, BT 5 Laiikinh -1, ¥, TEM
DOBEBTLHD LR Ich » 7=, Ziegler und Ruch (1967) 1t Laminaria Offtg ko Callus
DBRIBERY T T\ %, FOHRE L B L, Resorcinblau uftvit, B Callus ok
HizfTbhTurg, & OfERIL Sykes (1908) DR E—H LT\ 5%, La L, Wasser-
blau v =3, Callus DHERELFTENRBELNFEDLRI LR T B, 12, Macrocystis
(Ziegler 1963) = Pelagophycus (Parker and Fu 1965) 3, %% D ffikk LB HAs7e Callus
R LT3, Zegler (1963) X % &, Macrocystis © Callus 3% DXFEHRIG, B
t, %, # 1L T Papain ® Callus T35 RIGCEVTEEMEY D Callus L LUTH
B ERRTWB, Callus DFEFEIRDOWTIL, Undaria pinnatifida (32 11 %@ Phaeophyta
ERMEEYRCTEEE LB,

Laminariales thod FHAH T4 CoWBE O#MiEIC2\VTik, Parker (1963, 1965, 1966),
Lining » (1971), Nicholson and Briggs (1972), Hellebust and Haug (1972), Schmity
5 (1972), Steinbiss and Schmity (1973) SiC X » T4 FefBai B LI ., BRI EER
EORIETH B = L &L L1, Parker (1965), Steinbiss and Schmity (1973) 13854 & H
Wiz L v Na §HEN DI ERXTw5%, Li L, D-Mannitol, Amino acid, Protein
%> Potassium (Parker 1966) &4, BEHEYOMBBELTEBL T3 sERST T
W5, Fio, Macrocystis DEREEHEY D NESPio Parker (1966) 12k - T, &b T
WHA, FhiZk % & Sodium BEFEAKDHLTH 8% THY, Potassium DRRELHEK
D24% % %, Mannitol ®° Amino acid 3 X%, HAfED Protein % &, MR/ HIfaE
TR LTz &R T B, Arisy (1969) 125k D& D> Plasmadesmata % 3§ - CHEE L7592
BN, BREEFCBHTHZLIHELNATHHELTWS, LirLl, IhIXMRERE
(Cytoplasmatic streaming) IZ X - T, HlEX =TT E (Soluble substances) ik
X BIE, AL, WEKBRTH D02 TRM LR TR,

4, EEE (Sieve tube), £545 (Sieve plate) & E5¥l (Sieve pore) MF &

Undaria pinnatifida O3 EEED 3~5cm i s LHBIELTHMEL, FB, KB,
BB O X FH BRI %o FEEKED 3cm OFERBOBBEHRFTITHFI LV <L THLEHEE
RDBHT ENHKD D, WEORIE LA, BEORELEETE->TAD L, HBKT
T 2Mlas 28 L, BET e OMICAH D Septa BN T, KRFITEHBEI LRI
hadnsExbhs (Fig 11), ¥, »5MIMD LERE BT 5 8EL > T
By, MlanE, Inic Slide g0 ELUTEHENMEREL, BREMBLCRALLHEEY
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LT CEDEIRD, ¥k, T v SEREREAERLTCCLHEEL DD, BHEMN
#HEmxhs (Fig. 12),

EAETHOEROBERI ML > TKRERENSHD, HivEZATH 0.1~0.2 ym, B
WCEAS TR L4~2.3 pm BB, BEILOHRFIL, - & H UAM R S a3,
RN DRERECE <, RO WM< o> TV BT, BRI TV 25480
%\, Parker and Huber (1965) (284D HEH oW\ T, KD X 5 BN T\v 3, EHILIL
HMfRBED —HABRIEAC L > THELN, BEWEERILIZOBEFCILHINDLELT
Wb,

ERENRIDMIEICITE RS 1~1.5 pm © 1 BOBKAEFEL, BERB/NLENYY: bx
%, BOoBOLIMCREFEEORHVERM 0.2~0.3 um FIROBMEY LR ONLSE
B, ERMHIL 3~ 4B Sh, KEJIXER 0.5~0.8 pm, £ 0.2~0.3 pm TH
Bz LT%, 734 F -~V FIXEEREDTH OB TH o7 b, L DORB%
BTOLT, BIEEKORLhEL0LHD, 3 b2 v FY 7AW O T BEX
honi, Cristae ZEHLLHFCR OIS X5, MaREL, PRIZHERSSRED S
hsdod s (Fig 12), oK E JTEREM 0.02~0.035 pm B b, Kk 4 HOWE
MR 5 DDA BEI NS, RO 1IE% < @ Vesicular cytoplasm 27T %,
Zigler und Ruck (1967) 3 Laminaria OEFEHIICE UK Vesicular cytoplasm % B
VWHI LTV 3B, Van Went and Tammes (1972) 4, Laminaria Ofif*§ I AiEcHBERD
TWABH, ZOPWHEEHR LT, Vesicular cytoplasme D fiic Vesicular ground plasm o
E#XH T\ 5, %¥7-, Parker and Huber (1965) 4, Macrocystis Off&Mac, Kk
XDORNDHEHRD Vesicles #EEL TV 5,

Vv 2 #

1. Undaria pinnatifida OEFERBOGEEET 2 BRE T, AR (1st wall layer) (325 E
F#E O Microfibrils OHBEAKTHY, BRHELTVW2BAELHS, HNE (2nd wall
layer) 13 B FHEIMEL, M7 Microfibrils TR X T\ 5, Laminaria %13 U
B, %L OWROBH L Undaria pinnatifida & X i 2 BEEDHED S\,

2. B# L7 Phaeophyta (Brown algae) Dz, ULIXLIEETHYHOME & S
hT&%, U» L, Undaria pinnatifida \3#%, 3#EE, b2 v FY 7% Vesicular
cytoplasm ZDOHIMNRELXETHRT, BEMHOHMEL LR S, *i, Laminaria
%Y U, Nereocystis %2 Pelegophycus THRDFEENHERINT W BH, Macrocystis
TRELRVHE R T8\, Phaeophyta O e HTHMlas LT, RLEHDE
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PREEEIE AT 5 2 LR D ST hE, THIMEHROBRILEA TV THA D, b
Ua A Licw &, MBemi@nrsis b LT, MELEhsNETRive®
Z %o

3. EEREEE RO FEEE L FBEic Microfibrils oBCcHE I T\ %, Undaria pin-
natitida DEFILO¥, WHILOEE, BILOEF% Phaeophyta » b (5 ¢H 5 Laminaria,
Pelagophycus, Macroystis DFEEHBE L TH b &, BEL OBRCEFILEE - 18RS,
Bx Do H KR E LI FHOBRKICES E TORVCEHLELHEKD, ChLIEYOE
b, FILHDOBERLED DO TR A LHEEIRD L, THIEOW TS LIHEERAE
WOMRBERE LS,

4, EBEWHPOmKICIER IS Callus X Undaria pinnatifida TixHH I igh -
7zo Laminaria ® Macrocystis DEFH CIZHRH IR T35 2 &b, Callus DFFEICOW
Tix, Zh oo Phaeophyta 2@ LiittBEr R+ 5EE2 5%, %1, [ #f
(Companion cell) (T2 i\, Laminaria °Macrocystis THELE LI\ T LA HER
TRT 5, THIEHFEEY O HEM L RIEHCRRIREETLL I,

5. i, BN & ERILORAEREMERS 3~Sem WFELLRKTHET S 2 Lo HKS,
HERHEOMBESRSH L, BETAME MO Septa ENTRFBLHEINB LD
LEZONS, BEDHOBMKOBEIIEMAIL L - TREREND D, BHILOHKIFTIZ
HErH AL 23, RO MEBEE Y, R OmOM OB LA R bR 2B EH
H\, EEMBCIR, BAME, ERE, bz FY) 7% D Vesicular cytoplasm
BLFET Do

6. LAEDz &5, Undaria pinnatifida %11 U¥, Laminaria, Macrocystis, Nereo-
cystis, Fucus % Pelagophycus % Phaeophyta OEf% 135S MY OFE LRIt <,
BRERCHUSEY AL T2 £ bh b,

Ko, RIGABLHBREYHCARELEREX kw2288, KEKFREK
SHEERREPIRAT MAEIESR, CBEFHERCR RS LT T, ARuc i
Ba R i R KERBSOIINERRCONLESH@LB L ETFE T,

5 B X B

REHLE 7 A NBAEROBTEMFOEE kB, KBRS X ORRIRO MM B>\ T.
Jap. J. Phycol. 1980. 28 : 256-263.

REAE 7 A RREGFOBTEMSENEE HFeBR, TOMMBEEC ST, Jap. J. Phycol. 1982,
30 : 237-240.

Reinke, J. Beitridge zur Kenntnis der Tange. J. Jb. Wiss. Bot, 1876, 10 : 317-382,
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Explanation of the Figures

Longitudinal section of the matured Undaria pinnatifida 80 cm in length, The medulary
layer is located middle part of the Laminaria structure. The ground substance is stained
violet with toluidine blue showing mucious substance. x 1000
Longitudinal section of the medulary layer of the same material. The thickening of the
cell wall of the sieve tube are observed. The funanel like sieve tubes are formed where
two cells are joing each other. The separating membrane of these two cells is corresponds
to the sieve plate. % 1060

Figs. 3~12. Electron micrographs of the medulary layer of the Undaria pinnatifida.

Fig. 3.

Fig. 4.

Fig. 5.

Fig. 6.

Fig. 7.

Fig. 8.

Fig. 9.

Fig. 10.

Fig. 11.

Fig. 12.

The thickness of the cell wall of the sieve tube is about 1,0 yum and consist of two
layers structure; Ist and 2nd wall layers. Irside of the sieve tube, amorphous and election
opaque materials are observed. The intracellular matrix consist of microfibrils,  x 12000

Longitudinal section of the wall of the sieve tube. Some part of the wall show wave

like form with high election density. x 17000
Longitudinal picture of the sieve tube. The nucleus (1) with nucleolus are seen in the
sieve tube cell. The chloroplast (11) are also observed. x 19000

Electron micrograph of a three-forked sieve plates and tubes resulted from joined three
sieve tube cells. In the sieve tube some chloroplasts (11), mitochondria (M) and a nucleus
(1) are observed. x 9400
Electron micrograph of the sieve tube and plate. A chloroplast with six thylakoids bands
(11) are noticed. The autolytic mitochondria (M) are also seen. x 10300
Electron micrograph of the sieve tube and plate. The sieve plate consist of microfibrils
and connecting with the cell wall. At the root of the plate the density of the microfibiils
are high, In the sieve tube some mitochondria (M) are seen near the sieve plate, x 26000
The diameter of the sieve pore is 0,02~0.03 yum and the density of the pores per 1 pm?
is 180~200. The pores are also seen in a part of lateral cell wall of the sieve tube (1).
In some pores plasmodesmata are ohserved and some pores are exist closely (11). x 48000
High magnification of sieve plate. The thickness of the sieve plate is about 0.2 pm and
consist of three layers of microfibrils, The middle part of the sieve plate shows high
density. The distances between pores are not always constant. x 75000
Longitudinal picture of the sieve tube whose leaf was 5 cm in length, showing subsequent
removal of the septum between the two cells. x 21600
Sieve tube whose leaf was 5cm in length. Five sieve plates are observed in four sieve
tube cells. A nucleus (1) with a nucleolus, autolytic many mitochondria (M) and vesicular

cytoplasm are also noticed. x 10000
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