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The chloroplasts in the multinucleate， vegetative cell of Pseudodichotomos砂honcon-

strictus has the following three ultrastructural characteristics which are thought to be useful 

for elucidating the systematic position of this alga; 1) three-thylakoid bands， 2) no reduc-
tion of thylakoid number per band in the pyrenoid matrix， 3) presence of superimposed 

layer of chloroplast endoplasmic reticulum. On the basis of these characters in addition 

to its gross morphology， P. constrictus is considered as a member of the Xanthophyceae. 
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Pseudodichotomosiphon， a monotypic ge-

nus of siphonous algae， with the type spe・
cies， P. consu-ictus (called as P. cOllstricta)， 
was established by Y AMADA (1934) on the 

basis of specimens collected in Okinawa. 

This species was originally described by 

the same author (1932) as a member of the 

genus Vaucheria. Main characters used 

by YAMADA (1934) for separating it from 

Vaucheria are: 1) the presence of constric-

tions in places of the frond， 2) the posses-

sion of a rhizoidal part at the base， and 3) 
dichotomous ramification. However， the 
systematic position of the genus has been 

problematica1. In agreement with YAMADA 

(1934) many taxonomists have placed the 

genus in the Codiales (sensu lato) of the 

Chlorophyceae (OKAMURA 1936， TSENG 1936， 
FRITSCH 1935， FOTT 1971， HIROSE 1972)， 
whereas others had doubts about Y AMADA's 

treatment and placed it in the Vaucheria-

ceae of the Xanthophyceae (LUTHER 1953， 
SEGAWA 1956， SEGAWA and KAMURA 1960， 

YAMAGISHI 1964). Nevertheless， no one has 
obtained the critical information needed 

to determine the systematic a伍nityof this 

genus. 

The present paper constitutes the first 

of a series of the studies on Pseudodicho-

tomos争hOIl const7-ictus and presents the 

result of our investigation on vegetative 

cell ultrastructure， together with some 

remarks regarding its systematic position. 

Materials and Methods 

Specimens used in the present study were 

originally collected by one of us (TK) at 

Minami-hama， Okinawa， in March， 1978， 
(Fig. 1) and were maintained in PROVASOLI's 

enriched seawater (prepared according to 

McLACHLAN 1973) at 20oC， 14-IO h photo-

period， using cool-white fluorescent illu-

mination (ca. 2500-3000 lux). 

Vegetative axes were五xedat room tem-

perature for 4 hours in 4% glutaraldehyde 

1) This work was partly supported by Grant-in-Aid for Scientic Research (書248015，to T.H.) from 
the Ministry of Education. 
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from Okinawa 

in 0.1 M phosphate buffer at pH 7.0 con-

taining 0.27 M sucros巴ー Following 五xation

in glutarald巴hyde，the Sllcrose was gradll-

al1y decreased by one-third step r巴dllctions

In SllcceSSIV巴 chang巴sof the bllffer (at least 

30 minutes for each step)ー Postlixationwas 

carried Ollt using 2% osmium tetraoxide in 

th巴 same bu任巴rfor 5 hours. D巴tailsfor 

d巴hydrationproc巴ssesand巴mbecldingpro-

cecl ure in the resin was pr巴viOllSly de-

scribed (HORI and ENOMOTO 1978) 

'1'hin sections were made by LKB 11ltro 

tom巴 1II，using glass knives ancl stain巴d

with REYNOLDS' leacl citrat巴 for12 minutes 

(REYNOLDS 1963)， and viewed in an I-litachi 

1-1U-12A electron m icroscop巴

Results 

Longitudinal section of th巴 siphonolls‘

multinucleate vegetativ巴 thallusshows th巴

cell organ ization in P. consl7'ictω (Fig. 2). 

'1'he nuclei， scatterecl throughout th巴 c巴11，
ar巴 ovoidor circular in prolil巴， measunng 

1.5-2.5μm in diam巴t巴r，with a nucl巴olus

composed of granular aggregates (Fig. 8) 

Chloroplasts are eith巴l' rod-shaped or e11ip-

tical in pro五le both in thin longitudinal 

section (Fig. 2) ancl the light microscope 

(Fig. 3). 1n cross section， g巴n巴ra11y the 

chloroplasts look like th巴 spatula(Figs. 4， 

10). '1'h巴巴nlargecl pyrenoid portion con-

tains a fi.nely granular matrix which is in 

low density and has 7-8 lam巴11arbancls each 

consisting o( thre巴 thylakoids(Figs. 2， 4， 5， 

10). '1'his巴nclof the chloroplast is uSllally 

direct巴dtoward the cen tral vacuol巴 (Fig.4)

The distance b巴tweenthe chloroplast enve-

lop巴 andthe outermost lay巴rof a thylakoicl 

band in the pyrenoid r巴gion is IIp to 50 

nm. wh巴1・巴as that between two adjacent 

bands ranges betwe巴n 200 to 300 nm 

'1'hese bands converge at th巴 proximalend 

of th巴 pyr巴noidmatrix im口lediat巴lyb巴neath

th巴 chloroplast巳nvelope; the tips of the 

thylakoicls m巴巴tth巴I巴 and adh巴r巴 tightly 

with on巴 another，but do not attach directly 

to the chloroplast巴nvelop巴 (Fig.5， arrow). 

'1'wo or thre巴 banclst巴rminatewithin th巴

pyrenoicl matrix (Figs. 5， 10). 1n som巴 cases

two bands cohere for・ ashort distance in 

the pyrenoid matrix. '1'h巴 thylakoidbands 

in the pyr巴noiclregion are continuous with 

those of chloroplast proper and 巴xtendin 

para11巴1conligllration through th巴巴ntlr巴

l巴ngthof a chloroplast (Figs. 4， 10). 1n the 

chloroplast proper， how巴ver，there are usu-

ally two more bancls than in the pyr巴noid

matrix (Figs. 4， 10). '1'h巴 Int巴rbanclspace 

in the chloroplast proper is narrow巴r(20 

60 nm) than in the pyr巴noidregion. 1nt巴1'-

thylakoid spac巴si n a band are very un i-

form throughollt th巴巴ntIr巴 length of a 

chloroplast (Fig. 6). '1'h巴 switching of thy-

lakoicls from one band to another and th巴

fusion of two bancls for a short clistance 

are the features s巴巴noften in the chloro-

plast proper 

'1'hylakoid bands becom巴 indistinct n巴ar

th巴 distalregion of chloroplast. Although 

the ultrastrllctural CI巴tails have not b巴巴n

clearly cleterminecl yet， it is seen from 

Figs. 4，6 ancl 10 that thylakoid membranes 

abruptly disappear in pro白l巴 nearth巴 very

distal l'巴gionof the chloroplast. How巴ver，

it is not true in anoth巴rs巴ction;in Fig. 7， 

the thylakoicl bancls are clearly s巴巴n 巴ven

at th巴 very clistal part while they ar巴

indistinct in the proximal region. On th巴

basis of this 巴vid巴nc巴 we presum巴 that

thylakoid membran巴s might shift th巴lr

orientation by approximately 900 

Osmiophilic granules ar巴 situatecl be-

tween thylakoicl bancls throllghout th巴 chlo-
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roplast (Figs. 2， 4， 10)， but usually at or 

near the transition zone from the pyrenoid 

area to the chloroplast proper (Figs. 4， 10). 

In some cases， they are also found in the 
central part or near the distal margin of 

pyrenoid. Any other kind of synthetic 

products was not found in the chloroplasts. 

The chloroplast envelope is composed of 

two membranes (Figs. 5， 10). The chloro-

plast is always surrounded with a superim-

posed layer of endoplasmic reticulum (chlo-

roplast-ER) (Figs. 5， 10). In the space be-

tween the Ch-ER and the chloroplast en-

velope along the pyrenoid region， there is 
a third membranaceous element which is 
ER-like structure. The ground substance 

and the membrane of this structure seem 

very similar in electron density to their 

surrounding material， so that it is not easy 

to identify the profile of this structure 

from the membranes of Ch-ER and chlo-

roplast envelope (Figs. 5， 10). Direct asso-

ciation of this cisterna with Ch-ER or the 

outer membrane of the chloroplast en-

velope was not detected. The outer mem-

brane of Ch-ER is， as seen in Figs. 8， 9， 
the extension of the outer nuclear mem-
brane. One to several connecting points 

(Fig. 9) often occur between a nucleus and 

chloroplast because of fusion between the 

Ch-ER and nuclear envelope. Intermem-

brane space of the chloroplast envelope is 
very regular over the entire chloroplast 

surface and it is narrower than that of Ch-

ER or that of thylakoid. Ch-ER is closely 

bordered to the chloroplast envelope around 

the chloroplast proper (Figs. 6， 10)， but is 
separated by a space from the envelope 

around the pyrenoid (Fig. 10). 

Discussion 

Recent studies on algal taxa from the 

viewpoints of ultrastructure as well as 

biochemistry of photosynthetic pigments 

have shown great similarities. Indeed， it 
is possible to determine the organisms' 

systematic position at high taxonomic 

ranks， such as division (phylum) or class， 

if we refer exclusively to such informa-

tion (cf. MASSALSKI and LEEDALE 1969， HIB-
BERD and LEEDALE 1971， HIBBERD 1976， 
EDW ARD 1976). In the following discussion， 
we will compare several ultrastructural 

features of Pseudodichotomosiphon constric-

tus with those of certain related taxa. 
The present study has revealed at least 

the following three features on the chlo-

roplast structure to be useful for elucida-

ting the systematic position of P. constric-
tω1) the chloroplast has typical three-

thylakoid bands， 2) no reduction of thy-

lakoid number occurs in pyrenoidal region 

relative to the chloroplast proper， and 3) 
the chloroplast is encircled by the exten-
sion of the outer nuclear membrane. 

These characteristics of the chloroplast 

would reveal that P. constrictus has some 

characters shared with the Xanthophyceae 

and Chrysophyceae， all belonging to the 

Chromophyta. Of these two classes， the 
latter is not known to accomodate such a 

taxon as having multinucleate and siphon-

ous algae， such as Vaucheria. 
The present study also reveals further 

di任巴rencesbetween P. constrictus and most 

members of the Xanthophyceae， though 
they are not major. 

The profile of a chloroplast in this alga 

is prominent in its peculiar morphology. 

As far as we know， such a shape of chlo-

roplast has not been observed in any Xan-
thophycean algae. 

Peripheral thylakoid has often been re-

ceived as characteristic feature of the Xarト

thophyceae (e.g. DODGE 1973). lndeed， it 
has been found in most of the species ever 

having been examined in the Xanthophy-

ceae， including certain species of Vaucheria 
(DESCOMPS 1963 b， OTT and BROWN 1974， 
MARCHANT 1972) and Tribonema (LEFORT 
1962， F ALK and KLEINIG 1968)， Botlッdium
granulatum (F ALK 1967) and Mischococcus 
sphael'ocephalus (HIBBERD and LEEDALE 1971). 

However， there are two species known to 
have no such a thylakoid in this class: 

Bumilleria siωla (MASSALSKI and LEEDALE 
1969) and Bumilleriopsis filiformis (HIBBERD 
and LEEDALE 1971). The present alga also 

lacks a peripheral thylakoid in the chloro-
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p1asts. This is the third record of a ch1o-

rop1ast without periphera1 thy1akoid known 

thus far in the xanthophycean a1gae. 

The pyrenoids of P. constrictus are trav-

ersed by paralle1 three-thy1akoid bands. 

This feature is in disagreement with that 

of Vaucheria. In Vaucher匂， the thy1akoid 

bands are not in paralle1， but irregu1arly 
traversing through within the pyrenoid 

matrix (DESCOMPS 1963 a， b)， or pyrenoid is 
a projecting type free of thy1akoid (MAR-

CHANT 1971). 

Taking into consideration the simi1arities 

of gross morpho1ogy and essentia1 features 

of cell components， it wou1d be more nat-

ura1 to p1ace PseudodichotomosiPhon con-

strictus in the Xanthophyceae of the Chro-

mophyta， treating the genus as the autono-
mous taxon and classifying it next to the 

genus Vaucheria. This conclusion is a1so 

supported by our another work on the 

pigment ana1ysis of P. constrictus (YOKO-

HAMA et al. in prep.)， which will be de-
scribed in the separating paper. 

We wish to express our thanks to Dr. 

John A. WEST， University of Ca1ifornia， 
Berke1ey， for his inva1uab1e criticism and 
reading the manuscript and Deparment of 

Bio1ogy， Toho University， Narashino， for 
the use of e1ectron microscope. 
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揖輝三・高原隆明・千原光雄: クピレミドロの微細檎遣と

分類上の位置について

本研究によって，クピレミドロ (Pseudodichotomosiphonconstrictus)の葉緑体が， 1) 3枚のチラコイドよ

りなるバンドをもっ， 2)ピレノイド域内において 1パンド当りのチラコイド数は減少しない， 3)葉緑体-ERを

有する，等の微細構造的特徴を示すことが明らかになった。これらの特徴は黄緑藻で知られたそれと基本的に一

致する。 {3叫 31茨城県新治郡桜村天王台 1-1-1，筑波大学生物科学系)

Fig. 2. Longitudinal section of the siphonous frond showing cell organization. x 7000. 

Fig. 3. Light micrograph of chloroplast viewed from frond surface. 

Fig. 4. Cross section of the frond showing peculiar profiles of chloroplasts. The 

proximal portion of chloroplast with a bulging pyrenoid is directed toward 

the central vacuole and the distal， grip-end like portion are against the cell 
wall. In chloroplasts many spherical granules with high electron density are 

prominent at or near the distal region of the pyrenoid matrix and in the 

chloroplast proper. x7100. 

Fig. 5. Proximal portion of pyrenoid showing that convergence of thylakoid-bands 

in a row at a most proximal point of chloroplast (arrow). Seven bands， each 
consisting of three thylakoids， are separated by a certain distance all over 

the band， and two of which terminate before reaching a proximal point. 

Outside the double membraned chloroplast envelope (triple arrowhead) is a 

superimposed chloroplast-ER (single arrowhead)， and in the place between 

them tubular elements are present (double arrowhead). X 32500. 

Fig. 6. Part of distal portion of chloroplast through which eight or nine three-

thylakoid bands run. In the more distal end thylakoid bands become indis-

tinct probably because of shift of thylakoid orientation. X 265∞. 
Fig. 7. In constrast to Fig. 6 the individuality of thylakoid membranes is clearly 

seen at the most distal end， but those at the proximal portion are indistinct. 

X36300. 

Fig. 8. Outer membrane of the nuclear envelope is continuous with th且tof Ch-ER 

(arrow). X230∞. 
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Fig. 9. Several connecting points between the chloroplast envelope and Ch-ER (ar-

rows) and localized patches containing cytoplasm are seen. x32700. 

Fig. 10. Cross section of a chloroplast. A superimposed Ch-ER (single arrowhead) 

completely surrounds the chloroplast envelope (triple arrowhead) and between 

them a tubular-like elements (double arrowhead) lies， especially around the 

pyrenoid area. Around the chloroplast proper， Ch-ER is tightly adpressed to 

the chloroplast envelope. x23900. 

Abbreviations; C， chloroplast; CW， cell wall; M， mitochondrion; N， nucleus; Nu， 

nucleolus; P， pyrenoid. 
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