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Cell structure of an unusual chrysophyte Phaeaster pascheri with 

particular emphasis on the sagellar apparatus architecture 
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Plw.easter pascheri SCHERFFEL was examined with出esuorescent and electron microscopes. Chloroplast 
lacks both girdle lamella and genophore， and chloroplast DNA is of scattered or strand-like. The short 
sagellum is bulbous and situated in the sagellar pocket to which the eyespot is c10sely associated. The 
eyespot is disposed at the tip of a particular process arising from the base of star-shaped chloroplast. Con-
figuration of basal bodies， sagella and microtubular sagellar roots is unusual. Both the long and short 
sagella extend towards the swimming direction， anterior direction， forming an acute angle of ca. 450. This 
is interpreted as that rotation of basal bodies and associated roots may have occurred in the evolution of the 
chrysophytes. Two microtubular roots associated with the long sagellum extend anteriorly just beneath 
the bottom ofthe sagellar groove. One ofthese， three stranded root showing c10ckwise path， is responsible 
for organization of microtubules， and cytoskeletal microtubules are seen arising from this root and extend 
up along the sagellar groove. Two microtubular roots associated with the short sagellum extend also 
anteriorly along the mouth of the sagellar pocket. Observation of serial sections showed出atmitochon-
drion is single and ring-shaped. 

Key lndex Words: absolute configuration-chloroplast DNA一日明ocapsaceae-Chrysop地)lceaeーダ'agellar
apparatus-Phaeaster pascheri. 

HIBBERD (1976) described the class 

Chrysophyceae by illustrating motile cell 

organization. The components of 

chrysophyte cells were reviewed later by 

PIENAAR (1980) and KRISTlANSEN (1986)， in 
which the same cell organization as Hibberd's 

was emphasized as a basic form of 

d町 sophyte cells. HIBBERD (1986) in a 

discussion on some algal groups such as 

prymnesiophytes， silicoflagellates， pedinellids 
and choanoflagellates as well as some aber-

rant chrysophyte-allied genera such as 

Olisthodiscus and Bicosoeca suggested that 

removal of these algae leaves a well-defined 

natural group_ .ANDERSEN (1987) who 

recently established the Synurophyceae for 

silica scale-bearing chrysophytes such as 

砂nura and Mallomonas described the 
Chrγsophyceae sensu stricto using various 

features including morphology， chemical com-
position and life cycle. The Chrysophyceae 

now seems to be a clear-cut taxon; it is a ve可

diverse algal group however， and contains 
algae of various life forms such as flagellate， 
palmelloid， coccoid， amoeboid， plasmodial， 

sarcinoid， filamentous and parenchymatous. 
To understand natural affinities between taxa 

in such a diverse group， detailed studies on 
motile cell organization would be very 

useful. The taxonomic relevance of the 

flagellar apparatus ultrastructure has been em-

phasized for green algae (for bibliography see 

e.g. MATTOX and STEWART 1984). 1n the 

chromophytes， brown algae and some allied 
algae have been studied from this point of 

view (e.g. MOESTRUP 1982， O'KELLEY and 
FLOYD 1985). 1n contrast， few studies have 
focused on the flagellar apparatus of the 

chrysophytes， and Poterioochromonas (SCHNEPF 
et al. 1977) and Hibberdia magna (ANDERSEN， 
1989) are the only species for which structure 

of the flagellar apparatus has been revealed in 
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enough detail. lnformation is too limited to 
understand natural a伍nitiesand taxonomic 

relationships between various taxa in the 

chrysophytes， and many more taxa should be 
investigated. 

Phaeaster pascheri SCHERFFEL is a unique alga 
in the class by its veηcompressed cell body 

and its star-shaped chloroplast (BELCHER 

1969). This is a palmelloidal colony-forming 

chrysophyte and is generally accommodated 

in the Chrysocapsaceae， an assemblage of 
palmelloidal or gloeocystoidal chrysophytes 

which produce Chromulina-type motile cells 
(BOURRELLY 1957， 1968， STARMACH， 1985). 

Since its original description， the general 
features of colonial and motile forms of this 

alga have been studied by BELCHER (1969) 

and BELCHER and SWALE (1971). However， 
cell organization， including the flagellar ap-
paratus， has not been described in enough 
detail to allow comparison with other 

chrysophyte algae. ln this paper we will 

describe features of motile cells of P. pascheri 
which have not been mentioned before. 

Then， based on comparison of available data 
for other chrysophytes， we will discuss the tax-
onomic relevance of several features， especially 
of the flagellar apparatus in the Chryso-

phyceae. 

Material and Methods 

Culture: Motile and palmelloidal cells of 

Phaeaster pascheri were obtained from mud sam-
ple collected from Shishizuka pond in 

Tsuchiura， lbaraki Prefecture， ] apan on 14 
April 1987. They were isolated by micro-

pipettes and cultured in AF・6medium (KATO 

1981) modified by the addition of 5 mg/l 

NaSi03・9H20and 5 ml soil extract to 1 l of 
medium. The cultures were maintained at 

150C and a 12 : 12 LD cycle at 3，000 lux pro-
vided by white fluorescent tubes. 

Fluorescent microscopy: Autofluorescence 

of chlorophyll was observed to define mor-
phology of the chloroplast. For observation 

of chloroplast DNA， 0.5 ml of cell suspension 
was mixed with solution containing 1.25% 
glutaraldehyde and 4'，6-diamidino・2-phenyl-

indole (DAPI) (12μg/ml) prepared in NS 
buffer (KUROIWA et al. 1981). Cells were 

then crushed on the cover slide and viewed 

with a fluorescence microscope (Olympus 

BHS-RFK) under UV excitation. 
Electron microscopy: Material for section-

ing was fixed in a mixture of 1 % 

glutaraldehyde， 0.5% osmium tetroxide in 
0.1 M cacodylate buffer containing 0.1 M sac-

charose (pH 6.8) at 40C for 2 hours. The fix-

ative was preparedjust before the fixation was 

undertaken. After dehydration in a graded 

ethanol series， followed by a transfer to pro-
pylene oxide， the cells were embedded in 
resin (SPURR 1969). Thin sections cut with a 

diamond knife were double stained with 2% 

aqueous uranyl acetate and Reynolds' lead 

citrate (REYNOLDS 1963) and viewed with a 

]EOL 100CXII transmission electron 

mlcroscope. 

Results 

General features: Illustrations ofthe motile 
cell of Phaeaster pascheri are given in Fig. 1， by 
which the general cell organization obtained 

from our observations can be understood. 

Light micrographs (Figs. 2， 3) are also 
helpful. ln side view， the cell is heart-
shaped， and one flagellum emerges from the 
convex side of the cell (Figs. 1a， 2)， where 
there is a flagellar groove (Fig. 1b). The cell 

is elliptical in plane view (Figs. 1b， 3). The 
organization of the cell is not typical for the 

chrysophytes， and requires designation of cell 
orientation for description. The position of 

the cell where a visible flagellum arises is 

similar to that of brown algae and a 

raphidophyte Olisthodiscus luteus and is thus 
designated as the ventral side， and the op-
posite as the dorsal side， as it is usually called 
in these algae (O'KELLY and FLOYD 1984， 
HARA et al. 1985). The direction to which the 

flagellum extends and the cell swims is 

designated as anterior and the opposite as 
posterior. Lateral sides are called right and 

left sides. These orientations are indicated in 
Figs. 1a and b. 

Fig. 4 is a section cut in a plane parallel to 
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Fig. 1. Diagrammatic representation ofthe cell in which the general cell organization is shown. a. Half cell 
viewed from left side of the cell. Both the long and short flagella extend anteriorly. b. Cell viewed from ventral 
side. Note由atthe chloroplast is lobed ventrally and a special process is in contract with the flagellar pocket where 
the short flagellum is ensheathed. Note a1so the single ring-shaped mitochondrion. Illustrations not to scale 
Abbreviations used in figures: 1，2，3，4: microtubular roots Rl， R2， R3 and R4; A: anterior basal body; A 
with arrow: anterior direction of the cell; C: chloroplast; Cv: contractile vacuole; Cb: connecting band; cMT: 
cytoskeletal microtubules; D: dorsal direction of the cell; E・eyespot;Fg: flagellar groove; Fp: flagellar pocket; G: 
Golgi body; L: long flagellum; L with arrow: left direction of the cell; M: mitochondrion; Mu: mucocyst; N: 
nucleus; P: posterior basal body; P with arrow: posterior direction of the cell; Py: pyrenoid; R with arrow: right 
direction of出ecell; Rh: rhizoplast; S: short flagellum. 

the anterior-posterior axis and perpendicular 

to the dorsi-ventral axis. Fig. 6 is a similar 

section but cut through the dorsi-ventral axis. 

Fig. 7 is cut in a plane parallel to the left-right 

axis and the dorsi-ventral axis. These sec-

tions give a three-dimensional image of the 

cell organization including organelle con-

figurations illustrated in Fig. 1. The ring-

shaped mitochondrial profile in Fig. 1b was 

based on serial sections of whole cells which 

are not shown here. 

(p. 14) 

There is a shallow groove with a flat bottom 

(Fig. 7)， the flagellar groove， at the ventral 
side of the cell from where a long flagellum 

emerges anteriorly (Figs. 4， 6， 17-22). Many 
coated pits and vesicles are scattered near the 

plasmalemma of this region (Figs. 18-20， 
28). At the right side ofthe flagellar groove is 

a pocket， called the flagellar pocket， in which 
another hidden flagellum， the short flagellum， 
is accommodated (Figs. 4， 7， 14-24). The 
mouth of the flagellar pocket is a narrow slit， 

Figs. 2 and 3. Light micrographs of the cell viewed from left (2) and ventral (3) sides (same magnifica-
tions). Arrowheads indicate eyespots 
Fig. 4. Longitudinal section of the cell cut parallel to the anterior-posterior axis and perpendicular to the 

dorsi-ventral axis. Peripherally located chloroplast lobes， mitochondrial profiles， contractile vacuole and 
mucocysts with or without content are seen. Arrowheads indicate fibrous material in discharged mucocysts. The 
long and short flagella， their basal bodies and associated four microtubular roots are seen. Cytoskeletal 
microtubules arising from Rl are indicated by arrows. Note由atno indication of the transitional helix is visible in 
the transition region of the short flagellum. 
Fig. 5. Fluorescence microscopy of the cell. Autofluorescence of chlorophyll directly indicates the mor-

phology of the chloroplast. It is star-shaped and the pyrenoid region is seen as a black space at the center. 
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Fig. 6. A cell cut parallelLO lhe anterior-posterior axis and dorsi・venlrala.xis of the cell. The long Aagellum 
is obliquely arising from the cell. Transilional helix gyres are visible. The chloroplasl is cup-shaped，加dal山ebase 

is a pyrenoid with tubular grooves penetraled from the ventral sicle. The nuclells is in contact with the pyrenoid 
region and ilS outer membrane is continuolls wilh the chloroplast endoplasmic reticulum. Golgi body is situated 

at the anterior side ofthe nucleus. Conlractile vacuole， RI， mucocysls ancl miLOchondrial profiles are also visible 
Fig. 7. A cell cut parallel to the dors卜venlral出 isand lefl-righl axis of lhe cell. Flagellar groove with Aal 

botto凧 andtransverse seclions of山 首 microtuL川 arroots are visible. CyLOskelelal microtubules (arrowhead) 
arise f，γom Rl. The short Aagellum is enshealhecl in the Aagellar pocket LO which a process of the chloroplasl with 

conspicuous eyespot is attachecl 

Fig. 8. A striated rOOI， rhizop1ilSI， conneCIS the basal body complex and lhe nucleus 

15 
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-Fig. 9. High-magnification of the pyrenoicl region. Numerous vesicles are present in periplasticlal space 
Note electron clense ma似te町r口川j屯1司，凶E
Fig. 10. Part of chlo印ro百oplas引t. Note出a剖tbo創thg♂l日r吋-τ寸dζd訓lIelamτnell日laancl genop凶3升horeare not pr閃es問e引en刷1礼l 
Figs. 11-13. Micrographs of a cr凶 heclcell (same magnifications). 11. Phase contrast. Staトshapecl

chloroplast ancl the centrally locatecl nucleus are seen. 12. Phase contrast with superimposecl日uorescenceofDNA 
stainecl with DAPI. Chloroplast n山 leo凶 arescatterecl or strancl-like alignecl in the lobes (arrowheacls) ancl not 
ring-shapecl. 13. Fluorescence only 

ca. 200-300 nm wide (Figs. 30， 31). The 

short Aagellum is bulbous and ca. 1μm m 

diam. so that it never emerges ou tside the 

flagellar pocket; this， together with a con-
spicuou~ eyespot situat巴d close to the 

Aagellum (Figs. 7， 22-24， 30， 31)， makes it 

difficult to observe the short flagellum with 

the light microscope (Figs. 2， 3). 

trally along the periphery of the cell (Figs. 3， 

4). Beside these peripheral lobes， a proc巴ss

arises from right inner side巴xtendsv巴ntrally 

and reaches to the dorsal side of the Ragellar 

pocket (Fig. 7). At the tip of this particular 

process is an eyespot comprising of a single 

layer of pigmented globul巴sjuxtaposing the 

contour of the Aagellar pocket (Figs. 7， 22-24， 
30， 31). Chloroplast lamellae are mainly 
made up of three thylakoids (Fig. 10). Th巴

dorsal side of the chloroplast is a transparent 

r巴gionthat can be observed under the light 

The chloroplast is peripherally locat巴d

(Figs. 6， 7). Fluorescence microscopy clear匂
shows its star-shaped appearance (Fig. 5). 

Lobes are variable， 6 to 13， and extend ven-

Figs. 14-24. Consecutive serial sections ofthe f1agellar apparatus cut frolll the ventral towarcls clorsal sicle of 
the cell. Orientation of the f1agella， basal boclies ancl Illicrotubular roots can be tracecl. Note that these basal 
boclies are interlinkecl by a proxilllally locatecl connecting bancl (Fig. 22 arrowheacl). Association of the short 
flagellulll with eyespot is also seen. Large arrows in 16-19 inclicate one ofR3 Illicrotubules extencling ancl in con-
tact with the anterior basal bocly. Cytoskeletallllicrotubules arising frolll RI are inclicatecl by slllall arrows in 19-
21. There are coatecl pits or vesicles scatterecl arouncl the Aagellar groove (arrowheacls in 18-20). Magnifications 
the sallle as Fig. 15 
Figs. 25-27. Three of a series of serial sections of the anterior ancl posterior basal boclies. Mi口ographsare 

printecl as to be viewecl frolll the posterior sicle of the cell. Path of RI ancl the connecti時 bancl(arrowheacl) are 
shown. Rl is macle up ofthree stranclecl microtubules at its proxilllal end (Fig. 27). Profiles of R2 (Fig. 25) ancl 
R3 (Fig. 27) are also visible. Magnifications the sallle as Fig. 25 
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microscope (Fig. 2). This is a pyrenoid 
(Fig. 6) as has previously been demonstrated 
by BELCHER and SWALE (1971)， and is seen as 
a black circular space when autosuorescence 
of the chloroplast is observed (Fig. 5)， in-
dicating lack of chlorophyll. The pyrenoid is 
penetrated by tubular grooves from the ven-

tral side， in which electron dense material is 
deposited， but never penetrated or traversed 
by thylakoids (Figs. 6， 9). The girdle lamella 
and ring-like chloroplast DNA region， the 
genophore， both typical features of the 
chrysophytes (GIBBS et al. 1974， COLEMAN 
1985)， have never been observed in P. pωcheri 
(Figs. 4， 10). Lack of the genophore was 
confirmed using DAPI-stained material. 
Figures 11-13 are micrographs of a crushed 
cell， in phase contrast， phase contrast plus 
superimposed suorescence of DAPI 姐 d
suorescence only. These figures indicate that 
the chloroplast DNA does not form a ring-
shaped profile but is scattered in the lobes. 
The suorescence of DAPI in the chloroplast is 
often seen as slender strands parallel to the 

lobes (Fig. 12). 
The space between chloroplast lobes are oc-

cupied by vesicles (Fig. 4). The content of 
these almost empty vesicles may have dis-
solved away during preparation for electron 
microscopy. How!，!ver， some vesicles contain 
residue of a fibrous material (Fig. 4) that 
seems to be of the same nature as that in small 

vesicles scattered around the Golgi body 
(Figs， 4， 6). These vesicles are thus called 
here as mucocysts. This suggests their com-

mon origin from Golgi boby. These con-
tents may be released outside the cell and con-
tribute to form mucilaginous material in 

which cells are embedded in the palmelloidal 
stage. BELCHER and SWALE (1967)陀 po口ed
that a dominant stage of P. pascheri in culture 
and also in nature is palmelloidal stage， and it 
is also true in our strain of P. J加 cheri. The 
fibrous vesicles described in P. pascheri by 
BELCHER and SWALE (1971) may be of the 
same nature. 

The nucleus is situated ventrally to the 
pyrenoid and its outer membrane is con-
tinuous with the outer membrane of the 

chloroplast endoplasmic reticulum (ER) 

(Figs. 6， 9). There are many ER profiles be-
tween the nucleus and pyrenoid， and we sug-
gest that a periplastidal ER forms a network 
in this region. A Golgi body is situated ven-

tral and anterior to the nucleus aligning its 
cistemae parallel to the nuclear surface (Figs. 

6， 8). The contractile vacuole is also located 
in this region (Figs. 4， 6， 7)， often at the left 
anterior side ofthe nucleus， however， its posi-
tion is not constant. In sections such as 

Figs. 4， 6 and 7， several mitochondrial pro-
files are seen. However， serial sections (not 
demonstrated) confirmed that it is single and 

ring-shaped， and is situated on the inner side 
of the chloroplast， as illustrated in Fig. 1b. 
Flagella and basal body complex: The 
long and short sagella are situated in definite 

positions against each other. The long 
sagellum arises in the sagellar groove oblique 

to the ventral surface of the cell (Figs. 6， 28， 
29) and extends anteriorly. It is coated by 
rows ofmastigonemes (not illustrated). In its 

transition region， the transitional helix is 
made up ofthree gyres (Figs. 6， 28， 29). The 
short sagellum is situated right to the long 
sagellum， also anteriorly， lying about 450 
against the long sagellum in ventral view 
(Figs. 4， 14-24). It is bulbous and contains a 
normal nine-plus-two axoneme (Figs. 30， 31) 
as well as electron dense material surround-
ing the axoneme (Figs. 16-24). This dense 
material is presumably savin-like material 

and responsible for autosuorescence of the 
short sagellum， a feature widely distributed 
in chlorophyll a- and c-containing algae 
(KAWAI 1988， COLEMAN 1988， KAWAI and 
INOUYE 1989). No transitional helix has been 

observed in its transitional region (see Figs. 
19-22). 
Although orientation is different， the long 
and short sagella are obviously homologous 
to the anterior and posterior sagella of typical 

chrysophytes such as Ochromonas so that， in 
the following descriptions， basal bodies 
associated with the long and short sagella of 
P.ρωcheri are called anterior basal body and 
posterior basal body， respectively. 
Two basal bodies are arranged to make an 
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Figs. 28-29. Two ofa series ofserial sections cut through the long Aagellum and proximal part ofRI (same 
magnifications). Transitional helix gyre (arrows) and山首 alignedmicrotubules of RI (Fig. 28) and associated 
cytoskeletal汀licrotubules(Fig. 29) are shown. Coated pit (arrowhead) is also visible 
Figs. 30-31. Two similar sections cut parallel to the dorsi・ventraland left-right axis of the cell. Four 
microtubular roots are seen along the surface of the flagellar groove and the flagellar pocket. The number of 
microtubules comprisi咋 rootsis three for Rl， single for R2 (Fig. 30)， ancl two for R4 ancl three for R3 (Fig. 31) 
The eyespot c10sely associatecl with the short flagellum is also c1ear in lhese micrographs 

angle of about 450 in ventral view (Fig. 23) 

The proximal巴ndof the posterior basal body 

faces the right lateral sid巴ofth巴anteriorbasal 

body (Figs. 21-23). Proximally the basal 

bodies are interlinked by a slender non-

striated connecting band (Figs. 22， 26) and 
no other connecting structure has been ob-

serv巴d. The connecting band links th巴ventral

part of the posterior basal body and ventral-

right part of the anterior basal body (Fig. 26) 

A fibrous cross-banded root， the rhizoplast， 

arises from the proximal end of the basal 

bodies and descends down to and along the 

anterior side of th巴 nucleus(Fig. 8). It is 

slender and easily overlooked 

Each basal body has two associated 

microtubular roots， termed R1 and R2 for 

those associated with the anterior basal body 

and R3 and R4 for those associated with the 

posterior basal body. R 1 is a three-stranded 

microtubular root (Figs. 7，27，30)ー Itarises 
from the left side of th巴 anteriorbasal body 

(Figs. 22-23， 27)， and extends anteriorly first 
going down dorsaliy and then paraliel to the 

celi contour of the le丘bottommargin of the 

flagellar groove (Figs. 18-23， 28， 29). This 
root has a clockwis巴 path when viewed 

from the ventral side (Figs. 4， 18-23) 
Cytoplasmic microtubules arise from Rl 

(Figs. 4， 19-21， 29)， extend up along the 

flagellar groove and terminate in a short 

distance of about 0.5μm (Fig. 7). This in-

dicates that R1 carries a microtubule organiz-

ing center (MTOC). The microtubular root， 

R2， arises from the righ t-dorsal side of the 

anterior basal body (Figs. 23， 25). It is a 
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Fig. 32. Diagramm of也esagell紅 app訂atusof 
Phae，酎 terpascheri viewed from left anterior side of the 
cell. Two sagella and basal bodies are arranged 
making an acute angle and four microtubular roots 
extend in an anterior direction. Note that Rl is 
responsible for microtubule organization and there 
is on1y a proximally located connecting band and no 
distally located connecting fiber. Associated 
eyespot is shown. Flagellar groove and sagellar 
pocket are drawn by broken lines. Mouth of the 
sagellar pocket is indicated by triangle. Illustration 
not to scale. 

single microtubule (Fig. 30) and extends 

anteriorly beneath the basal body and then 

just beneath the bottom of the flagellar groove 

(Figs. 19-23). It terminates inside the region 
surrounded by R1's path (Fig. 19). 

R3 comprises of three microtubules (Fig. 

31). It arises from the right-ventral side of 

the posterior basal body (Figs. 21-22)， 
but proximally one of the component 

microtubules extends and makes contact with 

the anterior basal body at its ventral side 

(Figs. 16-19). Distally， R3 extends anterior-
ly along the ventral side of the mouth of the 

flagellar pocket (Figs. 14， 15，30，31). R4 is a 

two-stranded root (Figs. 14， 20). It ari~es 
from the left side of the proximal end of the 
posterior basal body (Fig. 22) and exteI).ds 
anteriorly along the dorsal side of the mouth 

of the flagellar pocket (Figs. 20， 21， 30， 31). 

It extends up towards the ventral surface 
along the anterior end of the mouth and ter-

minates there (Figs. 14-18). It almost 'at-
taches to R3 (Fig. 14) so that R3 and R 4 

together make a long flattened loop along the 
contour of the flageller pocket. The flagellar 

apparatus is illustrated in Fig. 32. 

Discussion 

The cell of Phaeaster pascheri is characterized 

by the following features: 1) dorsi-ventrally 

compressed cell body， 2) highly differentiated 
chloroplast morphology， 3) lack of girdle 
lamella， 4) scattered or strand -like chloroplast 
DNA and lack of the ring-like genophore， 5) 
short flagellum embedded in the flagellar 

pocket， 6)組 teriorlyoriented anterior basal 
body which makes an angle of about 450 

against the posterior basal body in the ventral 

view， and 7) anteriorly extended micro-
tubular roots ofthe short flagellum. AlI these 
characteristics are distinct from typical 

chrysophyte cell organization. 

The lack of the girdle lamella and ring-

shaped genophore has been found in some 

other chrysophytes such as Rhizochromulina 
marina HIBBERD et CHRETIENNOT-DINET 

(HIBBERD and CHRETIENNOT-DINET 1979)， 
ChワIsamoebaradians KLEBS (HIBBERD 1971)， 
Saccochり人出 pyriformis KORSH. (ANDERSEN 
1986) as well as two silica-scaled genera， 
Chワsosphaerellaand争iniferomonas( Chromo-
PわIsomonω)(PREISIG and HIBBERD 1983). In 
these algae， peculiar characteristics not 
typical for the chrysophytes were found such 

as rhizopodia (Rhizochromulina， Chヮ'samoeba)，
two flagella arranged at a rather acute angle 

(Chワsamoebasee Fig. 17 in HIBBERD 1971) 
and scales covering the cell surface (Chヮ'so-
sphaerella) . 
The flagellar pocket is not common in the 

chrysophytes， but a groove which ensheathes 
the short flagellum has been found in some 

species such as Chromulina psammobia 
(ROUILLER and FAURE-FREMIET 1958)， 
Chromulina Placentula (BELCHER and SWALE 
1976) and Mic時 lenabutcheri (COUTE and 

PREISIG 1981). These algae also possess 

unusual features， e.g. a highly differentiated 
striated fibrous root， a pse吋 ocaryophore(ι 
ρsammobia， see Fig. 9 in ROUILLER and 
FAURE-FREMIE・r1958， M. butcheri， COUTE and 
PREISIG 1981) and a dorsi網ventrallycom-

pressed cell (C. placentula). 
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The lack of the girdle lamella and 

genophore組 dpresence of the flagellar pocket 

observed in P.ρascheri are advanced features 
in the evolution of the chrysophytes， because 
they are associated with other unusual 

features mentioned above. 

Orientation of the short flagellum， basal 
bodies and roots in P. pascheri is most 
unusual， when we compare it with previously 
published data for other chrysophyte genera. 
ANDERSEN (1987， 1989) summarized the 
flagellar apparatus ofthe Chrysophyceae， and 
incorporating some other features which were 

not mentioned by ANDERSEN， we characterize 
it as follows and illustrated in Fig. 33 together 

with that of P.μscheri for convenience. 1) 
The long flagellum arises from the cell at an 

angle of about 900 against the cell surface so 

that it is seen more or less in transverse sec-

tion in the view shown in Fig. 33a. 2) The 

short flagellum is disposed parallel to the cell 

surface making an angle of about 900 against 

the long flagellu山1I凪E
. devices to interlink basal bodies are two prox-

imall片ylocated bands. A distal fi.ber， which is 
common in many other groups of algae， has 
never been reported. 4) One of microtubular 

roots， R1， associated with the long flagellum 
extends anteriorly and bends clockwise. 

Cytoskeletal microtubules arise from this 

a 

root， indicating the presence of an associated 
MTOC. 5) R2， anod町 rootassociated with 
the long flagellum， extends straight for a 
rather short distance compared to R1. 6) R3 

and R 4 arise from the short flagellum， and ex-
tend away from the anterior basal body and 

bend respectively counterclockwise and 

clockwise， joining each other and forming 
a loop. The eyespot underlies roots. The 

flagellar apparatus possessing these features is 

termed here as Ochromonas-type， because也ey
are mainly based on studies on Ochromonas 
(BOUCK and BROWN 1973， ZHANG unpub-
lished data) and Ochromonas-allied genus， 
Poterioochromonas (SCHNEPF et al. 1977). 

When we compare Figs. 33a and b， there 
are clear homologous relationships of basal 

bodies and microtubular roots， though orien-
tation of basal bodies and roots is different. 

Homologous structures between these 

flagellar apparatuses are labelled by the same 

letters or numbers. It is conceivable that 

Phaeaster-type flagellar apparatus is assigned 

distal to Ochromonas-type flagellar app町 atus

in chrysophyte phylogenetic tree， because 
Phaeaster has advanced features such as lack of 

genophore and girdle lamella and possession 

of the flagellar pocket. The following events 

may have occurred in the Ochromonas-type 
flagellar apparatus， giving rise to the Phaeaster-

Fig. 33. Schematic iIIustrations of the flagellar apparatuses of Ochromonas-type (a) and Phaester pascheri (b). 
Ochromonas-type flagellar app訂atusmay have given rise to Phaeaster-type flagellar apparatus by rotation of the long 
and short flagella wi出 associatedmicrotubular roots (町rows).IIIustration not to scale. 
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type flagellar apparatus. 1) The anterior 

basal body rotated anteriorly with its prox-

imal end as a fulcrum， resulting in its distal 
end being oriented anteriorly. 2) The short 
flagellum with associated microtubular roots 

rotated counterclockwise in the plane il-

lustrated in Fig. 33， resulting in all of them 
directing towards the anterior end of the cell. 

Cell organization and the flagellar ap-

paratus of P. pascheri are highly specialized， 
and we suggest that this alga has evolved 

into a very specialized direction. The 

characteristics described here may serve to 

understand its taxonomic and phylogenetic 

position; however， our knowledge of chryso-
phyte algae as a whole is too limited and at 

this time it is di伍cultto determine its precise 

position in the class. Thus it will remain 

until more information on many other genera 

becomes available. 

Finally， some differences between observa-
tions of P. pascheri made by BELCHER and 

SWALE (1971) and ours should be commented 

on. These are scales covering the cel1 sur-
face， the long flagellum widened into a 
bilateral wing at the base， and rhizopodia 
around the flagellar groove. All ofthese were 

reported by BELCHER and SWALE (1971) but 

never been observed in our strain. Of these， 
scales of P. pascheri could be artifactual 

because no clear indication of scales was 

given. Only in their Fig. 15 (BELCHER and 

SWALE 1971， p. 167)， are scales shown in sec-
tion. These scales seem to be situated just 

above the chloroplast membrane and no 

plasmalemma is observed in this figure. We 

therefore suggest that these scales are part of 

the plasmalemma broken down into small 

pieces (compare well preserved plasmalemma 

in their Fig. 12 and “scales" in their Fig. 15). 
The bilateral wing of the long flagellum and 

rhizopodia were clearly shown by these 

phycologists and are undoubtedly their 

natural features. In our strain， the basal part 
ofthe long flagellum is swollen and wide (Fig. 

31) but never clearly forms a wing. These 

structures may or may not be variable in 

culture conditions， the cell cycle or in stages 
of the life cycle such as motile and palmelloidal 

stages. We have not detected these features 

in our strain in either motile or palmelloidal 

stages (not illustrated) and in specimens fixed 

at different times. Most of the other features 

are identical between our strain of P. pascheri 

and that of BELCHER and SWALE (1971). 

These features could thus be strain differ-

ences， but at present should remain as an 
unsolved taxonomic problem. 

Acknowledgements 

We are grateful to Dr. Robert W. RIDGE， 
Univesity of Tsukuba， who kindly corrected 
grammatical errors and syntax of the 

manuscript. This study was financially sup-

ported in part by Grant-in-Aid for Scientific 

Research (No. 62304006) from the Ministry 

of Education， Science and Culture， ]apan. 

References 

ANDERSEN， R. A. 1986. Some new observations on Sac-
cochワISis tyriformis KORSH. emend. ANDERSEN 
(Chrysophyceae). p. 107-118. In J. KRISTIANSEN 
and R. A. ANDERSEN [Eds.] Chrysophytes: Aspects 
and problems. Cambridge Univ. Press 
ANDERSEN， R. A. 1987. Synurophyceae c1assis nov.， a 
new c1ass of algae. Amer. J. Bot. 74: 337-353. 
ANDERSEN， R. A. 1989. Absolute orientation of the 
flagellar apparatus of Hibberdia magna comb. nov 
(Chrysophyceae)目 Nord.J. Bot. 8: 653-669 
BELCHER， J. H. 1969. A re-examination of Phaeaster 
tascheri SCHERFFEL in culture. Br. phycol. J. 4: 191-
197 

BELCHER， J. H. and SWALE， E. M. F. 1971. The 
microanatomy of Phaeaster tascheri SCHERFFEL 
(Chrysophyceae). Br. phycol. J. 6: 157-169. 
BELCHER， J. H. and SWALE， E恥!J:.F. 1967. Chromulina 
ρlacentula sp. nov. (Chrysophyceae)， a freshwater 
nannoplankton flagellate. Br. phycol. Bull. 3: 
257-267. 

BOUCK， G. B. and BROWN， D. L. 1973. Microtubule 
biogenesis and cell shape in Ochromonas 1. The 
distribution of cytoplasmic and mitotic micro-
tubules. J. Cell Biol. 56: 340-359. 
BOURRELLY， P. 1957. Recherches sur les Chryso-
phycees. Morphologie， phylog白ie，systematique. 
Rev. Algol. Mem. Hors-Ser. 1: 1-412. 
BOURRELLY， P. 1968. Les Algues d'Eau Douce. Tome 
2. Les Algues Jaunes et Brunes. p. 1-348. Boubee， 
Paris. 
COLEMAN， A. W. 1985. Diversity of plastid DNA con-
figuration among c1asses of eukaryote algae. J 



Flagellar apparatus of Phaeaster T国'cheri 23 

Phycol. 21: 1-16. 

COLEMAN， A. W. 1988. The autofluorescent f1agellum: 
a new phylogenetic enigma. J. Phycol. 24: 118-120. 

COUTE， A.佃 dPREISIO， H. R. 1981. Sur I'ultrastruc-
ture de Microglena b附 heriBELCHER (Chrysophyceae， 
Ochromonadales， Synuraceae) et sur sa position 
systematique. Protistologica 17: 46←477. 

GIBBS， S. P.， CHENO， D.佃 dSLANKIS， T. 1974. The 
chloroplast nucleoid in Ochromonas f.Ulnica. J. Cell Sci. 
16: 557-577. 

HARA， Y.， INOUYE， 1. and CHIHARA， M. 1985. Mor-
phology and ultrastructure of Olisthodiscus luteus 

(Raphidophyceae) with special reference to the tax-

onomy. Bot. Mag. Tokyo 98: 251-262 

HIBBERD， D. J. 1971. Observations on the cytology and 
ultrastructure of Chヮ'samoeba radians KLEBS 
(Chrysophyceae). Br. phycol. J. 6: 207-223. 

HIBBERD， D. J. 1976. The ultrastructure and taxonomy 
of the Chrysophyceae and Prymnesiophyceae (Hap-

tophyceae): a survey wi出 somenew observations on 

the ultrastructure of the Chrysophyceae. Bot. Linn. 

Soc. 72: 55-80. 

HIBBERD， D.J. 1986. Ultrastructure of the Chryso-
phyceaeーphylogeneticimplications and taxonomy. 

p. 23-36. In J. KR町凶帽ENand R. A. ANDERSEN 

[Eds.) Chrysophytes: Aspects and problems. Cam-
bridge Univ. Press. 

HIBBERD， D.J. and CHRETIENNOT-DINET， M寸.1979. 
The ultrastructure and taxonomy of Rhizochromulina 

marina gen. et sp. nov.， an amoeboid marine 
chrysophyte. J. mar. biol. Ass. U.K. 59: 173-193. 

KATO， S. 1981. Laboratory culture and morphology of 
Colacium vesi・印losumEH悶.(Euglenophyceae). Jpn 

J. Phycol. .30: 63-67. (in Japanese) 
KAWAI， H. 1988. A f1avin-like autofluo閃 scentsub-
stance in the posterior f1agellum of golden and brown 

algae. J. Phycol. 24: 11←117. 
KAWAI， H. 釦 dINOUYE， 1. 1989. Flagellar auto・
f1uorescence in forty-four chlorophyll c-containing 

algae. Phycologia 28: 222-227. 

KRISTIANSEN， J. 1986. The ultrastructural bases of 
chrysophyte systematics and phylogeny. p. 149-211. 

In CRC Critical Reviews in Plant Sciences， vol. 4， 
Issue 2. 

KUROIWA， T.， NISHIBAYASHI， S.， KAWANO， S. and 
SUZUKI， T. 1981. Visualization of DNA in various 
phages by ethidium bromide epifluorescent micro-

scopy. Experimentia 37: 969-970. 

MATTOX， K. R. and STEWART， K. D. 1984. Classifica-
tion of the green algae: A concept based on com-

parative cytology. p. 29-72. In D. E. G. IRVINE and 

D. M. JOHN [Eds.) Systematics of the green algae. 

Academic Press， London. 
MOESTRUP，の.1982. Flagellar structure in algae: a 
review， with new observations particularly on由e
Chrysophyceae， Phaeophyceae (Fucophyceae)， 
Euglenophyceae and Reckertia. Phycologia 21: 427-

528. 

O'KELLY， C.J.叩 dFLOYD， G. L. 1984. The absolute 
configuration of the f1agellar app釘鉱山inzoospores 

from two species of Laminariales (Phaeophyceae). 

Protoplasma 123: 18-25. 

O'KELLY， C.J. and FLOYD， G. L. 1985. Absolute con-
figuration analysis of the f1agellar app釘 atusin 
Gira吟ゆsisstelifer (Chrysophyceae， Sarcinochry-
sidales) zoospores and its significance in the evolu-
tion of the Phaeophyceae. Phycologia 24: 263-274. 

PIENAAR， R. N. 1980. Chrysophytes. p. 213-242. In 
E. R. Cox [Ed.) Developments in Marine Biology， 
Vol. 2 Phytoflagellates. EIsevier No口hHolland， 
N.Y. 

PREISIO， H. R. and HIBBERD， D.J. 1983. Ultrastruc-
ture and taxonomy of Parathysomonas (Chryso-

phyceae) and three related genera. Nord. J. Bot. 

3: 695-723. 
REYNOLDS， E. S. 1963. The use of lead citrate at high 
pH as an electron-opaque stain in electron 

microscopy. J. Cell Biol. 17: 208. 

ROUILLER， C. and FAURE-FREMIET， E. 1958. Structure 
fine d'un f1agelle chrysomonadien: Chromulina tsam-

mobia. Exp. Cell Res. 14: 47-67. 

SCHNEPF， E.， DEICHORABER， G.， RODERER， G. and 
HERTH， W. 1977. The f1agellar root apparatus， the 
microtubular system and associated org'副首llesin由e

chrysophycean f1agellate， Poterioochromonas malhamen-
sis PETERFI (syn. Poteriochromonas stititata SCHERFFEL 

and Ochromonas malhameηsis PRINOSHEIM). Pro-

toplasma 92: 87-107. 

SPURR， A. R. 1969. A low-viscosity epoxy resin embed-
ding medium for electron microscopy. J. Ultrastruct. 

Res. 26: 31-42. 

STARMACH， K. 1985. Chrysophyceae und Hapto・
phyceae. p. 1-515. In Suswasserflora. Gustav 

Fischer Verlag， Sttuttgart. 



24 INOUYE， 1.， ZHANG， X.， ENOMOTO， M. and CHIHARA， M. 

井上勲・張暁明・榎本瑞子・千原光雄:黄金色藻類 Phaeasterpωcheriの
細胞構造，特に鞭毛装置について

Phaeaster p出 cheriの細胞構造を蛍光顕微鏡および透過型電子顕微鏡を用いて調べた。葉緑体は星状で，ガードル

ラメラを欠くこと，核様体がリング状ではなく分散あるいは糸状である点で特殊なものである。短鞭毛は混棒状

で，鞭毛ポケットと呼ぶ細胞の窪みに収納されている。葉緑体から限点を持つ裂片が伸張してこの鞭毛ポケット

に密着している。鞭毛小体、鞭毛および4本の微小管性の鞭毛根の配列は特異なもので，すべて細胞の遊泳方向

に伸びる。鞭毛小体は約45度の角度で配列する。このような配列は黄金色藻の鞭毛装置の進化において鞭毛小体

と鞭毛根の回転が起こったと考えることで解釈できる。長鞭毛から前方に伸び時計回りに旋回する鞭毛根は骨格

微小管の形成にあずかっている。 ミトコンドリアは 1個でリ γグ状である。 (305茨城県つくば市天王台1-1-1

筑波大学生物科学系)




