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Summary 
Mitosis and cytokinesis have been studied in the flagellate alga 
Isochrysis galbana Parke (Prymnesiophyceae). Nuclear division is 
preceded by replication of the flagella and haptonema, the Golgi 
body and the chloroplast; fission in the chloroplast occurs in the 
region of the pyrenoid. During prophase, spindle microtubules 
radiating from two ill-defined poles are formed. The nuclear envelope 
breaks down and the chromatin condenses. At metaphase the spindle 
is fully developed, some pole-to-pole microtubules passing through 
the well-defined chromatin plate, others terminating at it. No 
kinetochores or individual chromosomes were observed. By late 
metaphase, many Golgi-derived vesicles may be seen against the two 
poleward faces of the metaphase plate. During anaphase, the two 
daughter masses of chromatin move towards the poles. In early 
telophase, the nuclear envelope of each daughter nucleus is complete 
only on the side towards the adjacent chloroplast, remaining open on 
the interzonal side. However, during telopbase each nucleus becomes 
reorientated so that it lies lateral to the long axis of the spindle and 
with its open side towards the chloroplasts. By late telophase, each 
new nuclear envelope is complete and confluence with the adjacent 
chloroplast ER established. 
Cytokinesis and subsequent segregation of the daughter cells are 
effected by the dilation of Golgi- and ER-derived vesicles in the 
interzonal region. No microtubular structures are involved. 
Comparisons with the results from other studies of mitosis in 
members of the Prymnesiophyceae show that they all have a number 
of features in common, but that there are differences in detail between 
species. 
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1. Introduction 
Investigations on the structure o f  the hap tonema,  an 
organelle apparent ly  unique to members  o f  the Pryrn- 
nesiophyceae, have demonst ra ted  a range o f  structure 
(for a review see HIBBERD 1980). In  some species o f  
Chrysochromulina, for example, the hap tonema  is very 
long (much longer than the flagella) and is able to coil, 
whilst in other  species, especially members  o f  the order  
IsochrysidaIes, it is rudimentary  and detectable only 
with the electron microscope.  However ,  it has not  been 
possible to determine whether  these extreme forms 
represent advanced or  primitive condit ions (GREEN and 
PIENAAR 1977, GREEN 1980). 
The search for phylogenetic  markers  has led us to an 
investigation o f  the fine structure o f  mitosis in several 
representatives o f  the Pryrnnesiophyceae. Hitherto,  
such investigations have been confined to the closely 
related coccol i thophorids  Cricosphaera roscoffensis 
var. haptonemofera Inouye  & Chihara  (HoRI and 
INOUYE 1981) and Hymenomonas carterae (Braarud et 
Fager land)  Braarud  (STACEY and PmNAAR 1980), bo th  
now included in the genus Pleurochrysis E. G. Prings- 
heim (GAYRAL and FRESNEL 1983), the "Apistonema" 
stage o f  an unknown  coccol i thophor id  (MEsQUITA and 
SANTOS 1983) and the scale-bearing flagellate, Prym- 
nesium parvum N. Carter  (MANTON 1964a). In  the green 
algae (PICKETT-HEAPS 1975), observations on the ultra- 
structure o f  mitotic processes have thrown new light on 
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phylogenetic relationships, suggesting that further in- 
vestigations of  this type might prove useful in the study 
of the phylogeny of other algal groups. 
Within the Prymnesiophyceae, the order Isochrysidales 
includes at present all those forms where the hapto- 
nema is apparently absent or very small. The mor-  
phology encountered within the order is diverse, the 
cells of  some species showing marked asymmetry (e.g., 
Isochrysis galbana Parke), some bearing scales and 
some with coccoliths. The Isochrysidales is probably, 
however, an unnatural assemblage of species 
(MARLOWE, GREEN, NEAL, BRASSELL, EGLINTON and 
COURSE, in press), the form of  the haptonema alone 
being unreliable as a character on which to group 
species at the ordinal level. As part  of  our studies on the 
Prymnesiophyceae, therefore, we are examining the 
mitotic process in several members of  the Isoehrysidales 
and the results will be assessed in relation to both other 
members of  the order and the class as a whole. 

2. Materials and Methods 

Isochrysis galbana Parke (Plymouth Collection "I") was cultured in 
Erd-Schreiber medium at 15 ~ in a 12:12 (LD) light r6gime. 
Light microscope observation demonstrated that dividing cells could 
be found in cultures from three hours before to one hour after the 
onset of the light period. The cultures were not synchronous and such 
cells were relatively few in number. The cells observed would have 
been in anaphase or telophase; as will be described below, there is no 
significant change in the dimensions or morphology of cells in the 
early stages of mitosis and those in prophase or metaphase are, 
therefore, difficult to detect. 
For electron micrsoscopy, material was fixed for 1 hour in 3% 
glutaratdehyde in 0. i M sodium cacodylate buffer, pH 7.0, contain- 
ing 0.38 M sucrose. It was then rinsed in the same buffer with a 
gradual decrease in sucrose concentration (0.38 M, 0.30 M, 0.20 M, 
0.10 M) at least 15 m being allowed at each stage. Finally it was rinsed 
in buffer with no sucrose and postfixed in 2% OsO 4 for 1 hour. All 
processes were carried out at room temperature (approximately 
20 ~ The material was dehydrated through a graded ethanol series 
and embedded in Spurr's resin. Sections were cut using diamond 
knives on a Reichert OmU3 ultrarnicrotome. They were double- 
stained with uranyl acetate and lead citrate and examined on a 
JEOL 200CX electron microscope at 100 kV. 

duplication of  the basal bodies and haptonema. Fre- 
quently we encountered a cluster of  four basal bodies 
and haptonema bases arranged in a row in a cell in 
which the nucleus was still in interphase (Fig. 6); thus 
daughter basal bodies and haptonemata  are formed 
well before the onset of  nuclear division. 
In this study the exact stage of  Golgi body duplication 
could not be identified, but two Golgi bodies are always 
present near the poles by prometaphase and remain in 
this position throughout mitosis (Fig. 11). 
Interphase cells in younger stages (i.e., soon after cell 
division) usually contain a single chloroplast, but many 
cells may be seen with two chloroplasts, each about  half 
the size of  the former. This suggests that the chloroplast 
of  L galbana duplicates at the midstage of interphase, 
well before the beginning of  nuclear division. In both 
types of  cell the perinuclear space is continuous with the 
sac of  chloroplast ER surrounding the plastid. Loca- 
tion of the nucleus is variable along the chloroplast in 
the single-plastid cell, but in two-plastid cells it is 
usually cradled by the two chloroplasts at pyrenoid 
level (Fig. 2). 
Figs. 3-5 show three stages of  chloroplast division. The 
earliest visible sign of  chloroplast division is the ap- 
pearance of an invagination of chloroplast ER and 
chloroplast membrane on the inner surface of  the 
pyrenoid which lies approximately in the centre of  
chloroplast, though a slight invagination of the chloro- 
plast ER and chloroplast membrane  towards the cell 
interior is also formed at the outer surface of the 
chloroplast adjacent to the plasmalemma (Fig. 3). The 
inner furrow, however, advances deeper than that on 
the outer side, eventually bisecting the chloroplast and 
pyrenoid (Fig. 4). It  is followed by the chloroplast ER 
and eventually both outer and inner ER fuse with each 
other establishing two compartments  of  chloroplast 
ER for the accommodat ion of the daughter chloro- 
plasts (Fig. 5). Just after chloroplast division, the 
daughter pyrenoids are situated at one edge of their 
respective chloroplasts (Fig. 5), but they gradually 
change their position to the centre, in association with a 
similar repositioning of the nucleus. 

3. Observations 

3.1. The Interphase Cell and Behaviour of the Cell 
Organelle Before Mitosis 
Interphase cells of  lsochrysis galbana have been de- 
scribed by GREZN and PIENAAR (1977). They bear two 
subequal flagella and a small haptonema, one or two 
chloroplasts, and one Golgi body (Figs. 1 and 2). 
The first recognizable sign of cell division is the 

3.2. Mitosis 
3.2.1. Preprophase, Prophase 

After the formation of the daughter basal bodies and 
haptonemata,  the two sets of  basal bodies migrate away 
from each other on the anterior side of  the slightly 
expanded cell (Fig. 7). In this figure, two focal points 
(arrows) f rom which the microtubules radiate can be 
seen in the vicinity of  the basal bodies. Some micro- 



Fig. 1. Longitudinal section through a young interphase cell showing the single plastid and the relative position of the other cell organelles. 
x 20,000. Abbreviations: b b  basal body; c chloroplast (plastid); ch chromatin; er endoplasmic reticulum;fflagellum; g Golgi body; h haptonema; 

im interzonal spindle microtubule; rn mitochondrion; n nucleus; ne nuclear envelope; p m  plasmalemma-derived membrane;py pyrenoid; v vesicle; 
vac vacuole; vm vacuole-derived membrane 
Fig. 2. Longitudinal section of a cell in which replication of the chloroplast has already occurred in preparation for mitosis. The nucle~/r envelope 
is confluent with the chloroplast ER of both chloroplasts, x 20,000 
Figs. 3, 4, and 5. Stages in the replication of the chloroplast; for a further description, see text. All x 30,000 
Fig. 6. Section through the flagellar pole after replication of the appendages, showing a row of four flagellar bases and traces of the haptonemata 
(arrows). x 70,000 



Fig. 7. A cell in early prophase. Replication of the basal bodies has taken place and they have begun to separate. Within the nucleus, the 
chromatin has condensed against the inner face of the nuclear envelope which is still intact, x 50,000 
Fig. 8. A later stage than that of Fig. 7 showing fragmentation of the nuclear envelope and intrusion of microtubules into the nucleus. The arrow 
indicates the position of the spindle pole. x 50,000 
Fig. 9. A cell at prometaphase. The nuclear envelope has broken down almost comp!.eteiy and the chromatin has aggregated between the spindle 
poles (arrows). x 30,000 
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tubules extend between the two focal points, whilst 
others radiate to the nuclear envelope and cytoplasm. 
At each focal point nothing can be seen apart from an 
aggregation of vesicles and/or smooth endoplasmic 
reticulum. The distance between the two focal points is 
about 1.7 txm, which is shorter than that at metaphase 
(ca. 2.2 btm). Thus, these two points represent the poles 
of the spindle. At this stage the nuclear envelope is still 
intact, but chromosomal material begins to condense 
(Figs. 7 and 8). As the poles separate, the radiating 
microtubules enter the nucleoplasm through the gaps 
formed by the disorganization of the nuclear envelope 
(Fig. 8). Thus, with the progressive breakdown of the 
nuclear envelope, the microtubules formed outside are 
admitted into the nucleus, where they form the spindle. 
The breakdown of the nuclear envelope involves that 
part which invested the nucleus only, the membranes 
common to both the nuclear envelope and the chloro- 
plast ER remaining more or less intact and retaining 
their position on the proximal face of the chloroplast. 
Some fenestration can, however, be detected (Figs. i0 
and I I). 

3.2.2. Metaphase 

Figure 9 probably represents a stage of prometaphase. 
In this figure the two poles are seen (arrows), though 
many microtubules still extend into the cytoplasm 
rather than to the chromosomes and there are no 
special membranous elements around the chromo- 
somes. In the cell illustrated the chromosomes do not 
yet form a typical metaphase plate. 
Figs. 10 and 11 illustrate cross-sections through the 
anterior end of cells in metaphase and show the general 
distribution of the mitotic elements. As the metaphase 
spindle is formed, numerous vesicles gather on both 
sides of the metaphase plate facing the spindle poles 
(Fig. 11). It can be seen that the ill-defined spindle poles 
(arrows) are situated close to the Golgi body and are 
surrounded by membranous vesicles. From the poles, 
microtubules extend towards the metaphase plate, 
which has a rectangular profile in sections, some 
passing through the chromosomal material (Fig. 10a, 
large arrow-heads; Fig. 11), and apparently extending 
from pole to pole. Others, however, appear to terminate 
at the metaphase plate (Figs. 10a, small arrow-heads, 
Fig. 11). The basal bodies lie close by, but laterally in 
relation to the long axis of the spindle (Fig. 10b). At this 
stage of mitosis, intense Golgi body activity is apparent 
leading to the production of numerous vesicles (Figs. 
10 b and 11). During metaphase the chloroplasts remain 
enclosed in chloroplast ER. However, this does not 

form a complete envelope as a number of fenestrations 
can be seen (Figs. 10b and 11). 
The pole-to-pole distance at metaphase is about 2.2 btm 
and that between the pole and metaphase plate is 
0.7 gm. Serial sections ofmetaphase plates did not show 
individual chromosomes or any cytoplasmic elements 
other than spindle microtubules. 

3.2.3. Anaphase 

During anaphase the chromosomes separate as two 
undifferentiated masses to the opposite poles of the 
spindle (Fig. 12). This separation is accompanied by a 
shortening of the microtubules between the poles and 
chromosomal plates and the development of interzonal 
microtubules (Fig. 12c), so that the total pole-to-pole 
distance in anaphase cells is more or less extended (2.3- 
2.5 i, tm) compared with that at metaphase. Even at this 
stage individual chromosomes are not apparent. As 
well as the interzonal spindle microtubules, many 
vesicles and ribosomes are present in the interzonal 
space (Figs. 12a and c). There are no membranous 
structures of any kind on the interzonal faces of the 
chromatin masses. 
Fig. 12a indicates the probable incorporation of an 
extension of chloroplast ER into part of the new 
nuclear envelope. Another section (Fig. 12b), serial to 
Fig. 12a, shows part of the regenerating nuclear 
envelope at the polar surface of the chromosomal plate, 
fusing with the chloroplast ER at yet another point 
where the chromosomes have come to lie very close to 
the chloroplast. 

3.2.4. Telophase and Cytokinesis 

Figs. 13-16 show sections through cells in different 
stages of telophase. In Fig. 13 the nuclear envelope of 
one of the daughter nuclei remains open on the 
interzonal face and the nucleus is still penetrated by 
spindle microtubules. Reorientation of each daughter 
nucleus takes place subsequently, however, so that it 
occupies a position lateral to the axis of the spindle and 
with the open face towards the chloroplast (Fig. 14). In 
later stages of telophase the nuclear envelopes of both 
daughter nuclei are complete, but interzonal spindle 
microtubules remain between them (Fig. 15). At still 
later stages, continuity of the nuclear envelope of each 
nucleus with the adjacent chloroplast has been fully 
established (Fig. 16). 
At the beginning of telophase, the distance between the 
daughter nuclei is approximately 2.0 gm (Fig. 13), but 



Fig. 10. Two sections, 3 sections apart, from a series through a metaphase cell. Fig. 10 a shows spindle microtubules both passing through (large 
arrow-heads) and terminating at (small arrow-heads) the metaphase plate. Fig. 10b illustrates the relative positions of the metaphase plate, the 
spindle, the two Golgi bodies and the basal bodies. Numerous vesicles against those faces of the metaphase plate directed towards the poles (large 
arrow), can be seen in both figures. Fenestrations in the chloroplast ER are also present (small arrows), x 40,000 
Fig. 11. A later stage of metaphase than that of Figs. 10a and b with further development of the vesicular system associated with the metaphase 
plate. These vesicles are precursors of the daughter nuclear envelopes and their connection with the chloroplast ER is already being established 
(arrow-heads). The small arrows indicate fenestrations of the chloroplast ER, the large arrows the position of the poles. • 40,000 



Figs. 12a-e. Three sections (numbers 10, 14, 16) from a series through a cell at anaphase. Fig. 12a shows clearly the membrane system developing 
on the polar face of one of the daughter masses of chromatin; comparison of all three figures show's that these membranes connect with the 
chloroplast ER (arrows). Both of the separating daughter sets of chromosomes are shown in Figs. 12b and c, and interzonal microtubules (arrow- 
heads) may be detected between them. At the cell periphery, in the region between the chloroplasts and close to the Golgi bodies, numerous 
vesicles accumulate, between the plasmalemma and tile scale-layers. Fig. i2a suggests that they are produced by the Golgi bodies. The cell 
vacuole also becomes strongly dilated, x 30,000 



Fig. 13. A cell at telophase. The daughter chromosomes have separated and have come to lie against the two chloroplast. The nuclear envelope of 
one is still incomplete and remains open on the interzonal side. Interzonal microtubules can be seen between the two nuclei. The interzonal 
cytoplasm contains many profiles of  ER and is "pinched" from two sides by scale-free membranes derived from the plasmalemma and the 
vacuole, x 35,000 
Fig. 14. A later stage of telophase than Fig. 13, the daughter nucleus re-orientated so that the open face is towards the chloroplast. The interzonal 
microtubules no longer penetrate the chromatin, x 35,000 
Fig. 15. The nuclear envelope of each daughter nucleus is now complete, but the remnants of  the spindle may still be seen between them. 
Aggregation of  vacuoles is evident in the interzonal cytoplasm, x 35,000 



Fig. 16. Dilation of the interzonal vacuoles and ER has caused separation of the daughter nuclei and their associated organelles. The nuclear 
envelope of each is complete and confluence of the nuclear envelope with the chloroplast ER has been fully established. Between the daughter 
cells in the region of the vacuoles, the plasmalemma is free of scales (between arrows), x 30,000 
Fig. 17. Two young cells immediately after cytokinesis and separation. Both cells have a complete investment of scales; thus any remnants of 
vacuolar membranes have been shed or resorbed. Internally, a flagellar root (arrow) can already be seen and the interphase arrangement of the 
organelles has been established, x 25,000 



T. HORI and J. C. GREEN: The Ultrastructure of Mitosis in Isochrysis galbana Parke (Prymnesiophyceae) 149 

by late telophase when the daughter nuclei are fully 
formed, this has increased to approximately 5.51am 
(Fig. 16). The separation of the daughter nuclei appears 
to be effected by the intrusion into the interzonal 
cytoplasm of scale-free membrane derived from the 
plasmalemma and the cell vacuole (Fig. 13). Subse- 
quent segregation and rapid cell elongation takes place 
through the dilation of numerous vesicles in the 
interzonal region (Figs. 15 and 16) some of which may 
be proliferated from the Golgi bodies, whilst others are 
of ER origin as shown by their coating of ribosomes. 
The daughter cells eventually separate through the 
breakdown of the vacuolar membranes. However, the 
daughter cells after cytokinesis are totally covered with 
scales (Fig. 17); thus the vacuolar membranes have 
either been rejected or resorbed and the area of the cell 
where separation has taken place has been covered by a 
confluence of the existing scale-bearing plasmalemma. 
At least one of the flagellar rootlets develops at this 
stage (Fig. 17, arrow). 

4. Discussion 

Until now the fine structure of mitosis in the Prym- 
nesiophyceae has been studied in only four represen- 
tatives (MANTON 1964a, STACEY and PIENAAR 1980, 
HoRT and I~OUYE 1981, MESQUITA and SANTOS 1983). 
All except Prymnesium parvum (Prymnesiales) are 
members of the order [sochrysidales (PARKE and GREEN 
1976) and it is possible, therefore, to draw some useful 
comparisons between the earlier results and those of the 
present investigation. 
The general feature indicating the onset of cell division 
is the duplication of the flagellar bases and the hapto- 
nema (MANTON 1964a, HORI and INOUYE 1981). 
Usually replication occurs just before the nucleus 
assumes the appearance of prophase (condensation of 
chromatin, breakdown of the nuclear envelope etc.). 
The Golgi body, of which there is one in the interphase 
cell, also replicates before nuclear prophase (MANTON 
1964a, STACEY and PIENAAR 1980), but in contrast the 
timing of chloroplast division in the interphase cell 
probably varies between species. In "Apistonema" 
(MESQUITA and SANTOS 1983) and L galbana it may 
occur early in interphase before the cell enters the 
division cycle since interphase cells with two chloro- 
plasts were often observed. In H. carterae (STACEY and 
PIENAAR 1980) and P. parvum (MANTON 1964a), how- 
ever, the chloroplasts divide immediately before the 
onset of nuclear division. Thus, in these latter species, 
chloroplast division is one of the most conspicuous 

symptoms of incipient cell division. In all the species 
examined so far, division of the chloroplast always 
begins on the inner side at the midpoint of the pyrenoid. 
P. parvum (MANTON 1964b, GREEN, unpublished ob- 
servations), Cricosphaera roscoffensis (HoR~ and 
INOUYE 198l), an unnamed Cricosphaera (INoUYE and 
PIENAAR, personal communication) and L galbana. 
(GREEN, unpublished observations) have a complicated 
system of flagellar roots consisting of two bundles of 
microtubules orientated at right angles to each other, 
one bundle passing anteriorly immediately within the 
plasmalemma whilst the other follows a course pos- 
teriorly, deep within the cell. In C. roscoffensis (HoRI 
and INOtJYE 1981) and probably in "Apis~onema" 
(MEsQUITA and SANTOS 1983), the latter group o f  
microtubules becomes disorganised during nuclear 
division. This may be interpreted as indicating an origin 
of the spindle microtubules from those of the flagellar 

roots  (Hoar and INOUYE 1981), but no direct evidence 
has yet been presented to support this. It may be noted 
that I. galbana resembles the other members of the 
Prymnesiophyceae which have been studied in that 
there are no obvious structures at the spindle poles 
which may be interpreted as spindle microtubule or- 
ganizing centres (cf., for example, the rhizoplast which 
becomes elaborated during mitosis in Poterioochro- 
monas malhamensis Peterfi (Chrysophyeeae; SCHNEPF 
et al. 1977), the persistent rhizoplast of Ochromonas 
danica Pringsheim (Chrysophyceae; SLANKIS and GIBBS 
1972) and Heterornastix angulata Korshikov ( Pr asino- 
phyceae; MATTOX and STEWART 1977), the granular 
material, apparently ofrhizoplast origin, in Tetraselmis 
(= Platymonas) subcordiformis Wille (Prasinophyceae; 
STEWART et al. 1974), and the spindle precursor of the 
diatom Lithodesmium undulatum Ehrenberg (MANTON 
et al. 1969). 
In members of the Pryrnnesiophyceae, the association 
between the nucleus and the chloroplast ER is a 
constant feature. However, at prophase, as the nuclear 
envelope disorganises, this continuity is broken 
although those fragments of the nuclear envelope 
membrane remaining near the chloroplast may still be 
confluent with the chloroplast ER. Thus, throughout 
mitosis, the chloroplast remains enclosed in a sac of 
ER. When the nuclear envelope regenerates at a late 
stage of nuclear division, the way in which the continu- 
ity between this and the chloroplast ER is reestablished 
is probably different in each species. At telophase in L 
galbana the chromosomes come to lie close against the 
chloroplast ER of the adjacent chloroplast. However, 
the mass of daughter chromosomes becomes reposi- 
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tioned so that the former polar face with its daughter 
nuclear envelope is directed away from the chloroplast 
and the open face (formerly the interzonal face) lies 
adjacent to it. The part of the chloroplast ER against 
the open face of the nucleus is probably incorporated as 
part of the new nuclear envelope, as in Ochromonas 
danica (SLAN~ZlS and GIBBS 1972), Chrysochromulina 
chiton Parke & Manton, Emiliania huxleyi and 
Imantonia rotunda Reynolds (unpublished observa- 
tions). On the other hand, the connection between the 
chloroplast ER and the nuclear envelope in P. parvum 
(MANTON 1964a) and "Apistonema" (MEsQUrrA and 
SANTOS 1983) seems to be reestablished in the inter- 
phase cell after cytokinesis. In these algae, the renewal 
of the nuclear envelope is believed to be completely 
independent of the chloroplast ER, fusion of the 
nuclear and chloroplast membrane systems occurring 
secondarily (MANTON 1964a, MESQUITA and SANTOS 
1983). 

The individual nature of the chromosomes is never 
apparent throughout mitosis. At metaphase an 
equatorial plate of chromatin is formed in a plane 
perpendicular to the spindle axis; some microtubules 
pass through this plate whilst others appear to attach to 
it, but no kinetochores have been identified (MANTON 
1964a, HoRI and INOUYE 1981, MESQUITA and SANTOS 
1983, this paper). The spindle microtubules converge 
towards ill-defined opposite poles, where usually the 
Golgi body, identifiable ER (P. parvum, MANTON 
1964a; C. roscoffensis, HORI and INOUYE 1981;"Apisto- 
nema", MESQUITA and SANTOS 1983; L galbana, this 
communication) or a cluster of vesicles, probably of ER 
origin (H. carterae, STACEY and PIENAAP, 1980) are 
present. The basal bodies are always situated near to 
the poles, but laterally with respect to the spindle axis. 
The formation of the new daughter nuclear envelope 
begins at the surface of the metaphase plate directed 
towards the pole (C. roscoffensis, H. earterae and L 
galbana) or at early anaphase (P. parvum, "Apisto- 
nema"). In P. parvum, long fragmented cisternae of the 
former nuclear envelope may remain in the spindle area 
and MANTON (1964 a) suggested that the fragmented old 
nuclear envelope could be wholly or partially in- 
corporated into the new daughter nuclear envelope. In 
other species the nuclear envelope completely breaks 
down and it cannot be concluded whether vesicles on 
the metaphase plate are derived from the old nuclear 
envelope or whether they are newly formed from the 
Golgi body. 
Although we have suggested here that the numerous 
vesicles found in the spindle region may contribute to 

the formation of the new nuclear envelopes, the possi- 
bility that they are involved in the control of Ca z + levels 
should also be considered briefly. Calcium ions are 
known to inhibit microtubule assembly and calcium- 
binding proteins (CaBPs) have been shown to be 
associated with the chromosome-pole regions of the 
mitotic apparatus in mammalian cells during 
metaphase/anaphase (MARcUM et al. 1978). It was 
suggested that the CaBPs played a role in the control of 
Ca 2 + levels and hence controlled microtubule assembly 
and disassembly. It is not impossible that the vesicles 
observed in the spindle region of L gaIbana are the sites 
of such CaBPs and this question merits further 
investigation. 
As anaphase advances, the metaphase plate is divided 
into two daughter sets of chromosomes and long 
microtubules proliferate in the interzonal space. 
However, as described above, there is no significant 
increase in the distance between the poles of the 
anaphase spindle and it remains similar to that at 
metaphase. After telophase, however, there is a rapid 
increase in the distance between the daughter nuclei 
probably due to the formation of vacuoles in the 
interzonal space. The interzonal spindle tubules may 
also assist in the separation of the daughter chromo- 
somes towards the opposite poles. 
The eventual fate of the microtubules may be in- 
corporation into the fiagellar root systems as suggested 
by HORI and INOUYE (1981) but as yet there is no direct 
evidence for this. 
At cytokinesis, the cells of some species become in- 
vaginated by a narrow cleavage furrow. This has been 
observed with the light microscope in H. carterae 
(STAcEY and PIENAAR 1980) and E. huxleyi (KLAVENESS 
1972), both of which are covered by coccoliths and with 
the electron microscope in C. roscoffensis (HoRI and 
INOUYE 1981), "Apistonema" (MEsQUITA and SANTOS 
1983), and H. earterae (STACEY and PIENAAR 1980). In 
C. roscoffensis, "Apistonema", H. carterae and L 
galbana a large vacuole develops in the cytoplasm 
between the daughter cells which also contributes to the 
septafion of the cytoplasm and the separation of the 
two daughter cells. In the prymnesiophytes studied so 
far, separation of the daughter cells at telophase seems 
to be a very rapid process. However, comparisons 
between coccolith-bearing organisms and scale-bearing 
species show that the former elongate relatively little. In 
the coccolithophorids, the dividing cell merely becomes 
constricted at the equator whilst in the latter species the 
dividing cell becomes markedly elliptical as the cell 
body elongates. 
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