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ABSTRACT -Information on the fine structure of naturally occurring cells of Cbrysosphaerella brevispina and 
c. tongispina is given and some new data are presented. Th~ ultrastr~c~ure is g~nerally typical for the Chryso­
phyceae although both perinuclear cisternae and cytoplasmic endobiotic bactena o~cur. A ~a:aflag~lla rod oc­
curs in the photoreceptor area of the short, second flagellum. Siliceous scale and bnstle ongm are illustrated. 

Introduction 

The motile, colonial genus Chrysosphaerella, of the class 
Chrysophyceae, was erected by Lauterborn (1) for the type 
species C. longispina. He first illustrated thi? alga thr~~ years 
later (2). The cells were described as beanng two stltceous 
rods, a single long flagellum, and containing two plastids, a 
stigma, and several vacuoles. Two species have been added to 
the genus since. . . . 

Korshikov (3) effectively emended the genenc and specifiC 
descriptions by noting the presence of a second minute 
whiplash flagellum and the presence of more than two, usu­
ally five, bristles (rods) per cell; and by illustratin? the scales 
and bristles. He also described a second speCies, C. bre­
vispina. Fott and Ludvik ( 4) published the first electron mi­
crographs of Chrysosphaerella scales and. bristle~. Wujek ~5) 
published the first electron micrograph tllustratmg the fme 
structure of the cell. Based on light and electron microscopy, 
Nicholls ( 6) revised the generic description in his review of 
the genus. Later, Nicholls (7) transferred the unicellular taxa 
to the genus Spiniferomonas, retaining only the colonial 
forms in Chrysosphaerella. 

Comparative ultrastructural studies have considerably ex­
tended our knowledge of chrysophycean structure (8). In this 
study, cells from natural populations are used to describe the 
fine structure of Chrysosphaerella longispina. The present 
observations also add to those of Preisig and Hibberd (9) on 
C. brevispina, which are included in their ultrastructural study 
of Paraphysomonas species. The study, while largel~ substa~­
tiating previous chrysophycean cell ultrastructure, gtves a?dt­
tional information on flagellar structure and scale and bnstle 
origin. 

Materials and Methods 
Natural populations of Chrysosphaerella brevispina Karsh. 

and C. longispina Laut. were collected in the Lake Itasca re­
gion, Minnesota. Fixation was started either directly in the 
field or upon return to the laboratory. Material was fixed and 
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embedded as previously described (5). Some sections were 
stained sequentially with uranyl acetate and lead citrate. All 
sections were examined on a RCA 3F or Philips 300 electron 
microscope. 

Results and Discussion 
The fine structure of Chrysosphaerella (Figure 1) is similar 

to that first described by Gibbs (1 0) for Ochromonas, andre­
viewed in Hibberd's (8) survey of chrysophycean ultrastruc­
ture and illustrated by Preisig and Hibberd (9) for C. 
brevispina. The cell's two plastids contain three thylakoids 
per lamellae, one of which is continuous around the margin 
of the plastid (Figure 1); surrounding the plastid is an ER 
cisternae (PER; Figure 3). Promastigonemes are also ob­
served within this compartment (Figure 1). Located adjacent 
to the PER near the flagellar bases are two bundles each com­
posed of five microtubules (Figure 2). No pyrenoid is 
observed. 

Cells are joined posteriorly, forming colonies. Figures 1, 4, 
and 5 show that adjacent cell surfaces are free of scales and 
bristles. No adhesive material is visible in the micrographs. 
Harris and Bradley (11) have illustrated mucilage by light mi­
croscopy in this region; it is presumably derived from the 
cell's muciferous bodies. 

A large chrysolaminarin vesicle fills the posterior part of 
the cell (Figures 1, 3). The contractile vacuole system occu­
pies a position directly above the anteriorly placed nucleus 
(Figure 1). 

Food vacuoles in both species are distinguishable from 
other cytoplasmic vesicles by their irregular contents; most of 
these vesicles contain unrecognizable objects (Figures 1, 4, 
5), although one vacuole contains an ingested scale (Figure 
4). All food vacuoles are observed in the posterior end of the 
cells. Bacteria (Figures 6, 7) are observed in the lower two­
thirds of the cell's cytoplasm; they are possibly endosymbi­
otic. Intracellular bacteria have been previously reported as 
occurring within the perinuclear cisternae of Para­
physomonas (9) and C. brevispina (12), but the cytoplasmic 
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Figure 1. C. longispina. Longitudinal section showing large chryso­
laminarin vesicle (Cl) and vesicle containing promastigonemes (ar­
row). Numerous food vacuoles are present in the posterior end of 
the cell. Figure 2. C. brevispina. Anterior end of a cell showing two 
flagella. Two groups of five microtubules (Mt) lie near the outer nu­
clear (N) membrane. Figure 3. C. longispina. Oblique section 
showing contractile vacuole (CV), chrysolaminarin vesicle (Cl) and 
the base of a bristle (Bb). One food vacuole is present. Figures 4, 5. 
C. brevispina. Posterior portion of two cells with numerous phago­
cytic vacuoles, with one containing an ingested scale (arrow). Fig­
ures 6, 7. C. brevispina. Endosymbiotic bacteria in the cytoplasm. 
Scale bar= 10 J.l-ffi. 

bacteria observed here appear to differ in morphology from 
the nuclear bacteria. Endoplasmic bacteria are not seen 
within the PER. 

There are two flagella inserted laterally into the cell at an 
oblique angle to each other (Figures 2, 8); the flimmer flagel­
lum is about the same length as the body of the cell. The 
whiplash flagellum, not mentioned in Lauterborn's (1) origi­
nal description, was observed by Korshikov (3) in his 
emended description of the genus. Electron microscopy con­
firmed Korshikov's observation (5). This short flagellum 
bears a swelling (photoreceptor) at its proximal end that lies 
in a shallow depression in the cell surface, beneath which lies 
the eyespot (Figure 8). 

A dense paraflagellar rod is present at the opposite side of 
the axoneme from the flagellar swelling (Figures 8, 9). Hib­
berd (13) observed a flagellar swelling in Ochromonas that 
contained "spotted contents"; the flagellar swelling of C. bre­
vispina sometimes contains one to three small vesicles (Fig­
ures 8, 9). 

To establish the siliceous nature of the scales and bristles, 
an entire block of material was immersed in 10% hydrofluo­
ric acid (HF) for 36 hours prior to sectioning (14). Figure 8 
shows that normally opaque scales are dissolved by HF treat­
ment. Other acids (HCl, H2S04, HN03) have no observable ef-
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feet on the scales and bristles. This result indicates that both 
scales and bristles are composed of silica. 

Scale and bristle origin have been reported in other chrys­
ophytes, e.g., Synura, Paraphysomonas, Mallomonas (15, a 
review; 9). All the taxa described to date have scales and 
bristles that are endogenous in origin and acquire their final 
shape inside vesicles of as yet unknown origin. Wujek and 
Kristiansen (16) suggest that in some taxa the scales and 
bristles may originate in the PER. Chrysosphaerella brevispina 
and C. longispina scale and bristle seem to have the same 
origin. Synthesis occurred near the outer surface of a plastid, 
beginning at the anterior end and proceeding toward the pos­
terior end of the cell. Although the cell possesses two parietal 
plastids, only one is involved in scale or bristle production. 

Scale formation stages are comparable to those observed in 
Synura andMallomonas (15-18). Initial setting up occurred 
at the PER surface that folds to shape the edges of the scale 
(Figure 11). Small vesicles of Golgi origin are seen near, and 
sometimes connected to, the scale vesicle, apparently fusing 
with it (Figure 12). Although microtubules and microfila-

Figures 8, 9. C. brevispina. Longitudinal and cross sections of flag­
ella. Note the paraflagella rod (arrow) in the photoreceptor. The 
flagellar swelling also contains small vesicles. The short, second flag­
ellum arises from a small depression adjacent to the eyespot (S). Fig­
ure 10. C. longispina. Cell treated with hydrofluo ric acid 
demonstrating the siliceous nature of the scales and bristles. Fig­
ures 11, 12. C. brevispina. Scale vesicles in various degrees of devel­
opment. Note in figure 12, the large scale vesicle contains an almost 
completely developed scale (double arrow) and the smaller vesicles 
(arrow) are fusing with the larger. Figure 13. C. brevispina. Libera­
tion of scale at surface of plasma membrane (arrow). Scale bar= 10 
J.l-ffi. 
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Figures 14, 15. C. brevispina. Figure 14. Detail of a bristle being extruded from the posterior end of a cell. The bristle vesicle (arrow) is still 
present and has not fused with the plasma membrane. Figure 15. Late telophase cell. Note the absence of scales. Scale bar= 10 fL!TI. 

ments may sometimes be located near scale vesicles , the 
quality of the fixation does not permit their origin to be 
determined. 

Figure 13 shows a scale in the process of being extruded. 
The scale vesicle has fused with the plasma membrane, and 
one edge of the scale is projecting during the exocytosis. Al­
though scales can be released anywhere on the cell surface, 
more than 95% were observed being released onto the por­
tion of the cell surface that is devoid of scales. 

In principle, bristle formation appears to take place in the 
same way as scale formation. The bristle vesicle, however, ap­
pears to be a linle more complicated because of the presence 
of a tubular shaft, which flares abruptly to form the guard at its 
base. From the guard it contracts gradually or rapidly to the 
union with the pummel, which is discoidal and serves to an­
chor the bristle to the cell (Figures 1, 9). The portion between 
the guard and pummel may be referred to as the grip. The 
bristle shaft is tubular and not flat. The release of a bristle from 
the cell is shown in Figure 14. The bristle vesicle has not yet 
fused with the plasma membrane. Once the bristle has taken 
its definite position, body scales will overlap the pummel 
(Figure 3). In Figure 14 cytoplasmic contents are still visible 
in the bristle 's shaft. However, once released, no cytoplasm is 
present. 

Dividing cells normally maintain their armor of scales (12). 
However, one cell , observed in late telophase, lacked its cell 
covering (Figure 15). 

Ultrastructura l features confirm the position of C. 
longispina and C. brevispina in the Chrysophyceae sensu 
Hibberd (8). The most striking feature of Chrysosphaere!la is 
the morphogenesis of its scales and bristles. Although the en-

Volume 51, Number 3, 1985/86 

doplasmic reticulum and coalescence of Golgi vesicles are in­
volved in scale/bristle formation, neither the scale/bristle 
vesicle's shape nor its size corresponds to those of a mature 
scale/bristle. 

The cells forming the colonies are clearly stalked and are 
all joined posteriorly as in the closely related genus Synura. 
The colonies in the material examined do not appear to be 
surrounded by mucilage. The insertion of the cell 's flagella at 
approximately right angles to each other differs markedly 
from such apparently related genera as Mallomonas and Syn­
ura. In these, the flage lla are inserted parallel into a shallow 
pit at the extreme anterior end of the cell and lack an eyespot. 
Scales have also been demonstrated on the subequal flagella 
of Synura (19), but as ye t have no t been obse rved on 
Chrysosphaerella. 

All o f th ese observations support the position of 
Chrysosphaerella in the family Paraphysomonadaceae (9). 

Acknowledgements 
This study was supported in part by grants from NSF and 

CMU Research and Creative Endeavors Committee. I would 
like to thank the director of the University of Minnesota 
Forestry and Biological Station for his cooperation and the 
use of its facilities. 

References 
1. Lauterborn, R. 1896. Diagnosen nuer Protozoen aus dem 

Gebiete des Oberrheins. Zoo!. Anzeig. 19:1-32. 
2. Lauterborn , R. 1899. Protozoen Studien IV. Flagellaten 

aus dem Gebiete des Oberrheins. Zeitschr. wiss. Zoo!. 
65:369-91. 

35 



3. Ko rshikov, A.A. 1942. On some new and little known 
flagellates. Arch. Protistenk. 95:22-44. 

4. Fott, B. , and Ludvik, ]. 1956. Electronenoptische unter­
s uchung der Kieselstruktur bei Chrysosphaerella 
( Chrysomonadineae). Prestia 28:276-78. 

5. Wujek, D.E. 1968. Presence of a second flagellum in 
Chrysosphaerella rnultispina.j. Phycol. 4:167-68. 

6. Nicholls, K.H. 1980. A reassessment of Chrysosphaerella 
longispina and C. rnultispina, and a revised key to related 
genera in the Synuraceae (Chrysophyceae). Pl. Syst. Evol. 
135:95-106. 

7. Nicholls, K. N. 1984. Spiniferrnonas septispina and 5. enig­
mata, two new algal species confusing the distinction 
between Spiniferornonas and Ch1ysosphaerella (Chryso­
phyceae). Pl. Syst. Evol. 148: 103-17. 

8. Hibberd, DJ. 1976. The ultrastructure and taxonomy of 
th e Chrysop hyceae and Prymnesiophyceae ( Hap ­
tophyceae): a survey with some new observations of the 
Chrysophyceae. Bot.]. Linn. Soc. 72: 55-80. 

9. Preisig, H.R. , and Hibberd, DJ. 1983. Ultrastructure and 
taxonomy of Paraphysornonas (Chrysophyceae) andre­
lated genera. 3. Nord.]. Bot. 3:695-723. 

10. Gibbs, S.P. 1962 . Ch lorop last development in Och­
romonas danica.j. Cell Bioi. 15: 343-61. 

11. Harris, K. , and Bradley, D.E. 1958. Some unusual Chryso­
phyceae studied in the e lectron microscope.]. Gen. Mi-

crobiol. 18:71-83. 
12. Wujek, D.E. 1984. Bacteria in the perinuclear cisternae of 

the chrysophyte Chrysosphaerella. Trans. Kansas Acad. 
Sci. 87: 32-35. 

13. Hibberd, DJ. 1970. Observations on the cytology and ul­
trastructure of Ochrornonas tuberculatus sp. nov. ( Chrys­
ophyceae), with special reference to the discobolcysts. 
Brit. Phycol.j. 1: 119-43. 

14. Drum, R.W. 1963. The cytoplasmic fine structure of the di­
atom Nitzschia palea.]. Cell. Bioi. 18: 429-40. 

15. Mignot,J.P. , and Brugerolle, G. 1982. Scale formation in 
chrysomonad flagellates.]. Ultra. Res. 81:13-26. 

16. Wujek, D.E., and Kristiansen , ]. 1978. Observations on 
bristle- and scale-production in Mallomonas caudata 
(Chrysophyceae)Arch. Protistenk. 120:213-21. 

17. Hibberd, DJ. 1978. The fine structure of Synura sphagni­
cola (Korsh. ) Korsh. (Chrysophyceae). Brit. Phycol.j. 13: 
403-12. 

18. Schnepf, E., and Deichgraber, G. 1969. Uber die Fein­
struktur von Synura petersenii unter besonderer Be ruck­
sichtigung der Morphogenese ihrer Kieselschuppen. 
Protoplasma 68: 85-106. 

19. Hibberd, DJ. 1973. Observations on the ultrastructure of 
flagellar scales in tl1e genus Synura. Arch. Microbial. 89: 
291-304. 

Minnesota Academy of Science 
APPLICATION FOR MEMBERSHIP 

36 

I would like to help support the advancement of scientific research and education in Minnesota. Please enroll me as a 
member of the Minnesota Academy of Science. 

Name----------------- Position/Title-----------------

Address (business) ________________ (home) _______________ _ 

Telephone ( ) 

Affiliation __ university 

__ college 

__ industry 

__ other(-------) 

Membership category 

__ Regular ( $2 5) 

__ Sustaining ($40) 

( ) 

Highest academic degree __ B.A. / B.S. 

__ M.A./M.S. 

__ Ph.D. 

__ M.D. 

__ other(-------) 

__ Graduate student ( $5) 

__ Undergraduate student ($2.50) 

Dues are payable to the Minnesota Academy of Science and should be sent with this application to: MINNESOTA 
ACADEMY OF SCIENCE, Suite 916, Pioneer Building, St. Paul, MN 55101. 

(signature) (date) 

journal o f the Minnesota Academy of Science 


