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Abstract ~ The cyanobacterial genus Schizothriv is traditionally classified in the special
family Schizotrichaceae (order Oscillatoriales) aceording to the structure of the filaments
aned thallus: one, two, or more ensheathed and fasciculated trichomes are enveloped by
common sheaths, The fine structure of cells and filaments of two natural populations of
typical Schizothrix-species ($ facilis, 8. lacustris) were investigated in our study. The
ultrastruciure of trichomes was found to be similar to the pseudanabaenacean fypes
(thylakoid arrangement, inclusions, cell wall), and indicates the close relationship to this
group of simple filamentous cvanobacteria. The special life form. which was considered as
the most important phenotypic intergeneric (and interfamilialy differentiating character
was proven: Fasciculated trichomes are enveloped by their own sheaths, and form (usually
heteropolar) filaments envelaped by another common sheath. However, in spite of the fact
thal the ubtrastructure and morphology of trichomes were found to be similar to other
pseudanabacnacean types, the rolationship 0 Pyewdmnabaenscese must await detailed
molecular studies to be more completely evaluated. The first molecular results concerning
a few Sehizothriz-like strains from Antarctica show that most belong 1o a cluster. which is
separated from the other oscillatorian clusters, This could support the genetic basis of the
Sehizothrix genus,
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Résumé — Ultrastructure el position taxinomigue de deux espéces du genre Schizethrix
{Cyanobaciéries). Le genre Schizothrix est traditionnellement classé dans la famille des
Schizotricharvear (ordre des Osciflaroriales) sur la base de la structure des filaments et
des thalles: un, deux ou plusicurs trichomes engainés et fasciculés sont enveloppés par
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des gaines communes, La structure fine des cellules ¢t des flaments de deux populations
naturelles d'espéces typiques de Schizothrix (8. facills X facusiris) est étudide il
L'ultrastructure des trichomes apparait trés similaire a celle de type « Prendenabaenaceae »
(arrangement des thylacoides, inclusions, paroi cellulaire), £t indigue une étroite refation
avec o groupe de cyanobactéries filamenteuses simples. La forme de vie particuliére qui a
été considérée comme e caractére phénotypique discriminant au niveau intergénérigue (et
interfamilial) le plus important est démontrée @ des trichomes [asciculés sont enveloppés
par leur propre gaine, et forment des filaments (habituellement hétéropolaires) enveloppés
par une autre gaine commune, Toutefois, bien que Fultrastructure ¢t ks morphologie des
trichomes soient similaires 4 celles d’autres types « pseudanabaenaceéens », la relation
avee les Pyeudungbacnaceae doit attendre des études moléculaires détaillées pour &tre
completement évalude, Les premiers résultats moléculaires concernant quelques souches
antarcliques ressemblant & Sehizothirix montrent que la plupart dentre elles appartiennent
a un cluster séparé des autres clusters d'Oseillatoriales. Ceci pourrait constituer un soulien
génétigue on faveur du genre Schizothrix,
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INTRODUCTION

Schizethrix [Kltzing 1843] ex Gomont, 1892, Ann. Seci. Mat., Bor., Ser. 7,
15: 192, is an oscillatorialean cyanobacterial genus with a complicated taxonomic
position. 1t is heterogeneous, as shown from a re-cvaluation of morphological
characlers {Anagnostidis & Komarek, 1988). Perhaps the greatest problem
hampering a modern taxonomic evaluation of the genus is that isolation into
monospecific culture is difficult and only a few strains exist in culture collections.
As a conscguence, well-defined and revised Schizothrix strains have not vet
appeared in the molecular literature and phylogenctic trees, except for a few
Schizothrix-like strains studied recently (Taton er ol submitted). In addition, until
now, no ultrastructural studies have been published [rom which relationships to
known clusters of filamentous. oscillatorialean cyanobacteria could be deduced.
The lack of molecular and ultrastructural information is apparently also the
reason why the genus was nol included in the last cdition of Bergey's Manual
{Castenholz, 2001),

The traditional genus Schizodwix (Geitler, 1932) is based on the type-
species 8. fuscescens Kltzing ex Gomont 1892, charucterised by filaments
enveloped by more-or-less firm, wide, yellow-brown sheaths that are attenuated
{*pointed”, “closed”) at the ends. Sheaths are a little wider than trichomes and
can conlain one, two, of more trichomes, usually with their own sheaths. The
thallus is regarded as polarised (i.e. divided into basal and apical parts): trichomes
parallel situated in one sheath are particularly visible in the lower parts of
filaments,

In Geitler (1932), Schizothrix was divided into four morphologically
characteristic clusters (taxonomic “sections”). The first two morphotypes,
corresponding more or less to the original generic diagnosis, were classified in two
aremine thatl nrehahle differed anly in the ahilite of colonies 1o ealeifv ™ fesieal™
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substantially from the Schizothrix = Hypheothriv/fnactis complex both
morphologically and in the structure of trichomes and cells, and must be classified
as a separate genus Symplocastrum (Gomont) Kirchner 1898 in the family
Phormidiaceae (see Anagnostidis & Komdrek, 1988). The last section
Chromuosiphon Gomont 1890, J. Bot. {I. Morot) 4: 352, s based on a taxonomically
worthless character (not justifiable at the generic level in the corresponding group
of cyanobacteria): facultatively coloured sheaths also occur in different types of
Sehizothrix-like cyanobacteria, without correlation with other generic {or other
phenotypic) markers. However, from the nomenclatural point of view the section
Chromosiphon should be called section Schizothrix since it includes the type
species of the genus Schizodhirix, 8. fuscescens, which also has coloured sheaths, but
clearly belongs to the group of “typical” Schizothriv by all other morphological
markers,

Natural populations of two traditional species from the Uypical
Schizothrix-group were investigated in this study, using transmission electron
microscopy, and their taxonomic position is discussed,

MATERIAL AND METHODS

The following morphuspecies were examined:

1} A cultured strain of Schizothrix facilis, isolated from a sample
collected from a snow-fed stream, flowing from a snow field near Ny Alesund,
Western Svalbard (Figs 1-4), in the Western part of West Brégger glacier morain.
This species was originally described by Skuja 1964 from Swedish Lappland, from
a similar habitat.

2) A natural population of Schizothrix facusiris, sampled from
submerged wooden and stony substrata in the littoral of the oligotrophic lake
Lunzer Mittersee near Lunz am See, Austria (August 1969), It was preserved in
3% formalin and the sample was studied after almost 35 years of preservation (see
Discussion).

The morphological descriptions were derived from these living natural
malerials.

For the ultrastructural studies the material was fixed with co 3%
formaldehyde (unbuffered) and kept in this solution for several days at room
temperature (Schizothrix facilis). The material of Schizothrix lacustris, which was
collected in 1969, had been kept in a cyanobacteria sample collection for almost
33 years.

The sample of S facilis was washed with 0.05 M phosphate buffer
{pH 7.2) and postlixed with 2% osmium tetroxide in the same buffer for 2 hours
at room temperature. At the onset of the postfixation, the cells were briefly
irradiated in a microwave oven (80 Watts, 60 seconds). After washing with 0,05 M
phosphate buffer, the cells were dehydrated with a graded isopropanol series and
embedded in Spurr’s resin (Spurr, 1969} using propylene oxide as an intermediate
stage, Thin sections were stained with uranyl acetate and lead citrate and observed
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prepare it for ultrastructural investigation. It was transferred into 2%
formaldehyde (prepured from paraformaldehyde) buffered with a 0.05 M
phosphate buffer and kept in it for several days {at room temperature).
Therealter, the material processed similarly to the cells of Schizothrix facifis. The
only difference was that the cells of this species were irradiated in a microwave
oven al the onset of cach step of the specimen preparation. The relatively good
preservation of cell ultrastructure of many cells in this material was a surprising
outcome.

RESULTS

Schizothrix facilis (Skuja) Anagnostidis, 2001, Preslia 73: 368 (Figs 1-10)

Mamh@lng}r \‘quédgmmﬁa biofilms, clusters and mats, occasionally
forming microscopic to macroscopic, = hemispherical yellowish- brownish colonies
on bubme!ged stones and rocks i lowing waters, cascades and waterfalls; colonies
composed of + parallel and fasciculated filaments. Filaments are  slightly
irregularly coiled and contain usually (1)2 or more trichomes. Sheaths have a fine.
yellowish-brown colour and narrowed apical parts. Trichomes inside sheaths are
solitary, two, several to many together, later densely fasciculated (Figs 6-10),

slightly constricted at cross-walls, Cells cylindrical, + aamﬁlmm&trlu, 6-7 x 4-5 um,
apm&l cells rounded. Necridic cells are present, similarly as in Leprolyngbya-
species “with short, isodiametric cells” {Albertano & Grilli-Caiola, 1988). -
Common species in streams, flowing {rom the melting glaciers near Ny Ale&und
Svalbard.

Ultrastructure: Sheaths are composed of distinct, firm, polysaccharidic
layers with fibrous structure; sheaths are composed of several layers, and form
their own sheaths around salitary trichomes, enveloped by a common sheath
(Fig. 9). Cells have (2)3-4 parieta lly located thylakoids. Inside the cells nucleoid
regions, numerous small granules of cyanophycin and pml} phosphates, as well as
carhmmame& are visible,

Schizothrix lacustris [A. Braun in Kitzing, 1849] ex Gomont, 1892, Ann, Sci.
Nat, Bot., Ser. 7, 15: 301 (ligs 11-23)

Morphology: Microscopic to macroscopic (up to 2 cm long), fing, greyish.
fasciculated colonies, attached to stonv and wooden, submerged substrala in
stagnant water. Sheaths firm, thick, colourless. Trichomes parallely arranged. 1-4 in
a sheath, with their own sheaths, sl:gh{lv constricted  at cross-walls. Cells
cylindrical, 2-3 times longer than wide, 1.3-3.5 x 1.8-1.2 um. Apical cells slightly
narrowed and rounded, Necridic cells not observed. — Colleeted in littoral parts of
Lunzer Mittersee, Austria,

Ultrastructure: Sheaths are very thick, firm and fibrous, slightly distant
from trichomes, with a rough surface. If several trichomes are ensheathed, they
have their own sheaths (Figs 11-13, cross sections). Cells have (2)3-4(5) parietal
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Figs S-10. Sefizothrix Jacilis: S Fasciculated trichomes in common, divaricated sheaths:
6. Filaments with details of solitary trichomes; 7. Cross section of solitary filament with onc
trichome in a sheath; 89, Cross sections of filaments with four and two ensheathed trichomes;
10, Lengthwise section of a flament with two parallel trichomes in a sheath. [s. Sheaths.
t. Thylakoids, n. Necridic cells, k. Carboxysomes. e. Cyanophycin granules, w. Cell wall].

-

DISCUSSION

The results of our study confirm the generic morphological characters of
the traditional genus Schizothrix Kiitzing ex Gomon(, primarily the fasciculation
of ensheathed trichomes enveloped by a common sheath, which is closed at the
apex (Figs 18-19). It opens only during the formation and separation of
hormogonia. The ultrastructural features {mainly thylakoid patterns) are similar to
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Figs. 11-17. Schizothric lacustris {from preserved sample): 11-13. Cross sections of flaments with,
4 and 2 trichomes with their own sheaths; 14, Cross section through a trichome; 18, Cross section
through the filament near the basis with two living and other dead trichomes; 16-17. Lengthwise
section of trichomes. [s. Sheaths, t. Thylakoids, n, Necridic cells, k. Carboxysomes, ¢ Cyanaphyein
granules, w. Cell wall]

0

classification as a separate Family Schizotrichacege could be justified according to
phenotypic and ultrastructural criteria.

The genetic (molecular) background of Schizethrix has not yet been
studied. However, results abtained by Taton ef af. (submitied) using a polyphasic
approach, which includes 168 rRNA analysis, show the existence of a genetic
cluster composed of 5 Sehizothrix-like strains in which the morphology resembles

ke mebiwie e Boanrdnmbooidiam (Fs 347 The sharastarietio featnree af thees




&0 J. Komirek et ai

Figs. 18-23, Sehizothrix lacustris {from preserved sample): 18-19. Apical parts of filaments with
closed sheaths; 20, Lengthwise section of a filament with e trichomes {note the separate cell
wall with initiating centripetal cross-walls - arrow), 21-23. Different parts of a filament with thick
fibrous sheath and ome trichome. [s. Sheaths, 1. Thylakoids, n. Necridic eells, k. Carboxysomes,
@ Cvanophyein granubes. w. Cell wall]. '

and lalse branching. These features appear to be influenced by the cullure’s age
and conditions, but were observed frequently enough to differentiate these strains
from other thin Oscillatoriales. However, the sequences within this cluster were
only more than 2,.5% dissimilar to the other cyanobacterial sequences available
in the databases. This result. therefore, indicates the close relatedness to
cyanobacterial Leprolvngbya- or simple Phormidium- (c.g., Ph. priestieyi) cluster,
and possibly also supports a novel lineage (on the level of a special generic entity).
The genetic basis of the Schizothrix genus should be conflirmed by the sequences
of other Schizothrix strains as well as a combined molecular and electron
microscopy analysis of the same strains. ) " ;

It will surely be necessary to remove from the genus Schizothrix (and
from the family Schizotrichaceae, respectively) all the types that do not exactly
correspond 1o the generic characters of the typical Schizothrix species {genetic
uniformity and <everal nhenntvnie charartars 2o faccirulated and socheathedd
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Fig. 24. Part of a neighbar-joining tree based on partial 163 rRNA gene scruences correspon-
ding 1o £ cofi positions 405 to 780 (Taton et af submitted for publication). Bootsirap values
vqual or greater than 70% are indicated at the nodes. The evolutionary distance between two
sequences is obtained by adding the lengths of the horizontal branches connecting them and
wsing the scale bar (0.1 mutation per position),

characterisation of the subgenus (or “section™) Symplocasirim sensu Geitler
(1932, = form-genus Symplocastrum (Gomont) Kirchner 1898), and the
delimitation of Schizothrix and Prendophorimidinm.

This study was also used for the comparison of ultrastructural patlerns
recognisable in one sample extraordinarily preserved by formalin for a long time
(almost 35 vcars, kept more or less at room temperature). The results were
surprisingly positive. It was possible to observe the number and position of
thylakoids within the cells in this sample. The cyanophycin granules and
carboxysomes were also distinguishable in the cells, as well as the structure af
sheaths heing recognisable {Figs 11-23). From our results, we can conclude that the
long preservation mostly destroyed the cell-wall (Figs 18-20). However, this
deformation vielded intercsting new information about the simultaneous
formation of cross-walls in Schizothriv (Fig. 20 - arrow), which is known only in
more complicated oscillatorialean types from the family Oscillatoriaceae
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modern techniques, The separate position of Schizothrix-like types from other
oscillatorialean families is indicated by the preliminary results of Taton ef al
(Fig. 24; Taton ef af., submitted).

Acknowledgements. This study was realised with the support of the grants AS CR
No. ABBDS308 and KSK60D3114, Annick Wilmotte is research associate of the National
Fund for Scicntific Research {Belgium). The authors thank Peter Lemkin for language
carrection, all reviewers [or valuable comments, and Dana Svehlovd for technical help.,

REFERENCES

ALBERTANO P & GRILLI CAIOLA M. 1988 — Structural and ultrastructural
characters of a red bicdeteriorating Lyngbva sp. in cullure. Archiv fiir
Hydrobiologie/Algological Studies 50-53: 55-57,

ANAGNOSTIDIS K. & KOMAREK J. 1988 - Modern approuch to the classification
system of cyanophyles 3 - Oscillatoriales. Archiv filr Hydrobiologie/Algological
Stueedies M)-53: 327-472,

CASTENHOLZ R.W., 2001 — Oxygenic photosynthetic bacteria, fn; Boone DR, &
Castenhole LW, {eds), Bergeys Manun! of Systematic Bacterivfogy (2% edition).
Springer-Verlag, New York, pp. 473-600,

GEITLER L., [930-1932 — Cvanophyceae. ln: Rabenhorst’s Kryptogamenflora 14, Leipzig,
Akademische Verlagspesellschaft, 1196 p.

GOMONT M., 1892 - Monographie des Oscillariées {Nostocacées homocystées). Aunales

. des Sciences Naturelles, Botanigue, Ser. 7, 15 263-368,
KOMAREK JI. & CASLAVSKA 1, 1991 — Thylakeidal patterns in oscillatorialean genera,
. Archiv fitr Hydrobiologie/ Algofogical Stdies 64: 267-270,

KOMAREK 1, & KASTOVSEY L, 2003 — Coeincidences of structural and molecular
characters in evolutionary lines of cvanobacteria. Archiv fiir Hvdrobiologie/
Algelogical Studivs (Papers on Cyanobacterial Reseavch 4) 1R 305-325.

SKEUJA H., 1964 — Grundeiige der Algenfliora und Algenvegetation der Fieldgegenden um
Abisko in Schwedisch - Lappland. Nova acta regioe societalis Scientiarum
upsaliensis, Ser. 4. 18(3): 1-465, Uppsala,

SPURKE AR, 19069 — A low-viscosily epoxy resin embedding medium for electron
macroscopy. Jowrnal of e aliresirucire research 26: 31-43,

TATON A., GRUBISIC §, ERTZ D, HODGSON DA, PICCARDI P, BIONDI N.
TREDICE M., MAININI M., LOSI D, MARINELLI F. & WILMOTTE A, —
Novel exploitable diversity of Antarctic cyanobacterial strains. {Submitted).




