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ABSTRACT 

Glaucocystis Itzigsohn is an apoplastic alga containing blue-green endosymbionts 
(cyanelles). Status of this genus is being discussed in light of recent findings. Out of the five 
species known fiom Indian region, Glaucoc~stis nostochinearum Itzigsohn and G, reniformis 
Prasad are being described and illustrated. These two species are new records fiom West 
Bengal and Eastern India. 

INTRODUCTION 

Glaucocystis is an alga of interesting circumscription and position in the microbial 
world. The genus was erected by ~tzigsohn (in Rabenhorst 1968) as a coccoid alga 
remarkable for its possession of several blue-green chromatophores which he named 
Glaucocystis nostochinearum. The genus Glaucocystis was variously assigned to 
Cyanophyceae, Chlorophyceae and Rhodophyceae by different ~ ~ r k e r s .  Most interesting 
feature of this alga is the possession of blue-green chromatophores which actually are 
the blue-green algae or cyanobacteria. It, therefore, is an example of endosymbiosis or 
endocytobiosis. This fact attracted phycologist and many evolutionary biologists since 
it is a case of symbiosis between heterotrophic host cells and modified autotrophic 
cyanobacterial endosymbionts functioning as chloroplasts. Such endosymbionts were 
named "cyanelles" by Pascher (1 929). Pascher also introduced the terms "endo-cyanome' 
for the whole consortium and "endocyanosi~" for this interesting type of endosyrnbiosis. 
This relationship arouses interest in evolutionary biologists as it reflects clear lights on 
the origins of algal plastids. The endosymbiotic nature of plastids was first proposed by 
Mereschowsky (1 905) as endosymbiotic theory of chloroplast evolution. According to 
Mereschowsky (1 920) '1 called this process symbiogenesis, which means: the origin of 
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organisms through combination and unification of two or many beings, entering into 
symbiosis" This theory proposes the origin of algal plastids as an engulfment of 
cyanobacteria by a heterotrophic protozoan which by a chance mutation not digested. 
It appears that this was a beneficial mutation that led host protozoan to receive good 
amounts of metabolites from the cyanobacteria. Cyanobacteria in turn received the 
opportunity to live in a protected environment. Moreover this composite organism 
provided a new advantage to go and live in an ecological niche where there were no 
photosynthetic organisms e.g.'in a slightly acid body of water where free living 
cyanobacteria scarcely grow (Lee, 1999). But establishment of a cyanobacterium to a 
chloroplast was a long way because the cyanobacterium still had a peptidoglycan wall 
and many more physiological and genetical modifications were still to occur. The nature 
of cyanelles has thoroughly been investigated by various workers (Hall and Claus, 1967; 
Herdman and Stanier, 1977; Kies, 1980, 1984, 1988; Scott & al. 1984) to decipher the 
nature and the process of symbiosis. One of the most interesting finding is that 
Glaucocystis nostochinearum has been shown to have a peptidoglycan layer in its 
cyanelles (Scott & al., 1984). The wall is 7-1 0 pm in thickness (Kies, 1984) and upon 
treatment with penicillin cyanelles stops dividing and lose phycobiliproteins (Kies, 1988). 
It is concluded that the peptidoglycan wall of cyanelles is indispensable for the 
maintenance of the endosymbiosis in this type of organisms. Therefore it appears that 
the loss of peptidoglycan wall during the course of evolution necessitated the invention 
of new modes of division since like cyanobacteria peptidoglycan wall is essential for the 
division of cyanelles which, is accomplished by a centripetally in growing peptidoglycan 
septum (Kies, 1988). The Glaucocystis nostochinearum cyanelles have been found to 
have only about 10% as DNA as the free-living coccoid cyanobacteria (Herdman & 
Stanier, 1977). This is interpreted as evidence for the genomic reduction in symbiosis 
with time because it indicates consistent reduction in genetic autonomy (Kies & Kremer, 
1990). In cyanelles the thylakoids are concentrically arranged and interthylakoidal 
phycobilisomes are present. The cyanelles possess pigments: - chlorophyll-a O-carotene, 
zeaxanthin, O-cryptoxanthin, allophycocyamin and c-phycocyanin but lacks carotenoids 
like echinenone and myxoxanthophyll. Unlike free-living cyanobacteria which synthesize 
sucrose, the carbohydrates synthesized are glucose and fructose. Glucose is transferred 
and accumulated in the host cytoplasm as maltose. Cyanelles have lost the ability to 
synthesize highly branched glucans. Predominant lipid in cyanelles is monogalactosyl- 
diacylglycerol. The features mentioned and many others indicate that cyanelles show 
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only 60% similarity with the chloroplast (Kies & Kremer, 1990). Therefore, fiom a 
biochemical and physiological point of view cyanelles should best be referred as obligate 
photosynthetic endosymbionts of cyanobacterial ancestry. Margulis (1 993) who enlighted 
in detail the causes and consequences of this endosymbiosis in light of serial 
endosymbiosis theory, like Fritsch ( 1935, 1949, however, believes that Glaucocystis 
nostochinearum should be considered as a product of 'reingestion' that lost its green 
chloroplast and reingested cyanobacteria that became endosymbionts. Ultra structural 
studies have confirmed this explanation (Hall & Claus, 1967). In Glaucocystis reduced 
undulopodia (a term applied for eukaryotic cilia & flagella by Margulis to distinguish 
them from prokaryotic flagella since they are ultra structurally different) are present. 
The cruciate kinetid contains four multilayered structures (MLS) which is a primitive 
character (Kies & Kremer, 1990). 

Due to the nature of cyanelles the systematic position of Glaucocystis and many 
similar organisms were in great debate. GIaucocystis was placed in Cyanophyceae by 
many phycologists like Smith (1 950) and Prescott (1962), although its relationship with 
Oocystaceae (Chlorococcales: ~hlorophyta) has also been recognized. Others like Fritsch 
(1935, 4 9 ,  Bourrelly (1972), Philipose (1967) & Chapman & Chapman (1973) have 
described the genus under Chlorococcale~ of Chlorophyta. According to them this genus 
is closely related to Oocystis since within the host cell 2-8 elliptical or ovoid to spherical 
cells could be found. Polar and equational nodes, the characteristic feature of Oocystis 
has also been found in some species of Glal4cocystis such as in G. oocystiformis. Even 
then phycologists are unified regarding the nature of axial chromatophores appearing 
as a number of curved bands or vermiform projections radiating around the nucleus 
from the center towards the periphery, since the compelling evidence goes in favour. 
The chromatophores or cyanelles were raised to the rank of cyanobacterial taxa: 
Skujapelta tznuda. Hall & Claus (1 967) created a new family Skujapeltaceae to 
accommodate this taxon. But since cyanelles have only very limited biochemical and 
genetical competence (Kies & Kremer 1990) and attempts to grow them outside their 
host have failed, the identity of this taxon is wananted. It is, therefore, Skuja's treatment 
(Skuja 1954) of the group to accommodate G~aucocystis under a new division of algae 
as Glaucophyta is more justified. Skuja's treatment was adopted with modifications by 
Starmach (1966). Kies (1979, 1980) included some more genera like Cyanophora, 
Gloeochaete & Glnucosphuera to this group with the suggestion of reviving the class 
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Glaucocystophyceae that share similar ultra structural features but not encountered in 
other algae. This suggestion was accepted by most phycologists and evolutionary 
biologists. An emendation including the typification of several taxa of the 
Glaucocystophyta and its detailed account is given by Kies & Kremer (1 986, 1990). 

The Genus Glaucocystis in India is represented by five species: GZaucocystis 
nostochinearum Itzigsohn (Prasad, 1 96 1 ; Prasad & Misra, 1992 ), G. cingulata Bohlin 
(Pate1 & Isabella, 1979), G. duplex Prescott (Pate1 and Isabella, 1979), G. indica 
Pate1 (Patel, 1981) and G. reniformis PrasadiMehrotra & Misra (Prasad & a1 1984). 
In the course of investigations on the freshwater algae of West Bengal the authors 
recorded following two taxa: 

1. Glaucocystis nostochinearum Itzigsohn (Itzigsohn in Rabenhorst 1868, p. 41 7; 
Philipose 1967, p. 188, figs. 10 1 - 102; Prescott 1962, p. 474, p1.108 fig. 2; Prasad 
& Misra 1992, p. 2 1, pl. 2, figs. 9, 13). (Figs. la,  c-h) 

Free floating blue-green colonies of 4-8 (usually 4) elliptical cells enclosed by the 
old mother cell wall; host cells reproducing by autospore formation; cell wall 1.5-2.5 
pm in thickness; cells with several vermiforrn chromatophores or cyanelles radiating 
from the center towards the periphery, less than 20 in number; bright blue green in 
colour; cells 7.5-1 3.5 pm broad, 15-24 pm long; colony of 4 cells 30-36 pm broad and 
30-48 um long. 

The algae were found growing intermingled with desmids and angiosperms like 
Hydr illq spy Jussiaea repens Lim. and Ceratophyll um sp. in a lake (Lalbandh, Bishnupur, 
Bankura district) having acidic pH (around 6-6.5) in the winter months of the year 
(October-January). The specimens were collected from similar habitats of Purulia district 
a1 so. 

Distrib. : INDIA : Kerala (Prasad 1 96 I), Gujarat (Pate1 & Isabellal979), Andaman 
(Prasad and Misra 1 992), West Bengal. 

2. Glaucocystis reniformis Prasad, Mehrotra & Misra (Prasad, Mehrotra & Misra 
1984, p. 79-84, figs. 1-8). (Figs. la, b) 
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Figl. (ah) : a. Upper colony : Glaucoc)~fm ~~ur/tw/~~rnurarnm I t~tgsch .  
Low- colony GlaucoeW~~ mnforatrs h a d  (both x 480) 
b. G. mnrfwmir Iltrowhg the nature of cyanelles (* 1200); 

c,f,g.h. G. ~ t o c k i n e ~  -wing nan#c of colonies (x 480) 
d.e. G. w t w h i m ~ ~ m  showing nature of colony and cymelles (r 1200) 
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Free floating and attached colonies of 4 cells embedded in mucilage; cells kidney 
shaped, light blue green to brownish in colour, 12-30 pm in diameter, 25-32 pm long; 
cell wall 1.5-2.0 pm in thickness; cyanelles blue-green in colour, parietal, vermiform 
and scattered in nature, approximately 20 in number; colony of 4 cells 5 1-57 ym broad 
and 75-80 pm long. 

Our specimens are larger than the type. 

The algae were found intermingled with desmids and attached on submerged 
Hydrilla plants in the winter months of the year (November-December) in a lake 
(Lalbandh Bishnupur, Bankura district) having a pH of 6. It is interesting to note that 
this genus is not so uncommon and scarce as mentioned in the literature, at least in the 
desmid habitats of West Bengal. 

Distrib.:INDIA : Andaman (Prasad, Mehrotra & Misra 1984), West Bengal. 

Both these taxa are new records for West Bengal & Eastern India. 
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