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Abstract-Cyanhm caldarwn IS an emgmatlc eukaryotlc alga which 1s both acldophlhc and thermophihc. Its 
taxonomlc posItIon has been m doubt and, hence, It has been classdied with practically every algal group, including 
prokaryotlc blue-green algae It has recently been found that supposedly axemc cultures of Cyamdrum caldarwn 
actually were mixtures of two or more similar thermoacldophihc algae. The a-1,4 glucans, which are formed by these 
algae, form a spectrum of storage glucans which IS suggestive of a possible orderly evolutionary progression from the 
Cyanobacterla to the Rhodophyceae. The glucosyltransferase lsozymes responsible for the blosynthesls of these storage 
sugars also present suggestive evidence that these algae are ‘bridges’ hnkmg the blue-greens and the reds thereby 
forming a contmuous line of evidence for this evolutionary pathway 

INTRODUCTION 

The controversial hot-springs alga, Cyamdlum cnldartum, 
has been described by endosymblontlsts as an endo- 
cyanome [l, 21. This would indicate that a symbiotic 
relationshlp was established between some cyanophyte 
and an apochlorotlc pro-eukaryotic algal cell. It has also 
been proposed that this alga 1s actually an extant ‘fossil 
and, therefore, 1s a transItIon form between the Cyano- 
bacteria and the red algae [3-51. Recent blochemlcal 
evidence, particularly with regard to the storage glucan 
that C. caldarmm forms and the enzymes responsible for 
Its biosynthesis, as well as morphologlcal evidence from 
electron mlcroscoplc studies of the structure of the 
chloroplast in Cyamdrum, lend strong support to the 
concept that this alga IS not an endocyanome but rather 
represents an example of a true transition form between 
the Cyanobacterla (Cyanophyceae) and the 

Rhodophyceae [6-81 While the blochemlstry of the 
glucan and the glucosyltransferases associated with Its 
formation and degradation are almost identical with 
Nostoc [9], the morphologlcal data mdlcates Rhodo- 
phycean characterlstlcs [ 10, 1 l] 

Recently, It has been shown that much of the research 
carried out with supposedly axeruc cultures of Cyanidtum 
caldanum may have involved mixed populations of two, 
and possibly three, related algae [ 12,13 J These algae have 
been Isolated from different parts of the world [14] 
The mam characterlstlcs of these two algae are shown m 
Table 1. 

From these data, It would appear that the two algae 
represent examples of successive stages of the mtraspecies 
evolution of morphological characters [15]. It was de- 
clded to test whether these changes m characteristics 
extended to blochemlcal features as well. Cloned popu- 
lations of cells started from single isolated cells were used 

Table 1 Thermophthc-aadophlllc algae related to C caldarwm 

Cyamdrum variety or type 

Structure Form A* (RK-1)t Form B* (M-8)+ 

Cell stze (pm) 2.0 40 

Endospores formed 4 4, 8, 16, 32 

Nucleus + + 
Mltochondrton 1 more than 1 

Vacuoles - + 
Troptusm obhgatory autotroph facultative heterotroph 

*Data from ref. [12]. 

tData from ref [14] 
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The storage @cans were complexed wtth todme for 
further charactertzation after they were Isolated from 
extracts of the algae. The glucosyltransferases were tso- 
lated and studied by PAGE methods 

RESULTS 

The todme complexes of the storage sugars of both 
types of Cyanrdzum showed that the smaller alga (form A) 
formed a type of highly branched a-1,4 glucan that could 
not be dtstmguished from that formed by the Cyano- 
bacterium, N. muscorum (Fig. 1). The larger alga (form B) 
synthesized a storage glucan that apparently was not as 
highly branched as that of Cyanrdmm form A and 
resembled more the flortdean starch of red algae Note 
that the iodine complex resembles that of the glucan of 
the red alga, G ~~ucuolata (cf curves of absorptton spectra 
m Fig 1) 

The glucosyltransferases of both forms of C caldarlum 
appeared to be stmtlar Each contained one phosphorylase 
(EC 2 4 1 1) tsozyme and two synthetase (EC 2 4 1 11) 
tsozymes. Both of the synthetase tsozymes were active 
usmg ADPG and UDPG 

However, the branching tsozymes (EC 2.4.1.18) of the 
smaller alga (form A) were active on both amylose and 
amylopectm substrates, rapidly branching both substrates 
to phytoglycogens. Two of the three branching tsozymes 
of the larger variety (form B) were identical with those of 
the smaller alga The third branching tsozyme was de- 
finitely of the classtcal ‘Q’ variety and, while it could 
branch amylose to moderately ramified amylopectm, tt 
was unable to Introduce further a-1,6 glucosyl linkages 
mto the amylopectm Hence, the larger variety of C 
caldanum (form B), contained two branching tsozymes of 
the b.e type and one isozyme of the Q type 

1 500 600 
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Fig 1 Absorption spectra of &an-iodine complexes of the 
storage glucans of C. caldmum forms A (----) and B (- - ), and 
G ~acuolata (---) and of the Iodine complex of soluble starch 
(---) (less branched than flondean starch) The A type IS d 

phytoglycogen similar to that of the blue-green alga N mtlxvrum 
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DISCUSSION 

The discovery of two, and possibly three, different 
varieties of C caldanum has posed some interesting 
possibthttes for the study of the processes of evolutton 
wtthm an algal group The two forms of Cyanrdlum used m 

this study are an example of the close relationship of these 
algae to the Cyanobacterta (for example form A or RK-1) 
and to the Rhodophyceae (form B or M-8) Besides the 
similarlttes m the structure of the storage glucan syn- 
thesized by form A Cyamdnm and that formed by N 
muscorum, and that of type B Cyamdwm and G vucuolata, 
the types of glucosyltransferase tsozymes isolated from 
these algae after PAGE, are also suggestive of this 
evolutionary relationship 

The presence of lmolemc acid m Cynmdmm B. and m 
eukaryottc algae, and tts absence m Cyantdrum A and 
prokaryotic algae [17, 181 would also suggest that the A 
form of C caldartum 1s the more prlmmve and, hence, 
closer to the Cyanobacterta, while the B form of the alga 
appears to be more evoluttonally advanced and stmtlar, 
therefore, to the Rhodophyceae [17]. 

It 1s of interest also that most red algae are found m 
marme habitats [19] and, hence, must have some toler- 
ance for the higher osmottc pressures of sea water It has 
been shown that the B form of C. caldanum 1s more salt 
tolerant than the A form [20] Therefore. this form of 
Cyamdrum appears to possess many characteristics of red 
algae 

From the standpoint of tradtttonal evolutton, there 
seems to be little doubt that both of these thermoacido- 
phthc forms of C ca/darwm are closely related They are 
certamly the only eukaryotlc algae found hvmg under 
these condtttons. Even though these varieties of 
Cyamdrum differ m cell size (cf Table l), there really 1s not 
too great a morphologtcal difference m these cells Both 
forms of Cyamdlum have chloroplasts that are stmtlar m 
structure and that are surrounded by only one membrane 
[8, 1OJ The stmtlanties m most of the glucosyltransferase 
isozymes responstble for storage glucan syntheses m both 
algae adds further evidence of a species relatlonshtp 
between these two forms 

If the A and B forms of Cyanrdwm reflect the path of 
evolutton within a single species. then they may be 
representative of the actual evolutton of the red algae from 
an ancestral Cyanophycean (cyanobactertal) type. There 1s 
no doubt that the A form IS dehmtely more prtmttive than 
the B form and has charactertsttcs of the blue-green algae 
while the B form IS certamly more Rhodophycean in nature 

The great overall stmtlartty m the btochemtcal pro- 
perties of the glucan formed by the B form of C caldarlum 
and that of G Lacuolata, shown by McCracken et al [21] 
to be a pruntttve rhodophyte and not an endocyanome, 
mdtcates that the btosynthesls of r-1,4 storage glucan was 
modified as evolutton progressed from the A (or more 
cyanobacterial form) to the B (or more rhodophyte-like 
form) possibly via changes m one or more of the 
branching tsozymes One of the branching lsozymes of the 
B form of C c,aldarzum 1s dehnrtely of the classical Q type 
This was shown to occur m another red alga, Rhodymenru 
pertusa [22] The presence of both forms of C caldarlum 
indicates a possible pathway for the mtraspectes evolutton 
of C. caldarlum and lends addtttonal evidence to the 
transittonal ‘bridge’ status of these algae between the 
Cyanophyceae and the Rhodophyceae 

Work contmues on an unusual third form of 
Cyanzdwm, isolated by the ltahan researchers, from hot- 
springs in Italy This form, while closely related to the A 
form, 1s reported to have charactertsttcs of the B form as 
well [23] The tsolatlon and cloning of this alga would 
lend even more support for mtraspectes evolutton among 
the Cyamdtophyceae 
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EXPERIMENTAL 

C caldarwn, forms A and B were obtamed from the Umverslty 
of Naples culture collection Each form was cloned from isolated 

mdiv~duaicell~ andgrown in Allen’s medium [24lat pHZ 5and 
40” The cultures were contmuously dlummated with fluorescent 

daylight tubes [12] G uacuolata was obtained from the 
Uiuverslty of- rexas cuiture coll&lon (UTlX i662) ‘ITus aiga 
was grown in the medium and-undkr the conditions specitied- by 

McCracken et al [21] 
The algae were collected by centnfugatlon, washed x 3 with 

deionized H,O and then macerated with fine quartz sand m 

bodmg H,O as described by Sheath et al [25] usmg Ramus’ 
method [26] The glucans were ppted from the cooled extracts 
with Me&O or EtOH [25] and were dried m uncuo The glucans 
were complexed with I2 using Krlsman’s [27] soln and the 
absorption spectrum determined m a Coleman spectrophoto- 

meter 
Extracts of the algae m the cold were prepared as described 

[28] and the glucosyltransferases ppted with (NH&SO, [28] 
The glucosyltransferases were Isolated using PAGE as described 
and tested with different substrates [28] 
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