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Abstract-Prochloron, a symbiont found associated with Lissoclinum patella (a marine colonial ascidian), was 
lyophilized and its glucans extracted The glucans were complexed with s-triazine reactive dyes and separated by 
electrophoresis on cellulose acetate membranes. A highly branched glucan similar to phytoglycogen, and a linear 
unbranched glucan resembling a short-chain amylose were both detected. This unusual polysaccharide mixture suggests 
a possible mode of starch biosynthesis in algae in general. 

INl’RODUCTION 

One of the criticisms of the endosymbiont hypothesis to 
explain the origin of eukaryotic intracellular organelles, 
has centered upon the necessity to invoke three separate 
acts ofsymbiosis to derive the origin of the chloroplasts of 
rhodophytes, chlorophytes and chromophytes [l 1. The 
relatively primitive chloroplast of unicellular red algae 
strongly suggests its derivation from blue-green algae. The 
biochemically and ultrastructurally more complex 
chloroplast of chlorophytes makes it highly improbable 
that this Chlorophycean structure was also derived from 
the same ancestral source. 

The discovery by Lewin [2,3] of a prokaryotic green 
marine alga, Prochloron, was welcomed by endosymbiont 
proponents as a current example ofa possible chlorophyte 
chloroplast precursor [ 11. This alga, definitely prokaryotic 
in nature, has been shown to contain both chlorophyll a 
and b, and to lack red and blue bilin pigments [4]. 

All members ofthe Prokaryota, bacteria and blue-green 
algae (Cyanobacteria), examined thus far, form r-glucans 
which are invariably highly branched [5,6]. The bacterial 
glycogen of E. co/i and the alpha granules (phytoglycogen) 
ofcyanophyceae are both highly ramified r-glucans which 
contain many r-1.6 branched linkages [6]. The z-glucans 
of eukaryotic algae such as the floridean ‘starch’ of red 
algae and the amylopectin component of the starch of 
chlorophytes and chromophytes contain fewer ~-1.6 
linkages and hence, are all less branched [7,8]. In 
chlorophytes and in chromophytes, this amylopectin 
component is intimately bound with an unbranched z- 
glucan called amylose. The mixture is popularly known as 
‘starch’. 

The glucans of the starches of various prokaryotic and 
eukaryotic algae [9] and yeasts [lo] have been separated 
by electrophoresis ofthe colored complexes they form with 
s-triazine based reactive dyes. The visible complexes were 
separated on cellulose acetate membranes in a 
concentrated borate buffer. The resulting patterns were 
found to be very similar to those obtained using free- 
boundary (Tiselius) electrophoresis [lo]. 

RESULTS 

The isolated glucans from the lyophilized cells of 
Prochloron, when subjected to this technique, yielded a 
pattern which strongly suggests that the starch of this alga 
is a mixture of a highly-branched glucan, similar to 
phytoglycogen, and an unbranched component 
resembling amylose (Fig. 1). The branched component of 
the Prochloron starch appears to be much more highly 
branched, and therefore probably contains more z-1,6 
linkages than the amylopectin of green algae such as 
Chlorella (Fig 1). The absorption maxima of the iodine 
complex of Prochloron starch show peaks at 420 and 
610nm (Fig. 2). This data would corroborate the 
electrophoresis patterns that the starch of this alga 
contains two components, one very similar to 

Fig. 1. Membrane electrophoresis ofthe procion-dyed starches of 
algae. P, Prochloron starch (note the two components, 0 and h). 
The fast anodic-moving component, b, appears to be an amylose, 
similar to that of C/t/or&a starch (C). N. the single component of 
the starch from the cyanophyte, Nostoc. Note that the o 
component of the Prochloron starch is at least as highly branched 
as this phytoglycogen of Nosroc. The slower anodiomoving 
component of Chlorella is an amylopectin, and is less branched 
than either the a component of Prochloron and the phytoglycogen 
of Nostoc. The anode ( + ) is to the right of each diagram. 0 

indicates the point of application. 
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Fig. 2. Absorption spectra of iodine complexes of algal starches. 

The Prochloron starch (-) is made up of two glucans, a and b. 

The starch of Nostoc (----), a phytoglycogen, shows a maximum 

absorption similar with that of Prochloron (a). The amylopectin 

component of Chlorella starch ( - --- --) shows a maximum 

absorption at 54Onm. whde the amylose component ( ---) 
shows a peak at about 600 nm. The b component of Prochloron 

starch appears to be an amylose, with a maximum absorption at 

about 610 nm. 

phytoglycogen in structure, and the other akin to amylose. 
These results were essentially the same with the various 
samples of Prochloron collected from different sites in the 
Pacific. 

DISCCSSION 

Prochloron would appear to be a prokaryotic alga [2]. 
Its unusual photosynthetic pigment pattern of 
chlorophylls u and h and its lack of phycobilins, however, 
tend to resemble eukaryotic chlorophytes rather than 
prokaryotic cyanophytes [4]. Because of this, Lewin had 
suggested a separate division of the Prokaryota for this 
apparently facultative symbiont [3]. 

The glucans ofthis alga present an unusual pattern, also. 
All of the prokaryotes form highly-branched r-glucans 
which are glycogen-like in structure [I 1,121. One of the 
glucans of Prochloron is indeed very similar to these 
prokaryoticglucans.and is highly branched (Figs. I and 2). 
However, the findingofa second glucan component of this 
alga’s starch, a linear unbranched amylose, is quite 
different from any prokaryoticstarch. Hence, the-starch’ of 
Prochloron appears to consist of phytoglycogen and 
amylose. 

While amylose is the common component of 
chlorophyte (and higher plant) starches (Fig. 2), the 
branched component of these starches is always a 
moderately-branched amylopectin (Fig. I). Amylose has 
never been reported as a constituent of the storage glucans 
ofany other prokaryotes [I I, 131. However, recent studies 
by McCracken [14] indicate that amylose may be a 
component of the floridean starch of primitive unicellular 
red algae. This raises an interesting point for the 
fundamental problem, as yet unsolved [14], of starch 
biosynthesis. Amylose is believed to be formed through one 

of two possible mechanisms. Its presence in starch may be 
the result ofdebranchingofglycogen. or it is the glucan first 
formed and then, part of it is branched to form the 
amylopectin component of starch [l&16]. 

In the prokaryotic cyanophytes, Nostoc [ 171, 
Oscillatoria [18] and Anacystis [ 191, no unbranched r- 
glucan has been detected. The same is also true for the 
controversial alga, Cyanidium caldarium, regarded as a 
transition form between the prokaryotic blue-green algae 
and the eukaryotic red algae [20,21]. If then, the z-glucans 
are used for chemotaxonomic purposes, it would be 
necessary to conclude that the mode of biosynthesis of 
these glucans is different for cyanophytes than it is for 
Prochloron, and that glycogen-like r-glucans are indeed 
synthesized first in these blue-green algae. The same 
considerations obviously pertain to Cyanidium caldarium, 
despite its definitive eukaryotic characteristics. 

The Prochloron starch contains amylose as well as the 
branched phytoglycogen (Figs. I and 2), and in this regard 
more closely resembles the two-component starch of 
Chlorella (Fig. 1) and other chlorophytes. While it has not 
been possible, due to the inability ofculturing Prochloron, 

to examine the glucosyltransferases involved in the 
biosynthesis of its starch, such studies most probably 
would shed some light on the formation of this unusual 
starch. A study of the debranching enzymes of this alga 
would be of particular interest in order to ascertain 
whether the amylose detected in its starch may IX an 
artifact caused by the debranching of a possibly, initially- 
formed branched glucan such as its phytoglycogen. Such 
studies might serve to elucidate whether this unusual 
prokaryotic green alga. with its chlorophyte-like 
photosynthetic pigments, is indeed an example of the 
precursor of the Chlorophycean chloroplast. 

EXPERIMENTAL 

Prochloron was collected from three different sites on Palau. 

W.C.I., during September 1979. The cells were expressed from 

Lissnclinum pare//a, washed with sea-water and lyophilized [22]. 

Detritus constituted less than I “<, of the lyophilized material. 

The lyophilized cells weresonicated in boilingwater [23] rather 

than in dimethyl sulfoxide [9]. The polysaccharides were 

precipitated with ice-cold acetone after filtration and overnight 

cooling of the filtrate. Complexes of the glucans were formed with 

the reactive dye, Procion red P-8B (I.C.I.. Americas Inc., 

Wilmington, Delaware) using Fredrick’s modification [9] of the 

technique of Dudman and Bishop [IO]. Electrophoresis of the 

complexes was on cellulose polyacetate membranes (Sepraphore 

III. Gelman Instrument Co., Ann Arbor, Michigan) using the 
previously described method [U]. Isolated polysaccharides from 
~Vosroc fnuscor~m and Chlorrlla pyrenoidosa were carried through 

for comparison of mobilitles. 

Samples of the precipitated polysaccharides were dissolved m 

deionized water and complexed with iodine using the Krisman 

reagent and method [24]. The absorption maxima of the iodine 

complexes were obtained using a Coleman Senior spectro- 

photometer. The isolated glucans from Nosroc and Chlorella were 

treated the same way and IheIr spectra used for comparison. 
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