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ABSTRACT

Production of dissoived carbohydrate (DCHO) in the unialgal cuitures of Terraselmis
gracilix, Chiorella salina and Synechocystis safina was studied in the laboratory for a period
of 31 days. DCHO values ranged from 0.5 to 25.0 mg/l in T, gracifis culture, the range
of variation in C. safina and §. salina was 0.5t0 8.5 mg/l. Bothin T, gracifis and in 8. saling
cultures, the DCHO values showed an increasing trend towards the end of stationary phase,
whereas in C. salina, the production of DCHO could not be attributed to any particular
phase of growth of the colture. The fluctuations of DCHO values for a given number
of cells showed that it is not the number but the physiological state of the organisms that
influences the production of DCHO. Mo definite relationship or trend was evident between
DCHO and the bacterial counts.

INTRODUCTION

EarLier studies of Lewin {1956), Guillard and Wankersky (1958) and Collier et al.
(1953) have shown that pure aigal cultures produce extracellular carbohydrates.
Barring in view some information available on the liberation of extracellular products
by phytoplankton (Samuel ¢z a/., 1971} and the occurrence of dissolved carbohydrate
in Cochin Backwater (Sumitra er «af., 1972}, no detailed work has been
undertaken on unialgal cultures so far. In view of the importance of utilisation
of extracellular DCHO by the phytopfankton and the role they play in the transfer
of energy in an ecosystem, the present work was considered necessary, This study
airlns at finding out how much DCHO is produced at different phases of uniaigal
cultures.

We wish to extend our gratitude to Dr. S. Z. Qasim, former Director and
Dr. E. G. Silas, Director, Central Marine Fisheries Research Institute, Cochin for
their keen interest, encouragement and help in the preparation of this manuscript,
It is a pleasure to acknowledge Dr. P. V. R. Nair for the supply of the cuitures,

MATERIAL AND METHODS

Three untalgal cultures, Tetraselmis gracilis and Chlorella salina of Chlorophy-
ceae and Synechocystis salina of Cyanophyceae were used for the present study.
These cultures were maintained in the laboratory fora period of 31 days.
Simuitaneously chlorophyil-q, and bacterial counts were also made. These
cultures were inoculated into 1.5 litres of Miquels medium (modified by Ketchum
and Redfield, 1938). The cultures were exposed to subdued daylight and maintained
in the laboratory at room temperature. Aliquots of algal cultures were drawn
at two days interval for 31 days to study the changes in the cell numbers,
chlorophyll-a content, quantity of DCHQ produced and bacterial counts.

_ A few days after inoculation, 25 ml of the aliquots of the culture medium con-
taining the algae in suspension were used for the above mentioned determinations;



4
ML

waL

meft

NO IN1G00G ML

Fig.

PropucTioN oF DCHO 1N UNIALGAL CULTURES

207

but as the culture grew dense, the volume was reduced fo 10 mi to avoid clogging

during filtration.

For DCHO determination, the culture medium was filtered

through Whatman (GF/C 4.25 cms) glass fibre filteres and'the method of Umbreit
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1. Changes in the cell numbers, chloro-
phyll content, production of DCHO
and bacterial counts for a period
of 31 days in Terraselmis gracilis
culture.,
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et al. (1959) was used. Chlorophyll-a was determined according to Strickland
(1963). Enumeration of total viable bacterial count was made 72 hours after
incubation at room temperaiure.

RESULTS

Figure 1, gives the changes in the cell numbers, chlorophyll-a content, amount
of DCHO produced and the bacterial count with reference to T. gracilis. From an
initial concentration of 6467 ceils/ ml, the cell concentration reached 25,000/ mi
on the 3rd day. From 5th day till 14th day, there was an increasing trend in the
cell numbers. Between 16th and 18th day, a slight drop in the cell count was
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Fig. 3. Changes in the cell numbers, chlorophyll content

production of DCHO and bacterial counts for a
period of 31 days in Synechocystis salina culture.

noticed. This was followed by increase upto 24th day and a decline thereafter
(Fig. 1a). The chlorophyll content on the other hand showed a steady increase
from 0.231 mg/! on the 3rd day to 9.6 mg/l on the 18th day (Fig. 1c). Between
29th and 29th day, the chlorophyll values were found to fluctuate within a narrow
range (7.0 to 8.0 mg/1). From 26th day onwards, as in the case of cell numbers,

a declining trend was observed.
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The DCHO concentration varied from 0.5 to 25.0 mgli. From an initial level
of 0.5 mg/l on the 3rd day of inoculation, there was a tegfold increase on the Sth
pay (5.0 mg/1). Between 5th and22nd day, the level of DCHO became more or less
steady (6.0 to 8.0 mg/1). When the cell numbers showed aj declining trend between
24th and 3idays of inoculation, the DCHO showed an infreasing trend, reaching
a maximum of 25.¢ mg/l on the 29th day (Fig. 1b). The Bacterial count (Fig. 1d)
from 3rd day till 22nd day fluctuated from 2 to 376 with an average count of
178x104/ml. When the cell numbers and chlorophyll beganito decline, the level of
bacterial count (average) between 24th and 31st day becanke high (452 x 104/ml).

The cell numbers of Chlorella salina (Fig. 2a) showed an increasing trend
from an initial count of 24800 cells/ml on the 1st day to 3350000 cells/m! on the
9th day after inoculation. Between 11th day and 24th day, it was more or less in
a steady state at an average counts of 2380000 cellsfml. Frpm 24th day a declining
trend in the cell numbers was observed. The values for: chloropyll-a fluctuated
from 0.08 to 1.068 mg/1 between 3rd day and 18th day (Fig 2c). On the 20th day,
there was an increase which reached a maximum of 3.204 mg/l, and then declined.

The level of DCHO revealed a steady increase (Fig. 2 B from 0.5 mg/1 on the
3rd day to 8.5 mg/l on 22nd day. This was followed by h sudden decline in the
DCHO level (2.0 mg/i). Thereafter it was found to be alfsent till the end of the
experiment. No definite trend was found with reference to!bacterial counts except
that the average counts were rather high (503 x 104/ml) betiveen 3rd and 18th day.
It touched minimum counts from 20th to 24th day, On the 27th day, the counts
shot up to 528 x 104/ml. This was again followed by redustion (Fig. 2 d).

From an initial concentration of 21533 cells/ml on the:ist day of inoculation,
the cell counts of Synechocystis salina reached 5070000 cel‘s/ml on the 11th day.
Between 14th and 18th day, there was not much variation ip the cell counts. The
maximum cell concentration of §380000 cells/ml was reachedion 20th day, following
which there was a decline in the cell numbers (Fig. 3 a). Th chlorophyll-a showed
an increase from 0.067 mg/1 on the 3rd day to 1.602 mg/1 o the 9th day after ino-
culation (Fig. 3 ¢). Thereafter there was a drop (0.534 mgfl.} Between 1lth and
20th day there was a gradual rise in chlorophyll values, om 24th day onwards
it again declined.

To begin with the level of DCHO (Fig. 3b) was more or dss constant (0.5mg/1)
till 7th day of inoculation. From 9th day to 31st day, there 'was a gradual increase
in the DCHO level of the medium., The bacterial count was found to be high
between 3rd and 7th day. This was followed by more dr less uniform counts
untill the 27th day, thereafter it decreased {Fig. 3d). '

DiIscUssioN

Although the values of DCHO, cell numbers and chlprophyll content have
been given in results as they appeared, it was felt that prdduction of DCHO in
relation to unit number of cells and the relationship of DGHO per unit quantity
of chlorophyll content would be more illustrative. From suck an analysis it became
evident that on the third day, the DCHO content of the three species of algae
T. gracilis, C. salina and S. salina were 200 (+g,38.5 g and 140 g/ 10,000 cells res-
pectively. Their corresponding chlorophyll values were 924 pg, 6.8 g and 13.4
22/10,000 cells. Thus in T. gracilis, the ratio of DCHQ to éhlorophyll was 2.2: 1
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in C, salina it was 5.6: 1 and in S. salina it amounted to 7.5: 1  This relationship
was not maintained at the various phases of growth of the three cultures,

The maximum concentration of DCHO (553 pg/10,000 cells} for T. pracilis
was obtained on the 30th day towards the end of the experiment. Generally high
values of DCHO was recorded both during logarithmic and stationary phases
of growth. In the case of C. salina maximum DCHO (39.5 pg/10,000 cells) was
recorded on 2nd and 20th days after inoculation. S. saling gave the highest con-
centration of DCHO (100 pg/10,000 cells) on the 2nd day and the next high value
(40 1g/10,000 ceils) on the 30th day. Thus in the present study, the pattern of
production of DCHO varied with different species. This has been found to be
true by earlier workers also. Guillard and Wankersky (1958) in some marine
flagellates reported that accumulation of DCHO occurred at the end of the logari-
thmic phase of growth and increased during the stationary or senescence phase
of the culture, Allen (1936) and Lewin (1956) found that Chlamydomonas sp.
produced extracellular products throughout the course of its growth, Fogg (1952)
also recorded a similar pattern of liberation of nitrogenous compound by Anabaena
cylindrica. Collier {1959) showed that the concentration of extracellular carbohy-
drate increased with the growth of algae in culture even during its logarithmic
growth phase. Nalewajke er al. (1963) showed that the relative production of
dissolved organic matter by Chiorella pyrenoidosa increased when the cell suspension
was diluted. Walsh (1966), however, noted that the concentration of DCHOQ in
natural environment need not be directly related to the standing crop of phyto-
plankton.

The fluctuations of DCHO values for givers number of cells show that probably
it is not the number of organisms but the physiological state of the algae that in-
fluences the production of DCHOQ. For T. gracilis, the ratio of DCHO to chioro-
phyll was more than 1 at both their logarithmic and late phases of growth. In the
stationary phase of growth, it was nearer to 1. For C. saling, the ratio of DCHO
to chlorophyl! varied from 0.93 te 6.5:1.  On the 18th day, the ratio of chlorophyll
to DCHO was 6.5:1. This was found to be the maximum value of DCHQ in
relation to chlorophyll. From then onwards the DCHO showed a gradual decline
(0.94:1) and on the 24th day till the end of the experiment, the DCHO was totally
absent. From these observations it appears that, unlike 7. gracilis, the variations
in DCHO content per unit quantity of chiorophyll can not be attributed to any
particular phase of growth of the culture. 1t js also clear that in C. salina DCHO
was not released from the late stationary phase onwards; whereas, in T. gracilis
the DCHO showed an increase.

In §. salina, the maximum DCHO liberated per g of chlorophyll was 7.5,
This was on the 2nd day. The variations in their ratio was not much except on 4th
and 6th day when it amounted to (.43:1 and .31 :§ respectively. Though there was
ito large difference in the DCHO-chlorophyll ratios, a slight increase was observed
towards the end of stationary phase.

Fogg (1962} reports that isolated strains of bacteria use glycollate as a source
of carbon. Thus many bacteria probably derive much of their carbon requirements
from the dissolved organic substances, of which algal extracellular elaboration may
form an appreciable proportion. Guillard and Wankersky (1958) reported that
when the aliquots of culture were deliberately contaminated with bacteria, the
production of carboliydrate increased. This probably suggests that bacteria
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synthesise carbohydrate from other organic matter produged by the algae. How-
ever, in the present study, no clear trend or relationshtgf was evident between
DCHO and bacterial counts. .

From the present studies, it is clear that the algae roduce DCHO. Such
a substance released into the environment will have a varkty of ecological effects.
These have been summed up by Fogg (1962). Some of thg ecological implications
of the extracellular products are: extracellelar products are probably important
as nutrients in the symbiotic associations in which the algag participate or various
organisms derive a part of their nitrogen from the extracellujar products of nitrogen
fixing blue green alage: it may also play an important role in the succession of
algae by producing growth promoting substances or antjbiotics and these may
form a complex of extraceliular products which may favouf algal growth by main-
taining nutrients in a soluble state and which would otherwise get precipitated.
The variations in the total dissolved organic matter both in lakes (Domogalla er al,,
1925) and in the sea (Duursma, 1960Q) show that much of it is derived from the
decay of phytoplankton.

It is therefore necessary to obtain more data on the; production of DCHO
by the different algal cultures and the knowledge thus gained can be tested in the
field to develop a better understanding of the kinetics of engrgy flow,
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