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CHAPTER 6 

Exopolysaccharide production in an axenic culture of the 
marine benthic diatom Cyl'mdrotheca closterium and on an 
intertidal mudflat is dependent on oxygenic photosynthesis 

Abstract 

The accumulation of exopolysaccharides in an axenic culture of the marine benthic 
diatom Cylindrotheca closterium was investigated. The central question of the 
experiments was if polysaccharide secretion was dependent on light and 
photosynthesis. Cells were incubated in the light, in the dark, or in the light with 
addition of the inhibitor of photosystem II, 3-(3,4-dichlorophenyl)-l,l-dimethyl 
urea (DCMU). These treatments were also applied to a population of benthic 
diatoms on an intertidal mudflat in the Westerschelde (Scheldt estuary, The 
Netherlands). In the light (60 umol photons rrr2 s4) C. closterium showed high 
rates of exopolysaccharide accumulation, while no accumulation was observed in 
the dark or in the presence of DCMU. N o intracellular carbohydrate was converted 
to exopolysaccharide in the dark or in the light with DCMU added. This indicated 
that secretion of exopolysaccharides was dependent on oxygenic photosynthesis. 
Similarly, high rates of exopolysaccharide accumulation were observed during 
daytime emersion on the mudflat, but not in darkened or DCMU treated sediment. 
This demonstrated that the pattern observed in cultures of C. closterium was 
reproducible in situ. It was observed that during daytime emersion patterns of 
vertical migration in the dark and DCMU treated plots did not differ from those in 
the light. This implied that motility was not the steering factor for the observed 
accumulation of exopolysaccharides in the light. When an axenic culture of C 
closterium was incubated under an alternating 12-12 hour light-dark cycle, 
exopolysaccharide content decreased in the dark. Degradation of 
exopolysaccharides was also observed in the natural population on the mudflat 
during nighttime emersion. Because no bacteria were present in the C. closterium 
cultures, it was conceived that the degradation of exopolysaccharides observed in 
cultures was due to secretion of hydrolytic enzymes by C. closterium. 

Results presented in this chapter have been accepted for publication in Marine Ecology 

Progress Series as: 

Staats, N., Stal, L.J, De Winder, B. & Mur, L.R. Oxygenic photosynthesis as driving 
process in exopolysaccharide production of benthic diatoms 



chapter 6 

Introduction 

In chapter 5 it was shown that polysaccharide secretion by C. closterium was 
dependent on nutrient conditions, confirming several other reports on 
carbohydrate secretion by diatoms (Myklestad & Haug, 1972; Myklestad, 1977; 
Waite et al. 1995; Sutherland et ai, 1998). In addition, benthic diatoms are subject to 
large variations in light intensity (Fenchel & Straarup, 1971; Pinckney & Zingmark, 
1991), which may also influence exopolysaccharide production. However, the 
amount of work done on effects of light on exopolysaccharide production is still 
limited. 

In this chapter experiments are described that studied the dependence of 
exopolysaccharide production by benthic diatoms on light and photosynthesis. The 
main questions of the experiments were: 1) are polysaccharides only secreted in the 
light, or also in the dark? 2) are polysaccharides secreted when photosynthesis is 
inhibited? 3) what is the effect of light intensity on exopolysaccharide 
accumulation? The approach that was taken was to incubate cells in the light, in the 
dark, or in the light with addition of a photosynthesis blocker. These treatments 
were applied not only to axenic cultures of Cylindrotheca closterium, but also to a 
natural diatom community on an intertidal mudflat in the Westerschelde (Scheldt 
estuary, The Netherlands). Furthermore, exopolysaccharide accumulation during a 
light-dark cycle was monitored, both in cultures and in situ. Also, the effect of 
different light intensities on secretion was studied in cultures of C. closterium. 

Materials and methods 

Organism and culture conditions 

Cultivation conditions of C. closterium were as described in chapter 4, the only 
alteration being that cells were grown in continuous light unless stated otherwise. 

Experimental design 

The effect of light and dark treatment and of the inhibitor of oxygenic 
photosynthesis 3-(3,4-dichlorophenyl)-l,l-dimethyl urea (DCMU) was investigated 
in an axenic culture which was grown under continuous light at an incident 
irradiance of 60 umol photons m 2 s"1. Early stationary phase cells were used 
because during the logarithmic growth phase there was no accumulation of 
exopolysaccharides, whereas during the transition towards stationary growth the 
accumulation rate was high (chapter 4). In order to establish a dark to light 
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transition that would correspond to natural conditions, the culture was incubated in 
the dark for 10 hours before the start of the experiment. The culture was then 
divided into experimental subcultures. These were incubated either in the light (60 
umol photons m2 sA), in the light with 10"5 M DCMU, in low light (15 umol 
photons m"2 s4) or in the dark. The stock solution of DCMU (10-2 M) was made up 
in 70 % ethanol, this treatment resulted in a final concentration of 0.07 % ethanol. 
Therefore a control subculture was incubated with a final concentration of 0.07 % 
ethanol. Low light conditions were obtained by wrapping a 2-stop neutral density 
filter (Capilux, Amsterdam) around the culture flask. Complete darkness was 
obtained by wrapping the culture flask in several layers of aluminium foil. At the 
start of the experimental incubations the starting culture was harvested. At frequent 
intervals during the incubations samples were taken from the subcultures. 

In another experiment the culture was grown under an alternating 12-12 hour 
light-dark cycle (incident irradiance: 60 umol photons m 2 s"1). When the culture had 
reached early stationary phase samples were taken every 3 hours during one light-
dark cycle. 

All treatments were performed twice in independent runs to ensure 
reproducibility. 

Isolation of'exopoly'saccharides from cultures 

The isolation of exopolysaccharides is described in chapter 4. For total 
exopolysaccharide amounts, the sum of the amounts in the medium and water 
extracts was taken. In some cases also part of the supernatant of the ethanol treated 
sample was dried under nitrogen gas and stored at -20 °C. This yielded low 
molecular weight carbohydrates (monomers and oligomers), which did not 
precipitate in cold 80 % (v/y) ethanol. One experiment was performed in which 
concentrations of polysaccharide and low molecular weight carbohydrates were 
monitored in an extract of attached extracellular carbohydrates, incubated in the 
absence of cells. The extract was isolated halfway through the dark period from an 
axenic culture that had been grown under a 12-12 hour light-dark cycle. The extract 
was incubated in triplicate under sterile conditions. 

Analyses of cultures 

Analysis of cell density, cell protein, extracellular carbohydrate and intracellular 
carbohydrate are described in chapter 4. 

Site of field experiments 

Field experiments were performed on a tidal mudflat near Ellewoutsdijk, in the 
northern part of the Westerschelde (Scheldt estuary, The Netherlands). The 
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sediment surface was visibly covered with a dense bio film of benthic diatoms. 
Salinity of the pore water was 31 PSU, measured with a refractometer (Atago). 
Light intensity at the field site was measured using a Li-250 light meter (Li-Cor). 

Sampling of natural population 

The field experiment was carried out in May 1997. Immediately upon tidal 
emersion 3 plots of 2 m" were marked on the mudflat. The 3 plots were situated 
close together and did not appear to differ in morphology. One plot was darkened 
using black plastic foil. The second plot was sprayed evenly with a solution of 
DCMU. The solution was prepared by diluting a 10"2 M stock solution prepared in 
70 % ethanol to 10"5 M in 33 g l"1 NaCl, approximating the salinity of the pore 
water. The final concentration of 0.07 % ethanol in the solution applied to the 
sediment did not have any deleterious effects on growth or exopolysaccharide 
production in cultures of C. closterium, therefore it was assumed that this would 
also not be the case in sediment. The third plot was left untreated. The plots were 
sampled immediately after treatment and subsequently at intervals of 2-3 hours. At 
each sampling, 10 replicate cores were taken randomly from each plot, using 
stainless steel corers of 1.75 cm diameter. The sample sediment surface remained 
undisturbed by pressing the corer into the sediment, closing it airtight with a rubber 
stopper and lifting the corer. Immediately after the cores were taken the top 2.5 
mm were sliced using a custom-made slicer and stored on ice in the dark. Sampling 
was continued for a 24 hour period with exception of the immersion periods. 
When the experiment was completed samples were taken to the laboratory and 
stored at -20 °C. 

Isolation and analysis of exopolysaccharides from sediment 

Prior to analysis sediment samples were freeze dried. To approximately 100 mg of 
dry sediment 1.5 ml of distilled water was added, followed by incubation at 30 °C 
for 1 hour. Subsequently the extract was centrifuged at 20,000g and 10 °C for 15 
minutes. The pellet was incubated with 1.5 ml of a solution of 150 mM EDTA at 
20 °C for 6 hours. The extract was centrifuged at 20,000g for 15 minutes. From 
both the water and EDTA extracts high molecular weight (HMW) and low 
molecular weight (LMW) carbohydrates were separated by addition of ethanol to a 
final concentration of 80 % (v/v) and overnight incubation at -20 °C. The 
precipitate (HMW) and the supernatant (LMW) were dried under a flow of 
nitrogen gas and stored at -20 °C until analysis. The carbohydrate concentration of 
the fractions was assayed using the phenol /H,S0 4 assay with glucose as a standard 
(Dubois etal., 1956). 
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Extraction and analysis of chlorophyll a from sediment 

Extraction and analysis of chlorophyll a from sediment are described in chapter 2. 

Results 

The accumulation of exopolysaccharides by an early stationary phase culture of C. 

closterium is shown in Fig. 6.1a. Exopolysaccharides accumulated when incubated 
in the light during the first 2 hours after transfer from darkness. When cells were 
incubated in the dark no accumulation of polysaccharides was observed. When the 
inhibitor of photosystem II, DCMU, was added also no exopolysaccharides were 
produced. This was not an effect of ethanol in which DCMU was dissolved. A 
control culture with the same final concentration of ethanol (0.07 %) (not shown) 
did not differ from the culture incubated in the light without ethanol. 

Changes in storage carbohydrates are shown in Fig. 6.1b. In the light, no changes 
in intracellular carbohydrates were observed. Both in the dark as well as in the light 
in the presence of DCMU a slight decrease of intracellular carbohydrates was noted 
during the first 2 hours of incubation. The control culture with 0.07 % ethanol did 
not deviate from the light incubation (not shown). 

When comparing accumulation of exopolysaccharides upon transfer from dark 
to light at two different levels of illumination (15 and 60 umol photons m~2 s"1), it 
was obvious that a minimum level of illumination was required for accumulation of 
exopolysaccharides (Fig. 6.2). At an irradiance of 15 umol photons m"2 s"' amounts 
of exopolysaccharide remained constant, as was the case in the dark, whereas at an 
irradiance of 60 umol photons m 2 s"1 exopolysaccharides accumulated. 

The differences observed in both exopolysaccharide content and accumulation 
rate between the control cultures depicted in Figs. 6.1a and 6.2 may be explained by 
the age difference between the cultures used in these experiments. Cultures were in 
the transition phase towards stationary growth, which was the phase in which the 
rate of exopolysaccharide accumulation started to increase (chapter 4). The control 
culture in Fig. 6.1 was slightly older (8 daĵ s) than the control culture in Fig. 6.2 (6 
days), and therefore exhibited a higher exopolysaccharide accumulation rate 
(consequently also exopolysaccharide content was higher). 

In Fig. 6.3 the different carbohydrate pools in a culture grown under a 12-12 
hour light-dark cycle are shown. During the light period the content of 
exopolysaccharide closely associated with cells increased, with the most 
pronounced increase during the first few hours after the onset of the light period 
(as was also observed in Fig. 6.1a). The content of the non-attached 
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Fig. 6.1. Exopolysaccharides (a) and intracellular carbohydrates (b) (mean ± SD of 
3 replicate samples) in cultures of C. closterium upon incubation in the light (60 
u.mol photons nr2 s1) (•), in the dark (A) or in the light with addition of DCMU 
(+). Note difference in scale. 

exopolysaccharide fraction, consisting of exopolysaccharides not associated with 
cells but found in the medium, did not exhibit such changes during the light period. 
Interestingly/, both attached and non-attached exopolysaccharides showed a marked 
decrease during the dark period. A small amount of extracellular low molecular 
weight carbohydrates was found, which did not show any changes during the light 
period, but seemed to decrease somewhat during the dark period. It was 
remarkable that pools of intracellular carbohydrate did not show any substantial 
changes during the light-dark cycle. 

In order to get a better insight into the decrease of attached exopolysaccharides 
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Fig. 6.2. Exopolysaccharides (mean ± SD of 3 replicate samples) in cultures of C. 
closterium upon incubation at 60 fxmol photons nr2 s4 (•), 15 umol photons 
nr2 s-1 (+) or in the dark (A). 

observed during the dark period, an extract of attached extracellular carbohydrates 
was incubated in the absence of cells. In Fig. 6.4 concentrations of polysaccharide 
and low molecular weight carbohydrates in this extract are shown. The 
polysaccharide fraction decreased during the first 6 hours, while the amount of low 
molecular weight carbohydrates increased. The decrease in polysaccharides was 
balanced by the increase in LMW carbohydrates, and could therefore be explained 
by degradation (and not e.g. by polysaccharides sticking to the glass wall). 

During the 24 h field experiment, the chlorophyll* content in the upper 2.5 mm 
during daytime emersion averaged 69 ± 8 ug (g sediment)'. There were no 
differences in chlorophyll a content between the treatments, nor any changes in 
time. In addition, there was no difference in chlorophyll* content before and after 
tidal emersion, contents in the control plot averaging 78 ± 4 ug (g sediment)1 at 
night. This was taken as evidence that no growth or resuspension of diatoms had 
occurred during the experiment. Microscopic observations showed that the major 
part of the diatom community consisted of epipelic species. 

In Fig. 6.5a results are shown of the measurements of water extractable 
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Fig. 6.3. Attached exopolysaccharides (•), non-attached exopolysaccharides (A), 
total LMW extracellular carbohydrates (+) and intracellular carbohydrates (•) in a 
culture of C. closterium during a 12-12 hour light-dark cycle. Dark period 
indicated by black bar. Values are mean ± SD of 3 replicate samples. 

polysaccharides in the upper 2.5 mm of sediment during a 24 h period. During the 
daytime emersion period water extractable polysaccharides increased considerably. 
In the experimental plot that was darkened the content of water extractable 
polysaccharide remained constant during daytime emersion. In the plot treated with 
DCMU, water extractable polysaccharide content remained constant during the 
first hours. Measurements of oxygen depth profiles performed after application of 
DCMU showed that oxygen production was completely inhibited (S. van Bergeijk, 
pers. comm.). However, towards the end of emersion water extractable 
polysaccharides in the DCMU treated plot increased, probably because by this time 
DCMU had diffused out of the sediment or became otherwise inactive. During the 
period of inundation (15:30-20.00) no samples were taken. After inundation water 
extractable polysaccharide in the control plot had decreased considerably. During 
nighttime tidal emersion this fraction continued to decrease. 

In addition to polysaccharides, also high contents of LMW carbohydrates were 
found in the water extract (Fig. 6.5b). At the start of daytime emersion contents did 
not differ between plots, but during emersion the content of this fraction remained 
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Fig. 6.4. Polysaccharides (•) and LMW carbohydrates (+) in an extract of attached 
extracellular carbohydrates separated from cells grown at a 12-12 hour light-dark 
cycle. Values are mean ± SD of 3 replicate bottles. 

constant in the light, whereas in the plots that were either darkened or treated with 
DCMU it decreased. After tidal immersion water extractable LMW carbohydrates 
had not decreased, but during the night no clear pattern was found. 

At the start of daytime emersion, EDTA extractable polysaccharide content was 
in the same order of magnitude as water extractable polysaccharides, but this 
fraction showed no substantial changes during a 24 h cycle (Fig. 6.6a). However, 
LMW carbohydrates in the EDTA extract showed a pronounced increase in the 
light, but not in the darkened or in the DCMU treated sediment (Fig. 6.6b). In the 
light this fraction increased approximately 5-fold over a 6 h period, up to a content 
higher than observed for any other fraction analyzed. After tidal inundation 
virtually all of this material had disappeared. 
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Fig. 6.5. Water extractable polysaccharides (a) and LMW carbohydrate (b) in the 
upper 2.5 mm of sediment during emersion of a tidal flat in the Westerschelde in a 
plot treated with DCMU (+), a darkened plot (A) and a control plot (•) . Values are 
mean ± SD of 10 replicate cores. 

Discussion 

An axenic culture of C. closterium incubated in the dark accumulated no 

polysaccharides, whereas when incubated in the light exopolysaccharide content 

increased. Also, incubation in the light with oxygenic photosynthesis blocked by 

D C M U inhibited accumulation of exopolysaccharides. Al though cells had been 

incubated in the dark for 10 hours , the content of intracellular storage carbohydrate 

was still high. Therefore the fact that no polysaccharides accumulated in the dark 
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Fig. 6.6. EDTA extractable polysaccharides (a) and LMW carbohydrates (b) in the 
upper 2.5 mm of sediment during emersion of a tidal flat in the Westerschelde in a 
plot treated with DCMU (+), a darkened plot (A) and a control plot (•). Values 
are mean ± SD of 10 replicate cores. 

was not attributable to depletion of intracellular carbohydrates. The decrease of 
intracellular carbohydrates in the dark was not reflected in an increase in 
exopolysaccharides. Although it could not be fully excluded that in the dark and 
DCMU treatments intracellular carbohydrates were converted to 
exopolysaccharides (followed by degradation), this did not seem very likely (and 
even then secretion levels in these treatments would be rather low). It seemed more 
likely that the decrease of intracellular carbohydrates was atributable to respiration. 
The fact that only a small decrease of intracellular carbohydrates was found in the 

^ 
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dark was probably due to the fact that the stationary phase cells possessed low 
metabolic rates while having high levels of intracellular storage carbohydrate. 

These results demonstrated that oxygenic photosynthesis was a prerequisite for 
secretion of polysaccharides. They contradict results reported by Smith & 
Underwood (1998), who observed an increase of exopolysaccharides in darkness, 
corresponding to a decrease of intracellular storage carbohydrates. Interestingly, 
exopolysaccharide accumulation was especially high during the first two hours after 
transfer to light. This could not be explained by light functioning as a trigger, since 
in the DCMU treated culture no accumulation of exopolysaccharides was observed. 
Possibly, when cells were transferred from dark to light, secretion functioned as a 
sink for excess photosynthate, and photosynthate production was adjusted upon 
prolonged incubation. The fact that a certain minimum light intensity was required 
for exopolysaccharide accumulation, confirmed that such an overflow metabolism 
may be a steering factor for exopolysaccharide production. 

The same treatments (light, dark, DCMU) were applied to natural diatom 
communities in situ. To compare exopolysaccharide production in culture and field, 
an important issue was to what extent carbohydrate fractions extracted from 
cultured cells and from sediment could be compared. While extraction from 
cultures was performed on fresh cells, sediment samples were stored at -20 °C and 
freeze-dried prior to extraction. Underwood et al. (1995) found that extraction with 
water on freeze dried sediment may lead to contamination of the extract with 
intracellular carbohydrates. However, the storage carbohydrate of benthic diatoms, 
chtysolaminarin (Beattie et ai, 1961; Darley, 1977), is a polysaccharide that does not 
precipitate in cold ethanol (Myklestad, 1988; chapter 4 this thesis). If cell lysis had 
occurred during any extraction, this polysaccharide would have been obtained in 
the low molecular weight fraction of the extract. Therefore it was concluded that 
polysaccharides in the wTater extract from sediments could be quantitatively 
compared to polysaccharides in the water extract from cultures (which made up the 
greater part of total extracellular polysaccharides). These polysaccharides were the 
product of secretion (Taylor & Paterson, 1998; Underwood & Smith, 1998; chapter 
4 this thesis). Remarkably, LMW carbohydrates in the EDTA extract showed a 
pronounced increase in the light, hence were probably also a product of 
photosynthesis. Possibly, cell lysis occurred upon extraction with EDTA, and 
LMW carbohydrates consisted of chrysolaminarin. The concentration of this 
material decreased considerably during tidal inundation, suggesting that it may have 
been used by the diatoms as a carbon source for respiration. 

The field situation represented a much more complex system than an axenic 
culture of C. closterium. Nevertheless, the experiments in which natural sediments 
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were subjected to dark conditions or treatment with DCMU showed that also in 
the field no exopolysaccharides were produced in the dark or upon treatment with 
DCMU. This indicated that the dependence of exopolysaccharide accumulation on 
photosynthesis was not a culture artefact. Furthermore, a decrease of 
polysaccharides in the water extract was found in the dark both in culture (when 
grown under an alternating light-dark cycle) and in the field. The decrease observed 
in the field after tidal inundation may have been due to wash out by the tide. This 
was also observed by Underwood & Smith (1998). In contrast, Grant et al. (1986) 
found that the exopolysaccharide matrix remained more or less intact upon tidal 
inundation. Alternatively, polysaccharides were possibly subject to hydrolysis. This 
was supported by the facts that 1) during nighttime emersion amounts of 
polysaccharide decreased, and 2) no wash out of water extractable LMW 
carbohydrates was observed. In the C. closterium culture grown under an 
alternating light-dark cycle, a decrease of exopolysaccharides was observed during 
the dark period as well. Since no bacteria were present in culture, it was conceived 
that the diatom itself was capable of hydrolysis of extracellular polysaccharides. In 
chapter 4 it was shown that small amounts of protein were present in the extract, 
but it remained unclear whether these were an integral part of the exopolymer or 
consisted of secreted enzymes. When degradation of exopolysaccharides was 
monitored in an extract incubated separate from cells, it was accompanied by an 
increase of LMW carbohydrates. However, when cells were present (i.e. in the 
light-dark grown culture), the decrease of exopolysaccharides was accompanied by 
a decrease of LMW carbohydrates, suggesting that the hydrolysis product was taken 
up. Chemoheterotrophic growth has been encountered frequently in benthic 
diatoms (Hellebust & Lewin, 1977). This may be an important adaptation for 
benthic phototrophic organisms that are often though irregularly exposed to long 
periods of darkness, while organic carbon content is high in intertidal muddy 
sediments. Indeed, Saks et al. (1976) demonstrated that C. closterium is a facultative 
heterotroph. Although secretion of hydrolytic enzymes has been demonstrated for 
some benthic diatoms that appeared to be able to digest macromolecules such as 
agar, casein and cellulose (Lewin & Lewin, 1960; Hellebust & Lewin, 1977; Tanaka 
& Ohwada, 1988), no reports have been made of diatoms that were able to 
hydrolyze their own secretion product (Tuchman, 1996). 

It was not clear why degradation of polysaccharides in the dark in cultures of C. 

closterium was observed when cells were grown under an alternating light-dark 
cycle, but not when cells previously had been grown in continuous light. An 
explanation for this may be that continuous light-grown cells did not convert to 
heterotrophic growth very rapidly, as has been observed for glucose and lactate 
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uptake in Cjclotella cryptica and Cylindrotheca fusiformis, respectively (Lewin & 
Hellebust, 1970; Hellebust, 1971). These species showed a lag period of about one 
day before transport systems were induced. In contrast, light-dark grown cells may 
have been adjusted to the recurring dark period. However, to gain more insight 
into the possibility that under conditions unfavourable for photosynthesis benthic 
diatoms are able to take up their own secretion product, more information is 
needed on secretion of hydrolytic enzymes. 

Exopolysaccharides play a role in cell locomotion (Edgar & Pickett-Heaps, 
1984). The exopolysaccharide matrix attaches the cell to a substratum, which is a 
prerequisite for movement (Wetherbee et al. 1998). The results presented in this 
chapter indicate, however, that overflow metabolism also plays a role in steering 
exopolysaccharide production. During our field study, upward migration of 
diatoms at the start of daytime emersion was observed by the brown coloration of 
the sediment surface both in the light and in the dark plots. Indeed, Hopkins (1966) 
already showed that upward migration took place even when sediment was 
darkened, and Serodio et al (1997) showed that diatoms continue to migrate 
upwards at the start of subjective daytime emersion when incubated in the dark for 
a number of days. This suggests that the observed differences in exopolysaccharide 
accumulation between the treatments were not likely to be due to differences in 
motility. Ruddy et al. (1998a) calculated that the accumulation of carbohydrates in 
the sediment during emersion may well be the result of excess carbon fixation due 
to nitrogen limitation. There may be additional benefits in secretion of 
polysaccharides, such as protecting cells against resuspension or desiccation. This 
conclusion is not in line with the work of Smith & Underwood (1998), who 
concluded that exopolysaccharide production was closely linked to migratory 
rhythms. 

In summary, accumulation of exopolysaccharides by C. closterium occurred in 
the light but not in the dark. No exopolysaccharides accumulated when 
photosynthesis was inhibited by DCMU. In the dark or with DCMU, no 
intracellular carbohydrates were converted to exopolysaccharides. The amount of 
exopolysaccharides accumulating was dependent on light intensity. All these 
observations indicated that polysaccharide secretion was dependent on 
photosynthesis. The results suggested that overflow metabolism was a steering 
factor for secretion, and that exopolysaccharides were not only produced for 
motility. The dependence of exopolysaccharide accumulation on photosynthesis 
was not only observed in monocultures, but also in a natural diatom population. 
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