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The extracellular polysaccharides (EPS) released by a freshwater cryptophyte, Cryptomonas tetrapyrenoidosa were

characterized and their degradation by heterotrophic microbial populations from the same habitat, a tropical eutrophic

reservoir, was evaluated. The EPS were purified by anion exchange column chromatography, the monosaccharide

composition was determined by gas-chromatography, and the linkages of the monosaccharides by GC-MS. The EPS were

separated by anion exchange into two different acidic fractions with completely different compositions. Fraction 1 was a

complex branched heteropolysaccharide dominated by fucose, N-acetyl glucosamine, mannose and galactose. Fraction 2

showed a less complex pattern, which was composed mainly of 1,3-linked glucuronic acid and 1,3-linked galactose. We

monitored the concentrations of the monosaccharides in the EPS during microbial degradation using Sepharose CL6B

gel filtration and PAD-HPLC. After seven days, the main EPS were degraded into galactose-rich lower molecular weight

carbohydrates, evidencing degradation in two steps. The decay patterns of the monosaccharides varied and, in the higher

molecular weight (Fraction A), fucose and galactose were degraded more rapidly than rhamnose, glucose and man/xyl.

In Fraction B, although the decay coefficients were lower and more homogenous, fucose and rhamnose were degraded more

rapidly than galactose, glucose and man/xyl. In spite of the complexity of the EPS, and the specialized degradation

pattern, the natural microbial community from the Barra Bonita reservoir was able to degrade the entire polysaccharide

mixture in about 21 days.

Key words: bacterial growth, Cryptomonas tetrapyrenoidosa, Cryptophyta, extracellular polysaccharide, microbial

degradation

Introduction

Extracellular polysaccharide (EPS) production by
phytoplanktonic populations has been focused on
in several studies because of its significance for
aquatic systems (Jensen, 1983; Giroldo & Vieira,
2002). Metal complexation and transport to sedi-
ments (Lombardi & Vieira, 1998), formation of
aggregates and transparent exopolymer particles
(Passow et al., 1994), and enhancement of func-
tional biodiversity in planktonic environment
(Wood & Van Valen, 1990) are processes of
recent interest, which include phytoplanktonic
EPS participation. In many species, EPS produc-
tion rates increase under nutrient deficiency as
a consequence of an excess of photoassimilated
carbon (Fogg, 1983), and excretion acts as an

overflow mechanism to avoid damage in the
photosynthetic apparatus (Smith & Underwood,
2000).
Carbohydrate release supplies resources of high

quality for the heterotrophic community, especially
for planktonic bacterial populations. The utiliza-
tion of such compounds by natural bacterial
communities has been demonstrated (Lovell &
Konopka, 1985; Freire-Nordi & Vieira, 1996, 1998;
Colombo et al., 2004), evidencing them as a carbon
sources able to support dense bacterial populations
in spite of their molecular complexity. Bacterial
activity on phytoplanktonic EPS is believed to
accelerate the mineralization of essential nutrients,
especially on aggregates, such that phytoplank-
tonic growth would also be enhanced (Wood
& Van Valen, 1990; Azam & Smith, 1991), possibly
leading to co-evolution. However, studies cor-
relating the EPS production by phytoplanktonCorrespondence to: Danilo Giroldo. e-mail: dmbgirol@furg.br
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with the bacterial utilization of such compounds
are rare (Freire-Nordi & Vieira, 1996, 1998;
Colombo et al., 2004), as are the characterization
of specific algal/bacterial associations based on
the organic compounds released by phytoplankton
(Bell & Mitchell, 1972; Bell & Sakshaug, 1980;
Fallowfield & Daft, 1988).
Despite the remarkable significance of the

Cryptophyta in the most diverse habitats, such
as sea, freshwater, soil and ice, the physiology of
this group is still little studied compared to other
taxonomic groups (Giroldo & Vieira, 1999, 2002).
Apart from taxonomic investigations (Klaveness,
1985), most studies deal with growth requirements,
photosynthetic features and responses to environ-
mental factors in the genus Cryptomonas (Gervais,
1997; Ojala, 1993; Giroldo & Vieira, 1999;
Sciandra et al., 2000). EPS production by
Cryptophyta has received little attention (Paulsen
et al., 1992; Giroldo & Vieira, 2002) and previous
work has not investigated microbial utilization
of cryptophyte EPS.
Since cryptophytes produce large amounts of

EPS (Paulsen et al., 1992; Giroldo & Vieira, 2002)
and also may dominate tropical (Dias, 1990;
Calijuri & Dos Santos, 2001) and temperate
environments (Ojala, 1993; Gervais, 1997), these
compounds may have considerable significance
in the dissolved organic matter pool of water
bodies. Studies of cryptophyte EPS characteristics,
as well as their significance to the heterotrophic
community and to carbon cycling in aquatic
systems, would improve our knowledge on the
functions of this group. The aim of this work
was to characterize the EPS produced by a tropical
freshwater strain of Cryptomonas tetrapyrenoidosa
and to investigate their degradation by natural
bacterial populations. PAD-HPLC (Gremm &
Kaplan, 1997) was used to monitor the degrada-
tion pattern of each component of the EPS in
order to observe alterations in composition during
bacterial activity.

Materials and methods

Organisms and culture conditions

Cryptomonas tetrapyrenoidosa Skuja and the
ambient heterotrophic microbial community were col-
lected in the Barra Bonita reservoir, located in the Tiete
River, SP, Brazil (228 29’s, 488 34’W). This is a eutrophic
human-made lake built mainly to generate electricity.
The surface area is 324.84 km2 and the maximum depth
30m, giving a maximum volume of 3.1� 106m3 (Tundisi
& Matsumura-Tundisi, 1990). C. tetrapyrenoidosa was
isolated directly by microscopy, and axenic cultures were
obtained by washing individual cells with fresh medium.
The culture medium was WC (Guillard & Lorenzen,

1972), and the cultures were kept under

100mmolm�2 s�1 (Photosynthetically Active Radiation)

at 22� 18C and in a dark : light cycle 12 h:12 h. Such

conditions do not reflect the large environmental

variation found in the reservoir, where irradiance can

reach 1500 mmolm�2 s�1 and the photoperiod can vary

during the year, but C. tetrapyrenoidosa could frequently

be found at 10–15% of the surface irradiance and at

temperatures around 228C. Tests for bacterial contam-

ination in the axenic cultures were performed regularly

with WC medium modified by the addition of glucose

and peptone (250mg l�1 per test).

Cryptomonas tetrapyrenoidosa cultures

A carboy containing 7 l of WC medium was inoculated

with Cryptomonas tetrapyrenoidosa (300ml, exponential

growth phase, approximately 106 cell ml�1) and culti-

vated in duplicate under the above conditions. The

cultures were bubbled with filtered air humidified in

sterilized and acidified distilled water (pH 2.0). Samples

were collected at 24-h intervals in the first 7 days

and every 48 h during the remainder of the period, until

the cultures reach the stationary growth phase. A 5-ml

fraction was fixed with Lugol’s to determine the cell

density by direct counts (duplicate) under a microscope.

The duplication time was calculated using the equation

described by Fogg (1975).

EPS isolation and characterization

After approximately 40 days of growth, Cryptomonas

tetrapyrenoidosa axenic cultures (7 l) were filtered by

tangential flow through a hollow fibre cartridge (1.0mm

diameter, 0.65mm pore size; A/G TechnologyTM,

Amersham, UK). This cartridge permitted the filtration

at a cartridge pressure near to zero, only with the

peristaltic pump movement. Previous tests were

performed to check cell viability after tangential flow

filtration. We observed filtered cells by light microscopy

and no damaged cells were found. In addition,

intracellular phycoerythrin released by damaged cells

coloured extracellular medium instantly, and no red

colour was noted in the medium during this work. The

filtrate was concentrated in a rotary evaporator at 408C
and dialysed against distilled water in dialysis tubes

with a 12,000–14,000D molecular weight cut-off. Two

drops of toluene were added to the tubes to prevent

contamination. The dialyzed material was freeze-dried

and stored at �48C under nitrogen. The freeze-dried

material was further purified by anion exchange column

chromatography, and analysed by gas chromatography

and electron impact mass spectrometry after derivat-

izations as described below. The anion exchange

column chromatography was performed using the

batch separation method, without gradient, under the

following conditions: gel¼Sepharose DEAE fast flow

(PharmaciaTM, Peapack, New Jersey) in chloride form,

bed dimensions¼ 2.5� 15 cm, flow rate¼ 0.33mlmin�1,

eluent I¼distilled water, eluent II¼ 0.5M NaCl, eluent

III¼ 1.0M NaCl and eluent IV: 2.0M NaCl, running at

the ambient temperature. Sodium azide (0.007M) was

used to avoid bacterial contamination. The column was
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first regenerated with 2.0M NaCl and washed with
distilled water. The sample was applied and eluted with
distilled water to obtain the neutral fraction. Elution
with 0.5M NaCl yielded the weak acid fraction and final
elution with 1.0M NaCl gave the strong acid fraction.
Carbohydrates were initially detected qualitatively in the
fractions by the phenol–sulphuric method (Dubois et al.,
1956). The fractions with significant amounts of carbo-
hydrates were pooled, dialyzed against distilled water
and freeze-dried. The monosaccharide composition of
the EPS was determined by gas chromatography of the
trimethylsilylated derivatives of the methyl-glycosides
obtained by methanolysis using 4M HCl in methanol at
808C for 24 h (Barsett et al., 1992; Reinhold, 1972).
Mannitol was used as an internal standard. Methylation
of the polymers was carried out to determine the
linkages of the monosaccharides (Kim & Carpita,
1992), followed by gas chromatographic analysis
coupled with electron impact mass spectrometry (GC-
MS) of the derived partially methylated alditol acetates
(Barsett et al., 1992; Samuelsen et al., 1995). The
fractions with more than 5% of uronic acids were
reduced to the corresponding neutral sugars prior to
methylation (Sims & Bacic, 1995). Protein content was
determined in the fractions by the Lowry method
(Lowry et al., 1951).

Microbial degradation of the EPS

The microbial inoculum was obtained from the euphotic
zone (0–5m, determined by a Spherical Quantum Sensor
LI-193SA and a LI-250 Light Meter LiCorTM Lincoln,
Nebraska). The sample was filtered aseptically at low
vacuum pressure (10mmHg cm�1) through calcinated
glass-fibre pre-filters AP-20 (MilliporeTM Dublin,
California) to remove particles, zoo- and phytoplankton.
Fifty ml of this sample was inoculated in 1 l of culture
medium prepared as follows: 0.5 lWC mediumþ0.5 l
water from the Barra Bonita reservoirþEPS (100mg l�1,
dry weight final concentration). The water from Barra
Bonita reservoir to include in the culture medium was
filtered through 0.45mm pre-washed acetate membranes
(MilliporeTMDublin, California). A control composed of
culture medium without EPS was inoculated with the
microbial community and served as a reference.

The experiments (two replicates plus control) were
carried out in the dark at 258C for 35 days. In spite of the
limitation of such conditions in comparison to the field
situation, they were chosen to prevent eventual algal
growth and to observe the behaviour of bacterial
communities under controlled conditions. EPS degrada-
tion was analysed in samples taken at 7-day intervals,
which were filtered at low vacuum pressure
(10mmHg cm�1) through 0.45mm acetate membranes.
The EPS degradation was first evaluated by gel filtration
column chromatography, using Sepharose CL6B gel
(PharmaciaTM Peapack, New Jersey; exclusion limits 104

to 106D). Gel filtration column chromatography was
used to monitor the transformation of the EPS into lower
molecular weight carbohydrates by microbial activity.
The gel filtration chromatography was performed under
the following conditions: bed dimensions¼1.5� 50 cm,
flow rate¼ 1ml 7min�1, eluent¼ distilled waterþ 2%

butanol, sample volume¼ 5% of total volume (6ml),
running at ambient temperature. Standard dextrans 104

and 2� 106D were used as references. Carbohydrates
were detected qualitatively in the 5-ml fractions by the
phenol–sulphuric method. The fractions with significant
amounts of carbohydrates were pooled, hydrolysed and
analysed by pulse amperometric detection in a high
performance liquid chromatography (PAD-HPLC)
(Gremm & Kaplan, 1997). The PAD-HPLC analyses
were performed on a DionexTM (Sunnyvalle, California)
DX500, consisting of a PEEK version GP40 gradient
pump module, an ED40 electrochemical detector, and an
LC5 manual injector with a Rheodyne 9125 valve and a
25-ml peek sample loop. The ED40 was equipped with an
amperometric flow cell, a gold working electrode, and an
Ag/AgCl reference electrode. A PA-10 (DionexTM,
Sunnyvalle, California) anion-exchange analytical
column (4� 250mm), fitted with an appropriate guard-
column (4� 50mm), was used to separate the mono-
saccharides. The eluent for the separation was 18mM
NaOH, and regeneration of the column used 200mM
NaOH at a flow rate of 1mlmin�1. All samples were
passed through Bio RadTM (Hercules, California) ionic
exchange resin (AG2X8 – anion exchange and AG50W –
cation exchange) to remove salts from culture media.

A first order decay equation was used to describe the
EPS degradation following the reaction presented below:

EPS! CO2 þ Particulate Organic Carbon

ðmicrobial biomassÞ

The equation assumes the reaction rates are propor-
tional to the reagent amounts and define a constant
whose unit is day�1. The decay coefficients of the total
polysaccharide and each monomer were calculated using
the following equation:

At ¼ A0e
�kt

where At¼ carbohydrate concentration; A0¼ initial
carbohydrate concentration; k¼ decay coefficient
(day�1); t¼ time.

The temporal variations of the EPS concentration
were used to determine the decay coefficients. For this
purpose a non-linear regression method was used
(Levenberg-Marquardt algorithm), according to Press
et al. (1993). The parameterization shown above was
used only to compare the degradation pattern of each
EPS component and the first order equation was chosen
because of its practicality.

Bacterial growth was evaluated by direct counts on an
epifluorescence light microscope after staining the cells
using 4060-diamino-2-phenylindole (DAPI) (Porter &
Feig, 1980).

Results

Cryptomonas tetrapyrenoidosa growth

Fig. 1 shows the growth of Cryptomonas tetra-
pyrenoidosa during 46 days and no senescent
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growth phase was observed, since the apparent cell
decrease after 20 days was not statistically
significant (ANOVA p¼ 0.314). The doubling
time was 6.8 days and the stationary growth
phase was well characterized around 20 days,
when cells start to grow at a slower rate. At
the end of the experiment, we obtained approxi-
mately 100mg of high molecular weight material
(dry weight) from approximately 6� 104 cellsml�1.

EPS characterization

Fig. 2 shows the anion exchange column chromato-
graphy of the EPS released by Cryptomonas
tetrapyrenoidosa. The EPS was eluted in two
fractions: Fraction 1 was eluted with 0.5M NaCl
and Fraction 2, the major one, with 1.0M NaCl.
Fraction 1, which represents only 48% of Fraction
2, is a complex heteropolysaccharide composed
mainly of fucose, N-acetyl glucosamine, mannose,
galactose and also small amounts of rhamnose,
xylose, glucose, glucuronic acid and N-acetyl
galactosamine (Table 1). Fraction 2 was quantita-
tively more significant than Fraction 1 and showed
an uncommon composition for phytoplanktonic
EPS, with 47% of glucuronic acid and 36% of
galactose, besides smaller proportions of fucose,
rhamnose, xylose, mannose, glucose, galacturonic
acid, N acetyl-glucosamine and galactosamine.
The low glucose percentage in both fractions
demonstrated the low level of damaged cells after
tangential flow filtration, since excess intracellular
starch was not detected. A small amount (less than
0.01mg) of a neutral fraction was detected in the
polysaccharide, but it was not analysed due to the
low amount. No EPS material was obtained during
elution with 2.0M NaCl.

Table 2 shows the glycosidic linkages of the
components of the two fractions. Fraction 1
showed a very complex pattern composed mainly
of 1,3,4-linked N-acetyl glucosamine (16.8%),
terminal fucose (12%), terminal mannose
(11.7%), 1,4 N-acetyl galactosamine (8.6%) and
terminal rhamnose (8.1%). This fraction had a
central branched portion, composed mainly of
N-acetyl glucosamine, fucose and glucuronic acid,
which represented 16.8, 8.8 and 4.1%, respectively,
of the EPS linkages. In the linear chains, rham-
nose, fucose, xylose, mannose and galactose are
also present in Fraction 1, as well as their terminal
units. Proteins accounted for 9.8% of the EPS
dry weight.
Fraction 2 showed a less complex pattern

because basically only two types of linked sugars
made up 60% of the fraction (1,3-linked glucuronic
acid – 36.8%; 1,3-linked galactose – 28%). This
fraction was essentially a large linear chain
composed of 1,3-linked glucuronic acid and
galactose; however, there are a few branched
points of glucuronic acid where terminal
galactose units are probably located. We also
found native methylated monosaccharides in
fraction 2. 2-O-methyl-rhamnose, 3-O-methyl-
rhamnose, 4-O-methyl-fucose, 3-O-methyl xylose
and 4-O-methyl-galactose are present in minor
amounts. As no 1,4/1,6 glucose was found, starch
was not present in Fraction 1 or Fraction 2.
Proteins accounted for 4% of the EPS dry weight.

EPS degradation

Fig. 3 shows EPS degradation measured by gel
filtration chromatography. The entire EPS
(Fraction 1 plus 2) was mostly eluted in one
fraction (Fraction A) near the reference Blue

0 10 20 30 40 50

0

20

40

60

80

C
el

l m
l−1

 x
 1

03

Time (days)

Fig. 1. Cryptomonas tetrapyrenoidosa: axenic growth in WC medium at 100 mmolm�2 s�1 and 22� 18C. Error bars show
standard deviation (n¼ 2).
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Dextran (2� 106D). Small amounts, probably
fragments of the main polysaccharide, were
eluted around 0.5VeVt�1 (Fraction B). After 7
days, Fraction B increased considerably, probably
due the transformation of EPS material from
Fraction A to Fraction B by microbial degrada-
tion, suggesting a two-step degradation. In the rest
of the experimental period, the amount of high
molecular weight material was reduced consider-
ably, and after 35 days both Fraction A and B were
undetectable by the phenol–sulphuric method.
Mannose and xylose were not well separated by

the PA-10 column because the PAD-HPLC was
performed without a post-column system. The
uronic acids and amino sugars were not measured
in the PAD-HPLC because the desalting columns
retained them. Though only two replicates were

performed in this experiment, the coefficients of
variation of the carbohydrate concentration
averages were below 10%. Although some
significant EPS components were not considered
due to technical limitations, important information
was obtained from this analysis. Figs 4 and 5 show
the decay kinetics of the EPS for Fraction A and B,
respectively, as well as the decay coefficient of
each component of the EPS. The decay coefficient
of Fraction B was lower than that of Fraction A,
probably because of the increase in the amounts of
Fraction B after 7 days. In both Fraction A and B,
the decay coefficient of each component of the
EPS differed from that of the total EPS. In Fraction
A (Fig. 4), fucose and galactose were degraded
more rapidly than rhamnose, glucose and man/xyl,
while in Fraction B (Fig. 5) the decay coefficients

Table 2. Glycosidic linkages of the monosaccharides

present in EPS from Cryptomonas tetrapyrenoidosa deter-
mined by GC-MS of the corresponding partly methylated
alditol acetates. The percentages of each linkage in the

same monosaccharide (%M) and in the total EPS (%T)
are shown for the two fractions of the polysaccharide.
F1: fraction eluted in anion exchange chromatography with

0.5M NaCl. F2: fraction eluted in anion exchange
chromatography with 1.0M NaCl. T linkages represent
terminal monosaccharides

Linkages F1%M F1%T F2%M F2%T

Rhamnose T 90.5 8.1 48.7 0.4

1,4 9.5 0.9 0 0

1,2,3 0 0 51.3 0.4

Fucose T 48.9 12.0 43.5 3.7

1,3 14.5 3.5 13.5 1.2

1,4 0 0 43.0 3.7

1,2,3 29.9 7.2 0 0

1,3,4 6.7 1.6 0 0

Xylose T 70.1 3.4 43.9 0.18

1,2 14.2 0.6 0 0

1,4 14.2 0.6 56.1 0.22

1,3,4 1.5 0.1 0 0

Mannose T 76.3 11.7 0 0

1,3 12.5 2.0 0 0

1,4 8.6 1.3 100 0.8

1,2,3 2.6 0.4 0 0

Galactose T 44.2 6.1 22.2 8.0

1,2 2.1 0.3 0 0

1,3 31.3 4.3 77.8 28.0

1,4 16.2 2.2 0 0

1,6 6.2 0.8 0 0

Glucose 1,2,4,6 100 3.5 0 0

Glucuronic

acid

T 0 0 13.6 6.4

1,3 0 0 78.4 36.8

1,2,3 0 0 1.4 0.7

1,2,4 100 4.1 0 0

1,3,4 0 0 6.6 3.1

N-acetyl

glucosamine 1,3,4 100 16.8 0 0

N-acetyl

galactosamine 1,4 100 8.6 0 0

0.0 0.2 0.4 0.6 0.8 1.0

0.0

0.4

0.8

1.2

1.6

2.0

Fraction 1

Fraction 2

A
b

so
rb

an
ce

Ve . Vt −1

Fig. 2. Anion exchange column chromatography
(PharmaciaTM DEAE Sepharose fast flow) of the total

EPS released by Cryptomonas tetrapyrenoidosa.
Fraction 1: eluted with 0.5M NaCl. Fraction 2: eluted
with 1.0M NaCl.

Table 1. Carbohydrate composition (%) determined by

gas chromatographic analysis of the EPS released by
Cryptomonas tetrapyrenoidosa, after methanolysis and
TMS-derivatization of the fractions obtained by anion

exchange column chromatography. Fraction 1: fraction
eluted with 0.5M NaCl. Fraction 2: fraction eluted with
1.0M NaCl

Composition (%)

Fraction 1 Fraction 2

Rhamnose 9.0 0.8

Fucose 24.3 8.6

Xylose 4.7 0.4

Mannose 15.4 0.8

Galactose 13.7 36.0

Glucose 3.5 0.5

Glucuronic acid 4.1 47.0

Galacturonic acid 0 4.5

N-acetyl galactosamine 8.6 0.27

N-acetyl glucosamine 16.8 1.1
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were lower and more homogenous, but fucose and
rhamnose were degraded more rapidly than
galactose, glucose and man/xyl. Fig. 6 shows the
variation of the composition of the EPS during the
degradation experiment, both in relative terms

(Fig. 6A1 and B1) and as absolute concentration
of each EPS component (Fig. 6A2 and B2).
In Fraction A, fucose decreased in both absolute
and relative proportion, while glucose increased
in relative terms as a consequence of its slow
degradation. In Fraction B, the relative propor-
tions of the EPS components did not alter
significantly during the experimental period, sug-
gesting homogeneity in the degradation pattern of
each EPS component. Only galactose increased its
absolute amount and relative proportion signifi-
cantly after 7 days, probably as a result of the two-
step degradation of Fraction A. The high decay
coefficient of galactose in Fraction A was corre-
lated with the increase of galactose amounts and
proportions in Fraction B. It means that the
bacterial community removed the galactose units
from EPS in smaller polymers to be degraded
afterwards. Absolute data evidenced Fraction A as
the main portion of Cryptomonas tetrapyrenoidosa
EPS, however after 7 days, Fraction A and B
showed almost the same amounts because of the
two-step degradation process. These data con-
firmed the EPS dynamics observed in the gel
filtration column chromatography (Fig. 3). Studies
will be performed later where the effect on the
acidic and amino-sugars will be reported.

Bacterial growth

Bacterial growth in the cultures was significant
(Fig. 7), increasing from 105 to 109 cellsml�1,
and reaching the maximum density (2.4�
109 cellsml�1) after 14 days of incubation.
Bacterial growth in the controls was also signifi-
cant, but two orders of magnitude lower than in
the cultures, and reaching a maximum of only
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Fig. 4. Bacterial degradation of Fraction A

of the EPS released by Cryptomonas tetra-
pyrenoidosa measured by PAD-HPLC.
Decay coefficients (k) are shown for each

monosaccharide (except for uronic acids
and the aminosugars), and also for the
total EPS.
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D. Giroldo et al. 246

D
ow

nl
oa

de
d 

by
 [

 ]
 a

t 1
2:

44
 2

2 
N

ov
em

be
r 

20
12

 



1.45� 107 cellsml�1 after 35 days of incubation.
The growth was related to the degradation of the
whole EPS, which decreased from approximately
27 to 0.1mg l�1. The carbohydrate concentration
in the controls was constant during the incubation
period and did not reach more than 1mg l�1. The
carboydrate concentration found in the experiment
was smaller than the 100mg l�1 of dry material

added in the culture medium, because of the loss
caused by hydrolysis (approximately 50%), as
well as the exclusion of uronic acids, amino
sugars and proteins (approximately 15%). The
rest (approximately 8%) was eluted in the gel
filtration column chromatography as fragments of
lower molecular weight and they were discarded
before quantification.
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Fig. 6. Relative (A1, B1) and absolute (A2, B2) composition of EPS from Cryptomonas tetrapyrenoidosa during the microbial
degradation period. A1: proportion of monomers in Fraction A (2� 106D); A2: concentration of monomers in Fraction A;
B1: proportion of monomers in Fraction B (104D); B2: concentration of monomers in Fraction B.
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Fig. 5. Bacterial degradation of

Fraction B of the EPS released by
Cryptomonas tetrapyrenoidosa measured
by PAD-HPLC. Decay coefficients (k)

are shown for each monosaccharide
(except for uronic acids and the amino-
sugars), and also for the total EPS.
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Discussion

The EPS produced by Cryptomonas tetrapyrenoi-
dosa are quite complex with 23 different linkages
in the weak acid fraction and 14 in the strong acid
fraction. The literature data on cryptophyte
EPS production and characterization are rare,
however, Paulsen et al. (1992) described the
structure of the EPS produced by a temperate
soil Cryptomonas sp. and also found two fractions
isolated by anion exchange chromatography.
In that study, Fraction A had 12 different linkages
while Fraction B had 16 linkages, and the major
linkages were 1,4-linked galacturonic acid and
1,3-linked galactose in both fractions. Fraction 1
from our tropical phytoplanktonic C. tetrapyre-
noidosa had a completely different composition
with fucose, N-acetyl glucosamine, galactose and
mannose as the major components of this hetero-
polysaccharide while Fraction 2 was similar with
1,3-linked galactose and 1,3 linked glucuronic acid,
instead of 1,4 linked galacturonic acid. Giroldo &
Vieira (2002) described the composition of the EPS
from a tropical strain of Cryptomonas obovata,
which is also phytoplanktonic, but these contained
a sulphated fucose-rich polysaccharide, which
could have applications in the pharmaceutical
industry, and was quite distinct from the EPS of
C. tetrapyrenoidosa.
Despite of the complexity of the EPS from

C. tetrapyrenoidosa, the microbial community from
Barra Bonita reservoir was able to degrade the
entire EPS in approximately one month, corrobor-
ating previous works with other taxonomic groups
(Freire-Nordi & Vieira, 1996, 1998; Pacobahyba,
2002). However, these authors did not investigate
the influence of degradation on the composition of
the polysaccharide and there have been no studies
relating the structure to the degradation of
phytoplanktonic polysaccharides (Giroldo et al.,
2003). Our results show that all components of

the EPS are not degraded in the same way, as
was also observed with Thalassiosira species by
Aluwihare & Repeta (1999) and Giroldo et al.
(2003). The variation in the decay coefficients
could not be related exclusively to the structure of
the EPS. Glucose, which had 100% of the linkages
in carbon 1, 2, 4, 6, had the slowest decay
coefficient. On the other hand, man/xyl also had
a slow decay rate, but 70% of its linkages are
terminal and, theoretically, more accessible to
microbial communities than fucose, which had
only 48.9% of the linkages in a terminal position
and decayed rapidly.
The microbial community was able to degrade

the lower molecular weight compounds in the
EPS, as Freire-Nordi & Vieira (1996) also
observed. However, we were able to determine
which monosaccharide was removed preferentially.
Galactose showed a high decay coefficient in the
main fraction (Fraction A) and its proportion
increased substantially in the lower molecular
weight fraction (Fraction B) after 7 days. This
behaviour characterizes a two-step degradation,
because the main EPS were transformed into lower
molecular weight compounds before the complete
degradation to inorganic carbon. Although the
microbial community used in this paper had been
collected in the same reservoir as that used by
Giroldo et al. (2003), the degradation pattern of
EPS from C. tetrapyrenoidosa was quite distinct
from that for Thalassiosira sp. It is an evidence that
the carbon source influences the degradation
pattern and suggests that specific compounds
may select for specific bacterial population with
different degradation patterns, as proposed by Bell
& Mitchell (1972), Bell & Sakshaug (1980) and
Fallowfield & Daft (1988). This behaviour could
increase the functional biodiversity in aquatic
systems and also enhance the specific algae/
bacteria associations in the planktonic environ-
mental. Studies correlating phytoplanktonic
EPS degradation with the bacterial population
dynamics and systematics, as well as the role of
specific enzymes would supply important
information on the roles of such compounds in
the algae/bacteria associations, as well as on the
aquatic ecology.
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