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Abstract

The data on a and b chlorophyll content of unicellular algae incorporated into the symbiotic association of
the Baikal sponges Lubomirskia baicalensis and Baikalospongia bacillifera are obtained by means of microcol-
umn reverse-phase high-performance liquid chromatography with UV detection. A connection between the
number of chlorophylls and the depth of sponge habitat is demonstrated. A stronger decrease of chlorophyll
content with depth increase is observed in Lubomirskia baicalensis.

INTRODUCTION

In the present study we consider problems
connected with interrelations between the plant
and animal components in a complex symbiot-
ic organism of the Baikal sponge. Investiga-
tions of this type are urgent in the area of
physiology of these organisms and in the ecolo-
gy of biocenosis based on sponge. These prob-
lems may be important in understanding the
mechanisms of adaptation of complex symbio-
tic associations and in estimating their stability
in the lake ecosystem.

Several adaptation reactions of sponges to
light have been discovered and investigated
by present. For example, the adaptation to de-
creased light intensity involves the increase of
chlorophyll content in symbiotic algae and in-
crease of the content of these algae per unit
surface of sponge [1].

The Baikal sponge forms complicated sym-
biotic associations with the participation of bac-
teria and unicellular green algae, i.e. zoo chlore-
lla. The latter do not occur freely living in the
open Baikal [2]. The relations of the sponge and
algae are a typical intracellular symbiosis with
mutual profit. The sponge utilizes oxygen and

metabolites released by algae. In the cell of the
sponge, the algae receive protection, mineral
substances and carbon dioxide released by the
sponge when breathing. This intracellular mu-
tualism involves regular mechanisms bringing
the growth of the endo-symbiotic in agreement
with the host organism [3]. Thanks to the pres-
ence of such a symbiotic association, the Baikal
sponges are able to both heterotrophic and au-
totrophic nutrition due to the photosynthetic
activity of intracellular symbiotic algae. On well-
illuminated regions of bottom, the autotrophic
nutrition is prevailing in sponges.

The goal of the present work is to deter-
mine the a and b chlorophyll content of the
zoochlorellas of the Baikal sponge, Lubomirs-
kia baicalensis and Baikalospongia bacillifera,
depending on the habitat depth, and to inves-
tigate the features of the adaptation of sponges
and their symbionts to light.

EXPERIMENTAL

Identification and quantitative determina-
tion of chlorophylls were carried out by means
of high-performance liquid chromatography
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(HPLC) which is widely used for these purpos-
es [2—8].

When transporting samples to the laborato-
ry, the rules were followed: sponge samples
were transported in semitransparent contain-
ers with the Baikal water (the ratio of sponge
mass to water mass was 1 : 25, temperature of
water was 10—15 °C); transportation time did
not exceed 2 h. Each sample was separated into
two parts. One part of the sample was homog-
enized in a porcelain mortar; the homogenate
was extracted according to the procedure [4].
The extract was filtered and immediately ana-
lyzed by means of HPLC.

The second part of the sample was extract-
ed after separating the symbionts in the phy-
col density gradient [5] at which the algae frac-
tion is separated from bacteria and from the
cells of the sponge itself. This provides the pos-
sibility to estimate quantitatively their mass
ratio and to determine the chlorophyll content
directly in symbiont algae.

Determination of a and b chlorophyll con-
tent was carried out by HPLC with Milikhrom
A-02 chromatograph (JSC EkoNova, Novosi-
birsk) [8] under the conditions: column, 2 x 75
mm filled with Nucleosil 100-5 C18 (Machery-
Nagel, Germany); mobile phases, A — water :
methanol (5 : 95), B — methanol; linear gradi-
ent: 25 min from 0 to 100 % B, flow rate,
100 pl/min; column temperature, 35 °C; UV
detector wavelength, 330 and 360 nm. Ace-
tone extracts from sponge obtained accord-
ing to the technique described in [2—5] were
evaporated till dry, the residue was dissolved
in methanol; 2—20 pl of solution was inject-
ed into the column. To identify pigments and
perform their quantitative determination, we
used the series of a and b chlorophyll solu-
tions (Sigma, USA) in methanol with con-
centration 2 to 20 ng/ml. The intensity of il-
lumination, or photosynthetically active ra-
diation (PAR) was measured by Yanishevsky’s
pyranometer [2].

RESULTS AND DISCUSSION

During investigations, it is necessary to pay
special attention to sampling and storage be-
cause the correctness of the obtained results is
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Fig. 1. Chromatograms of a (1) and b (2) chlorophylls in
the endosymbiotic algae of the Baikal sponges Lubomir-
skia baicalensis (a) and Batkalospongia bacillifera (b).

strongly dependent on these operations. Because
of this, it is reasonable to perform investiga-
tions of this type directly at sampling site. A
special chromatographic equipment intended
for operation in a field (ship) laboratory is
necessary for this purpose. We used a portable
chromatograph Milikhrom A-02 and the mic-
rocolumn HPLC method. The resolution of a
short column (microcolumn) is quite sufficient
for the chlorophylls a and b to be separated, as
one can see in Fig. 1.

Practically in al the studies into the HPLC
of chlorophylls, detection is performed in the
visible spectral region at the wavelength of
410—670 nm, since these phytopigments have
characteristic absorption maxima in this re-
gion. However, chlorophylls have also substan-
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Fig. 2. Normalized UV spectra of a (1) and b (2) chloro-
phylls in methanol.

tial absorption in the UV spectral region which
allows us to use detectors more widely spread
in HPLC, namely, UV photometers. The spec-
tra of a and b chlorophylls within the range
200-360 nm are shown in Fig. 2.

The application of multiwave detection in-
creases the reliability of identification because

TABLE 1

we also use spectral relations along with reten-
tion times. For a and b chlorophylls, the ratios
of the areas of chromatographic peaks Sj4,/
Sss0 are 1.100 = 0.04 and 0.972 + 0.03, respec-
tively.

The chlorophyll content of sponges and of
algae isolated from sponges is shown in Tables
1 and 2. The content and ratio of the chloro-
phylls in the investigated sponges changed with
depth (Fig. 3). The averaged change is 50 % for
chlorophyll a in Lubomirskia baicalensis. The
largest difference in chlorophyll content was
detected in Baikalospongia bacillifera at the
depth of 40 m.

The obtained results showed that the high-
er concentration of chlorophyll a is observed
at a depth of 5 m in Lubomirskia baicalensis.
Along the vertical in the layer from 0 to 40 m,
the a chlorophyll content decreased to a larger
extent than that for the chlorophyll b. The de-
crease of illumination causes the decrease of
a chlorophyll content per unit surface of the
sponge. This change of the amount of chloro-
phyll in shadowed sponges occurs due to the
decrease of the amount of algae and increase
of the number of bacteria cells in the sponge.
In the sponges living at the depth of 30—40 m,

Concentrations of a and b chlorophylls in the Lubomirskia baicalensis sponge

Depth, m Year Number of Concentration, pug/g of sponge Mass of algae in 1 g
samples b a/b of wet, mg
5 1999 7 0.34+0.04 0.10+0.01 3.4 0.12+0.02
2000 4 0.42+0.04 0.10+0.01 4.2 0.12+0.01
2001 2 0.32+0.04 0.10+0.01 3.2 0.10+0.01
10 1999 4 0.43+0.05 0.15+0.03 2.7 0.25+0.01
2000 8 0.40+0.04 0.14+0.04 2.8 0.25+0.02
2001 4 0.46+0.04 0.18+0.04 2.5 0.23+0.01
20 1999 4 0.44+0.03 0.28+0.01 1.6 0.41+0.05
2000 3 0.43+0.04 0.27+0.04 1.6 0.41+0.05
2001 3 0.44+0.02 0.28+0.04 1.6 0.41+0.05
30 1999 3 0.09+0.02 0.01+0.3 2.0 0.13+0.02
2000 5 0.06+0.01 0.03+0.01 2.0 0.13+0.01
2001 2 0.08+0.02 0.03+0.01 2.6 0.12+0.02
40 1999 3 0.09+0.02 0.04+0.02 2.3 0.14%0.04
2000 5 0.09+0.02 0.05+0.01 1.8 0.11+0.04
2001 2 0.09+0.02 0.05+0.01 1.8 0.12+0.02
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TABLE 2

Concentrations of a and b chlorophylls in the Baikalospongia bacillifera sponge

Depth, m Year Number Concentration, Ug/g of sponge Mass of algae in 1 g
of samples b a/b of wet, mg
5 1999 6 0.25+0.01 0.11+0.01 2.3 0.14=+0.01
2000 6 0.24=+0.04 0.09+0.01 2.6 0.14=+0.03
2001 2 0.21+0.03 0.08+0.01 2.6 0.14+0.01
10 1999 4 0.22+0.04 0.08+0.01 2.8 0.18+0.05
2000 4 0.21+0.06 0.08+0.01 2.6 0.18+0.03
2001 2 0.20%+0.03 0.08+0.01 2.5 0.19+0.05
20 1999 6 0.27+0.01 0.12+0.02 2.3 0.26+0.02
2000 5 0.22+0.01 0.12+0.02 1.8 0.26+0.02
2001 1 0.25+0.01 0.12+0.02 2.1 0.26+0.02
30 1999 5 0.05+0.01 0.03+0.01 2.0 0.25%+0.05
2000 4 0.05%+0.02 0.03+0.01 1.7 0.22+0.03
2001 2 0.05%+0.01 0.03+0.01 1.7 0.27+0.01
40 1999 2 0.10+0.02 0.05+0.01 2.0 0.14=+0.02
2000 2 0.09+0.01 0.05+0.01 1.8 0.14=+0.03
2001 2 >0.01 >0.01 - 0.10+=0.03
04 @ relative content of the algae cells decreases by
54 o a factor of 2 in comparison with the sponges
living at the depth of 5—10 m. The decrease
10 of illumination causes the decrease of the to-
157 tal @ and b chlorophyll content.
201 It is known that the adaptive reaction com-
25 A 1999 mon in all the sea sponge species is the accu-
204 o o 2000 mulation of chlorophyl.l in algae, which corre-
o 2001 sponds to the conclusions of the authors [2].
351 — Mean We discovered that the Baikal sponges accu-
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257 2. Chlorophyll concentrations decrease at a
3t depth of 30—40 m; the ratio of a to b chloro-
39 phyll also changes.
40 3. The change of the amount of chlorophylls
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Fig. 3. The ratio of a to b chlorophyll in Lubomirskia
baicalensis (a) and Baikalospongia bacillifera (b) depend-
ing on the habitat depth.

is connected with the changes of the mass of
algae.

4. Different species of the Baikal sponges
have quantitatively different adaptive reac-
tion to the change of illumination.
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