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Summary

The influence of Os-concentration on the growth rate of the red alga Porphyridium cruentum, on the
farty acid spectrum, as well as on the content of the individual fatty acids was subject of investigations.
The Oj-concentration was changed at different times of the batch cultivation. The influence of increased
as well as of decreased Oy-concentrations was investigated.

Tt was evident that high oxygen concentration inhibited the biomass production. Nevertheless, this
stress factor was connected with increasing EPA and AA contents as a short-time effect. This timely lim-
ited increase of EPA and AA was connected with a corresponding increase of the content of rotal farty
acids and at the expense of a decreasing content of palmitic acid. In the absence of oxygen the biomass
production increased and the content of most of the fatry acids decreased for a short period of Gh. After
an adaption period of 24 h the fatty acid content increased also in this case. The effect of Os-caused EPA
increase is most evident if the oxygen concentration is increased on the 5th day of batch cultivation.
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Abbreviations: PUFA = polyunsaturated fatty acids; FA = farty acids; AA = arachidonic acid; EPA =

eicosapentaenoic acid; dm = dry marter.

Introduction

Many scientists are concerned with the investigation of the
influence of cultivarion conditions on the fatty acid composi-
tion of the red alga Porphyridium cruentum, Klyachko-Gur-
vich et al. (1985), (Cohen, 1990), Springer et al. (1994). This
is due to the high pharmacological value of PUFA and the
possibility of using this culture in biotechnology as producer
of farty acids, polysaccharides and phycobiliproteins. Despite
some minor differences in the fatty acid content, which may
be explained by the use of various strains and the application
of different methods, the problem may be regarded as well

known.
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Beside cultivation conditions such as light, temperature,
etc., oxygen plays an important role in numerous processes of
cell metabolism, participating in the lipid exchange, i.c. in
desaturation of fatry acids (Mazliak, 1994) and in autoxida-
tion, Watanabe et al. (1993). Further, oxygen is involved in
the formation and functioning of the photosynthetic cell
apparatus (Geider and Osborne, 1992), (Akiyev and Tsoglin,
1992). Our previous work was concerned with the investiga-
tion of the gas exchange during the cultivation of microalgae
at different oxygen conditons. The oxygen concentration
proved to be of influence on the synthesis of important vital
compounds, such as proteins, chlorophylls and lipids, Akiyev
et al. (1994). It is natural to expect that different concentra-
tions of Oy, dissolved in the nutritive solution, may influence
the lipid and fatty acid synthesis in Porphyridium which is of
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interest to the mass cultivation of this alga as a source of
PUFA. Subject of this work was the investigation of the effect
of changes in oxygen concentrations on the production of
biomass in different periods of cultivation as well as on the
faty acid synthesis in the unicellular red alga Porphyridium
CrHeRtimn.

Material and Methods

The investigarions were performed on the umicellular red alga
Porphyridium cruentum, strain 1932/107, of the collection of the
Institute for Cereal Processing, Lid., Germany. The algae were culti-
yated on a modified Jones medium, Jones et al. (1963) in the 2L
laboratory reactor, type Braun Biostat MD, Germany.

Cultivation temperature was ar 25 °C lighting was with day light
. - i - - e
lamps at an intensity of 200 pmol - m™" s !, using a batch cultiva-
rion method.

1.1. standard cultivation
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Different gas regimes were used for the aeration of the suspen-
siont
a) Control
b) Treatment I:

air during the whole experiment;

oxygen-free,

on the 2nd day air was substitured for nitrogen:
high oxygen, 3rd day increase of Op-concentration
an the 3rd day to approx. 70 %: and

high oxygen, Sth day increase of O-concentration
on the 5th day.to approx. 70%.

I the coritrol as well as in trearments 1-3 the COy-concentration
amounts to 2%,

The pxygen partial pressure was measured with a Clark clectrode
(Ingold). The Oy-concentration amounted 1o 21% in the conrrol
and to 4—6 % in trearment 1, which obviously is due to the photo-
synthetic activity of the cells.

The initial dénsity of the suspension in all the variants amounted
to approx. 0,4gL™" (dm).

The biomass dry matter was measured gravimerrically. The lipids

¢) Treatment 2:

d) Treatment 3:

were extracted by miechanical disrupdion in chloroform/methanol in

a Retsch swing-mill; the further procedure was as already described

1.2. without oxygen
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2.1. standard cultivation 2.2. without oxygen
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Table 1: Fawty acid content of Porphyridium cruentum av standard
cultivation conditions.

Fatry acids mg g dm Yoltotal FA
16:0 palmitic 14.4 39.1

16:1 palmitoleic . i,

18:0 stearic 0.3 1.3

18:1 oleic 1.4 3.8
18:2n6 linoleic 2.3 6.3

20:3 cicosatrionic . 1T,

20:4 arachidonic 10,0 28.2

20:5 cicosapentaenoic 7.0 19:5

in Springer et al. (1994). The qualitative and quantitative contents
of farty acids were determined by GLC of methyl-esters in a gas-
chromatograph (Hewletr-Packard). The statistical analysis of the
method of lipid determinarion resulted in a standard deviation of
abour 0.3.

[=dm (g/) SAA (mgig dm) |

cultivation tima (h)
Edm () BAA (mg/g dm)

Resulis

Changes of the biomass dry weight and fatry acid content
and spectrum of Perphyridium cruentum were investigated.
Table 1 shows that palmitic, linoleic, arachidonic and eicosa-
pentaenoic acids predominate in this alga. At standard culri-
vation conditions biomass increases during the whole batch
cultivation time of 5 days. On the Sth day the optimal EPA
concentration was achieved (Fig, 1.1.) whereas the highest AA
concentration was recorded at the beginning of the cultiva-
tion (Fig. 2.1.).

Figure 1. (1.1.-1.4.) shows that the growth rate of biomass
was nearly uniform in all variants, amounting o approx.
0.35gL"d™. The dry weight of biomass increased from
0.45[.'! to 2.0—2.2gL"1. The change-over to oxygen-free
cultivation conditions after an adaptation phase of 3 h accele-
rates the growth, The highest growth acceleration is attained
6 to 9h after the reduction of the concentration of dissolved
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Fig. 3: The influence of oxygen on the content of ol farry acids
and the relation EPA:palmitic acid.

oxygen (Fig. 1.2.). On the other hand, an increase of Oy-con-
centration will reduces the growth rate. The extent of growth
retardation by Os-increase depends on the time of Oj-change
during batch cultivation. If O;-concentration is increased in
the early exponential growth phase (treatment 2, 3rd day)
there is only insignificant growth retardation (Fig. 1.3.). If
O,-concentration is increased in the late exponendal growth
phase (treatment 3, 5th day) growth is retarded significantly
(Fig. 1.4.).

For the evaluation of the influence on farty acid synthesis
the EPA-content is illustrated in Fig. 1 and the AA-content in
Fig. 2. At reduced Oj-concentration the general trend of
increased biomass production and the short-time effect (up
to G h) of a decrease of the toral fatty acid content as well as
the content of EPA and AA is observed. After an adaprarion
period of about 24 h the total fatty acids exceeded their initial
level, and especially the content of EPA increased.

In the other case an increase of the oxygen content caused
a recardation of biomass production (Figs. 1.3. and 1.4.) and
an increase of total fatry acids, EPA and AA.

These adapration processes are demonstrated even more
clearly in the case of changing over to increased oxygen con-
centrations in 5 days after the beginning of cultivation. The
biomass production is reduced from 2.1 o 1.6 g/L and was
nearly constant during 24 h. The total concentration of farty
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acids at the start of change of Oy-concentration decreased in-
significantly, and already after 6h the quantity of fatry acids
exceeded the initial conceniration and achieved a level of
53 mgg ' dm. This high level of fatty acid content was con-
stant during 24 h.

The trend of the change of the acid concentrations 20: 4
and 20:5 is analogous to the :_hanges of the total farty acid
content of Porphyridium cruentuni in each variant, bue simul-
rancously at the expense of decrease of palmitic acid on the
other side (Fig. 3} The concentration of AA increased from
8.2 o 98mgg during 2h in variant 2, and from 9.5 1o
16.8 mg g~ during 6 h in variant 3. The conccnrr.a.non of
EPA increased from 3.5 to 4.6 and from 5.5 to 8.9 mgg ™,
spectively. As may be seen from the figures, the highest rate
of formation of 20:4 and 20:5 acids as short-time effect
(9 h) was observed at an increase of the Os-concentration, 5
days after the beginning of cultivation. However, high AA-
and EPA-contents also are achieved after a 24 h adapration to
a reduced oxygen content.

Discussion

It was of interest to study the changes of algal lipids ac dif-
ferent O;-concentrations. High oxygen in our casc has the ef-
fect that the quantity of the toral fatry acids is increased dur-
ing a short period after the change of O;-concentration. The
quantity of 20:4 and 20: 5 acids increases after 3 h in variant
2 and after 6 to 9h in variant 3. During this time, the con-
centration of palmitic acid, one of the precursors in the syn-
thesis chain of PUFA, decreased (Fig. 3). This may be ex-
plained by the involvement of O, in the desaturation of farty
acids. Oy is used as co-factor of this reaction, as well as
NADH; and NADPH,. Desaturases catalyze the following
reactions (Voer and Voer, 1992):

NAD"

)C NADH+H"

In the presence of oxygen, stearyl-CoA is desaturated to
oleyl-CoA. In our experiments we observed a reduction of
the toral quantity of fatty acids immediately after having in-
creased the oxygen concentration and a subsequent increase.

During the work with Chlorella Akyiev et al. (1994) ob-
served that under the influence of low oxygen the total quan-
tity of farty acids increases after 2 h, compared with the con-
trol treatment (21 % O,) in Chlerella. This obviously is due
to the fact that Chlorella cells have a higher range of photo-
synthesis and oxygen evolution as compared with Porphyri-
d-’fim CHUHENINIn. ll' pl'()ducﬂd Hll&‘lclent]y h|gh lntraLelIu'al’
O;-concentration to maintain biochemical reactions. The re-
duction of the oxygen concentration of the culrivation me-
dium probably has activated the photosynthesis and oxygen
evolution rates. As a result of this, synthesis was increased to
its initial level.

These changes are expressed more clearly in treatment 3,
which may be explained by the fact that the retardation of
the growth rate by increased Oj-concentradion 5 days afrer

18:0—CoA+ 11 O, desaturase red.

= Fc.‘.
18:0-CoA + H.O )C desaturase ox.

F83+



the beginning of cultivation will practically stop the biomass
production, and the increased fatty acid synthesis may be
connected with the changes to lipid accumulation. At the
same time, high energy losses of the cells are compensared by
decreasing biomass production and by the promotion of de-
saturation.

On the basis of the results achieved it is possible to con-
clude that changes in the gas content of the cultivation me-
dium of Porphyridium cruentum may be utilized in the mass
cultivation of this red alga to increase PUFA production.
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