ACTA SOCIETATIS
BOTANICORUM POLONIAE
Vol. XLVI, nr 3
1977

Influence of nitrate concentration on pigment content
in Chlorella pyrenoidosa

M, KRYWALSKA AND J, SKRZYPCZYK

Department of General Chemistry, Institute of Biology and Physiology,
Silesian School of Medicine

(Received: April 15, 1877)

Abstract

Investigations on the qualitative and quantitative composition of pigments
in the alga Chlorella pyrenoidosa cultured on mineral media with different
nitrate content may give results serving to establish the optimal concentra-
tion of the nitrogen source in the medium. It was demonstrated that the
interrelations between the particular pigments in 5 kinds of media contain-
ing 0, 0.128, 0.192, 0.256 and 0.384 g N/, respectively, are most favourable
in the medium threefold enriched in nitrates. This fact may be explained on
the basis of the value of the coefficients:

chlorophyll a chlorophyll a+b
= 3.28 and =33
chlorophyll b carotenoids

The lack of a nitrogen source in the medium causes significant changes
in the total pigment content and in the particular fractions. It was also
found that under conditions of nitrogen deficit the astaxanthin content
increases.

INTRODUCTION

Both the qualitative and quantitative composition of pigments in the
cells of algae depends largely on the culture conditions. The pigment
content is conditioned above all by the light intensity (Bogorud, 1962),
and an important role is played in the process of pigment biosynthesis
by the nitrogen source in the mineral medium (Kanazawa et al,
1970a).

An inorganic source of nitrogen plays a significant role in the meta-
bolism of carbon compounds, mainly in processes of photosynthetic
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carbon reduction leading to a cycle of tricarboxylic acids and nitrogen
derivatives (Kanazawa et al, 1970b).

On the other hand, nitrogen deficit in the mineral medium is res-
ponsible for a decrease of pigment content of the chlorophyll group and
the appearance of secondary carotenoids (Kirk and Tilney-Bas-
set, 1967; O'Kelley, 1968; Mayer and Czy gan, 1969). Changes in
the colour of the cells are frequently utilized as a taxonomic criterion.
For instance, in cultures enriched in nitrogen, cells of algae are usually
intensively green, whereas under conditions of nitrogen deficiency they
are of a yellow-green colour (M oss, 1974).

Algae of the genus Chlorella pyrenoidosa when cultured on mineral
media with different nitrate content show varying intensities of pig-
mentation. On the basis of this observation it seemded interesting to
compare the qualitative and quantitative composition of the pigments
in these algae cultured on media with an increasing nitrate content and
deprived of nitrogen source. Trials were also made to establish whether
the medium used in the experiments as standard ensures an appropriate
composition and interrelations of the pigments in the Chlorella pyrenoi-
dosa cells.

MATERIAL AND METHODS

1. The object of investigations were algae of the genus Chlorella
pyrenoidosa from the algological collection of the Institute of Zootechnics
in Zator (Bednarz and Nowak, 1972). The algae were cultured on
sterilized mineral medium according to Lefeévre (1952) with a micro-
element solution added after Vliadimirova and Semenenkov
(1962). The chemical composition of the particular mineral media with
different nitrate content and without nitrogen is given in Table 1.
The cultures were run for 30 days extensively in conical flasks contain-
ing 1 1. of medium. The cultures were kept under continuous fluorescent
tube light (“Daylight” — Telam) of 3100 lux intensity, The cultures
were kept at 20°C * 2° and the cell suspension was stirred daily by
shaking.

2. Analysis of material. After the end of culture the number of
cells in 1 ml was determined in a Dérker chamber. Since the number
of cells on media with different nitrate content was not the same,
such culture volumes were taken for pigment extraction as to obtain
a final cell number of 1—1.5X 1010,

The algal biomass was washed twice with distilled water and the
cell suspension was centrifuged each time. Then the cells were homo-
genized and the pigments extracted into a mixture of petroleum benzin
(fraction with b.p. 40—60°C) and acetone (1:1) with MgCO; added.
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Homogenization was performed with glass beads (¢ 0.15 mm) in a vi-
bration disintegrator (Micklie Lab., England) for 2 min.

Acetone was removed from the extract by continuous washing with
-water (Opienska-Blauth and Trojanowski, 1967). Then, in
order to dehydrate the extract, anhydrous Na;SO, was added and after
30 min the mixture was centrifuged. The extract obtained was always
made up with petroleum benzin to a volume of 10 cm® and considered
as outset extract.

Fractionation of the pigments was performed by column chromato-
graphy on activated starch (Goodwin, 1955; Tysarowski, 1968).
Chromatographic separation was done in glass columns (2X20 cm)
filled to a height of 15 cm with previously prepared starch. The column
filled with adsorbent was washed with petroleum benzin, and then the
outset pigment extract was placed on it (1 ml of extract from standard
cultures and from cultures with increased nitrate content and 2 ml of
culture without nitrogen source). The chromatogram was developed
and carotenoids were eluted with a mixture of petroleum benzin and
acetone (99:1) and the flow rate was adjusted to 15—20 drops/min.
Chlorophyll a and b was eluted with a mixture of petroleum benzin
and acetone (95:5). Recovery of the fractions after chromatographic
separation was 97—100 per cent.

Acetone was removed from the particular pigment fractions by the
method of continuous washing with water (Opienska-Blauth and
Trojanowski, 1967) and the obtained fractions were dried with
anhydrous Nay,SO,. The particular carotenoid fractions were made up
with petroleum benzin to a volume of 10 cm? and the chlorophyll a and
b fractions were made up to a 50 em?® volume.

Absorption was measured in the outset extract and the separated
pigment fractions within wavelength 400—700 nm (spectrophotometre
VSU-2P, Carl Zeiss, Jena). Pigment extinction was measured in a cell
with pathlength 1 em. Absorption was measured at 20 nm intervals, and
in the wavelength ranges 420—460 and 640—660 at 2 nm intervals.
Maximum extinction for the particular fractions in petroleum benzin
solution shows good agreement with the data in table 2 (Goodwin,
1955).

From extinction measurements at a definite wavelength total ex-
tinction (E¢,;) of the outset extract and of the separated pigment fractions
was calculated. The results were recalculated to 10% algal cells. The
calculation was done according to the formula

108X E; X V;
NXV

E¢or=
where: E;,; — total extinction
E; — extinction measurement values

V; — volume of outset extract or of determined carotenoid



Influence of nitrate on pigment 493

fraction and chlorophylls

V — total volume

N — number of cells examined
108 — constant number of cells

The mean values of the data shown in the tables were calculated on
the basis of 4 independent determinations.

Table 2

Maximum absorption of pigments
in petroleum ether (Goodwin 1965)

Pigment | Wave]ength [nml ‘

| |

| B-carotene ? 430

| lutein - 440 1

| Violaxanthin | 434 ‘

| Neoxanthin | 436 !
Astaxanthin | 440 i
| Chlorophyll @ | 430, 660
| Chlorophyll b 460, 640

RESULTS AND DISCUSSION

The results obtained point to a relation between the qualitative and
quantitative composition of the pigments and the nitrogen salt level in
the mineral medium. An increase of the nitrate content in the medium
(0.192 g N/I. and 0.256 g N/L.) does not cause an increase in the total
pigment content in the cells (Table 3). Neither were significant diffe-
rences observed in the quantitative composition of the pigments in

Table 3

Pigment content in Chlorella cultivated in the media with different concentration of nitrogen and
without nitrogen /mean value in Ey/10° cells

) ) | - C(_)nccn_tratlon of nitrates in g N,‘f__ -
Pigment fractions | = ) g
" o128 | 0192 | o025 | o038 | 0 .
B-carotene 1 0.28:1072 | 0.22-10-2 | 0.22.1072 | 0.28-10°2 0.13-107* |
| Lutein 1350102 | 1581072 | 1.14-1072 | 1.31-10-2 | 0.72:10°%
Violaxanthin | 0.25-10-2 | 0.26-10-% | 0.15-10-% | 0.22:10~% | 0.19-10~%
Vo | 0507 | 0se T | 00 | 0B 0T | B |
“Chlorophyll @ | 2.56-107% | 226102 | 2.80-10- | 5231072 | 058107
| Chlorophyll 6 | 122-10°2 | 710041077 | 12010 | 1601072 | 02610
" Neoxanthin 034107 | 0.28:10°% | 0.29-10°2 | 036-10°% | 0.06-10-2
‘Total amount I | '"_‘_" |
of pigment | 6.00-10-2 | 5.60-10"% | 5.80-10- | 9.00-10-* | 2.00-10°% |
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cells cultured on medium containing 0.192 g N/I. A twofold ‘ increase
in nitrate content as compared with that in the standard medium, causes,
however, an increase in chlorophyll a content with simultaneous de-
pression of the carotenoid level, particularly violaxanthin (Table 4).

Table 4

Content of pigments in Chlorella cultivated in the media containing different concentration of nitrogen
and without nitrogen (in %)

Concentration of nitrates in g N/

Pigment fractions

0.128 0192 | 0256 0.384 | 0 5
I .. . . LN Rl i SO
8-carotene a7 | 39 | .38 | 32 | 65 |
‘Lutein 25 | 82 | 197 | 145 | 360 |
' Violaxanthin — 42 | 46 | —26%°| 25 | 9.5 |
. Astaxanthin — | s — | - I 3.0 |
Chlorophyll @ | 427 | 404 | 482 ss1 | 290 |
| Chlorophyll b | 203 |- 179 | - 207 177 | 130
| Neoxanthin I~ s6 | 50 [ '-S0 :| 40 | 30 |
e T T
of pigment I 100.0 | 100.0 | 100.0 L 100.0 | 100.0

Most conspicuous changes in the proportions of the pigments of the
carotenoid group and chlorophyll ¢ and b were noted, as shown in table
5, in algae cultured on media containing a 3-fold raised amount of
nitrates (0.384 g N/L). In cells from these cultures a distinct decrease
of carotenoid content was observed with simultaneous rise of the
chlorophyll level, particularly chlorophyll a. It may be that such a con-
centration of nitrate enchances the ability of assimilation of larger nitro-
gen amounts from the medium by the algae. This nitrogen would be
mainly utilized for more intensive synthesis of porphyrin pigments.

According to Goodwin (1965) synthesis of the chlorophylls occurs
parallelly to that of carotenoids. Normal simultaneous increase in the
content of both these fractions is, according to the above quoted data,
a manifestation of chloroplast reproduction. This fact is confirmed by
other investigations showing that the chlorophyll content in the cells
of Chlorella is strictly associated with the stability of the lamellar sy-
stem of the chloroplast (Ziegler and Schanderl, 1969). The chlo-
rophyll level depends in turn on the enzymatic activity of chlorophylla-
se, although pigment formation or decomposition is also dependent on
the simultaneously occurring synthesis and degradation of proteins and
formation and degeneration of the chloroplast structure (Boger, 1963;
Chiba et al., 1967).

It was demonstrated in the present experiments that during culture
of algae disturbances occur in cell metabolism, owing to which the
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correlation between carotenoids and chlorophylls is impaired. The diffe-~
rent nitrate content in the mineral medium is decisive for the level of
the given pigment fraction in.the plastides. During a 30-day culture of
algae on a mineral medium with 0.384 g N/I. that is with a 3 times
higher nitrate content than in the standard medium, only an enhanced
chlorophyll a synthesis occurs. This actually confirms the fact of in-
crease of the chlorophyll @ to chlorophyll b ratio, its value is 3.28 (Ta-
ble 5).

_ Table 5
Coefficients of separate pigment fractions

| Concentration of nitrates in g N/I
Coefficient ) St )

0128 | 0192 | 0256 | 038 | 0.+
Chiorophyll - 5 & - ~
| e 2.10 225 |, 260 ‘| 3.8, 2.23
Chlorophyll b _ | |
| Chlorophyll a ' ' i '
| —== 1.15 096 | 1.55 240 | 050
| Carotenoids | ! _ i
Chlorophyll b : I '
— 0.54 042 | 0.66 073 | 022 |
| Carotenoids pe
Chlorophyll a-+b ? i
e 8 1.70 1.39 271 33 | 072 |
| Carotenoids | | - ;

In medium with 3-fold higher nitrate content an increase is observed
of the Chlorophyll a+b to carotenoid ratio, which amounts to 3.13. This
coefficient is a resultant value of both the increased chlorophyll a con-
tent and the lowered content of isoprenoid pigments in the cell. On the
basis of numerical data from table 4 it may be calculated that in the
culture with 0.384 g N/I. there is about 13 per cent more chlorophyll
a+b and about 15 per cent less carotenoids as compared with the same
data for the standard culture (0.128 g- N/L).

In cultures of algae on medium with nitrogen source eliminated
completely, opposite changes occur in the carotenoid and chlorophyll
pigment content as compared with the media containing nitrates. In the
nitrogen-free culture as little as 42 per cent of the total amount of
pigments consists of chlorophyll a-+b, The contribution of carotenoids,
on the other hand, is very high amounting to 58 per cent. The reduction
of the chlorophyll content with simultaneous increase in carotenoids in
cells cultured without a nitrogen source is still more pronounced when
an organic carbon source is present in the medium in the form of
acetates or glucose (Matsuka et al, 1969a, b). These relations seem
to be fully justified and in agreement with the processes of chlorophyll
biosynthesis where §-aminolevulinic acid is the immediate precursor in
the synthesis of the pyrole ring (Porra and Grimme, 1974). Nitro-
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gen deficit in the mineral medium probably causes a gradual inhibition
of chlorophyll synthesis in the cell. This is also confirmed by the results
of Ochiai et al. (1970) from which it results that in cells cultured on
nitrogen-free medium, the lipid content rises with specific inhibition of
d-aminolevulinic acid synthesis. Noteworthy are also the observations
concerning far advanced reduction of the chloroplast structure in cells
cultured in medium without a nitrogen source (Skrzypczyk, 1971).
Investigations on the diverse bonds between proteins and pigments
suggest that the raised carotenoid level plays a role in the stabilization
of thylakoid structures during nitrogen starvation (Deroche and Co-
stes, 1969).

In view of the results of experiments, the fact should be stressed
that, in cells cultured under nitrogen-free conditions, the amount of
pigments of the xanthophyll group, for instance lutein and violaxanthin,
increased by 36 and 9.5 per cent, respectively. This can be explained
by the fact that xanthophylls are photosynthetically active pigments,
in contrast to carotenes which only play a protective role in respect to
other chloroplastid pigments (Blaim, 1967). The essential difference
in the quantitative composition of the pigments of algae cultured on
nitrogen-free medium is shown in the numerical data listed in table 5.
It results from these data that the value of the chlorophyll a+b to
carotenoid ratio is 0.72, thus more than two times less as compared
with that for cells from standard cultures. On the other hand, in cells
of algae cultured on medium with a 3-times higher nitrate content, the
ratio of these pigments reaches a value of 3.13, that is about 4 times
higher than in the case of nitrogen-free medium.

The most characteristic feature in the pigment relations of the alga
Chlorella pyrenoidosa cultured on medium without a nitrogen source
is the raised astaxanthin level, that is the ketone derivative of p-caro-
tene. The results concerning formation of secondary carotenoids under
conditions of nitrogen deficit are in agreement with those obtained in the
investigations of Dersch (1960), Czygan (1964, 1968a, b) and K 0 s-
sler (1963). The presence of astaxanthin both in Chlorophyceae and
Euglenopiryceae is a taxonomic criterion on the one hand, and on the
other, it indicates the line of phylogenetic development of these
organisms (Hirose, 1975).

The values of the particular coefficients presented in table 5 for the
pigments from Chlorella pyrenoidosa cells are largely conformable with
analogous coefficients for other algae (Weber, 1969) and higher plants
(Mintz, 1966). It was demonstrated in the present experiments that
the composition of pigments in Chlorella pyrenoidosa cells is normal
when the culture medium contains 0.384 g N/, that is when it is enriched
3-fold in nitrates as compared with the standard medium used to date.

The chlorophyll a to b ratio which for Chlorella pyrenoidosa is 3.28
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is very close to the result obtained by Porra and Grimme (1974)
for Chlorella fusca. For cells of the same species cultured on medium
without nitrogen source, the chlorophyll a to b ratio is 2.3. In the
here presented experiment the same ratio for Chlorella pyrenoidosa
cells is 2.23.

Comparison of the results of analysis of pigments from algae cultured
on media with different nitrate content may serve as criterion for
establishing the optimal chemical conditions for their culture.
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Wplyw réznych steZen soli azotowych w poiywce mineralnej na za-
wartosé pigmentéw w glonach Chlorella, szczep 366.

Streszczenie

Badania skladu jakosciowego i ilosciowego barwnikéw w glonach Chlorella,
szczep 366, hodowanych na pozywkach mineralnych o zréinicowanej zawartoscl
azotanéw moga sluzyé jako kryterium dla ustalenia optymalnego stezenia Zro6dla
azotu w pozywce. Sposréd 5 rodzajow pozywek, zawierajacych odpowiednio 0,
100, 150, 200 i 300 N, wzajemne stosunki poszczegélnych barwnikéw ksztaltuja
sie najkorzystniej w pozywce wzbogaconej 3-krotnie w KNO,; Fakt ten mozna
uzasadni¢ w oparciu o wartosci liczbowe odpowiednich wspoélczynnikow:

chlorofil a
— = 3,28 oraz
chlorofil b

chlorofil a+b
————— =313
karotenoidy

Brak zrodla azotu w poiywkach wywoluje istotne zmiany w poziomie calko-
witym barwnikéw oraz w poszczegblnych frakcjach. Ponadto stwierdzono, ize
w warunkach deficytu azotowego dochodzi do pojawienia sie astaksantyny.
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