. Biotechnology and Bioprocess Engineering 2003, 8: 368-372

©KSBB

'Growth and Amino Acid Contents of Spirulina platensis

with Different Nitrogen Sources

Aeran Choi, Song-Gun Kim, Byung-Dae Yoon, and Hee-Mock Oh*

Environmental Biotechnology Laboratory, Korea Research Institute of Bioscience and Biotechnology,

Daejeon 305-600, Korea

Abstract The growth and amino acid contents of the cyanobacterium, Spirulina platensis strain
NIES 46, were investigated using ammonium, nitrate, nitrite, or urea as the sole nitrogen source
in a batch culture. Chlorophyl! a concentration was highest at 2,096 pg/Lin the nitrate group af-
ter 10 days of cultivation, while the dry weight of . p/atensis was highest at 4.5 g/L in the am-
monium group after 30 days of cultivation. The total amino acid content was highest at 174 mg/g
dry weight of S. platensisin the urea group at the end of the cultivation period, yet the amino
acid patterns for S. platensis were similar for all the experimental groups. Therefore, it seemed
that the growth and amino acid composition of S. p/atensis varied depending on the type of ni-
trogen sources, while the amino acid patterns were not changed. Also, the most efficient har-
vesting time for S. platensis seemed to be approximately 10 days after cultivation.
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INTRODUCTION

Spirulina platensis is a blue-green photoautotroph found
in both aqueous and saline habitats. The alga has long
been used by human being as a source of food in Mexico

and Africa [1,2] and is one of the most potent sources of

natural nutrition for animals and human being. Due to its
high protein content of up to approximately 60-70% on a
dry weight basis [3], amino acids present in this organ-
ism match the proportions recommended by the FAC
[2,4].

The specific growth rate of microalgae is under the
control of several biological factors (e.g., biomass con-
centration and yield) and physicochemical variables {(e.g..
pH, temperature, irradiance and deficiency of nutrients)
[5,6].

Nitrogen is an essential element required for the syn-
thesis of primary and secondary amino acids, proteins,
chlorophyll and other accessory photosynthetic pigments
[7,8]. Yet, nitrogen deficiency has been found to stimu-
late the synthesis of all carbohydrate fractions (intracellu-
lar, capsular, and soluble) of cyanobacteria [9]. Cyano-
bacteria, like most microorganisms, can use nitrate, ni-
trite, or ammonium and, to some extent, organic com-
pounds as nitrogen sources [10]. Nitrogen comprises
about 10% of the cell dry weight in cyanobacteria [11],

and yet, there are specific distinctions in the uptake of

different nitrogen sources by microalgae [12]. The nutri-
tional quality of protein is determined by its amino acid
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profile, i.e. the content, proportion, and availability of the
amino acids. In addition, amino acids can be a sensitive
indicator of the state of nitrogen nutrition as well as the
general synthetic activity of algae [13].

Accordingly, the aim of the current study was to de-
termine the effects of several nitrogen sources on the
growth and amino acid composition of S. platensis, which
in turn would provide information on the proper harvest-
ing time.

MATERIALS AND METHODS

Microorganism and Culture Conditions

A culture of Spirulina platensis strain NIES 46 was ob-
tained from the Microbial Culture Collection of the Na-
tional Institute for Environmental Studies, Japan. The
organism was maintained in an SOT medium [14], con-
taining per litre 16.8 g of NaHCO;, 0.5 g of K,HPO,, 2.5 g
of NaNOs, 1 g of K,SO,, 1 g of NaCl, 0.2 g of MgSO,:
7H,0, 0.04 g of CaCl,-2H,0, 0.01 g of FeSO,-7H,0,
0.08 g of Na,EDTA, and 1 mL of trace solution A;. One
litre of the trace solution A, contained 2.86 g of H;BO;,
2.5 g of MnSO,-7H,0, 0.222 g of ZnSO,-7H,0, 0.079 g
of CuSQO,-5H,0 and 0.021 g of Na,Mo00O,-2H,0.

To produce an inoculum, the organism was grown in
250-mL Erlenmeyer flasks containing 100 mL of the
SOT medium, except in the case of nitrogen starvation,
where the combined nitrogen (NaNQ;) was omitted.
Thereafter, the inoculum was cultured in 250-mL Erlen-
meyer flasks containing 100 mL of a modified SOT me-
dium (150 pg N/L) with ammonium, nitrate, nitrite, or
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Table 1. In vivo fluorescence-based maximum specific growth rate (py,,), maximum chlorophyll a concentration (Chl,,), and maxi-
mum dry weight (DW,, ) for four experimental groups using different nitrogen sources

Nitrogen source

Parameter
Ammonium Nitrate Nitrite Urea Days after cultivation
Honax (day™) 0.121 0.178 0.190 0.194 3
Chl,,,, (ng/L) 1,090 2,096 1,947 1,763 10
DW,,., (mg/L) 4,533 4,050 3,000 2,825 30

urea as a nitrogen source. The cultivation was carried out
under 14/10-h light/dark cycle, with illumination of
120 pmol photon m? s provided by cool white fluores-
cent lamps at 25 + 1°C, and 100 rpm. The initial pH was
9.3.

Algal Growth Estimation

The growth was monitored as an increase in in vivo

fluorescence, chlorophyll @ concentration, and dry weight.

The in vivo fluorescence was measured using a fluorome-
ter (Turner 450, Barnstead/Thermolyne). Up to 10 mL
of the culture samples were filtered through Whatman
GF/C filters. The filters containing biomass were then
extracted in 90% acetone, and the chlorophyll a contents
were determined spectrophotometrically (UV-160A,
Shimadzu) [15]. The dry weight was determined using
5 mL samples. Following the procedure set up by Olguin
et al., the algal materials were filtered through a pre-
weighted Whatman GF/C filter paper, washed twice with
distilled water, and dried at 80°C for 4 h [16]. All meas-
urements were performed in triplicate.

Nitrogen and Amino Acid Analysis

To determine the nitrogen content, the culture samples
were collected on precombusted GF/C filters. Then, the
filtered samples were placed in a screw cap test tube with
15 mL of a 1% potassium peroxodisulfate solution and
was autoclaved at 120°C, 1.5 atm for 2 h. The nitrogen in
the algae and water was measured according to the sec-
ond-derivative method [17]. The cells were then har-
vested by centrifugation (MF550, Hanil, Korea) for
20 min at 2,500 rpm, and general amino acid composi-
tion analyses of the algal materials were conducted using
a Waters Pico-Tag amino acid analysis system after hy-
drolysis in constant boiling HCI for 24 h at 110°C. The
hydrolyzed samples were dried and redried using a redry
solution (Ethanol/DW/Triethylamine, 2/2/1, v/v/v). The
derivatization of the hydrolyzed samples and free amino
acids samples was accomplished using a derivatizing so-
lution (Ethanol/DW/Triethylamine/Phenylisolthiocyanate
(PITC), 7/1/1/1, v/v/v/v) for 15 min. The PITC-
derivatized free amino acids were then fractionated on a
Pico-Tag column (300 mm x 39 mm), which was equili-
brated with buffer A equipped with a Waters HPLC sys-
tem (510 HPLC pump, 717 automatic sampler, 996 pho-
todiode array detector, and Millennium 32 chromatogra-

phy manager) and was eluted with a linear gradient com-
posed of buffer B (0, 14, 20, 46, and 100%) at a flow
rate of 1 mL/min at 46°C. The absorbance was measured
at 254 nm. Buffer A consisted of 140 mM sodium acetate
(6% acetonitrile), while buffer B consisted of 60% ace-
tonitrile.

Data Analysis

Two-way analyses of variances (ANOVAs) were used to
determine the amino acid composition of S. platensis at
each stage of cultivation and with the different nitrogen
sources after 30 days of cultivation.

RESULTS AND DISCUSSION

Most photosynthetic microorganisms depend on either
ammonium or nitrate as their sole source of combined
nitrogen. Generally, the preferential order of nitrogenous
compounds for cyanobacteria and other algae is ammo-
nium > nitrate or urea > other organic compounds [18].

The in vivo fluorescence-based specific growth rate
(M., after adaptation, was highest in all groups after
3 days of cultivation, with the maximum at 0.194 day™ in
the urea group (Table 1). Nitrate is normally used as the
nitrogen source for Spirulina sp. cultivation. However,
Stanca and Popovici [19] demonstrated that using urea
as the nitrogen source for S. platensis cultivation caused
an increase in both the biomass production and the chlo-
rophyll content. It was reported that urea utilization as a
nitrogen source provided an energetic gain due to its
spontaneous hydrolysis to ammonium in the alkaline me-
dium, which was then easily assimilated by Spirulina [2].
The dry weight of each nitrogen group continuously in-
creased and exhibited a maximum value of 4.5 g/L in the
ammonium group. In the current study, the nitrogen
source exhibiting the highest growth and productivity
changed depending on the growth parameters.

The chlorophyll a concentration was highest after 10
days of cultivation in all groups, with the maximum at
2,096 ug/L in the nitrate group (Fig. 1). The chlorophyll
a concentration suddenly decreased after 10 days of cul-
tivation that coincided with the decrease of total nitrogen
content. Previous studies have already found that nitro-
gen-starvation induced a lower chlorophyll a content
[20,21], and in the current study, the concentration of
chlorophyll a abruptly decreased after 10 days of cultiva-
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Fig. 1. Chlorophyll a concentration and total nitrogen percentage in Spirulina platensis with different nitrogen sources.
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Fig. 2. Time course of amino acid concentration and relative
growth of Spirulina platensis culture using ammonium as the
nitrogen source.

tion in all groups, suggesting nitrogen limitation at this
point (Fig. 1). As such, it seemed that the chlorophyll a
concentration was affected by the nitrogen content in the
cells.

The time course of the amino acid concentrations in S.
platensis was examined for the ammonium group with the
maximum dry weight (Fig. 2). The total amino acid con-
centration increased rapidly after 6 days of cultivation,
which corresponded to the period of maximum relative
growth (1.30), and was highest at 0.33 g/L after 16 days
of cultivation. That is, the relative growth rate was de-
pendent on the amino acid concentration.

The amino acid content was highest at 127.0 mg/g dry
weight after 16 days of cultivation and exhibited a par-
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Fig. 3. Time course of amino acid content and intracellular
nitrogen content in Spirulina platensis culture using ammonium
as the nitrogen source.

ticular increase after 6 days, corresponding with a rapid
decrease in the total intracellular nitrogen (Fig. 3). As
such, a relationship was exhibited among the start of nu-
trient deficiency, the deceleration in the growth rate, and
the accumulation of carbohydrates [22].

When culturing Spirulina, the demand for amino acids
is reduced and the growth rate is decreased at low tempera-
tures [1]. In addition, excess nitrogen is metabolized into
cyanophycin, a copolymer of amino acids that forms
granules occupying up to 18% of the cell volume. In the
current study, the percentage and pattern of amino acids
in the S. platensis culture, with ammonium as the nitro-
gen source, exhibited no change (P < 0.01) according to
the sampling time. The amino acid content after 30 days
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Table 2. Essential amino acid contents of Spirulina platensis under different nitrogen sources after 30 days of cultivation

Nitrogen source (mg/g dw)

Amino acid
Ammonium Nitrate Nitrite Urea

Threonine 3.6 (5.0) 4.2 (4.4) 6.7 (4.8) 8.4 (4.9)
Valine 5.5 (7.5) 6.7 (7.1) 11.9 (8.5) 13.2 (7.6)
Methionine 1.1 (1.5) 1.6 (1.7) 2.3 (1.6) 2.5 (1.5)
Leucine 6.5 (8.9) 8.2 (8.7) 14.2 (10.1) 15.6 (8.9)
Phenylalanine 3.9 (5.4) 4.7 (5.0) 7.9 (5.6) 8.7 (5.0)
Tryptophan 0.5 (0.6) 0.7 (0.7) 0.8 (0.6) 1.1 (0.7)
Lysine 3.3 (4.5) 4.6 (4.8) 6.7 (4.8) 7.0 (4.0)
Total 73.0 (100) 94.5 (100) 140.4 (100) 173.9 (100)

Data in parenthesis indicate a percentage of each amino acid to total amount.
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Fig. 4. Amino acid content and concentration in Spirulina plat-
ensis cultured with different nitrogen sources after 30 days of
cultivation.

of cultivation was highest at 174 mg/g dry weight in the
urea group, which also exhibited the highest concentra-
tion at 0.4913 g/L (Fig. 4).

As shown in Table 2, the contents of the essential
amino acid for S. platensis were determined. After 30
days of cultivation, all groups of S. platensis contained 18
amino acids. The urea group particularly contained
amino acids, including threonine (4.9%), valine (7.6%),
methionine (1.5%), leucine (8.9%), phenylalanine (5.0%),
tryptophan (0.7%), and lysine (4.0%). Meanwhile, Spirulina
maxima contains 16 amino acids, eight of which are es-
sential, including leucine (10.9% of total amino acids),
valine (7.5%) and isoleucine (6.8%) [23]. A percentage
of the total amount was analogous in the experiments
conducted using different nitrogen sources (P < 0.01).

Accordingly, the current study confirmed that the use
of different nitrogen sources during cultivation affected
the growth and final products of S. platensis in various
ways. Based on the growth rate, chlorophyll a concentra-
tion, dry weight, and amino acid content, the most effi-

cient harvesting time for Spirulina platensis was found to
be after approximately 10 days of cultivation.
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