Isolation and Characterization of a New Arthrospira Strain
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A filamentous microorganism, morphologically similar to the cyanobacterium Arthrospira,
was isolated from Mangueira Lagoon in Brazil, from which Arthrospira has not previously
been isolated. Random amplified polymorphic DNA (RAPD) comparison with the standard
Arthrospira platensis strains LEB 52 and Paracas indicated that the organism isolated was
an Arthrospira isolate, which we denominated strain LEB 18. The RAPD analysis showed
conserved sequences which indicated that the three strains belonged to the same genus, and
were all Arthrospira species, but there were sufficient differences between them suggesting
that they were separate strains. The strain LEB 18 was cultivated in undiluted Zarrouk me-
dium and in 60% and 20% (v/v) Zarrouk medium diluted with sterilized Mangueira Lagoon
water (MLW) using illuminance rates of 32.5, 45.5 and 58.5 umol m~2 s~! according to a
complete 32 factorial design with a triplicate central point. The strains LEB 52 and Paracas
were cultived in the conditions central point. Our new isolate produced the highest specific
growth rate (Umax = 0.22d"1) in 60% Zarrouk medium diluted with MLW and illuminated
with 58.5 umol m~2s~! and the highest protein content (86.0% w/w).
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Introduction

The therapeutic importance of Arthrospira has
been widely discussed. Schwartz et al. (1998) re-
ported that treatment with Spirulina and Dunali-
ella produced a total regression of hamster squa-
mous cancer cells in 30% of the animals treated.
Mathew et al. (1995) reported that treatment with
crude extracts of Spirulina fusiformis produced re-
gression of small homogeneous oral cancer lesions.
Mishima et al. (1998) demonstrated that a novel
sulfated polysaccharide derived from A. platensis,
calcium spirulan, inhibited human lung metastases
by preventing the adhesion and migration of tu-
mour cells. More recently, Hirahashi et al. (2002)
reported that aqueous extracts of A. platensis in-
hibited the replication of HIV in human T-cells
and promoted the activation of the immune sys-
tem through increased interferon production.

Apart from its use for the production of bioac-
tive molecules, Arthrospira has recently received
increasing attention for its potential to sequester
carbon. The ability of phototrophic algae and
cyanobacteria to assimilate carbon could be one

of the most efficient processes for carbon seques-
tering and allows carbon dioxide to be removed
from the atmosphere without radical changes in
the global energy matrix and thus leads to a reduc-
tion in global warming (Morais and Costa, 2007a).

Isolation of Arthrospira has been reported from
many different sites, including Lake Chad in the
Republic of Chad, Lake Paracas in Peru, Lake
Texcoco in Mexico, Lakes Nakaru and Elemen-
teita in Kenya, and Lakes Aranguadi and Kilotes
in Ethiopia (Henrikson, 1994), but there have
been no previous reports on the isolation of Ar-
throspira from Brazilian sites. However, some Bra-
zilian coastal lakes are alkaline and rich in carbon-
ates and bicarbonates and therefore seem to be
suitable environments for Arthrospira. Mangueira
Lagoon, an alkaline lagoon situated between the
Atlantic Ocean and Mirim Lagoon in the southern
Brazilian state of Rio Grande do Sul, extends from
32°32" 05" S to 33°31' 57" S and presents favour-
able conditions for the natural growth of Arthro-
spira (Costa et al., 2004) but had not before been
investigated for this organism. The study described
in this paper reports the isolation and the evalua-
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tion of the kinetic characteristics of an Arthrospira
strain from Mangueira Lagoon.

Material and Methods
Harvest of biological material

Water samples were collected at two sites (site
1: 33°30" 12" S, 53° 08’ 58" W; site 2: 32° 50" 10" S,
52°39’ 36" W) on Mangueira Lagoon. A sub-sam-
ple was taken from each water sample and concen-
trated by centrifugation at 7,000 x g for 15 min, the
sediment being transferred to small test tubes and
ELISA plates containing Zarrouk medium (Mo-
rais and Costa, 2007b) or 20% (v/v) Zarrouk me-
dium diluted with sterilized Mangueira Lagoon
water (MLW). Two different pH values (9.0 and
11.0) were tested and each run was triplicated. The
samples were maintained at 30 °C in a growth
chamber under a 12 h light/dark photoperiod and
an incident light intensity of 32.5 yumol m~2 s~!
provided by 40 W daylight-type fluorescent tubes
(Reichert et al., 2006).

Each week samples were removed from the tu-
bes and examined by bright-field microscopy using
an Olympus CX31 microscope with a total magni-
fication of x400. Filaments presenting morphologi-
cal characteristics similar to those of Arthrospira
were isolated using an M-152 micromanipulator
(Narishige, Japan) and inoculated into new tubes
and ELISA plates of the same medium from
which the filaments had been isolated.

Genetic analysis

The Arthrospira strains LEB 18, LEB 52 and
Paracas were analyzed using the polymerase chain
reaction random amplified polymorphic DNA
(PCR-RAPD) method (Williams et al., 1990) and
the 10 arbitrary primers (Operon Technology, Al-
ameda, CA, USA) shown in Table L.

Total DNA was extracted by the phenol/chloro-
form method (Sambrook et al., 1989) and PCR-
RAPD was carried out in a final volume of 20.0 uL
containing 2.0 uL. 10X PCR buffer, 0.8 uL. cDNA,
0.4 L dNTPs (2.5 mm), 0.8 uL. primers (10 pm),
1.0 uL BSA (Bovine serum albumin, 10 mg mL™)
and 0.2 uL. (5 U L") of Platinum Taq DNA po-
lymerase (Invitrogen, Sdo Paulo, Brazil) using the
following amplification protocol: 94 °C for 1 min,
followed by 40 cycles of 94 °C for 30 s, 50 °C for
1 min, 72 °C for 1 min and 30 s, with a final 5 min
extension at 72 °C.

The PCR-RAPD fragments were separated by
electrophoresis on 1.5% (w/v) agarose gel. The
banding patterns of the three Arthrospira strains
were compared as presence (1) or absence (0) of
bands. These banding patterns were used to con-
struct a binary matrix, all the bands being consid-
ered irrespective of intensity. Genetic profiles
were constructed for each strain using the MEGA
3 program version 3.0 (Kumar et al., 2004) adapted
to analyze RAPD data by changing the 0 and 1
values in the binary matrix to A and T, respec-
tively. The p distance was calculated and used to
compare the genetic profile for each strain (Paplo-
matas et al., 2004).

Cultivation of Arthrospira strains

The standard Arthrospira platensis strains used
for comparison with LEB 18 were Paracas (Reich-
ert et al., 2006) and LEB 52 (Costa et al., 2006).
An inoculum for all the Arthrospira strains was
prepared and maintained in liquid Zarrouk me-
dium (ZM). The cultures were inoculate in one-
litre photobioreactors with 0.9 mL working vol-
ume and an initial Arthrospira biomass concentra-
tion of 0.15 g L~!. The biomass concentration was
determined by measuring the optical density at
670 nm in a model 700 Plus spectrophotometer
(FEMTO, Brazil) by previously prepared calibra-
tion curves relating the optical density with dry
weight of Arthrospira biomass (Costa et al., 2006).

The bioreactors were maintained at 30 °C in a
growth chamber under a 12 h light/dark photope-
riod and an incident light intensity of 45.5 umol
m~2 s~! for strains LEB 52 and Paracas, and 32.5,
45.5 and 58.5 yumol m~2 s~! for strain LEB 18 pro-
vided by appropriate numbers of 40 W daylight-
type fluorescent tubes (Reichert et al., 2006).
Strain LEB 18 was cultivated in undiluted ZM
(ZMl()O%) and in 60% ZM (ZM6O%) and 20% ZM
(ZMyq0,) diluted (v/v) with sterilized Mangueira
Lagoon water, while strains LEB 52 and Paracas
were cultivated in ZMgg9, only. Each bioreactor
run lasted 38 d during which time the cultures
were agitated and aerated with 20 L h~! air sup-
plied by diaphragm pumps. Samples were asepti-
cally collected every 24 h and the biomass assessed
as described above.

The biomass (X) values were used to calculate
the following kinetic parameters: maximum spe-
cific growth rate (umax, d-1) by exponential regres-
sion of the logarithmic phase of the biomass curve
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(Bailey and Ollis, 1986); biomass doubling time (¢4,
d) as ty = In2/up,y; biomass productivity (P, g L'
d-1) from the equation P = (X; — Xg) - (t — tp)~},
where X, is the biomass concentration at inocu-
lation () and X, is the biomass concentration
(gL in ¢ (d) after inoculation (Schmidell et al.,
2001); and maximum productivity (Ppay, g L7t d™1)
as the highest productivity for each strain.

Experimental design and statistical analysis

For the evaluation of strain LEB 18 we used a
complete 32 factorial design (Table II) in which the
variables were strain, culture media (X5; ZMjggq,,
ZM,go, and ZMgge,) and illuminance (X, = 32.5,
45.5 and 58.5 umol m~2 s~1), with a triplicate cen-
tral point (ZMgge,, 45.5 umol m~2 s~1) for strain
LEB 18. Strains LEB 52 and Paracas were main-
tained under the central point conditions only
(ZMgpo,, 45.5 umol m~=2 s~1). Growth curves were
constructed from the biomass values for strain
LEB 18, the kinetic and biomass data being sub-
jected to analysis of variance (ANOVA) and the
significance of the results being tested by the
Tukey test at p = 0.10.

Physico-chemical characterization of Arthrospira
biomass

Biomass of strains LEB 18, LEB 52 and Paracas
were cultivated in ZMggpe, at 45.5 umol m=2 s~!
and a commercial powdered preparation of Ar-
throspira maxima. The biomass from strains LEB
18, LEB 52 and Paracas was separated from the
culture medium by filtration, washed to remove
the excess salts, dried to constant weight in an
oven at 40 °C and milled. The commercial sample
was untreated. Ash and micro-Kjeldahl protein
(conversion factor 6.25) were assayed by standard
methods (A.O.A.C., 1997). Lipids were deter-
mined by the method of Folch and Lees (1957),
and digestible protein according to Furlong et al.
(2000). All the analyses were triplicated.

Results and Discussion

Mangueira Lagoon water contained various
photosynthetic microorganisms, but we were able
to isolate filaments with the characteristic mor-
phology of Arthrospira. The isolated strain was de-
nominated Arthrospira LEB 18. Microscopy of
strains LEB 18, LEB 52 and Paracas showed that
they were similar greenish-blue, helical filaments,
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morphologically consistant with the genus Arthro-
spira.

It has been pointed out that the isolation of na-
tive strains of photosynthetic microorganisms is an
option which eliminates the dependence on exotic
strains, avoids problems regarding the import of
biological material, reduces loss of viability during
transport and eliminates the time needed for the
microorganism to adapt to new cultivation condi-
tions (Poli et al., 2004). The use of native strains,
better adapted to local conditions, can not only
result in higher productivity and a better cost-ben-
efit relationship but also decreases the risk of envi-
ronmental impact.

Eight of the ten primers used in the RAPD
analysis of uni-algal cultures of Arthrospira LEB
18 resulted in specific banding profiles which
showed signs of polymorphism. The primers pro-
duced a total of 103 scorable bands, varying from
5 to 20 per primer with an average of approxi-
mately 13 (Table I). The genetic relationship
among the Arthrospira strains are shown in the
phenogram presented in Fig. 1, the genetic distan-
ces between the strains being 71.0% for LEB 18
and Paracas, 57.0% for LEB 18 and LEB 52, and
51.0% for LEB 52 and Paracas.

These results indicate that LEB 18 is more
closely related to LEB 52 than to the Paracas
strain, while LEB 52 is more closely related to the
Paracas strain than to LEB 18. These results show
that LEB 18 has a genetic profile which is different
to the strains routinely used in our laboratory, dis-
carding the possibility that strain LEB 18 was the
result of laboratory or environmental contamina-
tion.

Table I. Oligonucleotide sequence used for random am-
plified polymorphic DNA (RAPD) analysis of the Ar-
throspira strains LEB 18, LEB 52 and Paracas.

Primer data Number of bands

Primer Sequence (5'-3") Simple Polymorphic
AB3 TGGCGCACAC 11 9
AB4 GGCACGCGTT 12 4
AB5 CCCGAAGCGA 0 0
AB6 GTGGCTTGGA 5 1
AB7 GTAAACCGCC 15 6
AB9 GGGCGACTAC 20 8
ABI11 GTGCGCAATG 0 0
AB14 AAGTGCGACC 15 4
AB17 TCGCATCCAG 11 5
AB18 CTGGCGTGTC 14 7
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Fig. 1. Phenogram, generated by the MEGA 3 software, showing the genetic relationship between the Arthrospira
strains LEB 18, LEB 52 and Paracas based on the polymorphic profile produced by 8 arbitrary derived RAPD
primers. The numbers indicate the p distance calculated and used to compare the genetic profile for each strain.

The kinetic data for the Arthrospira strains
tested are shown in Table II. When A. platensis
strains LEB 52 and Paracas were cultivated at the
LEB 18 central point values of the 32 factorial de-
sign (i.e. ZMgpo, and 45.5 umol m~2 s~') strain
LEB 52 gave ty.c = 0.08d~! and the Paracas
strain pmay = 0.07 d-1, while strain LEB 18 reached
an average of ., = 0.13 d~! under the same con-
ditions. The highest u,.x values for strain LEB 18
were 0.22d ! in run 6 and 0.18 d~! in run 4 while
the lowest .5 values were 0.07 d=! in run 7 and
0.09d-' in run 9, indicating that strain LEB 18
grew better in diluted than in undiluted Zarrouk
media (Table II). The highest ;. value was
0.22 d-! for strain LEB 18, which was higher than
the 0.11 d~! obtained for A. platensis in semi-con-
tinuous cultivation by Reichert et al. (2006). Thus
we found that the highest u,,., value was obtained

with diluted ZM (LEB 18, run 6) while the lowest
values occurred with undiluted ZM (LEB 18 in
run 6 and LEB 52).

These pm.x values were reflected in the biomass
doubling time (z4), which was only 5.38 d for strain
LEB 18 (average for the three central points) but
8.66 d for strain LEB 52 and 9.90 d for the Paracas
strain. These results show that, when cultivated un-
der the same conditions, strain LEB 18 duplicates
its biomass about 2 d faster than the other Arthro-
spira strains studied. Strain LEB 18 produced the
largest biomass values (Xp.y), 2.36 ¢ L~! in run 6
(58.5 umol m~2 s~!, ZMggo,) and 2.22 ¢ L~'in run
10 (45.5 umol m~2 s~1, ZMggo,). The X, value
for run 6 was the highest one (p = 0.0095) com-
pared with the X, values for the other runs. As
with the u.,.x values, the highest X, values were
obtained in the runs with ZMggo,.

Table II. Growth conditions and kinetic data for Arthrospira strains growing in different contents of Zarrouk me-
dium (ZM, %) diluted with sterilized Mangueira Lagoon water (MLW) at different illumination rates ([).

Run Factorial coding* Physical variable Kinetic data
Xl XZ 1 LumOI m—Z S_l] ZM*y Hmax [d_l] la [d] Xmax [g L_1] Pmax [g L_l d_]]

LEB 18

1 -1 -1 325 20 0.122 5.782 1.562 0.082

2 0 -1 45.5 20 0.112b 6.302° 1.66° 0.153%

3 +1 -1 58.5 20 0.14¢ 4.952¢ 1.82¢ 0.10°¢

4 -1 0 325 60 0.18¢ 3.854 1.934 0.12abed

5f 0 0 45.5 60 0.15¢de 4.628¢c¢ 1.512 0.09abede

6 +1 0 58.5 60 0.22 3.154 2.36 0.10bcdet

7 -1 +1 325 100 0.07¢ 9.90t 1.30 0.09abedete

8 0 +1 45.5 100 0.112be 6.302b2 1.76b¢2 0.12h

9 +1 +1 585 100 0.092bfeh 770 2.16¢ 0.18
107 0 0 45.5 60 (0.12abegi 5 7gabeegh 2.22¢ (0.14bedefei
117 0 0 45.5 60 0.13acesi 5 33acehi 1.89¢d 0.171¢fhij
127 0 0 45.5 60 0.12abegi 5 ()3abeeghi 7 (f (.1Qbedeifeik
LEB 52 0 0 45.5 60 0.08°fehi  8.66 1.77b¢s 0.072
Paracas 0 0 45.5 60 0.07™i 9.90f 2.20¢t 0.11cdefhijk

Values with the same letters of the same parameters indicate that the values did not differ by the Tuckey test

at p = 0.10.
* X4, illuminance; X,, culture medium.
** Percentage ZM (V/v).

T These are the central point replicates for strain LEB 18.
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The highest biomass productivity (Ppa = 0.18 g
L-' d-%, p <0.0001) of all the strains occurred
with strain LEB 18 in run 9 (ZMjgge,, 58.5 umol
m~2 s~1); this strain also produced the highest av-
erage P, value (0.11g L' d-1!) at the central
point conditions (ZMgge,, 45.5 yumol m=2 s~1).

The highest uy,.x values for LEB 18 occurred in
40% to 60% ZM diluted with MLW at illumina-
tion levels above 52 umol m~2 s~'. The lowest
LEB 18 yax values occurred in undiluted Zarrouk
media at all illumination levels and in ZM,go, at
intermediary illuminance levels between 39 umol
m~2s~! and 45.5 yumol m=2 s~1,

Although the cultivation of Arthrospira is a sim-
ple industrial process, the preparation of Zarrouk
and other complex media is difficult and expensive
and makes the production of Arthrospira unduly
difficult. An attractive alternative for reducing
production costs is the partial or total substitution
of Zarrouk medium by natural alkaline waters
such as MLW which contains carbonates and mi-
cronutrients and has appropriate physico-chemical
characteristics for the growth of Arthrospira
(Costa et al., 2002).

During the semi-continuous cultivation of A.
platensis in open bioreactors the highest P,
value was 0.043 g L-! d-! in water supplemented
with 20% ZM, the productivity in undiluted ZM
being 0.038 g L~ d~' (Reichert et al., 2006). These
results, in conjunction with our data, suggest that
ZM contains more nutrients than is needed for the
optimum growth of Arthrospira. Costa et al. (2004)
reported that although Arthrospira can be culti-
vated in MLW it has to be supplemented with car-
bon and nitrogen because the unsupplemented
water supports the growth of Arthrospira for only
12 d. Our current results show that growth can
extend for at least 38 d (the maximum time of each
run) and that the best results were obtained in
MLW supplemented with 60% Zarrouk medium,
which supplied sufficient carbon and nitrogen to
extend each run to over one month.

Linear analysis was carried out for the 32 com-
plete factorial analysis with a triple central point
for strain LEB 18 using culture media and illumi-
nance as factors and u,,, as effect (Table III). The
results showed that although y .« increased while
illuminance increased this was not statistically sig-
nificant (p > 0.0890), indicating that the lowest il-
luminance (32.5 gumol m~2 s~1) could be used for
cultivation of Arthrospira and this not only reduce
costs compared to higher light intensity but also
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Table III. Factors (culture media and illuminance), effect
(maximum specific growth rate .y, d=!) and signifi-
cance (p) obtained with the 3% complete factorial analy-
sis with a triple central point for strain LEB 18.

Factor Effect (Umax [d7Y]) Error p
Mean 0.13 >0.00 >0.0000
Xi(L) 0.03 0.02 0.2313
X1(Q) ~0.02 001 02342
X5(L) -0.03 0.02 0.1721
X,(Q) 0.07 0.01 0.0240%
X,(L) - X5(L) >0.00 002  0.9635
X,(L) - X>(Q) >0.00 002 07129
X1(Q) - X5(L) >0.00 0.02 0.3340
X,(Q) - X5(Q) ~0.04 001  0.0619%

X, illuminance; X5, culture media; L, linear term; Q,
quadratic term.
* Statistically significant by the Tukey test at p = 0.10.

makes economically the provision of a constant
light intensity unavailable under natural condi-
tions. For the culture medium factor we found that
the ymax value decreased as the concentration of
ZM increased, indicating that diluted ZM acceler-
ates the growth as well as lowers the costs of the
final media (Table III).

Evaluating the quadratic terms, we found that
the maximum growth occurred at 32.5 and
58.5umol m~2 s~!, while for culture media the
best growth occurred at the central point values
(ZMgpo,). These results were statistically signifi-
cant at (p = 0.0910) indicating that the effects of
illuminance and culture medium need to be stud-
ied further.

The protein, lipid, and ash content and the di-
gestibility (%) of the Arthrospira strains LEB 18,
LEB 52 and Paracas and A. maxima are shown in
Table IV as means + standard deviation. The most
abundant component was protein, the highest

Table IV. Protein, lipid, and ash content and protein di-
gestibility (%) for the Arthrospira strains LEB 18, LEB
52 and Paracas. The values represent means * standard
deviation.

Strain Protein Lipid Ash Protein
digestibility
LEB 18 86.0+£1.3% 33+ 1.9* 6.7+ 0.1* 84.0 0.1
LEB 52 82.5+02* 33+1.1* 67+0.1* 8.5+0.2
Paracas  73.7 £ 1.0° 7.9 + 1.1° 7.0 £ 0.6> 80.2 + 0.3
A.maxima 73.6 £ 0.1° 6.9 + 1.4°> 7.1 £ 0.1> 78.4 £ 0.2

Values with the same letters of the same parameters indi-
cate that the values did not differ by the Tuckey test at
p =0.10.
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value occurring in strain LEB 18 (86.0%). Pelizer
et al. (2003) investigated the effects of inoculum
on the cultivation of Arthrospira platensis and
found that the highest protein content was 61%
when growing at 30 °C with an illuminance of
45.5 umol m~2 s~!. Our Arthrospira results were
also higher than those found for Chaetoceros sp.
(64.1%), Rhodomonas sp. (58.8%) and Cryptomo-
nas sp. (49.5%) growing at 30 °C (Renaud et al.,
2002). In cultivations of Arthrospira maxima grow-
ing in water supplemented with KNO; (Macedo
and Alegre, 2001) the maximum protein value was
about 72.0%, lower than for any of the strains
shown in Table IV.

It is known that 64.0% to 74.0% by dry weight
of Arthrospira is protein, and these values may be
up to 15.0% higher when samples are collected at
the start of the photoperiod (Henrikson, 1994).
This content is higher than in the best non-micro-
bial commercial sources of proteins, such as soya
(35.0%), powdered milk (35.0%), fish (15.0-
25.0%), eggs (12.0%), cereals (8.0-14.0%) and
fresh whole milk (3.0%) (Henrikson, 1994).
Large-scale production of Arthrospira protein
could be a lucrative alternative to conventional
agro-industrial processes.
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