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ABSTRACT: Aurantiochytrium limacinum BUCHAXM 122, a strain of thraustochytrid microorganism is potentially
an alternative source of essential nutrients for commercial products. In this study, the strain was screened for
its characterization and determination of polyunsaturated fatty acid (PUFA) production. Cells were isolated from
fallen mangrove leaves, and grown in a glucose-yeast extract-peptone (GYP) medium. Their morphology, life cycle,
biomass, fatty acid, extracellular enzymes and major elements were also investigated. Colonies occurred prominently
on the fourth day of cultivation, appearing opaque white in color and containing large numbers of amoeboid cells.
These thraustochytrids were observed to have a multi-stage life cycle, developing through zoospore, vegetative and
zoosporangium stages with a life span of approximately 24 h. Zoospores developed into vegetative cells within 10–
12 h and vegetative cells developed into zoosporangia, releasing zoospores, within approximately 10–15 h. Results
showed that A. limacinum BUCHAXM 122 produced highest biomass at 108 h, with 23.85 ± 1.02 g/l dry weight. The
isolates had high content of docosahexaenoic acid (DHA; 30.31 ± 5.88% of total fatty acids), indicating that they could
serve as a fatty acid source for human consumption and aquaculture feeds. Major elemental analysis showed that cells
contained 57% carbon, 29% oxygen, 9% hydrogen, 4% nitrogen and 1% sulfur. Extracellular degradative enzymes
including protease, lipase, urease, α-glucosidase and phosphatase activities were also detected.
KEYWORDS: Aurantiochytrium limacinum, polyunsaturated fatty acids, DHA, extracellular enzyme

INTRODUCTION
Thraustochytrids are unicellular eukaryotic organisms normally found in mangrove forests, seagrasses
and algae in coastal and oceanic regions throughout
the world [1]. The species chosen in this study is
a non-photosynthetic marine eukaryote that plays
an important role in estuarine and marine ecosystems, due to its degradative abilities [2], which
are integral for the microbial food web. Recently,
thraustochytrids have been distinguished for their
ability to produce high-value omega-3 polyunsaturated fatty acids (n-3 PUFA), particularly DHA
(docosahexaenoic acid, 22:6n-3) and EPA (eicosapentaenoic acid, 20:5n-3). In addition, ALA (αlinolenic acid, 18:3n-3) and GLA (γ-linolenic acid,

18:3n-6) are PUFAs that can be transformed into
arachidonic acid (ARA, 20:4n-6), docosapentaenoic
acid (DPA, 22:5n-3) and DHA [3]. These polyunsaturated fatty acids are known as key in physiological development of children and adults, with
a preventive role for different pathologies, such as
cardiovascular diseases, neural disorders, asthma,
arthritis, skin diseases and a wide range of cancers [4]. Moreover, they also play an important
role in aquaculture, for which thraustochytrids are
currently used as an alternative fatty acid source.
Aurantiochytrium limacinum, a thraustochytrid
strain, is likely an ideal alternative n-3 PUFA source.
The DHA content of this species is approximately
1.43–29.67% of total fatty acids (TFA) [5]. For this
reason, thraustochytrid production could be applied
www.scienceasia.org
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to industry demand for human food supplements
and high quality animal feeds.
The relationship between growth and lipid accumulation was evaluated in this study at all growth
phases [6], with emphasis on growth enhancement
and production of extracellular enzymes [7]. Understanding the enzymes present can lead to identifying a novel substrate that benefits both the economy and the environment. Elemental balance of
biomass and culture medium composition was of
concern, in order to enhance growth capability in
high-density cell cultures [8]. This study focused on
biological characteristics of A. limacinum BUCHAXM
122 isolated from fallen leaves in a mangrove forest
of Chanthaburi province, Thailand, using in vitro
experiments. Each growth phase was investigated in
order to determine the highest fatty acid production,
and thus the appropriate harvest period.
MATERIALS AND METHODS
Strains and cultivation
Thraustochytrids, A. limacinum BUCHAXM 122
were isolated from fallen mangrove leaves at Mangrove Resources Development Station 2 Tha Son,
Chanthaburi province, Thailand. They were initially grown in 250-ml Erlenmeyer flasks containing
50 ml of glucose-yeast extract-peptone (GYP) liquid
medium. Basal medium consisted of 60 g/l glucose,
10 g/l yeast extract and 10 g/l peptone in 15 psu
seawater. Cultures were inoculated at 25 °C with
200 rpm for 48 h. Then, the cells were sampled
(50 µl) and cell morphology was observed. The
life cycle was monitored under microscope (Carl
Zeiss® Primo Star, Germany) without staining, using 100 × 10 magnification.
Biomass determination
The pure cultures were maintained on a GYP agar
medium containing glucose, yeast extract and peptone (each at 1 g/l), incubated at 29–32 °C for 96 h.
An inoculum was prepared by transferring a single
colony of A. limacinum BUCHAXM 122 from a GYP
agar plate to a 250-ml Erlenmeyer flask containing
50 ml of GYP liquid medium. The inoculum was
incubated at 25 °C, with shaking (200 rpm) for 48 h.
The cultivation was performed in 45 Erlenmeyer
flasks (250 ml) containing 50 ml of culture medium.
All flasks were inoculated with 5% inoculum (v/v)
and incubated for 168 h at 25 °C and 200 rpm.
After 24 h, cells from three culture flasks were harvested every 12 h to estimate biomass throughout
the incubation period. All samples were aseptiwww.scienceasia.org
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cally removed from the flasks, transferred into a
50-ml tube, and centrifuged at 13 420 × g at 4 °C
for 30 min. The supernatant liquid was carefully
removed, with the cell sedimentation then freezedried at −80 °C, (using freeze-dryer Heto LyoLab
3000, Heto-Holten A/S, Allerød, Denmark). The
dried cells were weighed and expressed as g/l to
determine dry biomass. Average dry cell weight at
each 12 h was plotted to create a growth curve.
Specific growth rate was determined from the slope
of a semi-logarithmic plot of dry biomass versus
time, while maximum specific growth rate in batch
was detemined from a linear regression.
Lipid extraction and fatty acid composition
analysis
After the dried cells were weighed for biomass
determination, they were analyzed using direct transesterification method, modified from
Shimizu et al [9]. Lipids from freeze-dried cells
(0.1–2.0 g) were extracted by adding 4 ml sulfuric
acid/methanol mixture (2:100, v/v) and 200 µl of
internal standard (nonadecanoic acid, 19:0, Fluka,
Buchs, Switzerland), flushed with nitrogen gas, and
then heated at 80 °C in a water bath for 2 h. The
extracted fatty acid methyl esters (FAME) were
analyzed using gas chromatography (HP 6890 Series GC System, Wilmington, DE, USA) equipped
with a flame ionization detector (FID) and a capillary column HP-INNO Wax polyethylene glycol
(60 m × 250 µm × 0.25 µm). Helium was used as
the carrier gas. Both detector and injector temperatures were set at 250 °C. Column temperatures
were initially programmed to be 50 °C for 1 min,
increasing at a rate of 50 °C/min to 200 °C, and
holding for 1 min; then increasing by 2 °C/min to
210 °C, and holding for 14 min. Peak identification was performed by means of retention time of
known standard fatty acids (Sigma Chemical Co.,
St. Louis, MO, USA). Fatty acid contents were calculated according to peak area of chromatogram, in
accordance with the internal standard.
Investigation of extracellular enzymes produced
by A. limacinum BUCHAXM 122
Pure cultures of A. limacinum BUCHAXM 122 were
maintained on GYP agar plates at 29–32 °C for
4 days before starting ten extracellular enzyme assays. Assays of activity of six enzymes, namely
agarase, cellulase, xylanase, amylase, protease and
lipase were done, using methods modified from
Rajeswari et al [10]; Gorems and Alemu [11]; SaeLee [12]; Singh et al [13]; Nadeem et al [14]
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and Rai et al [15], respectively. Qualitative assays
were carried out by point inoculation on nutrient
agar plates impregnated with respective substrates
and 3% sodium chloride. Substrates for agarase,
cellulase, xylanase, amylase, protease and lipase
activity determination were agarose medium, carboxymethyl cellulose (CMC) agar, xylan agar, starch
agar, skim milk agar and Tween 80 agar, respectively. After incubation at 29–32 °C for 24–168 h,
production of the six enzymes was observed as a
clear zone around the colonies. Specific reagents for
detecting agarase and cellulase were Lugol’s iodine
and Congo red, respectively; the specific reagent for
detecting both xylanase and amylase was Gram’s
iodine.
Activity of α-glucosidase was determined using
a method modified from Arellano and Olmos [16].
Colonies of A. limacinum BUCHAXM 122 were initially grown in 250-ml Erlenmeyer flasks, containing
50 ml of the GYP medium at 25 °C and shaken
at 200 rpm for 96 h. After that, the medium
was centrifuged, and 20 µl of the supernatant was
mixed with 100 µl of pNPG (p-nitrophenyl-α-Dglucopyranoside) and 730 µl of 10 mM phosphate
buffer (pH 7) in a 10-ml glass tube. The solution
was incubated at 37 °C for 12 h and the reaction was
terminated by adding 150 µl of sodium carbonate
(2% w/v). The α-glucosidase activity was indicated
by a color change from clear to pale yellow.
The presence of phosphatase and urease were
determined according to the procedures of Barrow and Feltham [17] and Vuye and Pijck [18],
respectively. Colonies of A. limacinum BUCHAXM
122 were initially grown on GYP agar plates at
29–32 °C. After 96 h, the colonies were transferred
to phenolphthalein phosphate agar plates by point
inoculation, and incubated at 29–32 °C for 96 h. A
drop of ammonia solution was then placed on each
colony, and any color changes were observed. If the
colony color turned pink, it indicated the presence
of phosphatase. The test for urease was done by
transferring colonies into 27-ml tubes containing
10 ml of Christensen urea agar slant. The test basis
is the ability of A. limacinum BUCHAXM 122 to
secrete urease, which catalyzes conversion of urea
to ammonia and carbon dioxide. This result raises
pH of the medium, and changes the color of the
specimen from yellow to red.
The presence of gelatinase was determined
according to the procedure of Harley and
Prescott [19].
A. limacinum BUCHAXM 122
was inoculated by stabbing 50 µl of inoculum
into a tube containing nutrient gelatin medium.

Table 1
Morphological features of A. limacinum
BUCHAXM 122 grown on GYP agar.
Character

Colony morphology

Colony morphology

Colonies opaque white,
irregularly spread in form,
undulate margin and
flat elevation
2–4 mm
Thin-walled
Present
Spherical,  = 5–10 µm
Spherical,  = 6–25 µm
Present

Size of colony
Cell wall
Amoeboid cells
Shape and size of vegetative cell
Shape and size of zoosporangium
Binary cell division

Inoculated tubes were kept in an incubator at
4 °C for 96–168 h, and checked daily for gelatin
liquefaction. Gelatin normally liquefies at 28 °C
and above; liquefaction at the lower temperature
of the test is assumed to be the result of gelatinase
activity.
Elemental analysis
Quantification of the major elements (carbon (C),
hydrogen (H), nitrogen (N), oxygen (O) and sulfur
(S)) in relation to dry biomass was performed in an
elemental analyzer (LECO, CHN628, 628S, TruSpec
Micro O, Saint Joseph, MI, USA), complying with the
ASTM D5373 standard, at Laboratory Service Unit:
LSU, Suranaree University of Technology, Thailand.
RESULTS
Morphological characteristics
On GYP medium, colonies of A. limacinum
BUCHAXM 122 appeared prominently on the
fourth day of cultivation, opaquely white, with
flat elevation and undulating margins (Fig. 1a-b).
Their morphology is summarized in Table 1 and
Fig. 1. Vegetative cells were spherical in shape
and mostly dispersed as single cells (Fig. 1c);
however, some vegetative cells were undergoing
repeated binary division, and forming small clusters
(Fig. 1d). Binary cell division (Fig. 1e), amoeboid
cells (Fig. 1f) and release of zoospores (Fig. 1g-h)
were observed.
The life cycle of A. limacinum BUCHAXM
122 was quite short, approximately 24 h. They
have a multi-stage life cycle, developing through
zoosporic, vegetative and zoosporangium stages
(Fig. 2). Zoospores were released from parental
cells, then observed swimming briefly, using two
flagella, for approximately 1 h (Fig. 2a). When
swimming activity terminated, the zoospores began
to develop into vegetative cells, taking approximately 10–12 h to develop from settled zoospores
www.scienceasia.org
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Fig. 1 Colony morphology and cells of A. limacinum BUCHAXM 122 grown on GYP for 96 h. (a,b) colony margin and
a single colony on GYP agar; (c) dispersion of vegetative cells; (d) cluster of cells; (e) vegetative cell (arrow), diad
(arrowhead), tetrad (asterisk); (f) octad (arrowhead), amoeboid cells (arrows); (g) release of zoospores from small
opening in zoosporangium wall (arrow); (h) cell wall of zoosporangium appears to become loose (arrow).
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Fig. 2 Life cycle of A. limacinum BUCHAXM 122.
(a) zoospore; (b) a single vegetative cell; (c) size of
vegetative cell increases and division occurs; (d) mature
zoosporangium containing zoospores; (e) zoosporangium
walls split or tear, and release zoospores; (f) binary
division, diad; (g) binary division, tetrad; (h) release of
amoeboid cell; (i) amoeboid cell; (j) cell from settled
amoeboid cell; (k) zoosporangium wall disintegrates and
releases zoospores; (l) release of zoospores from cell
cluster.

to vegetative cells (Fig. 2b). Vegetative cells were
quite spherical in shape, with sizes ranging from
5–10 µm in diameter.
Vegetative cells increased in size by undergoing cell division (Fig. 2c) before developing into a
zoosporangium (Fig. 2d). After that, the zoospowww.scienceasia.org
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Fig. 3 Growth curve of A. limacinum BUCHAXM 122 in
GYP broth for 168 h. Cells were harvested after 24 h.

rangium walls split or tore, releasing zoospores
(Fig. 1g and Fig. 2e).
In some circumstances,
vegetative cells underwent repeated binary division (Fig. 2f and Fig. 2g), forming cell clusters
(Fig. 2h), with some cells dissociating from the
cluster and converting directly to amoeboid cells
(Fig. 2i). After that, amoeboid cells became spherical (Fig. 2j), developing into a zoosporangium, with
the zoosporangium wall then disintegrating to release zoospores (Fig. 1h and Fig. 2k). After binary
cell division, there were some cells that developed
into zoosporangia and released zoospores (Fig. 2l).
The total time elapsed for the vegetative cells to develop into a zoosporangium and release zoospores
was approximately 10–15 h.
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Biomass and fatty acid content
A. limacinum BUCHAXM 122 cultivated in an incubator shaker resulted in a suitable growth. Their
biomass increased rapidly during the first 60 h
(log phase), reaching 18.62 ± 0.65 g/l, with a specific growth rate of 0.03 h−1 . Thereafter, biomass
increased slowly from 72–84 h, reaching a stationary phase at 84–156 h, with highest biomass
(23.85 ± 1.02 g/l) observed at 108 h (Fig. 3).
The predominant polyunsaturated fatty acid
(PUFA) produced by A. limacinum BUCHAXM 122
was DHA (8.77–35.62% TFA). Other PUFAs produced in smaller amounts were DPA (1.15–5.84%
TFA), EPA (0.00–0.09% TFA) and ARA (0.04–0.24%
TFA). The saturated fatty acids (SFAs) tridecanoic
acid (13:0), tetradecanoic acid (14:0), palmitic acid
(PA, 16:0), heptadecanoic acid (17:0) and octadecanoic acid (18:0) were found in the ranges of 0.40–
1.93% TFA, 2.93–5.41% TFA, 32.09–63.96% TFA,
0.49–5.78% TFA and 1.07–2.02% TFA, respectively.
Major fatty acid components observed in cells were
DHA and palmitic acid. The content of palmitic acid
from lag phase to late-stationary phase was higher
than that of DHA; however, they were similar at
log phase (48 h) and late-stationary phase (144 h)
(Table 2).
DHA content in total fatty acids was low at
the initial stages of cultivation, then rapidly increased until reaching late stationary phase. DHA
content peaked at 108 h (156.91 ± 8.69 mg/g DW,
30.31 ± 5.88% TFA). DHA content was measured
every 12 h. It was found that there was an increase
of DHA in parallel to biomass production every 24 h.
DHA content itself fluctuated during the period from
36–72 h. Fluctuations continued, but less strongly,
from 72–108 h. However, after 108 h of cultivation,
DHA content became constant, or with a slight
decrease.
Extracellular enzyme production
A. limacinum BUCHAXM 122 was found to produce five extracellular enzymes (Fig. 4). Activity of protease, lipase, urease, α-glucosidase and
phosphatase were detected; meanwhile, activity of
agarase, cellulase, xylanase, amylase and gelatinase
were not detected in this strain. The presence
of extracellular protease and lipase was demonstrated by clear zone formation surrounding A. limacinum BUCHAXM 122 colonies on agar plates;
this occurred within the first 24 h of incubation
at 29–32 °C. These enzymes showed the strongest
activity among those detected, with the index values

Fig. 4 Detection of extracellular enzymes produced by
A. limacinum BUCHAXM 122: (a) protease; (b) lipase;
(c) urease; (d) α-glucosidase; (e) phosphatase.

between 2.14 ± 0.16 to 1.77 ± 0.13 and 1.99 ± 0.07
to 2.44 ± 0.01, respectively (Fig. 4a-b). The urease
activity was expressed as a bright violet coloration
on the slant (Fig. 4c). The α-glucosidase activity
was observed by the solution changing from colorless to pale yellow (Fig. 4d). Detection of phosphatase activity was confirmed by colonies changing
from light yellow to pale pink (Fig. 4e).
Elemental analysis
Dried cells of A. limacinum BUCHAXM 122 were investigated for their elemental content. Cell composition of A. limacinum BUCHAXM 122 included 57%
carbon, 29% oxygen, 9% hydrogen, 4% nitrogen
and 1% sulfur.
DISCUSSION
Microscopic observation revealed opaque white
colonies of A. limacinum strain BUCHAXM 122
on GYP agar with dominant morphological characteristics similar to those of A. limacinum strain
SR21 [20] and A. limacinum previously reported in
Thailand [5, 21]. A. limacinum differs from other
Aurantiochytrium species in its characteristic feature
of colony margins and amoeboid cells. Undulating
www.scienceasia.org
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Table 2 Fatty acid profile of A. limacinum BUCHAXM 122 cultured for 168 h.
Time (h)

Fatty acid
24

48

72

96

120

144

168

12:0

mg/g DW
% TFA

0.21 ± 0.08
0.19 ± 0.07

0.47 ± 0.00
0.12 ± 0.00

0.67 ± 0.05
0.16 ± 0.02

0.73 ± 0.01
0.15 ± 0.02

0.66 ± 0.12
0.13 ± 0.05

0.61 ± 0.14
0.14 ± 0.03

0.67 ± 0.09
0.12 ± 0.00

13:0

mg/g DW
% TFA

2.10 ± 0.45
1.93 ± 0.44

2.43 ± 0.19
0.62 ± 0.06

2.11 ± 0.14
0.50 ± 0.06

2.17 ± 0.37
0.44 ± 0.04

2.29 ± 0.15
0.45 ± 0.05

2.15 ± 0.23
0.50 ± 0.06

2.24 ± 0.13
0.40 ± 0.03

14:0

mg/g DW
% TFA

3.62 ± 0.44
3.30 ± 0.32

11.48 ± 0.93
2.93 ± 0.31

15.95 ± 3.07
3.75 ± 0.07

18.95 ± 4.57
3.81 ± 0.61

17.37 ± 1.28
3.39 ± 0.32

16.28 ± 0.12
3.80 ± 0.01

20.27 ± 2.31
3.63 ± 0.07

15:0

mg/g DW
% TFA

16.27 ± 1.15
14.93 ± 1.84

40.95 ± 0.76
10.45 ± 0.05

25.57 ± 4.71
6.02 ± 0.06

19.77 ± 4.13
3.98 ± 0.49

19.80 ± 0.32
3.89 ± 0.61

17.55 ± 0.57
4.09 ± 0.17

19.82 ± 0.62
3.60 ± 0.63

16:0

mg/g DW
% TFA

45.50 ± 4.05
41.62 ± 3.77

133.15 ± 10.28
34.02 ± 3.46

171.59 ± 27.86
40.49 ± 0.64

211.62 ± 24.56
42.87 ± 1.06

185.95 ± 10.17
36.38 ± 4.18

160.36 ± 7.93
37.42 ± 2.21

199.63 ± 15.94
35.89 ± 2.03

16:1

mg/g DW
% TFA

0.47 ± 0.10
0.43 ± 0.05

1.51 ± 0.27
0.38 ± 0.06

2.18 ± 0.17
0.52 ± 0.06

2.33 ± 0.36
0.48 ± 0.12

2.38 ± 0.72
0.45 ± 0.08

2.49 ± 0.59
0.58 ± 0.14

2.13 ± 0.33
0.39 ± 0.12

17:0

mg/g DW
% TFA

5.11 ± 0.41
4.69 ± 0.59

10.77 ± 0.63
2.74 ± 0.10

7.20 ± 1.35
1.69 ± 0.02

5.96 ± 0.42
1.21 ± 0.03

6.44 ± 0.20
1.26 ± 0.18

5.21 ± 0.14
1.22 ± 0.04

5.95 ± 0.32
1.08 ± 0.22

17:1

mg/g DW
% TFA

0.15 ± 0.02
0.14 ± 0.01

0.13 ± 0.06
0.03 ± 0.01

0.58 ± 0.67
0.16 ± 0.21

0.81 ± 0.07
0.16 ± 0.00

0.80 ± 0.44
0.15 ± 0.07

0.26 ± 0.23
0.06 ± 0.05

0.63 ± 0.37
0.11 ± 0.06

18:0

mg/g DW
% TFA

1.99 ± 0.25
1.81 ± 0.17

4.51 ± 0.01
1.15 ± 0.03

5.81 ± 0.95
1.37 ± 0.02

5.86 ± 0.35
1.19 ± 0.04

6.05 ± 0.92
1.17 ± 0.01

5.28 ± 0.49
1.23 ± 0.10

5.94 ± 0.10
1.07 ± 0.13

18:1

mg/g DW
% TFA

0.68 ± 0.14
0.62 ± 0.06

1.55 ± 0.04
0.40 ± 0.00

2.14 ± 0.09
0.51 ± 0.08

1.06 ± 0.57
0.22 ± 0.14

1.98 ± 0.19
0.39 ± 0.11

1.43 ± 0.48
0.33 ± 0.11

1.13 ± 0.44
0.21 ± 0.11

18:3n-6

mg/g DW
% TFA

0.09 ± 0.01
0.08 ± 0.00

0.28 ± 0.02
0.07 ± 0.01

0.34 ± 0.17
0.09 ± 0.06

0.48 ± 0.27
0.10 ± 0.07

0.35 ± 0.19
0.07 ± 0.05

0.37 ± 0.24
0.09 ± 0.06

0.33 ± 0.03
0.06 ± 0.00

18:3n-3

mg/g DW
% TFA

0.22 ± 0.02
0.20 ± 0.00

0.71 ± 0.02
0.18 ± 0.00

0.78 ± 0.08
0.19 ± 0.06

0.39 ± 0.48
0.09 ± 0.11

0.67 ± 0.15
0.14 ± 0.06

0.70 ± 0.30
0.16 ± 0.07

0.55 ± 0.06
0.10 ± 0.03

20:0

mg/g DW
% TFA

0.12 ± 0.03
0.11 ± 0.01

0.37 ± 0.03
0.10 ± 0.01

0.65 ± 0.23
0.16 ± 0.09

0.71 ± 0.12
0.15 ± 0.04

0.56 ± 0.20
0.12 ± 0.06

0.66 ± 0.16
0.15 ± 0.03

0.51 ± 0.15
0.10 ± 0.04

20:2

mg/g DW
% TFA

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

20:3

mg/g DW
% TFA

0.07 ± 0.03
0.06 ± 0.02

0.30 ± 0.04
0.08 ± 0.01

0.33 ± 0.04
0.08 ± 0.01

0.32 ± 0.03
0.07 ± 0.00

0.29 ± 0.01
0.06 ± 0.01

0.38 ± 0.06
0.09 ± 0.01

0.26 ± 0.07
0.05 ± 0.02

20:4

mg/g DW
% TFA

0.09 ± 0.03
0.08 ± 0.02

0.43 ± 0.03
0.11 ± 0.00

0.51 ± 0.12
0.12 ± 0.01

0.68 ± 0.13
0.14 ± 0.01

0.77 ± 0.05
0.15 ± 0.02

0.72 ± 0.13
0.17 ± 0.03

0.55 ± 0.15
0.10 ± 0.04

20:5

mg/g DW
% TFA

0.02 ± 0.03
0.02 ± 0.03

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

0.00 ± 0.00
0.00 ± 0.00

22:1

mg/g DW
% TFA

0.24 ± 0.09
0.21 ± 0.06

1.37 ± 0.01
0.35 ± 0.01

1.62 ± 0.29
0.38 ± 0.00

2.34 ± 0.41
0.47 ± 0.04

2.89 ± 0.43
0.56 ± 0.01

3.15 ± 0.15
0.74 ± 0.03

3.34 ± 0.05
0.60 ± 0.08

22:5

mg/g DW
% TFA

4.09 ± 1.27
3.68 ± 0.74

20.83 ± 2.25
5.32 ± 0.71

19.89 ± 2.05
4.73 ± 0.39

5.06 ± 8.67
1.15 ± 1.97

18.78 ± 0.32
3.69 ± 0.58

25.03 ± 1.69
5.84 ± 0.45

23.18 ± 2.81
4.25 ± 1.15

22:6

mg/g DW
% TFA

21.60 ± 8.05
19.40 ± 5.30

125.34 ± 0.28
31.99 ± 0.83

133.52 ± 10.70
31.85 ± 3.44

120.54 ± 14.42
24.41 ± 0.70

129.28 ± 2.97
25.39 ± 3.80

152.68 ± 0.04
35.62 ± 0.36

148.93 ± 10.19
27.15 ± 5.84

Other

mg/g DW
% TFA

7.22 ± 1.75
6.52 ± 0.88

33.14 ± 24.39
7.22 ± 4.98

93.08 ± 6.76
18.91 ± 0.40

120.08 ± 64.88
22.16 ± 9.94

Total

mg/g DW 109.84 ± 12.72
% TFA
100

424.57 ± 74.82
100

492.85 ± 45.75
100

517.37 ± 81.98
100

35.42 ± 21.38
8.95 ± 5.32
392.01 ± 9.15
100

colony margins and large number of amoeboid cells
are distinctive characteristics of A. limacinum [22];
these characteristics were also found in A. limacinum strain BUCHAXM 122. Rough colony margins
were probably a result of creeping of amoeboid cells.
Vegetative cell size of A. limacinum strain BUCHAXM
122 (5–10 µm) was smaller than A. limacinum SR21
(7–15 µm) [20] and A. limacinum (5–20 µm) [21].
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33.38 ± 12.97
7.77 ± 2.93
428.71 ± 4.31
100

122.93 ± 69.67
21.07 ± 10.49
559.02 ± 73.57
100

This study showed that A. limacinum BUCHAXM
122 released zoospores from zoosporangium walls
in two forms: some zoospores that split after being released, as previously reported [22]; other
zoospores disintegrated after release, as reported by
other authors [20]. The life cycle of A. limacinum
BUCHAXM 122 was shown to be approximately
24 h. This study, therefore, suggests that cells
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be cultivated for 48 h prior to an inoculum being
prepared. This is because most cells during this log
phase are vegetative cells, quite active and capable
of producing large amounts of cells. It would, thus,
be impractical to impede this period of maximum
cell development.
When A. limacinum BUCHAXM 122 was cultured with GYP medium, it provided a maximum
biomass yield of 23.85 g/l, similar to A. limacinum
(20.71 g/l) [5]. Major fatty acids were palmitic
acid and DHA, accounting for 32.09–63.96% and
8.77–35.62% TFA, respectively. These results agree
well with published reports for eleven strains of
Aurantiochytrium spp., which were found to contain
palmitic acid in a range of 39.67–48.37% and DHA
in a range of 22.13–60.33% TFA [23]. We found that
palmitic acid forms a higher proportion of TFA than
DHA; it was also higher in the stationary phase of
Aurantiochytrium sp. KRS101 [24]. Palmitic acid is a
saturated fatty acid, the consumption of which is often related to increased coronary heart disease risk.
One explanation is that palmitic acid is converted
to the monounsaturated fatty acid (18:1) by the
PUFA synthetic pathway and thus accounts for the
LDL-cholesterol raising effect of palmitic acid [25].
Therefore, using A. limacinum BUCHAXM 122 as an
alternative fatty acid source must be carefully done,
respecting human health issues.
In this study, DHA content during the stationary
phase (96–108 h) was higher than in early growth
phase (24–96 h). This is possibly due to creation
of lipid bodies occurring at the end of the life
cycle and increasing total fatty acids/cell volume
in proportion to growth and development of the
lipid body [26]. At late-stationary phase (120 h),
production of DHA was rather stable with a slight
decrease trend, possibly due to degeneration and
abnormal cells [24]. This indicates that the appropriate harvest time was between 96 and 108 h after
culturing.
DHA content in A. limacinum BUCHAXM 122
was higher than in Schizochytrium limacinum SR21
(14.72–18.38% TFA) [27], Aurantiochytrium sp.
KRS101 (19.88% TFA) [28] and Aurantiochytrium
4W-1b (27.9% TFA) [29]. The DHA content was
also higher than those reported for genus Thraustochytrium (T. striatum) (0.8–6% TFA) [30] and
Thraustochytrium sp. strain 004 (2.7% TFA) [31].
In addition, the DHA content in A. limacinum
BUCHAXM 122 was higher than in other species
of microalgae such as Phaeodactylum tricornutum (1.65–4.89% TFA) [32], Alexandrium sanguinea (23.8% TFA) and Chlorella ellipsoidea (3.1%
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TFA) [33].
This indicates that A. limacinum
BUCHAXM 122 has high potential as a source of
polyunsaturated fatty acids, particularly for industrial production of DHA. Since this strain shows
optimum potential to maximize biomass and DHA
production, it is highly applicable for aquaculture
and/or further commercial uses.
The content of other polyunsaturated fatty
acids, such ARA, EPA and DPA in A. limacinum BUCHAXM 122 was lower than in Parietichtrium sarkarianum [21], Ulkenia [31] and
Thraustochytrium [21, 31]. Although PUFA amounts
found in A. limacinum BUCHAXM 122 were less
than in other microorganisms, an advantage remains for its future use: PUFA from thraustochytrids,
especially Aurantiochytrium sp. and Schizochytrium
sp., are now certified safe for human consumption.
As there is interest in making DHA-rich oil products, including products for pregnant and nursing
women and bio-ingredients for inclusion in many
food products [1], PUFA produced from A. limacinum BUCHAXM 122 has high potential.
Five extracellular enzymes including protease,
lipase, urease, α-glucosidase, and phosphatase were
produced by A. limacinum BUCHAXM 122, consistent with previous reports for other species of Aurantiochytrium [23, 34] and also for Shizochytrium and
Thraustochytrium [34]. Similar to the ecosystem
in which A. limacinum is found, phosphatase, βglucosidase and protease are also found in the bacteria such as Planctomycetes, Chloroflexi, Roseobacter,
Alteromonas and Pseudoalteromonas [35]. However, most bacteria that live in seawater, sediment,
plants and animals produce lipase phosphatase and
protease, and a few produce urease [36]. Such
information shows that the diversity of extracellular
enzymes is related to the type of microorganisms
present, which in turn, is related to habitat [23].
These degradative enzymes likely play an important
role in the environmental material cycle and marine
microbial cycle. Protease plays an important part
of the nitrogen cycle and has a regulatory role
in nature. Urea from protein degradation is hydrolyzed to ammonia by urease. Aurantiochytrium
has the ability to benefit from urea as a source of
nitrogen, resulting in high production of biomass
and lipid content [34]. Lipase is any enzyme that
catalyzes the hydrolysis of lipids. It contributes to
the degradation and assimilation of lipid nutrients
from their marine environment, as well as generating antimicrobial compounds (lysophospholipids)
beneficial for competition with bacteria over lipid
nutrients [37]. A previous study reported that αwww.scienceasia.org
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glucosidase was involved through a bacterial role
in the carbon cycle of mangrove sediments. This
occurred through degradation of carbohydrates,
which are common structural and storage polymers
in aquatic organisms and are critical energy components of food webs [38]. Phosphatase has been
reported to be able to mineralize organic phosphates
into inorganic phosphates, and may play a role
in the phosphorus cycle by utilizing phosphorus
released from dissolved organic phosphorus in seawater [34]. The isolates investigated in this study
showed diversified degradative enzymatic patterns.
This study suggests that A. limacinum BUCHAXM
122 could be optimized as an alternative for wastewater treatment, particularly for coastal aquaculture.
CONCLUSION
In summary, this study shows that A. limacinum
BUCHAXM 122 is a promising candidate source for
polyunsaturated fatty acid production. It could be
used as an alternate DHA source, a substitute for fish
oil in aquaculture, animal feeds, human foods, cosmetics, pharmaceuticals and as a sustainable energy
source for biodiesel production. Its biological understanding can be used for product improvement
in processes requiring fermentation. It produces
numerous lipid bodies every 24 h of life cycle; therefore, harvesting of cells can be appropriate every
24 h during 72–108 h of cultivation, when biomass
(23.85 ± 1.02 g/l) and DHA (30.31 ± 5.88% TFA)
are highest. A. limacinum BUCHAXM 122 produces
the extracellular enzymes protease, lipase, urease,
α-glucosidase and phosphatase, which are all beneficial to the environment. However further research
on an appropriate substrate (to produce more enzyme, one should optimize culturing condition or
adding some inducer, not the substrate) is needed
in order to produce larger quantities of enzymes.
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Patel A, Matsakas L, Hrůzová K, Rova U, Christakopoulos P (2019) Biosynthesis of nutraceutical fatty acids by the oleaginous marine microalgae Phaeodactylum tricornutum utilizing hydrolysates from organosolv-pretreated birch and
spruce biomass. Mar Drugs 17, ID 119.
Suh SS, Kim SJ, Hwang J, Park M, Lee TK, Kil EJ, Lee
S (2015) Fatty acid methyl ester profiles and nutritive
values of 20 marine microalgae in Korea. Asian Pac J
Trop Med 8, 191–196.
Taoka Y, Nagano N, Okita Y, Izumida H, Sugimoto
S, Hayashi M (2009) Extracellular enzymes produced by marine eukaryotes, thraustochytrids. Biosci
Biotechnol Biochem 73, 180–182.
Li Y, Sun L-L, Sun Y-Y, Cha Q-Q, Li C-Y, Zhao D-L, Song
X-Y, Wang M, et al (2019) Extracellular enzyme activity and its implications for organic matter cycling in
northern Chinese marginal seas. Front Microbiol 10,
ID 2137.
Fenice M, Gallo AM, Juarez-Jimenez B, GonzalezLopez J (2007) Screening for extracellular enzyme
activity by bacteria isolated from samples collected
in the Tyrrhenian Sea. Ann Microbiol 57, 93–99.
Ishibashi Y, Aoki K, Okino N, Hayashi M, Ito M (2019)
A thraustochytrid-specific lipase/phospholipase with
unique positional specificity contributes to microbial
competition and fatty acid acquisition from the environment. Sci Rep 9, ID 16357.
Liu HJ, Tian Y, Zheng TL, Yan CL, Hong HS (2008)
Studies of glucosidase activities from surface sediments in mangrove swamp. J Exp Mar Biol Ecol 367,
111–117.

www.scienceasia.org

