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Abstract

P. tricornutum has been found in several locations worldwide. This study first isolated a P. tricornutum strain from the east coast of Australia. The newly
isolated strain grew well at salinity levels from 25 ppt to 45 ppt. However, it could not survive when the temperature was higher than 30°C. Ammonia
was toxic to this species when the concentration was higher than 2 mM, and ammonium can be used as an alternative nitrogen source for this species.
The main fatty acids are C16:0, C16:1 and C20:5 (eicosapentaenoic acid; EPA), together accounting for 85% of total fatty acids, and the EPA content was
about 4% per dry weight. After nutrient starvation, the total fatty acid accumulated in the newly isolated strain at 25 ppt (by 110%) and 35 ppt (by 76%)
salinity levels, as well as EPA content per dry biomass. P. tricornutum has the potential for the EPA production.
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Introduction used for the DNA extraction by using a DNA extraction kit (DNeasy
Plant Mini Kit) according to the manufacturer’s instruction. The
extracted DNA was stored at -20°C. The control strain used in this
study for benchmarking is P. tricornutum CS-29/8, which originates

With theincreasing emissionsinto theatmosphere, the concentration
of CO, increased not only in the air but also in the ocean [1]. The

reenhouse effect may affect the nutrient content in the ocean as well . . . ..
g Y in Tasmania and was obtained from the Commonwealth Scientific

and Industrial Research Organisation (CSIRO) and stored in the
Queensland Microalgae Culture Collection.

as the distribution of marine diatoms. The cell size of P. tricornutum is
significantly smaller by approximately 15% under N-limited conditions.
However, with simulated increased CO, concentrations (expected by
the end of this century), the growth rate was not significantly increased Specific Primers Design

1]. Brisbane is located in the southeast corner of Queensland,
(1] . . ) ] ) Q Specific primers were designed for P. tricornutum. The length of the
Australia, and has a humid subtropical climate. The minimum mean . .

) . . primers should be around 20 bases, and the G-C composition should

temperature is 16.6°C and the maximum mean temperature is 26.6°C. . . i
. be 40%-60%. Before submitting requests for synthesis, the designed

East coast sea water temperatures peak in the range of 26°C to 28°C . . ) . -
) . . primers were checked for self-annealing and potential primer dimer

around early February and the lowest in about mid August, in the range . . . . .
) ) formation. In addition, if homologies to non-target regions higher

20°C to 22°C. P, tricornutum has been found in several places around .
. . . o . than 70% were found, those primers were not used. Table 1 shows the

the world, typically in coastal areas with wide fluctuations in salinity [2]. . . . . .
primers used in this study. The primers were synthesised by Integrated

Therefore, it is reasonable to consider that the local water system may DNA Technologies. I
echnologies, Inc.

harbour this species. This part of the research isolated a local strain of
P, tricornutum and discovered new properties from it, such as ammonia PCR and Electrophoresis
tolerance. Growth and EPA content comparisons were made between .
. . L . After DNA extractions, PCR assays were performed. The total
local strains and control strains (Tasmania originated strains). ) ) )

reaction volume for PCR was 25 uL, which contains 1 uL extracted

Materials and Methods

. . Table 1: Primers used in this study.
Sample Collection and DNA Extraction T thed I R Ry

Name Sequence 5’-3’ Tm GC content | length
Water samples were collected from the Brisbane River, Gold Coast, e-clsl-F | TCGGCAGTTACAATCCCCAC | 57.4°C 55.0% 20
Moreton Bay, and Yamba. All samples were stored in 500 mL sealed e-clsl-R | AATGCCCACGCCAAGAGTAA 57.1°C 50.0% 20
bottles. A light microscope (OLYMPUS CX21LEDFS1) was used to 58s-F | TCGGCGTCTTTTTACCACGA | 56.8°C 50.0% 20
identify the morphtypes of the cells. After that, a 100 uL sample was >8R | GTATCGCATTTCGCTGCGIT | 564°C 50.0% 2
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DNA templates, 5 pL 5xBuffer (Mg?**-free), 0.5 uL dNTPs (10 mM),
0.5 uL. MgSO, (100 mM), 0.5 pL primers (10 uM, forward and reverse),
0.125 uL Taq DNA polymerase, and 16.875 uL PCR grade water. The
program for PCR was set as follows: stage 1, 95°C for 5 min; stage 2,
35 cycles of 95°C for 30 s, 52°C for 30 s, and 72°C for 1 min; stage 3,
72°C for 10 min and hold on 10°C. For gel electrophoresis, 5 uL of PCR
products were mixed with 1 uL DNA Gel Loading Dye (6X). Then
the mixtures were injected into the slots of an agarose gel (2% TAE
buffer, with 1 drop of ethidium bromide). The current was set to 110
mA (BioRAD PowerPac300). After 30 min, the gel was placed onto the
gel reader (UVItec BIS-26.LM).

Single Colony Isolation

For this part of the research, a 1.5% agar plate was used to cultivate
water samples, which contained F/2 medium with 35 ppt sea salts.
100 pL samples were spread onto the surface of the agar plate. The
cells grew slowly in the solid medium. After the formation of a single
colony (approximately 30 days), a sterilised loop was used to pick up
the single colony and then suspended in liquid medium.

Scale Up and Optimise Growth Conditions

After the newly isolated P, tricornutum strains had been successfully
grown in the liquid medium, growth conditions were measured under
different temperatures and salinities, and a comparison was made
between newly isolated strains and previously stored strains. For the
temperature test, temperature pads (heat mats) were used and set to
25°C, 30°C, and 35°C. The growth conditions were measured using
the optical density (OD) value at 750 nm. A spectrophotometer (UV-
1800, Shimadzu, Japan) was used in this study. For the salinity test,
25 ppt, 35 ppt, and 45 ppt sea salt levels were used to cultivate both
strains (distilled water mixed with commercial sea salt). The ammonia
tolerance was also tested in this study: different concentrations of

ammonium sulfate were prepared in the culture. The pH was adjusted
to 8 and 10 by using 1 N NaOH and HCIL. Nitrate and phosphate
concentrations were tested every day during the experiment by
using API Nutrient testing kits according to the user’s manual. Algae
were cultivated in 500 mL flasks in this study, and grown in a light-
controlled room with 16 h light and 8 h dark cycle. The light intensity
was set to 100 umol m~ s, Filtered (0.45 pm) air was pumped into
the flasks with 137.2 kPa.

Fatty Acid Analysis

For fatty acids analysis, a previously reported method was used
[3.4].

Results and Discussion

Samples Collection and DNA Extraction

Samples were collected from different areas around Brisbane.
They were from Brisbane River (in the Brisbane city), Gold Coast
(south-east of Brisbane), Moreton Bay (north of Brisbane), and Yamba
(further south of Brisbane). Figure 1 shows the microscopic images of
all water samples. All samples contained microorganisms, however,
different samples had different dominant microbes. The fusiform
microbes account for the majority in the Yamba sample (bottom
right). P. tricornutum shows the fusiform shape when grown in liquid
medium, however, oval cells occupy the bulk part when grown in
solid medium [5]. Therefore, it is reasonable to suspect that the Yamba
sample contains P. tricornutum, however, further DNA evidence is
required.

PCR Results

Figure 2A shows the electrophoresis result of using 5.85 rDNA
primers for PCR using DNA from the water samples as template. The

Figure 1: Microscopic imaging of samples from Brisbane River, Gold Coast, Moreton Bay, and Yamba with 100x magnification.
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Figure 2: Electrophoresis results. A. The use of 5.8S rDNA primers. Lines 1, 2, 3 and 4 indicate the different DNA templates from water samples. Line 1 is from the Brisbane River; Line 2 is from
the Gold Coast; Line 3 is from Moreton Bay; Line 4 is from Yamba; Line M is the marker; B. The use of using e-clsI primers. Line 1 to 8 indicate the different DNA templates from different water
samples. Line 1 and 2 are from the Brisbane River; Line 3 and 4 are from the Gold Coast; Line 5 and 6 are from Moreton Bay; Line 7 and 8 are from Yamba; Line M is the marker.

5.8S ribosomal RNA gene is widely found in microalgal species and
regulates the synthesis of the large subunit of ribosomes. Samples from
the Gold Coast, Moreton Bay, and Yamba had a positive result, which
indicated that all these three samples contained detectable microalgal
species. However, samples from Brisbane River showed no bands,
which indicates that the microalgal content might be lower than the
detection limit. In order to further confirm whether the water samples
contain P. tricornutum, specific primers (e-clsI) were used to identity
this species. P. tricornutum eukaryotic-type cardiolipin synthase 1
(e-cls-1) gene is a specific gene of this species [5]. When subjecting the
gene sequence to the Basic Local Alignment Search Tool (BLAST) it
was confirmed that only P. tricornutum contains this gene in Genbank
data. Figure 2B shows the electrophoresis result of using e-clsI primers
for PCR. Just as expected, Yamba samples (line 7 & 8) gave positive
results, which indicates that the P tricornutum content from Yamba
is higher than that from other samples. The sample from Yamba was
hence selected for further isolation.

Single Colony Isolation

Solid medium and semi-solid medium could be used for the
isolation of microalgae, and it is easy to pick up individual colonies [6].
The water sample from Yamba was spread onto the surface of an agar
plate (solid medium). The cells grew slowly in the solid medium. In
solid medium, the main shape of the cells was oval. However, in liquid
medium, the majority of the shapes was fusiform. Only P. tricornutum
possesses this property. The ovoid cell walls contain silicified frustules,
and are five times stiffer than the other two shapes. And the maximal
growth rate of fusiform cells is 1.4 times higher than oval cells [5].
After approximately 30 days’ cultivation, single colonies were formed
(Figure 3A). Five different colonies were selected to continue growth
in liquid medium (F/2 nutrients with 35 ppt sea salt). After another 15
days’ cultivation, two flasks showed a brown colour, which indicated
successful growth of P. tricornutum (Figure 3B). This (4™) flask had
more biomass and displayed dark brown colour, which suggested that
P, tricornutum was successfully isolated in this flask. Figure 3C shows
a microscopic photo of P. tricornutum in the 4" flask after 15 days of
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cultivation. The shape of the cells underwent a transition from oval (in
the solid medium) to fusiform (in the liquid medium), which further
confirmed that P. tricornutum was successfully isolated. The newly-
isolated strain was named “Yamb” in this study.

Growth Test

After thislocal P, tricornutum strain had been successfully isolated,
a comparison was made to the previously stored strain CS-29/8 under
different growth environments. Temperature is an important factor
that can strongly affect the growth of this species. Jiang [7] tested the
growth conditions of P. tricornutum at different temperatures (10, 15,
20, 25 and 30°C). They found that the optimum temperature for P.
tricornutum growth was 20°C, and it grew slower at higher or lower
temperatures, and it hardly showed any growth at 30°C. Bernard
[8] constructed a model for the prediction of the growth rate of P
tricornutum, according to the published datasets. In this model,
the optimal temperature for growth of P tricornutum is around
23°C. According to the model, the growth rate decreases sharply at
higher temperatures, however, it decreases gradually towards lower
temperatures. In the present study, 25°C, 30°C, and 35°C were used
to test the growth conditions of the newly isolated strain (Yamb), as
well as the previously obtained strain CS-29/8 (as a control), as it
was hypothesised (based on its original habitat) that the new strain
may display better growth tolerance at higher temperatures. Figure
4A shows the growth conditions of both strains under different
temperatures. However, both strains could not survive at 30°C or
higher, which is consistent with former results [8]. This phenomenon
could be explained by the decrease of photosynthesis rate as well as
the carbon assimilation when the temperature is higher than 25°C [9].
Moreover, the relative expression level of small heat-shock protein
(shsp) gene is 566 folds higher under thermal stress [10], which may
further reduce the growth of this species. Although isolated from a
location with warm climate, the local strain could still not survive
when the temperature was 30°C or higher, which suggested that P
tricornutum cannot grow in open ponds during the hottest months
of the year (From December to February). As for the salinity test,
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Figure 3: Colonies isolation. A. Single colonies on solid medium after 30 days of cultivation; B. 5 different colonies grew in liquid medium after 15 days; C. Microscopic picture of a cell in the
4th flask with 400x magnification.
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Figure 4: Growth conditions of P. tricornutum under different temperatures (A); and salinities (B). Yamb: newly isolated strain; Control: Tasmania-originating strain CS-29/8. Shown are
mean values + SD of three separately-grown cultures, each.

Geol Earth Mar Sci, Volume 2(2): 4-7, 2020



Yi Cui, Skye R. Thomas-Hall, Peer M. Schenk (2020) Isolation and Cultivation of a Phaeodactylum tricornutum Strain from the East Coast of Australia for
EPA Production

the growth-permitting salinity of P. tricornutum ranges broadly from
5 ppt to 70 ppt [2]. There were no significant differences in growth
conditions of salinity levels ranging from 25 ppt to 45 ppt for both
strains (Figure 4B). 35 ppt (sea water salinity) was the best growth
environment for this species, and was selected to use throughout this
study.

Ammonia (NH,) can be used as an additional nitrogen source
for microalgae. When dissolved in water, there is an equilibration
between ammonia and ammonium (NH,*):

NH, + HO-NH,* + OH-

If the pH decreases, the equilibration moves to the right side, and
more ammonia molecules are converted into ammonium. On the
contrary, if the pH increases, the equilibration moves to the left side,
and more ammonia molecules are in the solution. It has been reported
that, when ammonia was used as the main nitrogen source without
adjusting the pH, the growth rate P. tricornutum was very low, about
10% of cell numbers per millilitre compared to a nitrate-based culture,
and the pH dropped to below 5 [11]. If the pH was adjusted to 8.2, the
higher concentration of ammonia could also inhibit the growth of P.
tricornutum. It has been reported that 545 gene transcripts altered in
P, tricornutum under ammonia treatment [12]. In the present study,
different concentrations of ammonium sulfate were used, and the pH
was adjusted to 8 and 10. Figure 5A shows the growth conditions of
P, tricornutum in different ammonia concentrations at pH 8. Growth
was certainly inhibited by the increasing concentrations of ammonia,
which in accordance with previous research [12]. And the growth
conditions decreased sharply when the ammonia concentration was
higher than 2 mM after 4 days of cultivation. Figure 5B shows the
growth curves of P. tricornutum in different ammonia concentrations
at pH 10. The cultures became cloudy when the pH was adjusted to
10, due to the precipitation of Ca(OH), in the culture. These results
also indicate that ammonia was toxic to P. tricornutum when the
concentration was higher than 2 mM, and that ammonium can be
used as an alternative nitrogen source to grow this species. Knowledge
of the ammonia tolerance of P. tricornutum is also important when
using ammonia to control predators in the culture.

Fatty Acids Analysis

Different strains of P, tricornutum may have different lipid profiles,
as well as total fatty acid compositions. In this study, fatty acid profiles
were analysed. Figure 6A shows the fatty acid content per dry biomass
of both strains at different salinity levels on day 5 and day 8 after
inoculation. The nitrate ran out on day 5. After this, the cells went into
the stationary growth phase, and day 8 was in the early stationary growth
phase. EPA contents increased from day 5 to day 8 under 25 ppt salinity
level for both strains, as well as the Yamb strain under 35 ppt. However,
there were no significant differences in the control strain CS-29/8 from
day 5 to day 8 under the 35 ppt salinity level. As for 45 ppt, the EPA
content decreased from day 5 to day 8 for both strains. The total fatty
acid content per dry biomass showed a similar trend for both strains
(Figure 6B). After nutrient starvation, the total fatty acid contents per
dry biomass increased in the Yamb strain under 25 ppt (by 110%) and

Geol Earth Mar Sci, Volume 2(2): 5-7, 2020

A 12 —t—0.5 M
1 mh
1
2 mi
0.8 5 mi
& i 10 1IN
~ 0.6
o 1
(=] /
0s |
i
0.2
1 2 3 4 5
Day
B 15 e 1.5 P11
14 1 mM
12 / 2 mM
, = 5 mM
& i 10 M
™~ 0.8
]
0 %
0.6

. T
. T T !
A 5

Y

%]

[¥%)
I

Figure 5: Growth conditions of P. tricornutum in different ammonia concentrations under
pH 8 (A); and pH 10 (B).

35 ppt salinity (by 76%) levels. The fatty acid composition of both strains
under different salinity levels displayed no significant difference on day
5 and on day 8 (Figure 6C). However, a decrease of EPA percentage
was observed from day 5 to day 8 in both strains. Accordingly, the
proportion of saturated fatty acids and monounsaturated fatty acids
(C16:0 and Cl16:1) increased. Taken together, this indicates that, after
nutrient starvation, both strains could accumulate EPA and total fatty
acids under a low salinity level (25 ppt). However, the contents of EPA
and total fatty acid per dry biomass decreased under a higher salinity
level (45 ppt). The percentage of EPA of total fatty acids decreased
from day 5 to day 8; however, the proportion of saturated fatty acids
and monounsaturated fatty acids (C16:0 and C16:1) increased in
both strains. There were no significant differences in the EPA content
between both strains from 25 ppt to 45 ppt. C16:0, C16:1, and C20:5
(EPA) are the main fatty acids for this species, and together account
for approximately 85% of the total fatty acids. The acyl-CoA pool
composition of P tricornutum also indicated that C16:0, C16:1, and
EPA were the most abundant fatty acids (Hamilton et al., 2014). The
EPA content per dry biomass could reach 5% in the present experiment,
which indicates that P. tricornutum is a promising candidate that could
be used for EPA production.
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Figure 6: Fatty acid profile of P. tricornutum at different salinity levels on day 5 and day 8 after inoculation. Graphs show A, Fatty acid contents per dry biomass; B, Total fatty acid contents
per dry biomass; C, Fatty acid composition. Shown are mean values + SD of three separately-grown cultures.

Conclusion

Alocal P, tricornutum strain had been successfully isolated from
the east coast of Australia and named Yamb in this study. Growth
comparisons between P. tricornutum Yamb and P. tricornutum CS-
29/8 showed that there are no significant differences. Both strains
cannot survive when the temperature is higher than 30°C. It seems
that P. tricornutum has a better living strategy when exposed to
different salinity levels. Both strains grew well from 25 ppt sea
salt level to 45 ppt sea salt levels. Ammonium could be used as an
additional nitrogen source for this species, and it could facilitate
the growth of P tricornutum when the pH is at 8. However,
ammonia is toxic to this species when the concentration is higher
than 2 mM at pH 10. C16:0, C16:1, and C20:5 (EPA) are the main

Geol Earth Mar Sci, Volume 2(2): 6-7, 2020

fatty acids for this species, together accounting for about 85% of
the total fatty acids. The EPA content per dry biomass could reach
5% in both strains, which makes P. tricornutum a potential source
for EPA production.
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