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Abstract
Vibriosis is one of the common diseases caused by gram-negative bacteria from the genus
Vibrio. To treat vibriosis, vaccination has been proven to be the most effective treatment as
it can avoid the risk of drugs or antibiotics resistance. Microalgae are commonly used as
feed for aquatic organisms and Nannochloropsis sp. is one of the highly utilized species
for fish feed. This study focused on the use of microalga,Nannochloropsis sp. as a vaccine
carrier. Transgenic Nannochloropsis sp. harbouring an outer membrane protein kinase
(OmpK) gene fragment of the Vibrio species namely V1, V2, CV1, CV2, CPV1 and CPV2
were utilized in this study. The stability of OmpK gene in transgenic Nannochloropsis sp.
over a number of generations was evaluated. DNA and RNA from the Nannochloropsis
sp. transgenic lines were extracted and subjected to PCR amplification of OmpK gene
fragment. The OmpK gene fragment was successfully amplified and expressed up to the
fifth generation (F5). For V1, V2, CV1 and CV2, the gene was present and expressed in
fourth generation (F4) and F5 respectively but CPV1 and CPV2 the OmpK genes were
present up to F4. From the results obtained,Nannochloropsis sp. is shown to be suitable as
a vaccine carrier and can be utilized as a vaccine carrier to ameliorate vibriosis.
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Introduction

Aquaculture is one of the industries that contribute to world’s economywhere the global market
for aquaculture products is about $50 billion over a year (Chen et al. 2008). This industry is
known as the farming of fish, shellfish and aquatic plants where it is the fastest growing
segment of the world food economy. The aquaculture industry is an efficient resource for
human consumption as it has the highest protein retention compared to livestocks such as
chicken, pork and beef (Gjedrem et al. 2012). Apart from that, it also has lower greenhouse gas
emissions than other types of farming. However, disease is the major problem in the aquaculture
industry where it causes high economic losses for the industry. It is the source of the most
serious problem that can cause damage to the livelihood of farmers, loss of jobs, reduced
incomes, and food insecurity. Studies showed that almost 50% of production loss was because
of diseases which were more severe in developing countries (Assefa and Abunna 2018).
Bacterial infection in various aquatic animal constitutes the most important source of disease
problems while fungal is the second major cause of losses in aquaculture (Meyer 1991). One of
the major diseases in aquaculture is vibriosis. This disease is mostly caused by a group of
bacteria in the Vibrionaceae family (Allam et al. 2000). In general, the common signs of
vibriosis are slow growth, lethargy and tissue necrosis, and infected fish will show skin
decoloration. In addition, the presence of red lesions in the muscle and erythema at the base
of fins, vent andmouth are also signs of infection (Austin and Austin 2012). To control vibriosis
in aquaculture, antibiotics are widely used in various ways such as incorporation into feed as
well as oral administration (Shoemaker et al. 2009). However, these approaches can cause other
problems not only in aquatic animals but also in humans and the environment. The presence of
antibiotics in aquaculture products will lead to allergy and toxicity in humans (Cabello et al.
2013). The frequent use of antibiotics widely in aquaculture can cause the development of
antibiotics resistance. This situation can increase the health risk among organisms in aquacul-
ture. The awareness about the usage of antibiotics is important and needs to be urgently noted.
Therefore, different strategies need to be developed in order to handle this situation.

Microalgae have been used widely as biomass for animal feeds. In the aquaculture sector,
microalgae are used as feedstock due to rapid growth and have complete nutrients such as
balanced amino acids, vitamins, carotenoids, and polyunsaturated fatty acids (Safafar et al.
2016). In addition, microalgae are also not being used to be feedstock only but they can help to
utilize carbon dioxide and have potential in water remediation. Microalgae are microorganisms
that can be used as a vaccine carrier due to their various characteristics. The key feature of
microalgae that makes them a good vaccine carrier candidate is that they have a rigid cell wall.
This could be useful for the protection of the antigen that they harbour in order for the antigen
to be delivered safely up to the gut of the fish. On top of that, microalgae are unseasonal where
they can be grown throughout the year and they also can be preserved by lyophilisation.
Microalgae also contain compounds that can act as vaccine adjuvants which have been known
to increase vaccine’s efficiency.

Nannochloropsis sp. is a small microalga with a diameter of 2–5 μm. This species differs
from other species whereby most algae contain many kinds of chlorophyll but for
Nannochloropsis species, only chlorophyll a was present within their cells. It completely lacks
chlorophyll bwhich is tetraphyroles and chlorophyll c. Nannochloropsis species is found to have
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a high photosynthetic efficiency and can store lipid by converting carbon dioxide into triglyceride
and polyunsaturated fatty acid and eicosapentaenoic acid (Ma et al. 2016). A study has shown that
Nannochloropsis sp. had a wide potential for the development of healthier food products where
they contained phenolic compounds and also antioxidant properties (Kherraf et al. 2017).

The recombinant DNA technology for microalgae is described as ‘best of both worlds’,
combining the high growth rate and ease of cultivation of microorganisms with the ability to
perform post-transcriptional and post-translational modifications of plants (Potvin and Zhang
2010; Rosano and Ceccarelli 2014). Most microalgae comprise a rich repertoire of species
having a lot of advantages for biotechnology processes such as gene transfer technologies. So,
they are allowed to act as a host for the expression of the foreign gene of interest. However, the
yield of the recombinant protein expression system is still low. Nowadays, in order to
overcome the problem of lower protein yield, many strategies have been performed to improve
the protein expression although many obstacles need to be faced. A research was conducted
where Nannochloropsis oculata was used for the production of a functional fish growth
hormone. Plasmid phr-YPGHc, containing fish growth hormone (GH) cDNA, was transferred
into the protoplast of these marine microalgae. As a result, after feeding the fish larvae with the
transgenic microalgae, the growth of larvae is greater than those fed with wild-type
microalgae. Therefore, the proposed N. oculata might be an excellent bioreactor and had the
ability to produce growth hormone (Chen et al. 2008). Apart from that, one study had shown
that Nannochloropsis oculata also had the ability to be used as a vaccine carrier. They utilized
and modified N. oculata to express antimicrobial peptides in order to fight against bacterial
pathogenic infection. To test the idea, they came out with the construction of algae-codon-
optimized bovine lactoferricin (LFB) fused with a red fluorescent protein (DsRed) driven by a
heat-inducible promoter, which was a heat shock protein 70A promoter combinedwith a ribulose-
1,5-bisphosphate carboxylase or oxygenase small subunit 2′ promoter from Chlamydomonas
reinhardtii. After electroporation, they examined 491 microalgal clones and generated two stable
transgenic lines, each expressing a stable transgene inheritance for at least 26 months. This study
was confirmed by the positive detection of the mRNA transcript and the protein of LFB-DsRed
produced by the transgenic microalgae. To test the efficacy of the antimicrobial peptide LFB,
medaka fish (Oryzias latipes) were adapted from freshwater to seawater and were fed with the
transgenic algae by oral-in-tube delivery method. Bacterial infection with Vibrio
parahaemolyticus per fish was induced 6 h after by oral-in-tube delivery as well. The fish were
then fed with 1 × 108 cell transgenic algae per fish, which showed an average survival rate after a
24-h period of infection was much higher than that of the fish fed with wild-type. The result
showed that the fish fedwith the LFB-containing transgenicmicroalgae had a bactericidal defence
against Vibrio parahaemolyticus infection in its digestive tract (Li and Tsai 2009).

This research focused on six transgenic lines of Nannochloropsis sp. which harbour a
fragment of the OmpK gene isolated from the Vibrio species. OmpK gene was found in Vibrio
parahaemolyticus and was shown to be a receptor for a broad host range vibriophage KVP40
in members of Vibrionaceae (Inoue et al. 1995). The OmpK had also been identified to act as a
protective antigen against fish vibriosis caused by Vibrio alginolyticus (Qian et al. 2008).
These transgenic lines were produced via homologous recombination where the nitrate
reductase of the host was knocked out while integrating the OmpK gene as well as the marker
gene and the stability of the transgene required validation. This study aimed to verify the
presence of OmpK gene transcript in six different lines of transgenic Nannochloropsis sp. by
using polymerase chain reaction (PCR) and the investigation of the expression of OmpK gene
transcript in all six transgenic lines over a number of generations.
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Materials and methods

Culture preparation, maintenance and conditions

Transgenic lines of Nannochloropsis sp. used in this study were obtained from the Plant-Algae
Biochemistry and Biotechnology Laboratory. The following abbreviations will be used
throughout this article which are WT (wild type), V1 (transformed using VCP_OMPK_ZA1
vector), V2 (transformed using VCP_OMPK_ZA2 vector), CV1 (transformed using
CRISPR_NR and VCP_OMPK_ZA1 vector), CV2 (transformed using CRISPR_NR and
VCP_OMPK_ZA2 vector), CPV1 (transformed using CRISPR_NR and PCR product of
VCP_OMPK_ZA1 vector) and CPV2 (transformed using CRISPR_NR and PCR product of
VCP_OMPK_ZA2 vector). The vectors construct used in developing the transgenic lines are
as shown in Fig. 1 and also patented under the patent file no. PI 2020000621. For the
cultivation of wild-type Nannochloropsis sp., Guillard F/2 medium was used with sodium
nitrate as the nitrogen source while for the cultivation of transgenic lines, the Guillard F/2
medium was used with ammonium chloride as a nitrogen sources. Cultures were continuously
shaken at 130 rpm on an orbital shaker at 24 °C with 12 h of light illumination and 12 h in
dark.

Fig. 1 Vector construct used to transform Nannnochloropsis sp. via homologous recombination. Homologous
region represents a partial sequence of host nitrate reductase as well as the sgRNA. Resistance gene utilized in the
study is bleomycin resistance gene (accession number: AAA72451)
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Identification of microalgal species via the amplification of 18S rRNA gene fragment

Genomic DNA of Nannochloropsis sp. was extracted using the DNeasy Plant mini kit
(QIAGEN). The extracted DNA was quantified by using a NanoDrop Spectrophotometer
(Genova Nano, UK). The amplification of the 18S rRNA gene was carried out using universal
primers with the following conditions: one cycle of initial denaturation (95 °C, 4 min 30 s),
34 cycles of annealing (50–63 °C, 1 min 30 s), 34 cycles of extension (72 °C, 10 min) and a
cycle of final extension (4 °C, infinity) using the Bio-Rad, T100, USA, thermal cycler. PCR
products were then cloned and sent for sequencing to verify the amplified fragment’s sequence
using the 1st Base Sequencing Service (1st Base, Singapore). The result obtained was then
analysed through Basic Local Alignment tools (BLAST) (http://blast.ncbi.nlm.nih.gov) to
validate the sequence of the fragment of interest.

Expression of heterologous gene in transgenic Nannochloropsis sp.

Each transgenic line obtained from the transformation procedure was maintained accordingly
based on the number of subculturing from the original transformation plate (Fig. 2). The
extraction of RNA from the Nannochloropsis sp. transgenic lines was carried out as described
by Fern et al. (2017). The extracted RNA was stored at ‑ 80 °C prior to further analysis.
Reverse transcription PCR was performed using Tetro™ cDNA Synthesis Kit (Bioline,
Canada). The synthesized complementary DNAs (cDNAs) were stored at ‑ 20 °C for poly-
merase chain reaction (PCR).

Fig. 2 Transgenic lines culture maintenance for gene fragment detection and gene transcript expression analyses
via a polymerase chain reaction. F1, F2, F3, F4, F5, F6 and Fx represent the number of generations i.e.
subculturing from the original transformation plate at every 3 months post inoculation
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Amplification of OmpK gene from genomic DNA and cDNA

Transgenic lines were first determined by the integration of the expression cassette with the
host gDNA via amplification of nitrate reductase using NR_980_F (TCAATGGACGAACT
GGTCGC) and NR_980_R (CTTGCCATCGTCGAGGGAG) primers with an expected size
of 980 bp (wild type), 3703 to 4208 bp (transgenic lines) at F4. On the other hand, the OmpK
gene fragment was amplified from the gDNA and cDNA using OmpK_F (ATGCGTAA
ATCACTTTTAGCTCTTAGCC) and OmpK_R (TTAGAACTTGTAAGTTACTGC)
primers with an expected band size of 750 bp. The housekeeping gene (GAPDH) used in this
study was amplified from cDNA of wild-type as well as Nannochloropsis sp. transgenic lines
using GAPDH_F (CCTGTGCGTCCACGGGCGC) and GAPDH_R (GAGGGTGG
TCTCGGAAGCC) primers with an expected size of 502 bp. Amplification of the gene
fragment from gDNA and cDNA was carried out using exTEN 2X PCR Master Mix (Apical
Scientific, Singapore) from gDNA and cDNA of wild-type and transgenic Nannochloropsis
sp. Amplification of OmpK gene fragment from gDNA indicates the stability of the foreign
gene fragment in the Nannochloropsis sp. gDNA, while amplification of OmpK gene tran-
script from cDNA indicates the positive expression of the transcript in the transgenic line.

Results and discussion

Molecular identification of Nannochloropsis sp.

The amplification of 18S rRNA gene fragments was done using the universal 18S primer. The
amplification of 18S rRNA gene fragments was carried out with the following forward and
reverse primers, 5′-CAGAGGTGAAATTCTTGGA-3′ and 5′-TCACCTACGGAAAC
CTTGTTACGAC-3′. Amplification of a band ranging from 800 to 900 bp indicates successful
amplification and the sequencing results obtained showed significant sequence similarity with
Nannochloropsis sp. (Fig. 3).

Fig. 3 Molecular identification of Nannochloropsis sp. via 18S gene fragment amplification and sequencing. a
Amplification of 18S rRNA gene fragment from gDNA of Nannochloropsis sp. Lane M represents 100-bp DNA
ladder (HyperLadder™ 100-bp ladder, NEB) and lane 1 represents the amplified gene fragment from
Nannochloropsis sp. genomic DNA template. b Sequencing results obtained from BLAST tool which showed
high sequence similarity of up to 82% with Nannochloropsis sp.

482 Aquaculture International (2021) 29:477–486



Integration of expression cassette site in transgenic Nannochloropsis sp. gDNA

DNAs extracted from the transgenic lines were analysed using PCR to amplify the homolo-
gous region where hypothetically is the site of integration. Analysis using PCR showed that
survived transgenic lines of Nannochloropsis sp. transformants contain the expression cassette
which is indicated by the single band between 10 and 1.5 kb (Fig. 4). The expected band size
for transgenic lines transfected with VCP_OMPK_ZA1 and its derivatives is 3703 bp whereas
for transgenic lines transfected withVCP_OMPK_ZA2 and its derivatives, it is at 4208 bp. If
no integration of the vector into the Nannochloropsis sp. genome had occurred, a band of a
size of 980 bp should be present similar to WT (wild type). All transgenic lines showed the
presence of an expression cassette (Fig. 5).

Presence and stability of heterologous gene in transgenic Nannochloropsis sp. gDNA

Polymerase chain reaction (PCR) was performed to detect the presence of OmpK gene
fragment with an amplicon size of 800–900 bp. In F4 and F5, successful amplification of
the OmpK gene fragment for transgenic lines V1, V2, CV1 and CV2 is shown. However, for
CPV1 and CPV2, the OmpK gene fragment was amplified in F4 only. As shown in Fig. 3, no
amplification can be detected for both of these transgenic lines in F5. Unfortunately, in the
sixth generation (F6), all six transgenic lines showed no amplification of the OmpK gene
fragment where no single band appeared at 800–900 bp size. Therefore, the presence of the
OmpK gene fragment can be considered to be stable to up to F5 in some transgenic
Nannochlorosis sp. lines.

Expression of heterologous gene in transgenic Nannnochloropsis sp.

RNA Extraction was performed on the wild-type Nannochloropsis sp. and six lines of
transgenic Nannochloropsis sp. namely as V1, V2, CV1, CV2, CPV1 and CPV2. Two
generations of transgenic Nannochloropsis sp. namely the fourth generation (F4) and fifth
generation (F5) were analysed. The expression of the housekeeping gene chosen in this study is

Fig. 4 Amplification of nitrate reductase to determine the integration of the expression cassette into the host
genome. M1 and M2 represent 100-bp DNA ladder (Apical Scientific, Singapore) and 1-kbp DNA ladder
(Apical Scientific, Singapore) respectively followed by six transgenic lines (V1, V2, CV1, CV2, CPV1 and
CPV2) and wild type (WT)
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as shown in Fig. 6a for generations 4 and 5 of the transgenic lines. The GAPDH is one of the
most common housekeeping genes used in the comparison of gene expression data and it
showed stable expression throughout despite the generation and line. In comparison, the
expression of OmpK gene transcript for all transgenic lines in both generations 4 and 5 was
evaluated (Fig. 6b. Based on the results obtained, the expression of theOmpK gene transcript in
F4 can be detected in all six transgenic lines except in CPV2. It is postulated that the expression
of the OmpK gene transcript may be too low for detection via RT-PCR in CPV2. For F5, the
expression ofOmpK gene transcript can be detected only in V1, V2, CV1 and CV2. Wild-type
Nannochloropsis sp. acted as a control for both generations. The results correlate with the
presence of the OmpK gene fragment where it could still be detected up to the 5th generation.

Overall, this study showed that there was a correlation between the presence of OmpK gene
fragment in the transgenic lines and the expression of the OmpK gene. The detection and
expression of the heterologous gene introduced into the cells could only be detected up to the
fifth generation. For future work, expression analysis should be done using a quantitative
approach like quantification polymerase chain reaction (qPCR) where this variation of PCR

Fig. 5 Amplification of OmpK gene fragment in fourth generation (a), fifth generation (b) and sixth generation
(c) of all six Nannochloropsis sp. transgenic line gDNA. M represents 100-bp DNA ladder (Apical Scientific,
Singapore) followed by wild-type (WT), and six transgenic lines (V1, V2, CV1, CV2, CPV1 and CPV2)
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can detect the lower amount of expression effectively than the RT-PCR. Further optimization
of the vector or transformation method in delivering the heterologous gene into the
Nannochloropsis sp. to increase its stability in the genome is highly recommended and needed
to produce a better vaccine carrier. Protein expression should also be considered in identifying
a similar protein coding or structure of the original antigen.

Conclusion

This study described the presence, stability and expression of the OmpK gene fragment
introduced into Nannochloropsis sp. as it could be a potential vaccine delivery system. Six
transgenic lines namely V1, V2, CV1, CV2, CPV1 and CPV2 were subjected to PCR analysis
for the detection of presence and stability and RT-PCR analysis for the expression of the gene
transcript. From the results obtained, the presence of the transgene can be detected and shown
to be stable in transgenic lines V1, V2, CV1 and CV2 up to the F5. The expression of the
OmpK gene transcript can also be detected up to the F5. Overall, transgenic lines V1, V2, CV1
and CV2 showed presence, stability and expression of the OmpK gene up to the F5. From the
results obtained, Nannochloropsis sp. can be considered a suitable vaccine carrier due to the
stability of the transgene introduced. It is hoped that this study will contribute to the prevention
of vibriosis disease which will then keep our aquaculture industry sustainable.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article's
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article's Creative Commons licence and your intended use is not permitted by statutory regulation or

Fig. 6 The expression of GAPDH (a) and OmpK (b) gene transcripts in fourth generation (F4) and fifth
generation (F5) of wild-type and six transgenic lines of Nannochloropsis sp. obtained via RT-PCR. M represents
100-bp DNA ladder (Apical Scientific, Singapore) followed by wild-type (WT), and six transgenic lines (V1, V2,
CV1, CV2, CPV1 and CPV2)
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