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A Corrigendum on

In vitro Symbiosis of Reef-Building Coral Cells With Photosynthetic Dinoflagellates
by Kawamura, K., Sekida, S., Nishitsuji, K., Shoguchi, E., Hisata, K., Fujiwara, S., and Satoh, N.
(2021). Front. Mar. Sci. 8:706308. doi: 10.3389/fmars.2021.706308

In the original article, in order to show that cells of the IVB5 line are derived from planula
larvae of the coral Acropora tenuis, the authors presented transcriptome data from the IVB5
line cells in Table 1, Supplementary Table 1, and BioProjectID, PRJDB11647 (BioSampleID,
SAMDO00325495; and RawReadsID, DRA(012135) as published. However, we later discovered that
the medium of our culture system contains not only coral cells, but also other contaminating
organisms. The RNA-seq data therefore included sequences of organisms other than Acropora
tenuis. As a consequence, the data did not always support the coral origin of IVB5 line cells.
Therefore, we have withdrawn these transcriptome-related data. Instead, we present experimental
results of immunocytochemistry to show in vitro symbiosis of reef-building coral cells with
photosynthetic dinoflagellates more clearly. The following corrections have been made:

1. Materials and Methods, Immunocytochemistry with Antibodies Specific to Acropora
tenuis, paragraph one has been replaced with:

“In a previous study, we made two rabbit antibodies against synthetic oligopeptides, one
corresponding to a part of A. tenuis Snail protein (a zinc finger transcriptional repressor) and the
other to a part of A. tenuis Fatl protein (a Fat-like cadherin-related tumor suppressor homolog) (for
details, see Kawamura et al., 2021). To confirm that cells of the IVB5 line that engulfed algae are
of A. tenuis, we carried out immunocytochemistry using the antibodies. Cultured cells suspended
in the culture medium were centrifuged at 300 x g for 5min and resuspended in phosphate-
buffered salt solution (PBS). Cells were fixed with 4% paraformaldehyde in PBS for 15 min in an
ice bath. After quenching with 200 mM glycine for 2 min and permeabilizing with 0.1% Triton X-
100 for 10 min, cells were incubated in a mixture of 0.25% blocking reagent (Roche, Mannheim,
Germany) and 5% skim milk in PBS for 30 min. Then, they were reacted with the rabbit primary
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antibody diluted 400-fold with PBS for 1h and with goat anti-
rabbit secondary antibody labeled with fluorescein isothiocyanate
(FITC) (Vector Laboratory, Burlingame, CA, USA) diluted 200-
fold with PBS for 30min. After washing by centrifugation
for 5min twice with PBS, cells were counterstained with
4 ,6-diamidino-2-phenylindole (DAPI). They were observed by
means of a confocal microscopy system (ECLIPSE Clsi, Nikon
Co. LTD., Tokyo, Japan).”

2. Results, Acropora tenuis IVB5-Line Cells, paragraphs 1-3
have been replaced with:

“IVBS5 is one of 20 cryo-reserved cell lines established from
A. tenuis planula larvae in 2020 (Figure 1A). After replating
the culture line several times, cells were frozen in 2-mL serum
tubes in liquid nitrogen for permanent preservation. A few
months later, cells in a tube were melted back into culture
medium to proliferate as the original line of cells did (Figure
1A). Although the IVB5 line is polyclonal and contains several
types of cells with different morphologies, the majority are dark,
flattened, amorphous cells, 20~30 pwm in length (Figure 1A). The
line also contains a few brilliant cells (Figure 1A) and small
elongated cells (Figure 1A). A large vacuole (Figure 1B1, B3)
and several small vesicles (Figure 1B1, B2) are found in the
cytoplasm of flattened amorphous cells. They extend lamellipodia
and sometimes filopodia as well (Figure 1B2, B3) and show
moderate locomotor activity (Supplementary Movie 1).

Using  immunocytochemistry, ~we examined  dark,
flattened, amorphous cells that did not engulf symbiotic
dinoflagellates (Supplementary Figure 1A) and cells that
did (Supplementary Figures 1B, 1C). Although the former
maintained their flattened, amorphous morphology, the
latter became spherical (described later). Both showed
distinct fluorescent signals in response to A. tenuis-specific
antibodies  (Supplementary Figures 1A-1C). In the case
of anti-AtSnail, signals were restricted to the nucleus
(Supplementary Figure 1C), while in the case of anti-AtFatl,
fluorescent signals appeared throughout the entire cell bodies
(Supplementary Figures 1A, 1B). In contrast, negative control
cells that were stained with non-immunized rabbit serum
did not exhibit FITC signals, but confirmed DAPI signals
(Supplementary Figure 1D). These results indicate that
cells of the IVB5 line that engulfed symbiotic algae are of
Acropora tenuis.”

3. Results, The Dinoflagellate, Breviolum minutum,
paragraph one have been replaced with:

Breviolum minutum “(Figures 1C,D) has been maintained
in our laboratories for 8 vyears. During the proliferation
stage, brown cells appear globular, approximately 8 um in
diameter, do not extend flagella, and show no locomotor
activity. On the other hand, during steady state, some algal
cells extend flagellae and swim in the culture medium. The
B. minutum genome has been sequenced (Shoguchi et al,
2013). The identity of B. minutum used in this study was
identified by partial genome sequence to be strain ITS2-type Bl
(Supplementary Figure 2).”

4. Results, Occurrence of in vitro Symbiosis of Coral Cells
With Dinoflagellates, paragraphs 1-2 have been replaced with:

Supplementary Figure 1 | Immunocytochemistry of cells of Acropora tenuis
IVBS5 line with specific antibodies, anti-AtFat (A,B) and anti-AtSnail (C). (D) A
negative control stained with non-immunized rabbit serum. (A1-D1) Bright
field images and (A2-D2) dark field images. (A) A flattened, amorphous cell
that does not contain symbiotic algae. (B-D) Spherical cells that have
engulfed symbiotic algae for two weeks or more. Black arrowheads indicate
engulfed symbiotic algae and white arrowheads indicate nuclei of coral cells.
DAPI stains the nucleus blue. Distinct staining with A. tenuis-specific
antibodies indicates that the IVB5 line cells that have engulfed symbiotic algae
are coral cells. Scale bar, 20 wm.

“A 200-250-pL drop of culture medium containing B.
minutum was added to each well of a 24-well multiplate that
contained subconfluent coral cells in approximately 1mL of
growth medium. Most immobilized B. minutum gradually settled
at the bottom of the culture plate wells after 5 or 6min.
The first change detected after mixing animal and algal cells
was increased locomotor activity of flattened amorphous cells.
Immediately after mixing, coral cells developed filopodia and
actively extended and retracted pseudopodia (Figures 1C,D,E1,
arrows). They crept faster than those in plates that lacked
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Primer pairs (Zardoya et al. 1995)
28S5-F-1:CCCGCTGAATTTAAGCATATAAGTAAGCGG
285-R-1:GTTAGACTCCTTGGTCCGTGTTTCAAGA

>PCR amplified 28S rDNA (Query)
ACACCTGTCTGAGTCCCACACCGCACAGAGGAACACTAACAAGTGTACCATGTGAGCTGAAGGCCATCCTCAAACAAATGTGGCTAATGACTC
GCATGCTGAGAAACACTGCGGGTAAATGCTCACACATAAGCAGTCAGCTTGCGCTTACATGCTCAAGGCTCACAAAGACCCACAGCAATCTCA
GCACGACATGTGGCTCCGTTCGCTTCGCTCTCAGCAATTTCAAACACTTTTAACTCTCTTTCCAAAGTCCTTTTCATCTTTCCCTCATGGTAC
TTGTTTGCTATTGGTCTCGAGCTTCTATTTAGCTTTGGATGAAACTTACCACCTGATTTACGCTCCAATTCCGAGGAGCGTGACTCTCAGGAC
AAGCACTGTGGACAGCGGACATCGAGCGAAATGCAGGATTCTCACCCGGGCACACGCTCTATTCCAAGAGGCTTGCGCTCGAGCCGCCGATAG
CGCTATGCCTGCAGGCTACAGCCCGACACAGATGTATCGGTTTCCAGCCTGAGCTCATCCCTGTTCATTCGCCATTACTGAGGGAATCCTATT
TAGTTCCTTTT

> scaffold5386.1 of Breviolum minutum (Sbjct)
(https://marinegenomics.oist.jp/symb/viewer/info?project_id=21)

Score = 1046 bits (566), Expect = 0.0
Identities = 568/569 (99%), Gaps = 0/569 (0%)
strand=Plus/Plus
Query 1 ACACCTGTCTGAGTCCCACACCGCACAGAGGAACACTAACAAGTGTACCATGTGAGCTGA 60

CECEEEEEEEEE R r e e e e e e e e e e e e e e e e e e e e e e e e

Ssbjct 20148 ACACCTGTCTGAGTCCCACACCGCACAGAGGAACACTAACAAGTGTACCATGTGAGCTGA 20207

Query 61 AGGCCATCCTCAAACAAATGTGGCTAATGACTCGCATGCTGAGAAACACTGCGGGTAAAT 120

LECECREEEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e e e 1

sbjct 20208 AGGCCATCCTCAAACAAATGTGGCTAATGACTCGCATGCTGAGAAACACTGCGGGCAAAT 20267

Query 121 GCTCACACATAAGCAGTCAGCTTGCGCTTACATGCTCAAGGCTCACAAAGACCCACAGCA 180

CECEEEEEEEEEEEr e e e e e e e e e e e e e e e e e e e e e

sbjct 20268 GCTCACACATAAGCAGTCAGCTTGCGCTTACATGCTCAAGGCTCACAAAGACCCACAGCA 20327

Query 181 ATCTCAGCACGACATGTGGCTCCGTTCGCTTCGCTCTCAGCAATTTCAAACACTTTTAAC 240

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ee e e

sbjct 20328 ATCTCAGCACGACATGTGGCTCCGTTCGCTTCGCTCTCAGCAATTTCAAACACTTTTAAC 20387

Query 241 TCTCTTTCCAAAGTCCTTTTCATCTTTCCCTCATGGTACTTGTTTGCTATTGGTCTCGAG 300

FECCCEETEEEE R r e e er e e e e e e e e e e e e e e e e e ey

Ssbjct 20388 TCTCTTTCCAAAGTCCTTTTCATCTTTCCCTCATGGTACTTGTTTGCTATTGGTCTCGAG 20447

Query 301  CTTCTATTTAGCTTTGGATGAAACTTACCACCTGATTTACGCTCCAATTCCGAGGAGCGT 360
[|[|[|l|||||||||||||||||| RN A AR RARARARARARA AR

Sbjct 20448 TTAGCTTTGGATGAAACTTACCACCTGATTTACGCTCCAATTCCGAGGAGCGT 20507

Query 361  GACTCTCAGGACAAGCACTGTGGACAGCGGACATCGAGCGAAATGCAGGATTCTCACCCG 420
[|||l|||||||||||||||||||| RN AR ARRRARARARA AR

Sbjct 20508 AGCGGACATCGAGCGAAATGCAGGATTCTCACCCG 20567

Query 421  GGCACACGCTCTATTCCAAGAGGCTTGCGCTCGAGCCGCCGATAGCGCTATGCCTGCAGG 480
[|||[|[|||||||||||||||||| |||||||[|||||||||||||||||||||||||||

sbjct 20568 TCCAAGAG 20627

Query 481  CTACAGCCCGACACAGATGTATCGGTTTCCAGCCTGAGCTCATCCCTGTTCATTCGCCAT 540

LECEEEEEEEEC TR Er e e v e e e e e e e e e e e e e e e e

sbjct 20628 CTACAGCCCGACACAGATGTATCGGTTTCCAGCCTGAGCTCATCCCTGTTCATTCGCCAT 20687

Query 541 TACTGAGGGAATCCTATTTAGTTCCTTTT 569

ARARARRARARRRRARRRRARARRARAE

sbjct 20688 TACTGAGGGAATCCTATTTAGTTCCTTTT 20716

Supplementary Figure 2 | Confirmation of the used Symbiodiniaceae strain by PCR amplified 28S rDNAs sequences (Zardoya et al., 1995). The alignment shows
that the 28S rDNAs sequences from PCR amplification corresponded to scaffold 5386 in the draft genome of Breviolum minutum (Shoguchi et al., 2013), confirming
that the strain is the B. minutum. The single nucleotide difference between two sequences is due to a variation among 28S rDNAs copies of the clone.
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Growth medium, conditioned

Growth medium, non-conditioned

Sterile seawater

Supplementary Figure 3 | Incorporation of symbiotic dinoflagellates by IVB5
coral cells in different culture media. (A) Conditioned, growth medium. (B)
Non-conditioned, growth medium. (C) Basic, seawater-based medium.
Incorporation of symbiotic dinoflagellates was observed one day after addition
of algae. Symbiosis between the two organisms occurred in all three media.
Scale bar, 20pm.
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dinoflagellates (Supplementary Movie 1). Interactions between
cells of the two taxa occurred shortly after mixing (Figure 1C),
followed by coral cell phagocytosis of dinoflagellates (Figure 1D).
Coral cells incorporated coccoid cells, but not thecate motile
cells. One day after mixing, one or two and sometimes three
dinoflagellates were found in the cytoplasm of individual cultured
coral cells (Figure 1E1, E2). We repeated experiments more than
five times and obtained the same results, indicating that this in
vitro symbiosis is reproducible.

We examined whether the culture medium affects the
interaction between coral and dinoflagellate cells. Three
media, the conditioned cell growth medium that had been
used for cell culture for 2 weeks or more, newly prepared
cell growth medium, and basic seawater medium, were
examined. One day after inoculation in the conditioned
medium, 50.2 + 30.2% (number of observation fields, n =
12, which contained approximately 20 cells) of cultured host
cells incorporated algae (Supplementary Figure 3A). In newly
prepared growth medium, algal uptake was observed in 45.7
+ 288% (n = 14) of all cells (Supplementary Figure 3B),
and in seawater medium, 455 =+ 303% (n = 7)
(Supplementary Figure 3C). These results indicate that
1 day after inoculation, coral cell symbiosis with algal
cells occurred similarly in each of the three media in
approximately 50% of the cultured coral cells. Several days
after mixing, coral cells did not show further incorporation of
dinoflagellates. Even when dinoflagellates were present near
or attached to coral cells, they appeared to show no interest
in dinoflagellates.”

5. The Data Availability Statement
been removed.

6. The Author Contributions statement should have read
“KK and NS conceived and designed the study and prepared
the manuscript. ES and SS cultured dinoflagellates. KK, SS, KN,
KH, SE and NS carried out analyses. All authors commented
onit.”

7. The Acknowledgments should have read “We would
like to thank all members of the Marine Genomics Unit
at OIST for their support. Steven D. Aird (https://www.
sda-technical-editor.org) is acknowledged for editing
the manuscript. Professor Virginia Weis, one of the
reviewers of this manuscript, kindly noted the mistake in
our transcriptome presentation.”

The corrected Supplementary Material is shown at this article
and is available online.

The authors apologize for these errors and state that they do
not change the scientific conclusions of the article in any way.
The original article has been updated.
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