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Accepted: May 26, 2022 Sea cucumber, Aposticopus japonicus, is a major invertebrate species in the coastal regions
of Korea. To evaluate the short-term stress levels according to the releasing methods,
this study investigated the gene expression profiles of heat shock protein 90 (HSP90) by
real-time quantitative polymerase chain reaction. When the juvenile sea cucumbers were
packed in the vinyl bag with oxygen followed by transportation for 30 min or air-
exposed for 1 h, the HSP90 gene expression levels in the experimental groups were

significantly increased compared to those of the control groups (transported

group,

p=0.001; air-exposed group, p=0.032). The experimental group at 6 h post-release by
seed-spreading method and at 2~6 h post-release by underwater hose-releasing
method on board a fishing boat showed that the levels of HSP90 gene expression were
not statistically significant but decreased slightly compared to the control group (seed-
spreading group, p=0.069; hose-releasing group, p=0.093). On the other hand, the
HSPI0 gene expression showed an increasing pattern as the time passed (~6 h) after
underwater release of juvenile sea cucumbers by divers (p=0.061). These results suggest
that HSPI0 gene expression can be used to investigate short-term stress response and

effective releasing methods of juvenile sea cucumbers.
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Fig. 1. Juvenile sea cucumber Apostichopus japonicus used in this study (A) and measurement of body length (B).

Fig. 2. Representative pictures for seed-spreading release method
of juvenile sea cucumber Apostichopus japonicus on board (A)
and underwater release method by divers (B).
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Table 1. Oligo primer and fluorescent probe sequences used in polymerase chain reaction

Target Direction Sequence (5'-3") Application
HSP90 Forward GAGGCTGAACCAGAAACCTTTG
HSP90 Reverse TCAGATCCTCACAGTTGTCCATG
beta-actin Forward ACACAGATCATGTTCGAGACTTTC <DNA cloning and sequencing
beta-actin Reverse CTTGATCTTCATGGTGGGTGG
HSP90 Forward CTTGGGTACCATTGCCAAAAGTG
HSP90 Reverse ACACCAAACTGGCCAATCATAGAAA
HSP90 Forward FAM-CCCTTCAGGCTGGIGCT-MGBNFQ
beta-actin Forward TGACAGAGAGAGGCTACACCTTTA RT-aPeR
beta-actin Reverse GTTTCTCCTTGATATCACGGACGAT
beta-actin Forward FAM-CCACAACAGCTGAACGTG-MGBNFQ

Note Underlined italic letters indicate fluorescent probe sequences

XZXHOZ RNase-free H,O 70 plZ RNAS £&3I2ULCt Nano
Drop 2000 (Thermo Fisher Scientific)2 O|83l04 RNA &% 3 =

=5 3L

5. A2 HEH SRR LAY S (real-time quan-
titative polymerase chain reaction; RT-qPCR)
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Sl0] MA S, Thermo Fisher ScientificOll 2|28t X 2SS
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RUCE ®ZAL| HEYE Lo mhatA =&t total RNA (50 ng),
TagMan Fast Virus 1-Step Master Mix, TagMan probes (Thermo
Fisher Scientific)® AFESIY 2, X|F PCR mixtures 20 ul2
one-step RT-gPCR 2122 QuantStudio™ 7 Flex (Applied Bio-
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60°C 34%, 40 cycle UL,
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(A)

ofgl S7IeHe &R LYol T2 HsPo 2 24 5

0001 GAGGCTGAACCAGAAACCTTTGCCTTCCAGGCAGAGATTGCTCAGCTTATGAGCCTCATCATCAACACATTCTACTCCAACAAAGAAATCTTTCTTAGGG 0100
0101 AACTCATCTCCAACTCGTCAGATGCCCTTGACAAAATCCGCTATGAAAGCCTGACAGACCCAAGCAAGTTGGATTCTGGGAAAGAGTTTTTCATCAAAAT 0200
0201 CATCCCCAACGCAGAGGAGAAGACCATTACCATCCAAGACAGTGGTATTGGTATGACCAAGGCTCACCTCATTAACAACTTGGGTACCATTGCCAAAAGT 0300
0301 GGCACCAAGGCCTTCATGGAAGCCCTTCAGGCTGGTGCTGACATTTCTATGATTGGCCAGTTTGGTGTTGGCTTTTACTCTGCGTACTTGGTTGCTGAGA 0400
0401 AGGTTTCAGTTATCAGTAAACACAATGATGACGAATGCTACAGGTGGGAGTCAGCTGCCGGGGGCAGCTTCACCGTCCAGCCAATTCCAACTCCAGAAGA 0500
0501 CTTTGGGCGTGGCACTCAGATCGTGCTGACCCTTAAAGAAGACATGGTCGAGTACACAGAGGAGAAACGAATCAAGGACATCGTCAAGAAACACAGTCAG 0600
0601 TTCATTGGCTATCCTATCAAACTGCAGTTGGAGAAAGAACGAGAAAAGGAGGTCAGTGATGATGAAGAGGAGGAGAAGGAGGAAGAGAAGAAAAGTACGG 0700
0701 AAGAGAAAGAGGAGAAAGAAGGGGAGGAGAAGAAAGACGAAGATACTCCAGAARATTGAAGATGTTGAAGACGATGAGGATGGAAAGARAAAAGGARAAAAA 0800
0801 GACTAAGAAAATCAAGATTGACGAGGAGGAGCTGAACAAAACCAAGCCTATCTGGACGAGGAATGCTGACGATATCACTAGCGAAGAATATGGAGAGTTT 0900
0901 TACAAGAGTCTTACCAATGATTGGGAAGAACATTTAGCTGTCAAGCACTTTTCAGTGGAAGGTCAGTTGGAGTTCCGTGCACTCTTGTTTGTACCAAAGA 1000
1001 GGGCGCCATTTGACTTGTTTGAGAACAAGAAGAAGAAGAACAACATCAAGCTGTATGTGAGGAGAGTATTCATCATGGACAACTGTGAGGATCTGA 1096

0001 ACACAGATCATGTTCGAGACTTTCAACACCCCCGCTTTCTATGTTGCAATCCAAGCCGTGCTATCTCTGTATGCATCTGGTCGTACCACTGGTATTGTCA 0100
0101 TGGACTCTGGTGAYGGTGTCTCTCACACAGTACCCATCTATGAAGGTTATGCTCTTCCTCACGCTATCCTTCGTCTTGATCTTGCTGGACGTGACCTTAC 0200
0201 TGACTACCTTATGAAGATTCTGACAGAGAGAGGCTACACCTTTACCACAACAGCTGAACGTGAAATCGTCCGTGATATCAAGGAGAAACTGAACTACGTT 0300
0301 GCTCTCGACTTTGAACAAGAAATGCAGACCGCTGCCTCCAGCTCCTCATTGGAGAAGAGCTATGAACTCCCTGATGGACAGGTCATCACCATCGGCAACG 0400
0401 AGCGATTCCGCTGCCCAGAGGCTATGCTTCAGCCATCTTTCCTTGGAATGGAATCTGCTGGTATCCACGAGACCACGTACAACAGTATCATGAAATGCGA 0500
0501 CGTTGACATCCGTAAGGATCTGTACGCCAACATTGTCCTTTCCGGTGGTACCACTATGTTCCCAGGTATCGCTGACCGTATGCAGAAGGAAATCTCAGCC 0600

0601 CTGGGACCACCCACCATGAAGATCAAG

0627

Fig. 3. Partial HSP90 (A) and beta-actin (B) cDNA sequences in Apostichopus japonicus. Underlined bold letters indicate two nucleotides

linking two exons.

Relative HSP90 expression levels

Before transportation After transportation

Fig. 4. Relative HSP90 gene expression levels in juvenile sea
cucumbers. The means between the two groups were not the
same (p=0.001).
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Relative HSP90 expression levels

Control Air-exposed group

Fig. 5. Relative HSP90 gene expression levels in air-exposed
juvenile sea cucumbers. The means between the two groups were
not the same (p=0.032).
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