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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 HSPI0 gene expression levels in the experimental groups were significantly increased

compared to those of the control groups (transported group, p=0.001; air-exposed
p=0.032). The experimental group at 6 h post-release by seed-spreading method

group,
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 HSP90 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 HSP90 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).

IR E2SHAC

3. HSP90 U beta-actin cDNA H7|ME £M

E7|8A0] HSPID X beta-actin cDNAS| F7|MLL
Center for Biotechnology Information (NCB)Z2RE == 5HRALCt
(GenBank accession numbers: HQ689677.1, JF907619.1, AB510191.1).
0|2 7|22 2 PCR 7|€t2| cDNA cloning®l 223} primers 2
H| =+ ERTable 1; Bioneer Co, Daejeon, Korea). O 21 £7|8[ 49|
W& S 2525 E RNeasy Mini kit (Qiagen, Valencia, CA, USA)
£ O|83}10 total RNAE FE3IRL 1L, PrimeScript RT reagent kit
(Takara, Osaka, Japan)S O|83}0{ first-strand cDNAS 2HgSHRILCE,
2HE first-strand cDNA, primers, Vent polymerase % buffer (NEW
ENGLAND BioLabs, Ipswich, MA, USA)E O|-83}0] pre-denaturing
95°C 302, annealing 52°C 30Z, extension 72°C 702 (HSPI0) =
= 40X (beta-actiny S 35 cycleQ ZHSE PCRE THSIRILY.
PCR AF2& ZE3I1 RNeasy Mini kit (Qiagen)S 0|-2310] HH|
o 3, DNAQ| 5" I 3 Yttt HI|IMLEE Sanger 5'—¢1E1°§
ZXlACHSolgent Co, Daejeon, Korea). 243t HSPI0 X beta-
actin ONA G7|ME2 = Qingdao Al Laoshan AN HE
I3t E7|8lak| A= (Zhang et al, 2017)2] E7|M L0t Hjm &
SHRACE

National

1x o

4. Total RNA =&

PureLink™ RNA Mini kit (Thermo Fisher Scientific; Waltham, MA,
USAE ARSI, MZALQ| BH0| 2} total RNAE FEI}
RACL ZtEks| 2YSHH, SAE o2 7|8y 30 mgE 2 ml &
20| 2-mercaptoethanol Z&HE! lysis buffer 600 pl XS HItst
1, A2 & 2ol 'of XA Y %O 28 | =X homogenizer
2 M| D 2, A20M HFHEE (2600 x g 5&)3t1,
1 volumeQ| 70% ethanol X2|3| LT‘_ WHEA|ZICE Spin Cartridgedi|
oA E &2 700 pi¥ @0 H200M FMEE], M ES HA
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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-CCCTTCAGGCTGGTGCT-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

%2ZH o2 RNase-free H,0 70 I RNAS £%3}3Ct Nano
Drop 2000 (Thermo Fisher Scientific)2 O|835t04 RNA &= & &=

=g 53

5. A2 HEH FE2 LAY S (real-time quan-

titative polymerase chain reaction; RT-qPCR)

RT-qPCR AAOf| A3 probe H primere primer design tool
(Integrated DNA Technologies, Inc,, Coralville, lowa, USA)2 O|&
8lo] MA S, Thermo Fisher ScientificOll 2|28t X ZHstS!
ChTable 1). =LA Z7|8H2f2] cDNA B7|M L0 7|X8td, &
2 B84 HE2| exon-intron FHS 1S HSP9o H
beta-actin mRNA FEf2| DNAZH E0|1H2 2 SEEEE A5}
RUCE ®MZAL| HYE Lo Mt FETH total RNA (50 ng),
TagMan Fast Virus 1-Step Master Mix, TagMan probes (Thermo
Fisher Scientific)S A2t SO, X|F PCR mixtures 20 ul2
one-step RT-gPCR 2L E QuantStudio™ 7 Flex (Applied Bio-
systems, Foster City, CA, USA)Z AHB3H0] 95°C 30%; 95°C 5%,
60°C 34, 40 cycle UL,

6. S 24

5 M- WX bE AT Fod dEE Student's
ttestZ H|WSIRIOM, AF © &= TEHO| st Clo|E 2
M2 Q&S S H(Kolmogorov-Smirnov test, Shapiro-Wilk test,
p>005), HIOJEHQ| X4 21 Mg S3f 248 LA 3t

ChLevene test, p=0791). Lt& &S| weld2 AY T HOIH

o X 21 Hekg Aot 2 Fd A% (Kolmogorov-Smimov

test, Shapiro-Wilk test)dt 42| SEA A% (Levene test)S AA|
Sta, IS M(one-way ANOVAS S0} Htgt Xt0|E
AYSIALCE HIo|E 2] HRdat 24to] SEH0| THESX| Y=
B2, YRZMEY Ui HE2+H HEY T Jonckheere-Terpstra
AYHE ABSI0 ROl AHES MBI RE SAYN &
M2 EA 7| X IBM SPSS Statistics version 25 (SPSS Inc, USA)S
O|&3tRALt

4 1
1. HSP90 X beta-actin H7| MY H|n

HSPI0 X beta-actin cDNA2| F7|ME-2 S'primerdt 3'primer
Meg Zatsto] 22t 1,096 bp X 627 bpO| A2 H(Fig. 3A, B),
NCBIO| SE& 7|&E2| S7IsHet HSPI0 X beta-actin cDNA &
7| Eat= 97~98%2| &5dS LIEHLHUCE £ S=it F7
S Als AlBEA(Zhang et al, 2017)Qt BWEH ZAxt HSpPIo A
beta-actin ODNAE 22 770 U 27H9] exon B7|MES ZEsH=
transcripts2 £HHE|ACHFig. 3A, B).

2. R wHo| mME 7|84 ZZ2| RT-qPCR 24

o2l =7[oltS HI2SA0 =83t 30= Bt 5 =
goat & Ho| iz Hush 21 £& = deTo| HSPw
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0001 GAGGCTGAACCAGAAACCTTTGCCTTCCAGGCAGAGATTGCTCAGCTTATGAGCCTCATCATCAACACATTCTACTCCAACAAAGAAATCTTTCTTAGGG 0100

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

0001 ACACAGATCATGTTCGAGACTTTCAACACCCCCGCTTTCTATGTTGCAATCCAAGCCGTGCTATCTCTGTATGCATCTGGTCGTACCACTGGTATTGTCA 0100
0101 TGGACTCTGGTGAYGGTGTCTCTCACACAGTACCCATCTATGAAGGTTATGCTCTTCCTCACGCTATCCTTCGTCTTGATCTTGCTGGACGTGACCTTAC 0200
0201 TGACTACCTTATGAAGATTCTGACAGAGAGAGGCTACACCTTTACCACAACAGCTGAACGTGAAATCGTCCGTGATATCAAGGAGAARACTGAACTACGTT 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).

SR L2 SAEE R Fol081H FII8HRUCHp=0001; Fig.
4). 5 A" @F sl 7txT|of 1A1ZE 37 B =E Y
To| HSP90 FERE W FII5RICHp=0032; Fig. 5). 2HH, A
MO WEE dAoZ AlY ol HERE o2 S|
HSPI0 TR g2 W eAlZHNo| CH2 S0 Hlsto &
26 Aeho| BHET|ATHp=0069; Fig. 6). 0|2t FAISIA|, M40
N ZAE 610 HFE(0] 2~6A|7H A1t =, ChA| Z2E A
B2 MHTS EZQ HSPoo TR L0 Hlsto] Azt
L4t Z0F EE 5| ACH=0.093; Fig. 7). THH, ZrAtof ofsh
FH0M HEE o2 S7siete YE T AlZ0] duteE

Relative HSP90 expression levels

Control Air-exposed group

Fig. 5. Relative HSPJ0 gene expression levels in air-exposed
juvenile sea cucumbers. The means between the two groups were
not the same (p=0.032).

HSP90 |TAL WHg2 S7t5t= TfEO0| BHEE|UCHp=0.061;
Fig. 8).
ik

S70sfake Mt ZOHE ot CHYDH YA 7|5 &, WEE, =
HA 3 ebZAl QA gH-HO| 7yEto] Hts| O|R K| Rl2
o, X &F AIY2 F2 o2l S7|sia2 oEA 25 T
#E5tn, L 7|7t 4ot = ofEA = HES S7I6iMS THZSH
Of ZHOjst RUCHPark et al, 2013). $X| A7+ 2k 2,500% L{2|Q
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