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Abstract

Water temperature is one of the most important factors of fish survival, affecting the habitat, migration route, development, and
reproduction. This experiment studied the induction level of heat shock protein (HSP70) mRNA and protein in a walleye pollock
(Gadus chalcogrammus) primary hepatocyte culture based on different temperatures. Hepatocytes were attached at 7.5°C for 24
hours. Hsp70 induction levels were then measured for 48 hours at 5, 8, 11, 14, and 17°C. The induction level was lowest at 5°C
and generally increased with temperature until 14°C. The induction level was reduced at 17°C, indicating that 14°C is the highest
tolerable temperature for hepatocytes. These data indicate that primary hepatocyte cell culture is under no stress at 5 and 8°C.
Temperatures greater than 11°C induce stress, showing similar induction patterns in both mRNA and protein in hepatocytes. The
results suggest that 14°C is the maximum internal defense temperature of walleye pollock survival.
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LME
AZZhlZ(Heat Shock Proteins; HSPs)-2 JaH
AR MSPE 7R 2 o] 9L, A4
Bjofl A= EASHA|NL, F, E/dAba, pH, S5, HEl Y
o} AT =2 @) 2 of| lmzo] = AYA| Woll A
ZHA o] H= AEH A il Z o]t Guerriero et

al., 2002; Dong et al., 2008; Reddy et al., 2013;
Scalici et al., 2017; Piscopo et al., 2018). HSP+= -7-7]
Alo] e 1k et st ul Al Ho] 123 1)
chaperoncs .24 2% %1 2E| =) A) o] o]
B0 A Vo el s o e i)
(Tomanek, 2010). HSPELS BEAFE 7|22 3}o]
HSP90 (85-90kDa), HSP70 (68-73 kDa) % #Ex}
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HSP (16-47 kDa) 59 1522 YFojxH, HSPE
ZollA %= HSP70-2 Hte| 2lotol| A5 257712 G
E3EstaL glom S A AE g Aol 27 §Eg-S it
(Podrabsky and Somero 2004; Somero, 2010). HEj
(Gadus chalcogrammus)+=Z3A7} HHE @} w2 3jjof A
e 3o Faliet Akt HopHe|7F 5ok el o}
&oto]| o] 27]71A] d 2] A4] gt Carr and Marshall,
2008; Page et al., 2013). E3] WEN(G. chalcogrammus)
= 3t Aol A A = olFelth A o=
A 0] Lol Etalal 2000t EojA] F3jekel
Wel(G. chalcogrammus) ¥ FAMTHFAO,
2018). o|&et WEN(G. chalcogrammus) ] A= F7
ofl = 7|5 S} whE - 5ol YRl o= A HE 1L
9ltiLee and Kim, 2010.). Y¥tdo=z WE|(G.
chalcogrammus) | 27| H3} Ajojo] AA 4220 2~
7°C Atolglar &4 A 9JrH(Nakatani and Maeda, 1984).
28U Yooetal., (2015) ¢1Lo]] &J8HH, 221007t
We|(G. chalcogrammus) 2] A2k A]7]Q1 A2 o] ZH
SO H Sl 22332052 C ASEtl o,
T2 HASH= YAl 27 3PS ol A F- s
HUl= 53} 2fof o Aol = Jofe m]A Aolefar 1
), 22 Wel(G. chalcogrammus) 2] X4 X A
A1} 3] 7 = I 5l A, A, diAS o e A &
ol FaFe rl A= o) 7Y AEolA 7P Fatk adl
o|ti(Parsell & Lindquist, 1993; Guerriero et al.,
2002; Perry et al., 2005; Brierley & Kingsford, 2009;
Doney et al., 2012).
FEEXPI =R EEES
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2011a), A4 L] A Hol A G243 Lws)
= of520] of 2 2o A] T Aboo} B AL} H 25
Ed| 2 (oxidative stress)S YA A A ABsleha] 9 Ay
2ot BAIS WA 7|A EckParihar et al., 1996;
Lushchak and Bagnyukova, 2006). 18] E.& X L
ofj A =& W3lof| wh-E HHE(G. chalcogrammus) 71X
SO A HSP70 9] W A= o WSt 4B AE
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2. M= I g
2.1, &3]
Aol= FPeAEr FallaeAta T Ao A 10

ton(A| 24 m, =0] 1 m) =2 A =& 7+0.5C A5}
1 Q)= HEN(G. chalcogrammus; A% 20 cm, A%
210 g)E Al ok, 50 ppm&] MS-2225 ARg-so] uf
2 5 il 7 22 BelshickFig D)

2.2, MiZgf A U 3 E8|122Y

gtxll(polyclonal antibody) AIXt

RT-PCR (Reverse Transcription-Polymerase Chain
Reaction)©]] ]3] & oZ HSP70 product= pET21b+
el o] A=l e m(PCR 27 94C 3min; 94°C 30
sec, 52°C 40 sec, 72°C 2 min, 30 cycles; 72°C 5 min)
BL21(DE3) w#Z=0]|4] 37°C, 180 rpm © & LB-mediaoj|
Al vloksts A, OD6009YA 0.60] 2 w ImM IPTG
(Isopropyl

[3-d-1-thiogalactopyranoside;  Bioneer,
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Table 1. Primer lists

primer name sequence(5'—3') Size
patail HSP70F AGCCACCAAGGATGCTGGTACC 1051bp
patail HSP70R CTTTGCCAGTGGCTCTTGTC
gqRT-PCR HSP70F CATCGCAGAGTTCAAGCGCA 111bp
gRT-PCR HSP70R GGTGCTGGAGGAGAGCGTGC
beta-actinF AGGCTCAGAGCAAGAGAG 150bp
beta-actinR CGGTGAGCGGACGGGTGC

Korea)& 37151 4417153130 Cofl Al a9z, Ni+
affinity columnoj|A] A 3 12% SDS-PAGE (Sodium
Dodecyl Sulfate—Polyacrylamide Gel Electrophoresis)
oA gFIskRATE. A% 100 ug ] HSP70 A =9} Th
Z-2 BABL/c 1}-$-2~0]| 4] Freund’s adjuvant (promega,
USA)eL A 15U THA 2 = 43] Asto] ERlE=d
PAE ABATeESATh AR A= A Ao o]
&5 k. A g ol| A8 primer g }+=Table 10]4 1}
Bl Tk

2.3, Uxt ZHMIZ i primary hepatocyte culture)

QA LA MRS Tk A5 ] W S 2o
THChang et al., 2014). Wel(G. chalcogrammus) 2]
7+ 222 8 Cof|A] 105 Z<2F Hepatocyte Buffer (HB,
136.9 mM NaCl, 54 mM KCl, 0.81 mM MgSOs,,
0.44 mM KH,PO,, 0.33 mM Na,HPO4, 5.0 mM
NaHCO:;, pH 7.6)0l|A] A 2jste] 9 59| a3 Al
Z8}4iT}. 71 3o collagenase 7} ©71 Ca*'-free Ringer
HB buffer (0.3 mg/ml) (Sigma, St. Louis, MO)& A}
Bl sl o, HEd {7l 2252 UAUE I
(70 um)E ARg-3lA] ZhAZYRS EefRic. Eels) i
3= 1.5 mM CaClLE Z315HBE ARE-3 A 24
2= AAIFITE Al FER-2-1000 gof| A 1 4]
22| 3 7} 60 mm Dish & 1x10° cel/100pl =2
Leibovitz-15 wljZ|o]|4(L-15, Sigma, St. Louis, MO)
24771 59F7.5Co) A 2 55,8, 11,14 2 17T
2ol A 48AIE viFsHRITE HiF == WEl(G.
chalcogrammus) 2] 10°C 0|3} A A] =23} A-&-2 =3
S 2o st} Al o Yt FAIE
918120199 1€ 5 AT 4847 o 5 Al
AZ8 =748 93] trypsin-EDTA (Life technologies,

Inc.)E o|-&sto] A5 Hojll tha Al R
trypan blue G N7} 5550 & 5]4]5}0] hemocytometer
£ o]-&3to] A|EZ 55 ASSITE dAlo] HA| 982 Al
SEE ARl AlEZE 7P st AlE Sl om Al A&
(%)= A A2 T Aolle AlEE A Az
e gholl 1005 55ke] AliFskoinh B= vl Al §
o4 yhslel it gt EEEAE Uehiglck
24, 20| 2 ZIMZZEE HSP70 mRNA 23
(gRT-PCR)

48117 5915,8,11, 14 W 17C ) Hljof &of e
AZ1 HWENG. chalcogrammus) ZIA|3Eo)| A HSP70
mRNA &S 243517] 918)| 2} v Dishof| 4] Al 25
2 3]43F & Total RNAE ==tk Total RNAE=
TRizol Reagent (Invitrogen, USA) S 0]-8-5}0] %3}
o™, 1 ug?] total RNA+= Transcriptor First Strand
cDNA synthesis kit (promega, USA)S ©]-83}o]
cDNAE AT WEN(G. chalcogrammus) HSP70
nucleotide sequence (accession number; MF 770310)
= & A Alof| 4] RACE-PCR (Rapid amplification of
cDNA ends-PCR)Re] 23l Y& A HE arsto]
primerE A A5 T Table 1). HSP70 mRNA ¥H3l-2-
Chrome4 Real-time System (Bio-Rad, USA)E o|-&
3}o] Quantitative Real-Time PCR (qRT-PCR) 2.2 £
A5y 224 house-keeping gene2 T
(Gadus morhua)®] [-actin (Genebank accession
number; U48856)-2 ARSI o, e B4 7ko (3
-actin©]| tfj gt cycle (Ct) level 1}2] x}o] &2 AL
CtgRe 2% ) 0 78 A2 9JrK Livak and Schmittgen,
2001).
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2.5. Western blot % Enzyme—linked immunosorbent

assay (ELISA)

HjoFE] 7hA|3ZE-2 NP40 buffer (Thermo Fisher
Scientific, USA)E: o] §:3fo] e ae 23hg0u,
F29 =2 10% SDS-PAGE gel o 4] loading
35 471945 Shck 1719 Y E245 mm
Immobilon-NC transfer membranes (Millipore, USA)
of] &71 ¥ 3% BSARE 247} &<t blocking s}l 2
Aol A AZEeE 12} A, anti-HSP70-2 A 2]slaz4 C
of| 4| overnight 3 Alkaline Phosphatase (AP)7} £¢1
Ql+= goat anti-mouse IgG (Sigma, USA, 22} &A=
HESA|A AP7} Eo] Q= 1-StepTM NBT/BCIP
substrate solution (34042, Thermo Fisher Scientific,
USA) AMalo] 2rasl .

ELISA 2412 913} 7 Zo ) F58 el 45
ELISA plate (Nunc, Denmark)o]] 50 uL (250 ng/well)
R B35 5 4°Col| A overnight3Fod 3192 coating 5}
Atk Tween-200] 0.05% 3= PBS (T-PBS) & 39
A2 3FE L 1% gelatin2- 383 PBSTG 2 blocking
SkaL AlASHATE 12} A= 2 A oA A2kt
anti-HSP70-& A 2]5}3L 37 Cof| 4] 2417 5 ¥EE-AI
O, PBSTZ 39 A& = 22} 3}A|2 4] alkaline
phosphatase conjugated %l goat anti-mouse IgG
(sigma, USA)E 5000:1 2 345}t & a)gt 3 37Co
M 2217 FRREG A17] 331 Al Hs e ixlee
phosphatase substrate solutions (KPL, Korea)2 #| 2]
3}a1 105 50 595 nmoj| A TG =5 =43t

H2 7o) $214 78-S 919 Student’s
901, pzko] 0.05 o]atel 9ol 52

3.1, Rizgh TR HSP70 Ed

Hel(G. chalcogrammus) HSP702] Z212 22 34| A8
ARS 913} Genebankol] 555 HWENG. chalcogrammus)
HSP70 (accession number; MF 770310) A g2 o|-&
3fj 9F35kDa A= 2] 2|23 A& E coil o A IPTG
(Bioneer, Korea) & | 2|5} T4 51 tHFig 2. 3lane).

. P
B

pET21b+ HE] Q] c-terminal Zetof -2 His-tag}2)
23}2S 0]8-5}0] Ni** affinity columno]| 4] HSP70S
A5} ©.0(Fig 2. 4 lane), AA| % A =3 HSP70 o+
¥12-& BALB/c 1R9-20] A HSP70 el 2 e 37 2
BhE o] o] gE|ic.

IPTG

M - 4+  Purified

J0kDa

Fig. 2. 35 kDa fragment recombinant HSP70 protein expression
in E. coli. 1 lane; Marker, 2 lane; before IPTG 3 lane;
4 hours after IPTG injection 5 lane; purification via
Ni2+ affinity column. kDa fragment recombinant
HSP70 was synthesized in E. coli BL21(DE3) strain
for the production of polyclonal antibody.

3.2, M= MZ=Z(%)

7.5 Col|A] 24 A7k 5QF H-2} Sof) Z} ufjof 2 oflA|
48417 gt uoket Al 252 5Col| A 11 °C Afo]o] 2.
Heloll A= 90% o) Al BEES EUckFig. 3).
8Cofl A 98.23% 2 71 12 A2 AYEgo] et S
], 5C2F11Cof| A 2F2+95.37%, 90.08%2] A3 A=
o) YeRgT] 11T o]4e] oA =24 0 & A3
AEgo| HHadhe S Holr 14C o) vk ol A]
= 71.96%2] A2 AJEgo] YRt 17C o] ufF &
Lol A= H2 THA| 27 Rf-sh ol Jlgl e Al
3 PEEL24.8%E 7P U Th o] 23t AR Ko}
14°C o|Are] vjok & w= Hel(G. chalcogrammus)2)
A 227} A ESE7 o of 2] S o2 HQlTh
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Cell viability(%)

11°C
Temperature

Fig. 3. Cell viability (%) of hepatocytes of walleye pollocks.
The hepatocytes were attached at 7.5°C for 24 hours
and then cultured for 48 hours in each temperatures
(5, 8, 11, 14 and 17°C). The hepatocytes cultured in
temperatures between 5~117C showed viability of
90% and higher, at 14°C and higher the cell viability
decreased and at 17°C culture temperature, many
hepatocytes were suspended and dead. (P<0.05).

3.3. HEN(G chalcogrammus)2| ZHMZO|A HSP70
MRNA &5
Fig. 42 5,8, 11, 14 9 17C9] 2ZoA & 5
HSP702] r&l ke LEb i th(Fig. 4A). 5 Coll 4] HSP70
O AR 7P WA vehtom, 14 CollA] 7Hg-22
Rk UrEbytTh vhHe) 17 Coll A= HSP70 9] &
2 ThA] sl lti(Fig. 4B). Fig. 4Cofl A 7 w2
e eo] 5Ceb ok 2 0O HSP709] At 21 Q1 k&l
S vl 11 CEHA T A 2,56 o] 3]
o] o]} eI 17 Col A 1] Hie 2 Al
Srepo] 7hadieh olelgt ATE L 11T ol o] 25
="E|(G. chalcogrammus) 2] THH| 327} L= AE
g0 leZo] Hrhs 1S ofu]giet. 212 14°C Kot
2 2roAs Al E7FABESH ] of 2] 2H o] o]
HSP709] W&l wFo] Zraxsh= A o= Helrh

ol

3.4, HBENG, chalcogrammus)2| ZHMIZ0|A HSP70
[l

=
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HSP702] thal 2] ¥h&-8- western blot 2. 2 Ve STk

O]HSP70 &2 &=
A1}2.75 ng/mLoj &

v

34| = ELISA 548 T4 9]
1670 ng/mL 2] A& 3HA41S e}

L

A 5°C 8°%C 1=c 14°C 17°C

B ;
= 4
=
£ ;
=
g 2
=
® 2
5 - T
]
] .
= |
B
]
e §°C e 1o 17°C
Water Temperatare

 ia

(fald of 55C)
-

=
b

8°C nxc uc 1 i o
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Relative mRNA increment

Fig. 4. The comparative induction of mRNA of HSP70. (A)
HSP70 mRNA induction pattern by 1.2% agarose
gel electrophoresis (B) HSP70 comparative induction
level (qQRT-PCR) (C) Comparison of induction of
HSP70 to 5C. Data were showed as mean + SD
(P<0.05).

Won 3z thelAl y=0.0088X°-0.087X2+0.2795X
-0.1858 & AZ&Ao] UERYtH(Fig. 5B). HSP702] ¢l
2] e =2 Table 20 YEpWiTh v QF 2o whE T E]
(G. chalcogrammus) 7YH| 3L HSP70 &k 5C o]
A 43.243.25 ng/mLE 7} Gre Zpo] Urehron, |
4°Col| A 321.87+15.57 ng/mL & 7} =2 715 Llel )l
tt T 17C9 vk 2woAE 204.79+7.54
ng/mL & WggFo] ZHasto] 11 Co A Whaskr T v
e THFig. 5C, Table 2). o] 23t AyE= Hof HH]
(G. chalcogrammus)©) ZAES) 2/29] W} L7
5~8 C2 Holw 11~14C vjf 2o A= AEH A 5
7ol lezo] H= Ao 2 UEhton, T o]te] 27t
=] ThA| AL O] AEo] of - S 0= o AXIT.
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Fig. 5. Comparisons of protein induction levels of HSP70 based on temperature. (A) Induction pattern of HSP70 proteins
based on temperature were cultured in (by western blot) (B) ELISA standard curve dotted line, curved line is trend
line. (C) Induction level of HSP70 proteins by ELISA. Data were showed as mean £+ SD (P<0.05).

Table 2. Induction level of HSP70 protein by ELISA et al., 1991; Dietz and Somero, 1993; Dietz, 1994;
HSP70 Concentration Mazur, 1996; Wood, 1996; Airaksinen et al., 1998).
Temperature L
(ng/mL) Ty HEN(G. chalcogrammus) 2] HSP703} 4220
o H2528 ot Q1= ob kA ol A1) efglek A
“C R sfo} At 73] o] A3t 917 uhizel 531
11C 243.81£15.46

NG, chalcogrammus)2} o] e o}5re] 20
et AEEA HHS ATE BF IR AR R E BT
= 9)8) BasiAlet ol Ha] A Rae Agolrk 1
HE g H Ao A= FEN(G. chalcogrammus) 2] 714
32O A] wljSF 2ol whet - Ei= HSP70 mRNAS}
e e) vkl ajel ) kel o] ofet S S1ck

0] A% 11712 3k 4% 9 AR Aol
A v )= Ao 2 U A Qi Perry et al., 2005;
Brierley and Kingsford, 2009; Doney et al., 2012).
of5te] 27] B oIA] 4} wrere ojsiel 71l e
Lo 21 WEN(G. chalcogrammus)®] &= A Ed| AAst= 7P & 82l T shyolck oA HWEN(G.
R FaFE skt 4 o] ik s Aol gt chalcogrammus)$} 22 Y5 ool A 53] F-aslth
o] oS A] £5 AEu| Ao dhebHSPS] 2 & (Nakatani ctal, 2003). Q4.0 2 A14] 52 W 9]o]A
0] 2] Uk 9191 Q15 E] gl thDyer et al., 1991; Koban 0 TR olUA| tiAF ST Tso] Aol et

14T 321.87+15.57
17°C 204.79+7.54

Data were showed as mean + SD (P<0.05).

4. 1

2

-2 o AR AR 9 A Bl 7]
4% Shfolck 53] 7k 2412 of2] 744 Ak
ofshe F09H 7] 5 SHERA, B ol Al vy
o upe} A ol A =l HSPT0] Wk ol

A

moe o 4re i o
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ARG a1 2ol A= 2 R DT Al Qo] ot
2 A =31Eh WEN(G. chalcogrammus) 2] 4~
off thet A= FENG. chalcogrammus)©] Z|ofo] o
3 o] A= 2~7C (Nakatani and Maeda, 1984), 7§
E\(G. chalcogrammus)®] A4 &%= ALoA= 1~1
0C 59] Y L=0] M 1% 9 tk(Bakkala, 1993). L A
23 Faliete] Hat 4222 10C oo et ik
F-219] A5+ Aol Al HSP70 2] mRNA A0 = H]
W H 5~ 8°C Afolofli= Fg 2] AEH A0 2R8-1k
o= A 02 A7Fek 4= 9lek 18t 11~14C Abojof| 4]
=5 Cof vg]| 2.5u) o]/de] o] WraTES Vb e
HSP700] §23] 57}6k= 2 o2 Uelgth HSP70 2]
2%t 57=HeNG. chalcogrammus) 2] 7PM| 71 2
EHAE T eEo] H A 2Ju]gtct 17 Cof| A uj
S T = 48 A7 5 F2bE A2 50] 551 9]
Qlth 17°C o|Ate] & o|| A We(G. chalcogrammus)
O] THH| 2= AYESH ] of el 2= A2, Al
of| Al =2 =]o] QI HSP70o] Wrddo] H Z o2 of A%l
t}. HSP709] ch ] e =3 mRNAQ} FASHA|
14°Coll A 321.87+£15.57 ng/mLEH 7} =8 wulaek
= Ul o 27 o455 HSP70 9] e ==
=oHA= o m)gk gk LrERch
YA ol A HSP70-2 25, Z34;, v 2jot 744
ol eE Hle  E2IES el 54 o= 2
3 AR F2A B2 Ayt R =it (Feder and
Hofmann, 1999; Serensen et al., 2003; Karl et al.,
2009; Shatilina et al., 2011). Somero(2002)°]] 2]3}H
HSP702 AEE|A 3P of leZo] HH W gfo] =LA
71|l om e 2hgat ] fAl ol o A& A
o et wAle] ke e AS Bkt
12 Aol A HSP70-2 A A A 3 FARF=A] AEH
2> gl tato]] THedE] o] Qlom -2 15} 5] o) 2k
of| WIZsHA H-g-sho] W skRITh sfof el A 2
22 3 2312 s EolAlE Aol dF
]3] th = HAlz o]0 X 7] &= 5}7] wjiZo| HSP702] =
714 %1 A Foto] Aeied S ol 2 v &
4= itk Wel(G. chalcogrammus) @} 7o) o] Elako] &
Fsto] A4l Bo S Q13 2|54 QU 7ot 4] AE
AL Qli= o Foll A= 22 o] Aeighd el & flsl o=
H3}of| w2 HSP702] =17} E a.5)ct

of o\

¢

o
my

2

HE(G. chalcogrammus) 71X 3E vkl A 5~ 8C
Afolof| A= 2 AEHIAE HR] ¢om, 11T o9
2o M = AEH Aof| o] Bl= A 0 R o] AX
t}. E3FHSP702] mRNA W& v} HSP702] ghal 2o
v RS Uelon) £ 271l tiet HSPI0S)
2l gt o]l e 5718 Uebc), el e b E
Hj ¥ HSP70 a2 4230} 7H-2- 317 AE | A o7
S BAehe] e AR 28 THselol, 2 A7 2
SHE TFE W2 o] ol A% HSPT0] HHela} 2. ofe)
AE ARl o F a7 72 AR E AE Fe)
T AR E

el 2

e

& At alan 7 B 7] 14} 94(2019-2020)

2
o ALY

R
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