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Abstract

Oliver flounder (Paralichthys olivaceus) is the second most farmed fish species in Korea in 2020. Thus,
oliver flounder was studied on aquaculture methods, pathogenic viruses and bacteria, and gene duplication
of teleostei fish have been actively conducted. Protein kinase C (PKC) is an enzyme that phosphorylates
serine/threonine residues of proteins. PKC is divided to several subfamilies (conventional, novel, atypical)
depending on how it is activated. PKC /3 1is activated by Ca2+ and diacylglycerol (DAG) in the presence
of phosphatidylserine. The recombinant protein of oliver flounder PKC 31 (PoPKC 1) was expressed and
purified, and the activity was measured in several reaction conditions such as temperature, pH, and
recombinant protein concentration. As a result, it exhibited a wide range of activity from 10 °C to 50 °C
by reaction temperature, and sufficient activity from 5 to 10 by pH. And 50 ng/ 1 showed the highest
activity in the recombinant protein concentration. Therefore this study suggests that PoOPKC 31 can perform
phosphorylation of proteins under a wide range of conditions.

Key words : Oliver flounder, Protein kinase C recombinant protein, PoOPKC 31 gene cloning, Enzymatic activity

assay
I.ME F AT FA w3 wASs HlolHA 9

uheEjolel]l ok Arfe] ofa) opr|H= A

A X (Paralichthys olivaceus)= 7FA & {22} = wo] et 77k BuERlcHKim and Jung,

of &z FoEA 15~25 T2 ZEIM ®ol 9014 Nguyen et al, 2002; Kwon and Jung, 2012).

o] st el A5t @5 T8 S wak 20)7 9] Phospholipase C £ A% F2 o

QFel| A 3] At 7H “‘O] FHHET AT g wed BA6] AFEHQTHKIm et al, 2008).

39 sl

o AR YA EE ofF OIE]-(KOSIS 202D). °l  Egon @7 QaslEl: E4o]THNewton,
Ely

J1m

ol 2020d T G AT gy austas cekoE wuAY AR

X = % HAe] Aol 7] wiel SAEAEY o 2o
1995). 123l A A3t g4 AdEN FH
o NS AT S B AT W g ogx v)sn gxe W e 2da= A

t Corresponding author : 051-629-5864, hyunghl@pknu.ac.kr
% o] EEE FAWA A&t ATH (2019F)l s ATHUS

- 201 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2022.4.34.2.201&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5

3 AE MAYSY Add 9TS 7 o
(Chen et al., 2001). PKCx= &4 3lE= wh2lo u}
2} o} Z}(Subfamily) (conventional, novel, atypical)”}
ZAsk=d PKCB7F 4320+ conventional®] 7}
F F dEA dAYFoEE EATEUAY
(Phosphatidylserine)°] =A== AFE]A]
Ca*"9} diacylglycerol (DAG)ol <J&l E43l= =
Zlo]UH(Hirai and Chida, 2003). PKCA = A4 =
Thr-500 (Z1UA EHde] &3} ), Thr-642
(& REH) 9 Ser-661 (274 F)7F A4tz
o] &4 317} A K(Graff et al., 2005).

2 AFAE AT dnde YAE vt
o AZxE dde] Tl vk 2%, ¥k pH
of W& &4 AolE HWFOZM PoPKCA 1
o] EAef dist 7] A= A HH07 A
saal gk

=
3L 0
K

I. o+ ey
1. &X| cDNA &y
Total RNAE 7] 3llX  HX|(Paralichthys

olivaceus)®] 1271 ZA (M, o7tv], A%, 9, #5
T A, A%, g, 2 A, 2, 13hE o)
231931, Hybrid-R™ (GeneAl)S AF&3lo] #|%
AZE AlFsE el Wl total RNAS F&3}

Atk FEE RNAS FHEL Gl 98
nanodrop  spectrophotometer ~ (Thermo  Fisher

Scientific) S ©]&3F] A260/A280 H&S 743}
STl cDNA  PrimeScript™ 1st strand cDNA
Synthesis Kit (TAKARA)®| 2|3l ologo dT primer
2} random hexamer primerE AFE-3Fo] A Z2ALO

Al Als gHeR FAsIGI olgdA A=
cDNA2] #4& RNASH 5ds whHo= glst
o3
P

2. Polymerase Chain Reaction (PCR)
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forward primer 0.5 g1, reverse primer 0.5 pxl,
template 1 xl, S5 13.8 plol F &3
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HAAGA M E 95 T, 2min, HA DA = 95
C, 30sec, primer A THA A= 59 T, 45sec,
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<Table 1> Oligonucleotide primers used in PCR amplification of Protein Kinase C J1 gene of P.

olivaceus (F, Forward; R, Reverse)

Name

Sequence

BamHI-PoPKCb-F

5’-CGC GGA TCC GAT GGC TGA CCC CAA CAG CGA

Xhol-PoPKCb1-R

5’-CCG CTC GAG TCA CTG GGT TGA GTG AGG GTA C
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3. Ligation
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4. Transformation
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5. Plasmid extraction & Sequencing
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6. Purification
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7. SDS-PAGE & Western-blot

PoPKC B 19] Az=F w@oids Al A, A7
1494 5 3224 dwgo] o whofex A

o}EA Flstr] ¢l SDS-PAGERE S A
gttt WA 60 mM Tris (pH 6.8), 25%
glycerol, 2% SDS, 144 mM 2- mercaptoethanol,
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T tAl 4 TelA 53 HEstE xFsisith
5% stacking gel?} 10% separating gels ©]-8-3}
Gids FYAZTE A" @ Els
£ A coomassie brilliant blue R-250 (BYLABS)
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8. Activity Assay
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AAGATCCTGAAGAAGGATGTGGTGATCCAGGATGATGACGTGGAGTGCACCATGGEGTGCGAGAAGAGAGTCCTCGCTCTGGC 1280
D D D v E C T
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His-tag
ACAGCAAATGGGTCGCGGATCCATGGCTGACCCCAACAGCGACGGAGAGGCACCGGAGAGCGCGCGCGGCTTCGCCCGCC 160
Q Q M G R G S M A D P N S D G E A P E s A R G F A R
BamHI PoPKCB1 Coding sequence
AGGGAGCCCTCCGACAGAAGAACGTGCACGAGGTGAAGAACCACAAGTTCATCGCGCGCTTCTTCAAGCAGCCCACGTTC 240
Q G A L R Q K N v H B v K N H K E T A R F F K Q P T F
TGCAGCCACTGCACGGACTTCATCTGGGGCTTTGGGAAACAGGGATTCCAGTGCCAAGTGTGCTGTTTTGTAGTCCATAA 320
C S H C T D F I W G F G K Q G F Q C Q v C C F vV H K
GCGCTGTCATGAGTTTGTCACCTTTTCTTGTCCGGGGGCCGACAAGGGACCAGCGTCGGACGATCCTCGGAGTAAACACA 400
R C H E F v T F S C P G A D K G P A S D D P R S K H
AGTTTAAGGTCCACACTTACTCCAGCCCCACCTTCTGCGACCACTGTGGCTCCCTCCTGTATGGGCTGATACACCAGGGC 480
K F K v H T Y S S P T F c D H C G S L L Y G L T H Q G
ATGAAATGTGACCACTGTATGATGAACATCCACAAGCGEGTGTGTGACCAACGTTCCGAGCTTGTGCGGGACAGATCACAC 560
M K C D H C M M N T H K R C v T N v P S L C G T D H T
CGAGAGGAGAGGACGCATCCACATCTCTGCCCAGATCACTGAGGACAAACTTACCGTCAGCATCAAAGAAGCTAGGAACC 640
E R R G R T H T S A Q I T E D K L T v S T K E A R N
TGGTGCCTATGGACCCTAACGGCCTGTCAGACCCTTACGTCAAACTCAAACTGATCCCAGACCCCAAGAGCGAGAGCAAG 720
L v P M D P N G L S D P Y v K L K L T P D P K S E S K
CAGAAGACCAAGACCATCAAATGTTGCCTCAACCCAACCTGGAACGAGACCTTCACTTTCAACCTAAAAGAAAGTGACAA 300
Q K T K T T K C C L N P T w N E T F T F N L K E S D K
GGACCGCCGTCTGTCGGTGGAGATCTGGGACTGGGATTTGACCAGTAGGAATGACTTCATGGGATCACTGTCCTTTGGGA 880
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TCTCAGAACTACAAAAACAAGGGATCGATGGATGGTTTAAGCTGCTGTCCCAGGAGGAAGGAGAATACTTTAATGTTCCT 960
K ¢ ¢6 I D G W F K L L S ¢ E E G E ¥ F N V P
GTTCAGCCGGATGGAGAGGACGGCARACGAGGAGCTTCGACAAAAGTTTGAGAGAGCAAGGGTGGGTCCAGGGAAGCCCAC 1040
N B B L R Q K F E R A R v G P G K P T
AGACTCGTCCTCCTCCTCCTCGATGTACAAGTACGACAGCAATGGCAATCAGGACCGTGTCAAGCTCTCAGACTTCAATT 1120
D S N G N Q D R v K L S D F N
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P D
CGTCTCATACCCCAAATCCATGTCCAAAGAAGCTGTTGCCATCTGCAAGGGGCTGATGACCAAACACCCAGGTAAGCGTC 1840
v S C
TGGGCTGCGGTCCAGAGGGCGAGAGAGACATCAAGGAGCACGCCTTCTTCCGTTATATAGACTGGGAAAAACTGGAGAAT 1920
L G C G P E F Y
K E v Q P P EF K P D F
P E L T P P D Q E L I A S v
CTGAGTACCCTCACTCAACCCAGCTCGAGCACCACCACCACCACCACTGA 2130
P E Y P H S T Q L E H H H H H H
PoPKCB1 Cds Xhol His-tag
[Fig 1.] Full nucleotide sequence and its deduced amino acid sequences of PoPKC S 1
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[Fig 2] Western blotting of recombinant protein
synthesized in E. coli with PoPKC g1
expression vector

2. Western blotting
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3. Activity Assay

PoPKC 819 A=
ure ou
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3
=
ODysooll A & E—Ea— %é?& @ﬂr 10 Coﬂﬁﬂ 3
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[Fig 3] Activity assay graph for each reaction

temperature of PoPKC B 1. The reaction
temperature was set to 10 °C, 20 °C, 30
°C, 40 °C, 50 °C, and absorbance was
measured at OD450 after the reaction. As
a result of performing an ANOVA test
using the measured absorbance values,
groups a and b were formed between
temperatures  with  similar levels of
activity.
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2001; Kawakami et al, 2002; Newton, 1995;
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[Fig 4.] Activity assay graph for each reaction pH
of PoPKC B 1. The reaction pH was set to
5,6, 7, 8 9, 10 and absorbance was
measured at OD450 after the reaction. As
a result of performing an ANOVA test
using the measured absorbance values,
groups a and b were formed between
temperatures with similar levels of activity.
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[Fig 5.] Activity assay graph for each concentration
of PoPKC 1. The concentration was set
to 1 ng/ul, 2 ng/ul, S ng/ul, 10 ng/ul,
20 ng/ul, 50 ng/ul, 100 ng/ul, 200 ng/
pl, and absorbance was measured at
OD450 after the reaction. As a result of
performing an ANOVA test using the
measured absorbance values, groups a and
b were formed between temperatures with
similar levels of activity.
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