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ABSTRACT

Arginine kinase (AK) belongs to the phosphagen kinase (PK) super family group of enzyme that has an essential
role in maintaining energy homeostasis by catalyzing the re-phosphorylation of ADP. The AK gene is used for
phylogenetic analysis in arthropods, mollusks, and Nematoda, and has been reported to branch in the Phylum
unit. Satsuma myomphala has been reported as an indigenous species in Northeast Asia, including Korea and
Japan. Particularly in Korea, it was registered as an endangered wildlife class 2 in 2017. Therefore, the
preservation of species and securing genetic resources became more important. The genetic resources of S.
myomphala registered on the NCBI GenBank have only six nucleotides and two proteins registered. The AK
sequence was extracted from the RNAseq data which was obtained from lllumina Hiseq 2500 platfrom. After
sequencing, de novo assembly and clustering, 103,774 unigenes were generated. Through annotation step by
using the PANM database and BLAST program, we obtained AK sequence of 354 amino acid residues containing
a 1,062 bp coding region. The AK sequence was verified using the BLAST program in the NCBI nr database, and
phylogenetic analysis with the AK sequences of Gastropoda, Bivalvia, and Cephalopoda registered in NCBI was
conducted. A phylogenetic dendrogram was generated using the MEGA program, and we confirmed the
phylogenetic relationships. In addition, the 2D and 3D structures of the AK gene were predicted.
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kinase (HTK), glycocyamine kinase (GK), thalessemine
kinase (ThK), opheline kinase (OP), lumbricine kinase
(LK), taurocyamine kinase (TK), arginine kinase (AK)
£o] PK groups] S, cloket ¥ARE R 2R}
(Uda et al., 2005; Jarilla et al., 2014; Min et al., 2018).
°] & AK+ t& PK group¥} 22| HF A o= ofv] it
< A3, A¥AQl 7154 Dol (Uda et al., 2006;
Jarilla et al., 2014). E3F, FHZ2EEoA 7P 2] £13
PK groupo® 5=, AFE=, AAEE, dATE, T4
TE 2 AF HFTEAdAE A, dATES] Z5elA
o=F A5k Aoz A gt} (Suzuki et al., 2000;
Suzuki et al., 2000; Jarilla et al., 2014).

PK: AK ¥ HTKE *3F5l= AK group % CK, GK,
LK, TK, ThKZ ¥&3}= CK groupl® 253t} (Suzuki
et al., 2000; Uribe et al., 2016). AA5E, AYPEE, 4
T oA AKE #+93% PK groupe|H, o] Al ¥FTlA
AKZ} AlgdAsta e dAsEst AxEE 4 A¥sER
EAE= Aoz ¥yEel glt} (Suzuki et al., 2000; Uda
et al., 2006; Tanaka et al., 2007; Jeong and Lee, 2013;
Jarilla et al., 2014).

2 Ao AHE-E Satsuma myomphalas 7} =A A
o] BEF 5ol AAsid, sule] Aads AR 4
ol FE3= FAF Defo]2 FRopA o} afFelt} (Kang,
2016; Kang et al., 2017). FulellA= o] Al weje} A
& wAo] wl- Aol 20120 TUCN HAEE Mol $1F
(Critically Endangered, CR)Z X7]|%|o] HZ2]7] oA
= WAL F A=Y (Lee and Son, 2012). ©] & A3
off oJgk 22|, ghagAel] ogt bl |l e, A AA o]
A So® ola) 20179 2ES17] AT 2w A4
ot (AAEF 2/, 2018). A NCBI2] GeneBankel 553
S. myomphala®] FAA= v|EZ=o}l COT %2 rRNA A
A& )23 679 nucleotide?} 2719] proteinito] =5
of glol, Fo| nEs} §AAAY Fus} uhs T3 oA
7t} (Kang, 2016; Sang et al., 2016).

2 d7elM= S, myomphaladX E<ld AK +4AE
ol-g3le] AAFA dFEe] NCBIO| 558 JAEE AK
FAARE A ATEREA EAE AWsle] AK AAE
s o e AT Theds Ealstaat g

MATERIALS AND METHODS

1. Materials
& AT A4 S, myomphala®l ¥7EA $)AE A

AEEE  (Mollusca), HZ74  (Gastropoda), ™<=

Jd

HI

s}

=

(Stylommatophora), $J&=0]3} (Camaenidae), &2
3§04 (Satsuma) ©]u, FelAE ARt E¥ehs 3
g=o]t} (Min, 2004). S. myomphalax 20149 8 7
AAA FE Zae]oA ARG o, AES st U
re Azelel 4o ol skt

2. Methods
1) cDNA library & R H7IME £4

S. myomphaladlx HET Whd 22 YA
E2)3}¢ Trizol reagent (Thermo Fisher Scientific, USA)
£ ©|83}9 total RNAS 35319t} Spectrophotometer
9 Agilent Technologies 2100 Bioanalyerg A}&-3f] 3
Z% RNA9| quality ¥ 555 #<lsla, mRNAZ AA ¥
cDNAE 343t5it). 345 cDNAE 53l cDNA librarys
%3911, Tllumina HiSeq 2500 (NGS) EHE2 0|83}
o 7ML EAE s
2) S. myomphala®| arginine kinase MY &tH

Tlumina HiSeq 2500 E3E&A A4 raw readsol| Al
cutadapt (v1.11) (Martin, 2011) & A}8-3}% adapt A2
< AA3}I, Sickle (v1.33) (Joshi and Fass, 2011) = ©]
43}%] low quality sequenceE A7 3} clean readsE &
233t} Trinity (v2.0.4) (Grabherr et al., 2011) & ©]$
3}4] clean reads®] de novo assemblyS #133}o] contigs
£ AA%Y 2, TransDecoder & ©]-83}%] contigsZ4H-E
ORF A9S #xslgtt. 2 & TGICL (TIGR gene
Indices Clustering tools) (v2.1) (Pertea et al., 2003) =
clustering 3}°] unigenes 443}, PANM DB version3
(Kang et al., 2019) ¢ BLAST =Z2131& R8s}
annotatione #133}%t}. BLAST Z 3}, arginine kinase®
annotation¥ MEE 5 full-length 4 9S &¥3}e] NCBI
(https://www.ncbi.nlm.nih.gov/) 2] nr (non-redundant)
dlo]elwo] 2 oflA BLASTS}o] arginine kinase A48 A%
31311, EMBOSS package (Rice et al., 2000; Madeira et
al., 2019) 9] sixpack Z2I1S o] 43l oju| At HI&
FH3lgl

3) YA SE (Gastropoda, Bivalvia, Cephalopoda) Lj
Phylogenetic &4

NCBI (https://www.ncbi.nlm.nih.gov/) °l4 Gastropoda
arginine kinase, Bivalvia arginine kinase, Cephalopoda
arginine kinase® 71A3}le Y2: AH9EE F full-length
oAt D& Hbo} S, myomphala AK +4A A< 9
Mirus junensis®] AK F44F A4E& F7131¢ MEGA X<
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TIT GGT CAC ATT GTC ACT GGG CCT TTA TAC GTG CCT CCT CCT GGG 47
F G H 1 v T G P L ¥ v P P P A 15
CTG GAA GTT CCT TTT TGT GAA GTA TTC ACC CGT GCC GCA ACC TAG 92
L E v P F c E v F T R A A T . 30
CTC GGA GTC TTC ACT GAA CTC GAG TAA CTC TAA CTA GCA JATG GCT 137
L G v F T E L E L] L . L A M A 45
GAT GTA GAT AGT CTG TAC CAA CGG CTC AMA GAC GCC ACC GAG TCC | 182
D v D s L ¥ o R L K 0 A T E ] 60
AAG TCG CTG GTG AGG AAG TAC CTG ACT CCA AAC ATT TAC ACC CAG | 227
K s L v R K ¥ L T P N [ ¥ T o 75
CTG AAG GGG CTG ACC ACT AAA TTC GGG GGC ACC CTG GCA GAT TGT | 272
L K G L T T K F G G T L M D Cc a0
ATA CGA TCA GGC TGC GAG AAC ACC GAC AGC GGT GTG GGT GTC TAC | 317
I R s G c E N T D s G \ G v v | os
GCC TCT GAT CCC GAC GCC TAC ACG ACC TTC GCC CCT CTG TTG GAC 362
A s D P D A ¥ T T F A P L L D |0
GCC GTC ATC AAG GAC TAC CAC AAG GTC TCT GAG CTC AAC CAC ccC | 407
A W | K »] Y H K v s E L N H P 135
AMAC CCA AAC TTC GGA GAT GTG GAC CAT CTG GAC TTT GGG GAT CTC | 452
N P N F [ D v D 1 L D F G D L | 1s0
GAC CCA TCT GGA AAT CTG ATT GTC TCC ACC CGT GTC CGC GTG GGC | 497
D P s G N L 1 v s T R \ R v G | 1es
CGC AGC CAT GAC AGC TAT GGC TTC CCT CCA GTA CTG ACC AAG GAG | 542
R S H D 5 Y G F P P v L T K E 180
GAT CTT GTG GAG ATG GAG AAG AGG ACA GTT GAG GCT TTC AAG AAG | s&7
D L v E M E K R T v E A F K K | s
CTG GAT GGA GAG TTG AAG GGA ACA  TAT CAT CCA CTG ACC GGT ATG 632
L ] G E L K G a2 ¥ H P L T G M| 210
AGC  AMA  GAA ACA CAG AAG GAG CTC ACT GAG GAT CAT TTC CTC TTC | 677
s K E T o K o L T E 0 H F L Fo| aas
AAC  GAT AGT GAC AGG TTC TTG AGA GGG GCC GGG GGC TAC CAA  AAC | 722
N D s D R F L R A A G G Y o N | 240
TGG CCC TTA GGG CGC GGT ATT TIC TTC AAT  GAC AAC AAG ACT TTC 67
w P L G R G 1 F F M D N K T F 255
TTIG GTG TGG GTC AAT GAA GAG GAT CAC TTG AGG TIC ATT TCT ATG | &2
I vooow v N E E o H L R F [ s M| 270
CAG AAMA GGT GGC AAT CTG AAG GAG GTT TAC GTC AGA CTC GTC AAG | 857
s} K G G N L K E v Y v R L v K| a8
GCA ATC AGA GCT CTA GAG AGC AGT GGT CTC TCC TTT GCC AAA  CGA | 902
A | R A L E 1 s G L s F M K R 300
GAA GGT CTA GGT TAC CTG ACC TIC TGT CCA TCA AAC TTG GGA ACC | 947
E G L G Y L T F c P s N L G T | as
ACT CTT CGT GCC TCA GTG CAT ATC AAG ATC CCC AMA CTG GCT GCG | 992
T L R A s v H I K I P K L A A |30
ACA CCA GAC TTC AAG GCT TTC TGT GAC AAA TAC AAC ATC CAG GCC | 1037
T P D F K A F - (n] K Y N | o} A 345
AGA GGT ATC CAT GGA GAG CAC ACA GAG TCA GTC GGG GGC GTG TAC |1082
R G | H [ E H T E s v G G v v | 360
GAC ATC TCC AAC AAG AGA AGA CTC GGG CTC AGG GAA  ATT GAC GCC | 1127
D [ s N K R R L G L R E I D A | ars
ATT CAA GAG ATG CGC CGA GGT GTC GAG GCT GTC ATT GCC GAG GAG | 1172
| o] E M R R G v E A v | A E E 390
AAG  AMA  TTG GGA GGT GGC AAC |TAG GCA ATC CAG CAA ACA ACA AGA 1217
K K L G G G N . A I o o} T T R 405
TGC ACT ACT CAA CCA ACC TAG CCC AGT TTT CCA CCG TCT CCT CCT 1262
c T T o] P T . p s F p P s P P 420
Fig. 1. The arginine kinase nucleotide sequence and deduced amino acid sequence of S.

myomphala.
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Table 1. List of species used in phylogenetic analysis

Il = Satsuma myomphalal argrinine kinase

=EXE 0188 AS

I3
Ja
HT
x

Class Species Accession number
Scapharca broughtonii BAD11949
Pholas orientalis ACP43447.1
Crassostrea gigas EK(C24881
Azumapecten farreri AEX08673
Mizuhopecten yessoensis OWF45839
Hyriopsis schlegelii AEQ094538
Bivalvia Corbicula japonica BAB91357.1
Archivesica packardana AXE71657.1
FEnsis directus AAM90698.1
Paphia undulata ACP43446.1
Meretrix Iyrata ACP43445.1
Meretrix meretrix ACP43444.1
Calyptogena kaikoi BAE16974.1
Solen strictus BAB91358.1
Nautilus pompilius BAA95594
Amphioctopus fangsiao AEK65120
Cephalopoda Ocz,fopus Vu‘]gan's . BAA95609
Sepiella maindroni AEK26855
Sepia pharaonis AKS26488
Sepioteuthis lessoniana BAA95610
Aplysia kurodai BAB41095
Aplysia californica XP_005099408
Pomacea canaliculata AYH91743
Haliotis diversicolor supertexta AJW60778
Haliotis madaka BAA05100.1
Conus araneosus AQM52449
Conus litteratus ARS01451
Conus frigidus ARU12142
Gastropoda Conus ebraeus ASF90538
Conus lividus ATG85037
Nesiohelix samarangae AHC02701
Mirus junensis SCH 2018
Satsuma myomphala -
Turbo cornutus BAA22870.1
Biomphalaria glabrata ADH59421
Semisulcospira Iibertina AGN95434
Cellana grata BAB41096

neighbor-joining %125 (1000 bootstrap replication)
© 2 phylogenetic ¥4 A#sle] dendrogram= <433}

Aot (Kumar et al., 2018).

4) Arginine kinase2| THHZA J1x of

FH3g AK ARk WA 25 o 5317] 913l Psipred
4.0 (McGuffin et al., 2000; Buchan and Jones, 2019) %
I-Tasser (Roy et al., 2010; Grabherr et al., 2011; Yang
et al., 2015; Yang and Zhang, 2015) & o|&3}¢] thzl
9] 22k 72 4 3x4 7= CdI5S APtk

J|)|'

RESULTS AND DISCUSSION

[

unigene %< PANM DBe| BLASTE <
kinase® FAE= 4719 A9E FrlGon, A E 5
ol3l7]  ¢J3ll NCBI®] BLASTE <33}l sequence
alignmentE #lsle] AS3c). 2 23} S. myomphala
AK 4749 coding region< methionine® & A|Z}slo] £
AZE7H] 1,06270 714 E (35470 ofv]xAh) = o] FoiA
Qom A7|-Le] GC contentst 52.5%%c} (Fig. 1).

103,7747Y

S. myomphala®] A M| AL F8] d& 1
313}e] arginine
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Cephalopoda

Amph:ocropus fangsiao
Octopus vulgaris
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Sepiella maindroni
Sepioteuthis lessoniana
Cer/ann gram

Patellogastropoda

95

Gastropoda

=
=

Aplysia ca Marmca
Aplysia kurodai
Satsuma myomphala Styl ommatophora
Nesiohelix samarangae
“—————————————— Mirus junensis

Semisulcospira libertina

Pomacea canaliculata Archltaenloglossa

Aplysiida .
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Caenogastropoda
Neogastropoda
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[2)
©
3
o
@
] 4

Lepetellida

Vetigastropoda
Trochida & i
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th‘as orfentalls
Solen strictus
Ensis directus
Meretrix meretrix
Meretrix lyrata
Corbicula japonica

Archivesica packardana
Calyprogena kaikoi
Paphia
A P farreri

| ik v
Crassostrea gigas

27
]?‘: Hyriopsis schlegelil

Fig. 2. Results of phylogenetic analysis of evolutionary relationships using arginine kinase.

The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The
bootstrap consensus tree inferred from 1000 replicates (Felsenstein, 1985) is taken to represent the
evolutionary history of the taxa analyzed (Felsenstein, 1985). Branches corresponding to partitions
reproduced in less than 50% bootstrap replicates are collapsed. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to
the branches (Felsenstein, 1985). The evolutionary distances were computed using the JTT
matrix-based method (Jones et al., 1992) and are in the units of the number of amino acid
substitutions per site. The analysis involved 40 amino acid sequences. All ambiguous positions were
removed for each sequence pair. There were a total of 774 positions in the final dataset. Evolutionary
analyses were conducted in MEGA X (Kumar et al., 2018).

AAFET2] classol]l W& +-F5 &lslr] $15le] NCBI
o] A BlvalV1a, Gastropoda, Cephalopoda®] AK #AA=
% full-lengthE 7} AK FAAR] ojn|xal Azt M.
junensis® AK 544 (Min et al., 2018) 7}x] E3&}s}o]
MEGA X Z=2I3°3 bootstrap 1000, Jones-Taylor-
Thornton (JTT) models ©]§3% neighbor-joining
method® £ Bivalvia 14%, Cephalopoda 6%,
Gastropoda 17°] 3}%] phylogenetic treeE =23} 3}
gt 2 A3 7k phylume ¢4 AK +44} phylogenetic
AT7e o] & Fole Ze I 4 9tk E3 659
Cephalopoda+ Nautilida, Octopoda, Sepiida, Teuthida
ol 47 order® EAFHSow, 14%F°] Bivalviat™
Veneroida, Myoida, Unionida, Ostreoida, Pectinoida,
Arcoida®] 67 order® ¥A|=3t}h. #A|T}F Gastropodal]

7

tlo

739 47119 subclass®t 6719] order® #-A|= o] Fo]
gkelgk 4= 3l9lt} (Table 1 and Fig. 2).
AEBF32 B4 A3 Gastropoda] 43H= 571 order
(Stylommatophora, Aplysiida, Architaenioglossa,
Neogastropoda, Lepetellida) o] £3%+& £52 AK 74
2l 2D FxZE PSIPRED 4.0 Z2 133 o] &3le] o|&3}o],
skt giade 2 3 1029 ¢-helix 721 SAlo| A4
3= S. myomphala$} Nesiohelix samarangae 73-%- 16
A, 2 2] 8% A Gastropodas 13-147|% 5=
], 3-pleated sheet 7%+ 10F EF 10-127]2 B]S535H|
==} (Fig. 3). °]& E3l Gastropoda T 4 &S
e 59 AK FAAlE 74 TE AK FAAl 13|
27 o]4e] a-helix 725 o 7HA& A& 1T 4 ATk
T3t S. myomphalad] 3D T35 o|&3}e] o]Ae] Huxl

rlr
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i
=
i
o
=
o
o
Ja
HI
x

Satsuma Myomphala  Nesiohelix samarangae Mirus junensis Aplysia californica Aplysia kurodai

B —

Pomacea canaliculata Conus araneosus Conus ebraeus Haliotis diversicolor Haliotis madaka
supertexta

S. myomphala N. samarangae M. junensis
Fig. 4. The predicted 3D structure of arginine kinase belonging to Stylommatophora by I-Tasser.

S =

(Fig. 4). d1&% S. myomphala2] 3D F-%+ figure 3¢9 ¢l -pleated sheet?] $1x]¢} 75 2 coile] Felol of7te] z}o]
=% 2D 758 22 o-helix ¥ J-pleated sheet] 752} 7} it
7ok}, w3t o] Aol R1E N. samarangae, M. junensis$}

N. samarangae, M. junensis®] 3D Fx¢ Bv]w3}gich v]=3t 2ok AlTRE JMAXn 9oy, o-helix ¥ B

AK #A A5 o] 43 phylogenetic analysis: #4202
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o|FoA g=d 1 $£F& AK F+AAe} e PK super
family groupell 3= CK 44}, HTK 44 522 A
34 ARAAE gelsle A7 Mollusca HollA 9] class ®
+ subclass EAA ATERE Eldle A7 FE o F
St} (Suzuki et al., 1994; Suzuki et al., 1997; Suzuki et
al., 2000; Suzuki et al., 2000; Uda et al., 2006; Mahon
and Neigel, 2008; Uda et al., 2008). & oA et
A ol#fdk gAlelA Woluh AK AAE ¥E3 PK
super family group®l &3 F+AA=°] Mollusca®] 7+
EAS A, A4 33L& 33k AE 5 9l A
o7 A7}

CONCLUSIONS

S. myomphala® AK A A= 354709 ol]:AF (1,062
bp G71A%E) 27 o]FoA glor 52.5%2] GC contents
£ 7MAt}. NCBI GenBankell 5-5-% Mollusca AK 4 A}
AE3} Min et al., 20180 215 M. junensis®] AK #4
A A EE 23l 39F2 AK TAA A9E FHuAds 8t
%] phylogenetic analysisE #3a}5ich 1 A7 Asfsd o
T-¢} 7o) Cephalopoda, Gastropoda, Bivalvia®] 371<]
calss® #HE+ & U £ 9%leon (Uda et al,
2008; Jarilla et al., 2014), subclass % order &9 57
ToEE Fole s F]lslglth =3 AK A4k 2D
%% o53}9] GastropodaclA §4H57t 4% 7ke] AK
AA7L a-helix FERANA F2RACE Ao|7} e AE F
clskgict. o= 2#E &3l PK super familye]l &3k
AR g A7t ASHdEH, AK FAAE o]&
Mollusca®] AlF-#<l 57 7Feds &35l

% do |
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