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ABSTRACT

Arginine kinases (AK) are known to be widely distributed in various invertebrates. It has an essential role in cellular
energy metabolism. It regulates energy regulation and homeostasis in response to external stress. AK gene is used as
a marker in invertebrate phylogenetic analysis. In this study, we verified whether AK can be used in molecular
phylogenetic analysis. We sequenced Koreanomelania nodifila cDNA library using lllumina Hiseq 2000. The AK gene
of K. nodifila was sequenced using the BLASTx program and PANM DB (v5.1). AK gene was used as a marker to
molecular phylogenetic using the MEGA 11 maximum likelihood method. To analyze the 2D structure of the AK gene,
the 2D structure was predicted using PSIPRED (v4.0). As a result, the AK gene ORF of K. nodifila is a total of 352
amino acids and AK gene is considered to be highly useful for molecular phylogenetic analysis of Mollusca.
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A 2Ad JEE gl o g Ags
(Huang et al., 2020; Yang et al., 2020).

FAHFEE AK A AR &8 & 5 355 &
Qlgk AsAFEo] ¢l9d=d (Mahon and Neigel, 2008;
Dole et al., 2010), AgwFol &85+ Cytochrome
oxidase I (CO1) o ¥72A7e} AR AoE HojFgle
H, AK FAA7} & 2 o] Al E7el o vkt Ax
= AlFsF= 2o Yelgtl (Mahon and Neigel, 2008).
AATES] AK FAAE JEE $A7F BEF o
(Uda et al., 2006), Class %A A 91207} F--=]
I &7 )HE 23R QAT E ASEReA R AT &
AEZE RAFE= AYads Eeldt vl 9lc} (Jarilla et al.,
2014). =3 AK FAAE &83te] d&r|3E 23 55
5 dAlEE ATEE A4S AT =15l itk
(Suzuki et al., 2000; Takeuchi et al., 2004). e
HENIIF) &3 7|23F (Clithon retropictus) I}
Y& LF (Ellobium chinense) L8| 3= 15591 FE}
ARl wFolAn] (Mirus junensis) S 2% AK 9
A7 A7) 438592 vl 3o} (Hong et al., 2021
; Park et al., 2020 ; Min et al., 2018).

COIeo] &2 W9l At Zo] ellA o theket
ARE AlFsiee vhd, AKE FE80e H9edA 84S
HoFE oF A3E gl v} 9lt} (Mahon and Neigel,

277k 913

3}

=

2008). <dAlE=el AR JE At 2 Sl
marker2A] AK7} 7 45 & 5 l=Ao] sl A= 3t
aA} 2 AL fE A
MATERIALS AND METHODS

1. Sample Collection

AFdt}Er]  (Koreanomelania nodifile) + 27
(Gastropoda), T+&7]2} (Pleuroceridae) ©f 43h= ghitx
LFFeE U TR sl 23k Alw dA Qi

(Ministry of Environment., 2023). K. nodifilax 4%
A, AxAd, AF 7 Ministry of Environment.,
2023) ¢} FEH3E J3F o= 9lF (Jin-Young et al.,
2022) WAG7}F ZFastar glow, ofef w53l 20124 27
FollA HE917] ofAE 2722 A A3 2 (Jin-Young
et al., 2022), £3 F7HEAAEF] $)7] (EN) 52
A=t (Bae and Park, 2020; Jin-Young et al.,
2022).

£ AP A AES AR 1S 2o} (3
7HE 2014-22) RS ARt 20149 7€ A= o
ArolA AR sk e, whole bodyE AH8-ste] AAHA| 24

[e]
A-S-

St =M
S5 5
o o]-g-sglt.

2. cDNA library 753 47144 £4

K. nodifila®] total RNAE $#%3}7] 93} grindingdt A
Z 300 mgs 3 3}o] Trizol reagent 3ml (Thermo Fisher
Scientific, USA) & AM-3}e] total RNA $5& #3313l
t}. %3 total RNAE Spectrophotometry$} 2100
expert _RNA nano chips ©]£3}¢] RNA quality % 5%
£ F9l3lgdtl.  Absolutely mRNA Purification Kit
(Stratagene, CA, USA) & A}83le] 353 RNAZHE
cDNAE 3Ad318itt. ¢cDNA Library Construction Kit
(Stratagene, CA, USA) & ©|$3}4 cDNA Librarys T
%3}t 753 cDNA libraryE Illumina Hiseq 2000

Sequencers -&3lo] AR #4S 23]

3. De novo assemblyS -3+ Unigenes 21

Tllumina Hiseq 200014 AAFE raw readsol|A] clean
readsE #%3}7] 95 Cutadapt (v1.11) (Martin, 2011)
Sickle (v1.33) (Joshi, 2011) ZZIg F-§3}o]
adapter sequence®} low quality sequenceE |73}t
#8453l clean readsE Trinity (v2.0.4) (Grabherr et al.,
2011) T2 138 E3}4 De novo assembly (Grabherr et
al., 2011; Kang et al., 2017) & #13J3}o] contigsE 43}
sit}. TransDecoder (Haas and Papanicolaou, 2016) &
Zgste] AYAE contigs2HE] Open Reading Frame
(ORF) & #Z3t}. 3%3 ORFE TGICL (TIGR Gene
Indices Clustering tools. Ver 2.1) (Pertea et al., 2003) =
ZaE o]83}Y clustering 3] Unigeness E:3}3it)

)
=

4. K. nodifila®] Arginine Kinase 44 &%

K. nodifila 2] Unigenes= BLASTx program®} PANM
DB (ver. 5.1) (Song et al., 2023) & A}&-3}%] annotation
35t} 1 A3 AK® annotation % Unigenes 5 AKY
full-length A9& x|  $3te] NCBILE
(non-redundant) Hlo]ejH|o] 20X BLAST3}] A4S &l
slgit). &eldk AK full-length 492 EMBOSS package
sixpack (https://www.ebi.ac.uk/Tools/st/emboss_sixpack/)
(Rice et al., 2000; Madeira et al., 2019) = ©|&3}o K
nodifila®] AK o}n|xAt Ads 339

nr

5. BLASTE ¥ H| & A FEA L F5 % MEGA ==
%% 0]-4-3}F Phylogenetic ¥4
NCBI¢| “Arginine kinase”® 7A3 A3}
“Gastropoda”, “Bivalvia”, “Cephalopoda”®]| 35 ==

=
5

77}
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CAT GGC AGA cCcT 300

M A D L 100

GGA CAG CAA GIC [€a) T GAA GAA GAA 360
D S K S L L K K N 120
CAA GAA GIC ATC cr CAA TGG TAC ccT 420
K K S S F N G T L 140
GGA CAG CGG TGT GGG TAT CTA TGC GTG 480
D s G v G | Y A C 160
GCT GGA CAA GGT CAT CAA GGA CTA TCA 540
L D K v ] K D Y H 180
T CGG CGA GGA CAA GGT TGA crr CGG 600
F G E D K \' D F G 200
CAC CCG CGT CcCcG TGT GGG cCcG TAG CCA 660
T R v R v G R S H 220
GGA GGA ccG TGT GAA CAT GGA GAA GAA 720
E D R v N M E K K 240
ccr GAA GGG AAC CTA CTA ccc ccr GAC 780
L E G T ¥ Y P L T 260
TGA GGA TCA cT {5 3 8 c1T CAA CGA CAG 840
E D H F L F N D S 280
CGA TG GCC CAC AGG ccG CGG TAT cTT 900
D w P : G R G I F 300
GAA CGA GGA GGA CCA ccT cCcG ATT CAT 960
N E E D H L R F 1 320
CTA T GCG ccr TGT CAA GGC TAT cce 1020
Y L R L v K A 1 R 340
GGA GGG TCT GGG CTA ccT GAC cr cTG 1080
E G L G Y i T F C 360
CGT GCA CAT CAA GAT ccc CAA GCT GTC 1140
v H 1 K I P K L 5 380
GCT CAA CAT CCcA GGC CAG AGG TAT CCA 1200
L N | Q A R G 1 H 400
CGA CAT c1c CAA CAA GAG GCG TCcT GGG 1260
D ] S N K R R L G 420
GGT GGG CGT AGA GGC CGT CAT TGC CGA 1320
A G v E A \' 1 A E 440

301 CGC AGA 1T GIG GGC AAA ACT GCA GGC CGC
101 A D L w A K L Q A A
361 CCT CAC CGA GGA ccT GTA TAA TGA ACT GAA
121 L T E D L Y N E L K
421 TGC TGA TG CAT CcCG Cc1C AGG ATG CGA GAA
141 A D C I R S G C E N
481| CGA b k i CGA GGG CTA CAC AGT cT CGC ccc
161 D P E G : T v F A P
541|  CAA GGT GGA CAA GCT GGA CCA ccc CGA GCC
181 K ' D K L D H P E P
601 CAA ccT GGA ccc CTC TGG CGA ATT GAT car
201 N L D P S G E L I s
661 CGA CAG cmT CGG T cce TCC CGT T TAG
221 D 2 F G F P P Vv L S
721 GAC ccr CGA GGC ccr CAA CAC Tcr GGA GGG
241 T L E A L N T L E G
781 CGG CAT GTC CAA AGA GAC CCA GAA ACA GCT
261 G M S K E T Q K Q L
841| CGA CAG GTT cr GAG GGC AGC TGG CGG CTA
281 D R F L R A A G G ;4
901 CCA CAC ccc CGA CAA GAA GTT [= = CGT GTG
301 H T P D K K F L v w
961 c1c CAT GCA GAT GGG CGG TGA Tcr CCA GGA
321 S M Q M G G D L Q E
1021 TCA GCT GGA GAA GAA GCT GTC cm CGC CAA
341 Q L E K K L S F A K
1081 CCC Cc1C CAA ccr GGG CAC CAC [+ 4 ccGe CGC
361 P S N L G T T L R A
1141 CGC CAC ccc CGA GIT CAA GGC cT c16 TGA
381 A T P E F K A F c D
1201 CGG TGA GCA CAC CGA GAG car GGG TGG AGT
401 G E H T E S v G G v
1261 T CAC CGA GTT TGA GGC CAT CCA GGA GAT
421 L T E F E A | Q E M
1321 GGA GAA AAG GCT CTC CGG AAA GTA
441 E K R L S G K "
Fig.

red box area represents the ORF of AK

9] full-length o}7]xAF A& E-83}4] phylogenetic &4
= F38Isi) Adste] A3k FeRaslEtigolAE] (M
junensis) (Min et al., 2018), WlFAILS (E. chinense)
(Park et al., 2020), 7|523% (C. retropictus) (Hong et
al., 2021), AA)EZ3o] (S. myomphala) (Sang et al.,
2020)¢] AK op|xAb MdE F78Iglth. MEGA 11
program® Maximum likelihood ®}'*2% Phylogenetic
35l dendrograms< E4%3}Gcl (Kumar et al.,

2018; Tamura et al., 2021).

B0
'E/Ela

6. K. nodifila®) Arginine Kinase Protein2] 2D Structure o &

1 K nodifila®] AK oAt Al def|A] Aakel= ehildd
] Fx5 5317] ¢J8l] PSIPRED (v4.0) (http:/globin.bio.
warwick.ac.uk/psipred/) & Z-&3}e] @Al 231 Fx o
& AYgict (McGuffin et al, 2000; Buchan and
Jones, 2019).

RESULTS AND DISCUSSION

AFattE7] (K nodifila) ¢ AK 444 ORF & = 352
7N} ou At &, 1,056 bp 2 TAE ] U
3 A92 246719 adenine, 1917]2] thymine, 29871<]
guanine, 321719 cytosine®® ©o|FojA 9lglen GC
contents= 58.6%% el i} (Fig.1).
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1, The complete nucleotide sequence of Arginine kinase and deduced amino acid sequence of A, nodifila, The

AAFEE Ul K nodifila®) ¥AAEEA 9405 s}

8l AKHFAAE  marker? A3} molecular
phylogenetic analysis® 423} £45 $]s] NCBIe
=% 555 (Cephalopoda), 555 (Gastropoda), o] =]
5 (Bivalvia) 9] AK A% A4 F full-lengthE 72|+
AR} & dgAle] Aste] A7g wp 9le HEF M

junenis, E. chinense, C. retropictus % S. myomphala®]

7]

AK AEg F713ke] #33}G ) (Min et al., 2018; Park et
al., 2020; Sang et al 2020; Hong et al., 2021). o424l
K. nodifila®] = 2T F 30F] dATES] Aol

2 Aol &5 %ﬂ‘ﬂr (Table. 1.).

MEGA 11 program= ©°]83}¢ Maximum Likelihood
method® 4%k Z¥ 30359 A=e] 379
Cephalopoda, Gastropoda, Bivalvia & %% 7& &<l3}
St} K nodifila 2} Pomacea canaliculate, Semisulcospira

classgl

libertina = X2 subclass® grouping =32, K nodifila
¢} S. libertina = ThHA| Cerithioidea superfamily® <
+ At} (Fig. 2). K. nodifilax Pleuroceridae family©l
4319, S. libertinax Semisulcospiridae family®l 43} )
= Ae® gAY e (Kim et al., 2010), F family2] |
T4 ZZeME WA #AQl AR JEstT) (Strong
and Kohler, 2009; Neiber and Glaubrecht, 2019).
Mitochondrial genomes 83t AlSEA AT ZAzlo] up=
9 K. nodifila®} S. libertina 2% *fo]2] 847} 7171
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Table, 1. List of species and number of NCBI accession number of AK gene used for phylogenetic analysis

Species Accession No.
Sepia pharaonis AKS26488.1
Sepioteuthis lessoniana BAA95610.1
Sepiella maindroni AEK26855.1
Amphioctopus fangsiao Cephalopoda AEK65120.1
Octopus vulgaris BAA95609.1
Nautilus pompilius BAA95594.1
Pomacea canaliculata AYH91743.1
Koreanomelania nodifila
Semisulcospira libertina AGN95434.1
Clithon retropictus SCH
Cellana grata BAB41096.1
FEllobium chinense SCH
Biomphalaria glabrata ADH59421.1
Mirus junensis SCH 2018
Aplysia californica XP 005099408.1
X ) Gastropoda
Aplysia kurodai BAB41095.1
Satsuma myomphala SCH
Nesiohelix samarangae AHC02701.1
Conus ebraeus ASF90538.1
Conus frigidus ARU12142.1
Conus araneosus AQM52449.1
Conus litteratus ARS01451.1
Conus lividus ATG85037.1
Haliotis diversicolor supertexta AJW60778.1
Mizuhopecten yessoensis OWF45839.1
Sinohyriopsis schlegelil AEQ094538.1
Anadara broughtonii . . BAD11949.1
Bivalvia
Crassostrea gigas EK(C24881.1
Azumapecten farreri AEX08673.1
Corbicula japonica BAB91357.1

Ao % Yepyith (Kim and Lee, 2018). AK +445 243
2 A7) B w3 F T FAFATL TR Al
Eal= Qi) o= K nodifila 7} 43 family Pleuroceridae
&} S. libertina 7} 43 family] Semisulcospiridae 7} 25

Ao 2 HE] E2]5 9] o (Neiber and Glaubrecht, 2019),
AK fFAAPT 1522 B2 5E g4 A4 (Ellington,
2001), AK FAAE o]& AlTEA A 7 Fo w8
AZE A fAdE Ued Ao Algsich

A4S T3l o familyRol= ZQA2A7} 734 U
2 K nodifila ¢ S. libertina 252 AK oln|xAit A4S
v FA87] S AAkE Al 2D P2 E v|adle] X
sttt K. nodifila ¢+ S. libertina 25 25 a-helix®= 1571,

P

El
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B-sheet= 11712 FU3A| I5=gick. £3 Coil MGE
272 S el5o] gk (Fig. 3.). A52 DU 7
o= @-helix, B-sheet, Coil 75t EU3}7 =%
Ak, Aol A o5 ?%4 ApolE Bk EE7F el
A AA ez o 3 A3l F ol dHE dRAA
HEafo]lE HolFs Alg A7 } lom, F Fo] Az 2%
7 2po) = 93k tjls-AAte] Wo)s} % A ] ol At
| Aoz =) (Kemppainen et al., 2011).

CONCLUSIONS

AFdtlE7] (K nodifila) 2] Arginine kinase A4
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97; Aplysia californica
Aplysia kurodai
51- r Satsuma myomphala
o8 Nesiohelix samarangae
Conus ebraeus

Conus frigidus

Conus araneosus

99|
39/ Conus litteratus
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2 Anadara broughtonii
44 Crassostrea gigas
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62 Corbicula japonica

Fig. 2. Result of phylogenetic analysis by Maximum Likelihood method, To analyze 30 species of AK gene sequences, the AK gene
was utilized as a marker and conducted within MEGA 11, The evolutionary history was inferred by using the Maximum Likelihood
method and JTT matrix-based model. The tree with the highest log likelihood (-9488.56) is shown, The percentage of trees in
which the associated taxa clustered together is shown next to the branches, Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances estimated using the JTT model,
and then selecting the topology with superior log likelihood value, This analysis involved 30 amino acid sequences, There were a
total of 640 positions in the final dataset, Evolutionary analyses were conducted in MEGA11,
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-

W CEEEECCCCCEEEEEECCCCEEEEEEECCCCHHHHHHHHHHHHHHHHHHC

RGI FHTPDKKFLVWVNEEDHLRFI SMQMGGDLQEVYLRLVKAI RQLEKKL

Ep—— e
 CCCEECCCEECCCCHHHCCCCCEEEEEEECHHHHCCHHHHHHHHHCCCEE

ASFAKREGLGYLTFCPSNLGTTLRASVHI KIPKLSATPEFKAFCDKLNI QA

" i -
< EEECCCCCCCCCCEEEEECCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHC

s RGI HGEHTESVGGVYDI SNKRRLGLTEFEAI QEMRVGVEAVI AEEKRLSG

K. nodifila Arginin kinase
Legend:
Strand
2ar

 CEEEECCCCCEEEEEECCCCEEEEEEECCCCHHHHHHHHHHHHHHHHHHC
4 RGI FHTPDKKFLVWVNEEDHLRFI SMQMGGDLQEVYLRLVKAI RQLEKKL

@ CCCEECCCEECCCCHHHCCCCCEEEEEEECCHHHCCHHHHHHHHHCCCEE

< EEECCCCCCCCCCEEEEECCCCCCCCHHHHHHHHHHHHHHHHHHHHHHHC
4 RGI HGEHTESVGGVYDI SNKRRLGLTEFEAI QEMRVGVEAVI AEEKRLSG

+CCCCCCCCEEEECCCCCHHHHHHHHHCCCCCCCCCHHHHHCCCCCCCCCC
M TLEGDLKGTYYPLTGMSKETQKQLTEDHFLFNDSDRFLRAAGGYNDWPTG

CEmm . B R eis oSSR mo B S -

SFAKREGLGYLTFCPSNLGTTLRASVHI KI PKLSATPEFKAFCDKLNI QA

) EECEE - I . [F - T I
; -

S. libertina Arginin kinase

ccontll Confidence of prediction

i arsignment cartoon
Pred: 3-state prediction
AA: Target Sequence

Fig. 3. The predicted 2D structure of arginine kinases by PSIPRED 4.0 Comparative analysis between A nodifila and S, /ibertina.
These 2 species has close Evolutionary distance,

- 203 -



S
=

HI

AFACHEDI2 Arginine Kinase S&XE 0l

1,056 bp, o} x=AF 352712 o]FoA 9len, GC contents
58.6%% 7t} NCBIY| 55% F%% (Cephalopoda), %
Z5 (Gastropoda) , °]"l|"l|F (Bivalvia) 2] AK full-length
FAA Mdr & dFAle] ARATFE B EEE M
junenis, E. chinense, C. retropictus % S. myomphala<]
MaE 23 209 AK AR A9e FuAMER 3
phylogenetic analysis® Z3J35}3it}. 1 23} 3052 AE9]
Cephalopoda, Gastropoda, Bivalvia Z+7}2] Class7]2] +
= A& B3I, K nodifila$t S. libertina A1o]2]
e Felakgled ol AE A Adts}
o]ttt} (Strong and Kohler, 2009; Kim
and Lee, 2018; Neiber and Glaubrecht, 2019). =3 AK
A7) 2D F2F A58t K. nodifila ¢+ S. libertina 2
9] 5= A Fx7} AR R dREeA A A}
o7} Qith= 2% Falslgict o]Hdt 4 Z2AES F3) AK
FAA} FHFEE AvFel 83 &8 5 T
A2 markeryl& E<l3lsich

o)

=
AT
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