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Identification, sequence characterization and expression analysis
of the arginine kinase gene in response to laminarin challenge
from the Oriental land snail, Nesiohelix samarangae

Ji Eun Jeong and Yong Seok Lee

Department of Life Science, Soonchunhyang University, Asan, Chungnam 336-600, Korea

ABSTRACT

Arginine kinase (ArK) is known to play an important role in most invertebrates the level of ATP by phosphorylation
of phosphagens in cell and immuninty in living organisms. ArK has been identified in many kinds of organisms
ranging from invertebrate to vertebrate. However, no ArK gene has been cloned and investigated from N.
samarangae. This leads us to identify ArK cDNA (NsArK) from the expressed sequence tag (EST) sequencing of
N. samarangae. Sequence analysis indicated that the coding region of 1,065 bp contains 355 amino acid residues.
Molecular phylogenetic analysis shows that NsArK had very high similarities with mollusca and arthropoda. In an
attempt to investigate a potential role of NsArK in the digestive gland of N. samarangae, expression patterns were
analyzed. RT-PCR analsysis shows that NsArK mRNA is induced in the rane of 1.2 fold at 6 hr by laminarin when
compared with the control. The immunnologial and physiological role of NsArK remains to be further investigated

in N. samarangae.
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Introduction

AR M #3E QdFE F2 mouse 2] F4RE] v]HA]
0 7 AeP=]o] g]ut (Supajatura et
AR AAAVL Sl FEFTES A
A= 3w gl 53] F7

(horseshoe  crab;  Limulus  polyphemus), "IE7|
(freshwater crayfish), ™7 (ascidians) % %3}
(Drosophila ~ melanogaster), %192  (Sarcophaga
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peregrine), Uy (Bombyx mori), A
(Manduca sexta), 2773 ¢] (Holotrichia diomphalia),
ZAA A (Tenebrio molitor) 52 LZE°] dio] =k
t} (Iwanaga and Lee, 2005).

ol gt A5 A Al ;ME (NGS) £4 o] et
3} ejEo] FAA ARE 7S 2 genomics, mRNA ¥ small
RNA%S2] transcriptome,
proteome, metabolome, functional genomics, methylome
profiling -] 7]%e] whAste] AZuje] RE FAF 33HEC
%7@, 7] A—l )\]—izkg. ) ﬁ.ﬁu:]i]_ ;Ha—]- Ea—Lx—l u}__ =
<] t}eksk ‘%‘4_'—["7} 7551 =9} (Greenbaum et al., 2001;
Hegde et al., 2003; Buermans et al., 2010; Perco et al.,
2010; Chistoserdovai, 2010).

ArK=  transferase = 72 2 A
phosphokinase,

comparative transcriptomics,

arginine
adenosine 5'-triphosphate, L-arginine
N-phosphotransferase 12|31 omega-N-phosphotransferase

2% 22994 arginine ¥ proline tAlel] F23 d&5 3}
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R

= ez od=A #solrl. F3& glycocyamine kinase
(GK), hypotaurocyamine kinase (HTK),
kinase (LK), opheline kinase (OK),
kinase (TK), thalessemine kinase (ThK), creatine
kinase (CK) 5% 37 tekal FaF5E00A A =oiA]
= 87H-°4 Phosphagen kinases %5 3l AlE 4] cﬂ]ﬁx] T
, 771 Qi = x4, kA buffering 52 7155 714

Z1e 7 odefA it} (Jarilla and Agatsuma, 2010). <13

=9 A% AdAd "y A2ElE 31" chemotaxis,
phagocytosis, phagolysosome?] 34 5 2 IAAEL &
2 Yz g 7o 2 ARl diakel | wkgof SRt
ATP7} 535o] Aol frAl=ofof sb7] wiiel] ArkrAl
Ake] dglo] Feslrl= Ru% 9l9lt} (Coyne, 2011).

2 AFeAE FAFEEAAY A "y A7 2d
2 AAFES] FFLTo| (Nesiohelix samarangae) &
Aoz HA{ EA9l laminarins A3 A@7H A
A 2tz oA Z47ke] cDNA Ele|BeEE
WFE-2, EST (expressed sequence tag) 97|449S ¥43}
o] ¥ FogRE doAl ANLdES vlw I ARl o
T~ (comparative transcriptomics) "He E3le] B35
t}h 2 A, F7R Y dadt Aol A
o4 laminaring #2]8}7] Aol wls] o 2u A= ‘%‘L ]
7}t arginine kinase (ArK) F-AAE & 79 Aoz
of FAAe] AAE7|AE B opr| At A EE Rl
v Ak H9E Eo|Z 3}e] molecular phylodendrogram
AP on] AEAR BAS Eg chalde] o3 @ 33}
TEE d5skith. 123 laminarin A7 § AZhE LEF
2] W3S real time RT-PCRS 53 Eql3lgly, & A7+
AAAHS A A7) 7|E2ARR E83tat $3= gl

lombricine

taurocyamine

°¥ﬂ r\r OP

&

w
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Material and methods

1. Sampling

Ade] ARE-E FoFdso] (Nesiohelix samarangae) =
S Eickr 23 Tk =elelA AR AL, @717 AR
$er mRNA F£317] 72 A7t AHE “HO] FA] ket
ALY e dTer] S T oEA o Aw
HE|ahA] ok Fokduole} AdFogA F3lA AAE
842 PAMP (laminarin) 100 #1/ ml= 3 A7t #]2]3t
Zokdsjo] 5 Ag3le] ¢DNA libraryE 753t £ random
sequencing & =3 A3}t

=
=

2. cDNA library construction
s An)getol s FekEalele] askd 3E AR,
obFAE AP shA] k2 FFETol9} laminaring A2gk

L
_

=

=13

i 24 2 ¢

rgl
:‘?:l
m
]
o
e

Z7ke] Fokdsio] 2 H-E] RNeasy Mini Kit (Qiagen, Cat.
No. 74104) & AM-3le] total mRNAE <4314 AAIEIS
t}. AAE mRNAZE oligo dT¢} reverse transcriptases
283t cDNAE 43t 3 Stratagene cDNA Library
Construction Kit AF&3}e] ¢DNA librarys F=3}%ich
LD-PCR ¥} primer extention ¥ F 7}A& A3}
double-strand cDNAE 3HA &t Lambda TriplEx2
vectore] ligation A7l ¥ Gigapack Gold I (Stratagene,
AH83ke] packaging

5
T

Ladolla, Calif.) packaging system=
3kl

[e)

3. 9714 24

E. coli strain BM25.8% ©]83}4] lambda TriplEx2
(linear form) A pTriplEx2 (circular form) o2 33}
it} 22832 LB agar plate (cabenicilline) ©f| plating 3}
o 37C oA 3FE wkEdel. NucleoGen Plasmid
Purification KitE A}83}¢] Plasmids AAZE 3o
Sequencings $3] AsE7IALEA7] (AB-3730XL,
Applied biosystems) & AH&3lo] Q7| 2E A3}

5

<

4. Comparative transcriptomic study using bioinformatics
random
o

FoFgole] ¢DNA librarys T%3
sequencing & &3 #FE ¥ % chromatogram Y-
phred score 20 %73} base calling & F33}31oH
zzadE F3 AEE9F pTriplEx2
vector 495 masking 3}% 32 Emboss package (Rice et
al., 2000) 9] trimmest ZE 138 E3)| poly-A tail = Al
713 clean mFASTA #E|e] HA7IALE  Adsiict
(Ewing and Green, 1998; Ewing et al., 1998). QA=
Ag Adyo]eido]~ (mollusks sequence database;
http://bioinfo.sch.ac.kr/~mollusks) & NR ©H|o|g] o] A&
©]4-8 Basic Local Alignment Search Tool (BLAST) 7
AL E3F annotation & AA3FH T} o] A%} laminarin ]
2] A% S| e FE fAATE FEsgih

cross_match

5. Laminarin 32 ¥ %7}3 arginine kinase A €4 ] 2

Laminarin 2] AZE £7ro] 9J= W FAATNA
arginine kinase® 4% A< 277/ CAP3 A£ZE¢9]
(Huang and Madan, 1999) & %3} assembly 3}
contig files FZ3}%21 GENSCAN AZE9 o (Burge
and Karlin, 1997; Burge and Karlin, 1998) & A3}
opp] it S FE3)3lH

6. multiple align 2 phylodendrogram
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AL 2L B3] A4 oAl LS dAEE
A8 BLAST A#2] olu|xAb dHo]e] H|o]2~ (mollusks
sequence database; http://bioinfo.sch.ac.kr/~mollusks)
£ 83l dAlTE Foll F3ke A=EolA I FuAd
= FEoIeh delEmlo]2E  query® Sk, blastp
(E-value; le-5) ZA& AF83}e] annotations AA3F5At}
AAEE A8 BLAST A#e] oprxit doje wlo]AE 2
&3] #4723 homology”t 7H¢ &2 opv|xAt AdS A
ggle] dAleET ¥ AATETl 3= AEEolA w4
HuALDe FE39t} Braun et al., 2001). =% HA
AES MEGA5 Z=2139] clustalW EES o] &3}
multiple sequence alignment & 433} t} (Edgar, 2004;
Edgar, 2004). = % maximum parsimony method %
maximum likelihood methodZ %3l phylodendrogram<
=133} (Jones et al., 1992; Tamura et al., 2011).

7.2D FZF o] &3 vild Fx v a B4

il o] 23} T2 4% $18] GENSCAN Z213% o]
g3t sl ofn|eat M-S Psipred £LEH 05 A3}
o] 2D Fx5 d5sgen (McGuffin et al, 2000),
3D-jigsaw AIZE ]S AL3le] thllAe] 33 FxE

comparative modeling 3} t}.

8. Time dependent mRNA expression by RT-PCR

z2T o2 A oM AR A shA] b FFEEolE ARS8t
R, 5317 AAR 842 laminarin 100 g¢g S 34
7k 6A17Y, 9A17E, 12417 ZHE 22 Aedt APF e R Yol
A AFE Btk EolEE 3lF-3] digestive glandZ -
E] Trizol reagentE A}83}o] total RNAE FE3}3it}
c¢DNAE RTase (Fermentas) ¢} oligo dTE AF8-3}e] 3HA
313131, assembly® contigX @ ZH-E primerE designd}]
243199t} (arginine kinase A%F; Left primer 5'-
CATTCGTTCAGGCAGTGAGA-3', Right primer 5'
-GCCTCAACTGTCGTCCTTTC-3"). A HxFoz
house keepingf-AA}el acting AME3IS T (actin A A}
Left primer 5-AAGGTTACGCACTCCCACAC-3', Right
primer 5'-CAAGAAGGAAGGCTGGAACA-3), 1Q SYBR
Green supermix®} CFX connect real time system
(Bio-rad) & °]&3te] AHs}3ltt.

Results and discussion

Arginine kinase (Ark) = F 71¢ 7|2 ATP ¢}
L-arginine®%-€] 3379l uh3-& %3] ADP (Adenosine

5'-Diphosphate), Nomega-phospho-L-arginine®] 4<%
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ZA5l= 5424 phosphagens?] ¢liks} 2180l ]3] ATP
(Adenosine 5'-Triphosphate) level & FA|3l= 982 3=
o7 odulA glon HIEFE)AE= phosphocreatine©],
FHF5EN4E  phosphoarginine®] 7} FR3
phosphagen®] d&& gt} o]2fdt A 4 AATE
(Scallop, Pecten maximus) 8] 5|4 actindl] 23|+
Aoz B1s} 6] 9lom (Reddy et al., 1991; 1992) %17]
Moy i MdEL 2o, A, F2E, A5, A4S 5
Az Bart sglew, 53] F5o] 5% wf ATP 344
+ FARE 5 F55M A3 A2 dElA it
(Newsholme et al., 1978; Lang et al., 1980; Dumas and
Camonis, 1993; Suzuki and Furukohri, 1994). &Zel=
gram-negative soil bacterium¢l Myxococcus xanthus
= 233 9 7HA] 79 bacteriacl A Ark® 4= FA
A7} EAE S 21 null mutations £33 Ark S-AA7} o]
W AEH A WS-} developmentel] 2444l J&8-5 sl )
&5 2u33it} (Bragg et al., 2012).

ZoFdsfo]e] ¢DNA library® T%3% %  random

=
2=

k)
o

sequencing < 53f 415 A % laminarin 5
71t §74A49] arginine kinase®] A4& FEI F
BLASTx A& &3l 2F A2Es Frste] #4815
Arginine kinase (AvK) A}l AL FoA Y dd2
F 1065 bp °]i, 35571 ojw]xAte R o]FolA glgle
Q71D GC e 39.94% Atk Methionine o & A%
3l olm| A 2AS JHA L 91912, leucine (Leu) ZH7]7}
36702 71 Wk 1 o227 glycine (Gly) ZH7)7} 347
2 Wkt (Fig. 1).

th32 2 BLAST 2745 EdE A7) =2 5170 #
I A d} Fekdodo]9] arginine kinased] o} xAl A DS
MEGA5 Z 27139 clustalW EZES ]3] multiple
sequence alignment & $33}3tl. I ¥ maximum
parsimony method £} maximum likelihood method& %
3 phylodendrograms =213} 3t 2y} 2EHo=z Ad=
25709 A& Fol dizte] T2 e AT ETY AASE
Fog o] A A el 4 gl dAsEEY] A
ol E57 (6%), 54 6%, ol (4%) 5 A=
5ol &2 o x Folglen, AxFEEe AF 25l &
Sk WIS (2%), HE (19), =345 @9 2 A 6
D), A (1) ol 3= BEEC] 2L To=
elsk 4= 9l9l} (Table 1, Fig. 2).
wlAe] 23k T2 #4905 918 GENSCAN Z2 1312 o
351 o5 opxitke] HES o2 319 Psipred &
EolE AHg3te] 4815tk 13 3 oA 9k 3ol a-Helix
TEv= A 129927 HE=H9en  B-pleated

o of
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1 ATG
1 M
46 ACT
16 T
91 TAC
31 Y
136 GCA
46 A
181 GGC
61 G
226 CTG
76 L
271 AAC
91 N
316 GGG
106 G
361 CGC
121 R
406 TCA
136 )
451 CTC
151 L
496 ACC
166 T
541 TTC
181 F
586 TAC
196 ¥
631 AAA
211 K
676 ATT
226 I
721 CIT
241 L
766 GCC
256 A
811 TTG
271 L
856 CTG
286 L
901 ATC
301 I
946 GGC
316 G
991 ATT
331 I
1036 GCA
346 A

GCT
A
GAG
E
ACC
4
GAT
D
GTC
v
TTG
L
CAC
H
GAT
D
GTG
v
AAG
K
CAG
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GGT
G
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L
CGA
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T
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S
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S
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v
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P
CCA
P
AGT
]
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R
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D
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D
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D
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S
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P
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G
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G
GAG
E
GAG
E
ACA
T
GAC
D
GGC
G
GTG
v
GGC
G
GCT
A
GGC
G
GCC
A
TIC
F
CAT
H
AAC
N
ATG
M

GGA
G

=

CTA
L
AGG
R
ACA
T
AGT
GAT
D
GAC
D
GGA
G
AAA

K
AAT

N
ATG
M
TTG
L
CAG
Q
AGA
R
CGT
R
AAT
N
AAC
N
CTA
L
TAC
Y
TCA
S
AAG
K
GGG
G
AAG
K
CGC
R

GGA
G

T EA Y SEIFEN 2 o7
TAC CAG CGG CTC AGA GAC GCC 45
Y © R L R D A 15
AAA TAC CTG ACA CCT AAT TTA 90
K ¥ L T P N L 30
ACT AAG TTC GGG GGC ACC CTC 135
T K F 6 G T 1L 15
GAG AAC ACC GAC AGC GGT GTT 180
E N ¢ i D S G v 60
GCC TAC ACC ACC TTC GCC CCT 225
A Y f F F A B 75
TAC CAC AAG GTC TCC GAG CTC 270
b 4 H K N S E L 90
GAT GTT GAA CAC CTG GAC TTT 315
D VvV E H L D F 105
ATG ATT GTC TCC ACT CGT GIC 360
M I Vv § T R WV 120
TAT @@C TTC CCT CCA GTA CTG 405
Y G F P P V L 135
GAA AGG ACG ACA GTT GAG GCT 450
E R T 'T VvV E A 150
AAG GGA ACA TAT CAT CCA CTG 495
K G T Y H P L 165
CAG CAA TTG ACA GAG AAT CAT 540
Q o L T E N H 180
TTC TTG AGA GCT GCT GGT GGC 585
F L R A A G G 195
GGC ATT TTC TTC AAT GAC AAC 630
G I’ 'F F 'N D N 210
GAA GAG GAC CAT TTG AGG TTC 675
E E D H L 'R F 225
TTG AAG GAS GTC TAC GTC AGA 720
L 'K E VvV 'Y vV 'R 240
GAG AAC AGT GGT CTG TCC TTT 765
E N 8 G L S F 255
CTG ACC TTC TGT CCT TCA AAC 810
L T 'F ¢ B 8§ 'N 270
GTG CAT ATC AAG ATC CCC AAA 855
v . H I 'K I P K 285
GCT TTC TGC GAC AAA TAC AAC 900
A F ¢ D K Y 'N 300
GAG CAC ACA GAG TCC GTT GGA 945
E H T E S v G 315
AGA AGA CTC GGT CTC ACG GAA 990
R R L 6 L 'T E 330
AGA GGT GTC GAG GCT GTC ATT 103
R G VvV E A Vv 1 345
GGC AAC TAA 1068
G N 356

Fig.1. The nucleotide sequence and deduced amino acid sequence

of arginine kinase. (The red under line represents

primer sequences). (Genbank accession number : KF673777)

sheet T-2= AAAalellA 639004 A5t Y25 & ¢

WA ol¥gt 23} Fx ZZE EWE comparative

modeling ¥H< o]83 3d-jigsaw ZE 1S o] §3fe] ©

WA 3k 25 A5 2ok} (Fig. 4).

A2Ege) AR Aol 43 el @ Helsh
Mg e AEE Edeln EAlshs

rl

ji
T

Pathogen Associated Molecular Pattern (PAMP) ©|2} &}
=4, lipopolysaccharide (LPS), peptidoglycan (PGN),
beta-1,3-glucan, laminarin, CpG, flagellin 5-¢] ¥3F=c},
Laminarine laminaran® 2% 4&A 9lon] ZxFol A
7 polysaccharide carbohydrate® 3342 &3l A=
% 3t} (Maeda and Nishizawa, 1968). Laminarin #]2]
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Table 1. List of species that are used in molecular phylogenetic analysis

Species Accession No. Species Accession No.
Aplysia californica XP_005099408.1 Azumapecten farreri AEX08673.1
Biomphalaria glabrata ADH59421.1 Scylla serrata ACV96855.1
Semisulcospira libertina AGN95434.1 Neohelice granulata AAF43438.1
Cellana grata BAB41096.1 Portunus trituberculatus ADO022718.1
Conus novaehollandiae ADK73590.1 Fenneropenaeus chinensis AAV83993.1
Sepioteuthis lessoniana BAA95610.1 Litopenaeus vannamei ABY57915.1
Sepiella maindroni AEK26855.1 Spodoptera exigua ACU68932.1
Nautilus pompilius BAA95594.1 Dermatophagoides farinae ABU97470.1
Amphioctopus fangsiao AEK65120.1 Papilio polytes BAM19148.1
Octopus vulgaris BAA95609.1 Anasa tristis AFK29278.1
Hyriopsis schlegelii AE094538.1 Triatoma vitticeps ABJ88949.1
Crassostrea gigas EK(C24881.1 Nasonia vitripennis XP_001607122.1
Scapharca broughtonii BAD11949.1
Nesiohelix samarangae
_|:Aptysia californica (XP_005099408.7)
Biomphalana glabrata (ADH59421.1)
Cellana grata (BAB41096.1) Gastropoda
Conus novaehollandiae (ADK73590. 1)
Semisulcospira libertina (AGN95434.1)
Mollusca Nautilus pormpilius (BAA95594. 1)
Sepioteuthis lessoniana (BAA95610.1)
_L_Sepieﬂa maindroni (AEK26855.1) Cephalopoda
Amphioctopus fangsiao (AEK65120.1)
] —I: Octopus vulgaris (BAA95609. 1)
Hyriopsis schiegelii (AEO94538.1)
Crassostrea gigas (EKC24881.1) Bivalvia
| Azumapecten farreri (AEX08673.1)
Scapharca broughtonii (BAD11949.1)
Spodoptera exigua (ACU68932.1)
» Lepidoptera (insecta)
_l—EDapmo polytes (BAM19148.1)
L Nasonia vitripennis (XP_001607122.1) Hymenoptera (insecta)
Anasa tristis (AFK29278.1)
_|: Triatoma vitticeps (ABJ88949.1) Hemterlinsacia)
ol
Scylla semrata (ACV96855.1)
Neohelice granulata (AAF43438.1)
Portunus trituberculatus (ADO22718.1) Crustacea
Arth ro pOd a Litopenaeus vannamei (ABY57915.1)
Fenneropenaeus chinensis (AAV83993.1)
| Dermatophagoides farinae (ABU97470.1)| Arachnida

Fig. 2. Molecular Phylogenetic analysis by Maximum Likelihood method.

The evolutionary history was inferred by using the Maximum Likelihood method based on the JTT
matrix-based model (Jones et al., 1992). The tree with the highest log likelihood (-6724.3286) is
shown. Initial tree(s) for the heuristic search were obtained automatically by applying the Maximum
Parsimony method. The tree is drawn to scale, with branch lengths measured in the number of
substitutions per site. The analysis involved 26 amino acid sequences. All positions containing gaps
and missing data were eliminated. There were a total of 332 positions in the final dataset. Evolutionary
analyses were conducted in MEGAS (Tamura et al., 2011).
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Conf:
Pred:

Pred:
: MADEVDSLYQRLRDATESKSLLRKYLTPNLYTQLKGLTTK

Conf:
Pred:

Pred:
: FGGTLADCIRSGSENTDSGVGVYASDPDAYTTFAPLLDAV

Conf

Conf:
Pred:

Pred:
: RVGRSHGNYGFPPVLSKEDRVEMERTTVEALQKLDGELKG
V h f ]

Conf:
Pred:

Pred:
: TYHPLTGMSKETQQQLTENHFLFNDSDRFLRAAGGYRDWP
b h V .

8L EREL L DDV EEEEL EEEEEEEL EEEE DR

CHHHHHHHHHHCCCCCCCCCHHHHCCCHHHHHHHHCCCCC
10 20 30 40

81 [ e LR g e ] ]

CCCCHHHHHHCCCCCCCCCCCCCCCCCCCHHCCCCCHHHH

50 60 70 80

: JINNN=nRERNNNRNRNENN RN R nnEnRN RN R annanant
Pred:
Pred:

HHHHHCCCCCCCCCCCCCCCCCCCCCCCCCCCCCEEECCC
IKDYHKVSELNHPNPDFGDVEHLDFGDLDPSGKMIVSTRV

90 100 110 120

Jann=nnINNENNNNENRNNRNNN L IEREIRELL]

CCCCCCCCCCCCCCCCHHHHHHHHHHHHHHHHCCCCCCCC
130

LD EEEEEEEEEEEEEEENE L EENE LRI

140 150 160

CCCCCCCCCHHHHHHHHHCCCCCCCCHHHHHHCCCCCCCC

170 180 190 200

LEIE O 2t 3+

cont: JIlnnEREnENNanERERnEnEan NN -n NN NRNNNNE
Pred:
Pred: CCCEEEECCCCCEEEEECCCCCEEEEEECCCCCHHHHHHH
AA: TGRGIFFNDNKTFLVWVNE@DHLRFISMQ?GGNLKEVYVB
210 220 230 240
cont: JHNNN 1] R | EERERL B DEREEE L]
Pred:
Pred: HHHHHHHHHHCCCCCCCCCCCCCCCCCCCCCCCCCEEEEE
AA: LVKAIRALENSGLSFAKRE@LGYLTFCPSNLGTTLRASV%
250 260 270 280
cont: JInnNERERE=sRERNRNRNzonnnn RN naaRNNNNN!
Pred: 9 b
Pred: EECCCCCCCCCHHHHHHHHCCCCCCCCCCCCCCCCCEEEE
AA: IKIPKLAAT?DFKAFCDKYNIQARGIHGE?TESVGGVYD%
290 300 310 320
cont: JnnlnEANazBEN ] LEEEEEE L
Pred: W
Pred: ECCCCCCCCHHHHHHHHHHHHHHHHHHHHHHCCCC
AA: SNKRRLGLTEIEAIQEMRR@VEAVIAEEKKLGGGN
330 340 350
Legend:

= helix Conf: L:llIIE = confidence of prediction
+

= strand Pred: predicted secondary structure

= coil AA: target sequence

Fig. 3. Two dimensional structure prediction of arginine kinase by Psipred program.

Fig. 4. A predicted three dimensional structure of arginine kinase by 3d-jigsaw program
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Fig. 5. Time dependent expression pattern of arginine kinase
mRNA in digestive gland of N. samarangae after
laminarin challenge. Actin was used as control.
Abbreviations: DG (Digestive gland)

A7kl w2 arginine kinase®] W3PS E)ls}r] S8l &
oFofolell =434 A $EH°] laminaring A28t
% real time RT-PCRYHE o]&3le] Fokdsjo)e]
digestive gland F2o|A &<ls}3ic}, 2 A7} control@} ¥]
2GS W 6A17kellA oF 1.2v) A= o] Tkl AE
Feldk 4= glolon, 124)7k0] Avpd A} Fhashs s &
g 5 et (Fig. 5).

AAAR R AAsEANA AAA "7} B335 FAAE
o] Al et F 7HA] AFEo] B FHick Al
(Mytilus edulis) © 75, HFsEY FHF5=
4 9 1T AAA Abele] TA AFol F-83k el =
2 9dew  (Liu, 2008), YA  cysteine-rich
antimicrobial peptidesE #&|3tl= 21 % glt} (Charlet
et al., 1996). HZo F =79 F3}, Mytilus edulis,
Mytilus galloprovincialis |4 antimicrobial peptides”}
tekstA EAsle A FEelA A3 FAHE AXE T
antimicrobial host defence?] 7484 & 3}z 2L3l=
Aoz wEzen 14 Fxo EA wWe} defensins,
mytilins, myticins, mytimycin 52| 41522 #F37|=
3lgdc (Mitta et al., 2000). 53 AFx7), Pinctada
fucata 1A bacteria®] ZgA W& HHA FAAQl
tandem-repeat galectin (Wang et al., 2011) ¥} innate
immunityel] 4 #AIA¢l 2AqIx}2 2-8-3l+= Macrophage
migration inhibitory factor (MIF) 52| cDNA &5 &
Asly EA37|% 3FG Tt (Cui et al., 2011). Crassostrea
thefgt 2E# A ubge=
metalloenzymes$! superoxide dismutase (SOD) ¢ &t
By% 9low (Yu et al., 2011), 7283l £3}= bay

scallop Argopecten irradians®l|*] pattern recognition

hongkongensis |4

Korean J. Malacol. 29(3): 171-179 2013

receptors® %¥]7 fibrinogen-related proteins (FREPs)
of gk A7 ®1% 9l9lth (Zhang et al., 2009).

F3H AldoA wARl 3 Bathymodiolus azoricusS]
hemocytes®l subtilis 9} Vibrio
parahaemolyticuss 73 A A M A|2Ele] FA Q 4o o
3 xAlx ®RuEglen  (Bettencourt et al., 2009),
Achatina fulica®l#] innate immunityol] 3t 724
amoebocytes EHE] F-2]% Achatina amoebocyte lysate
(AAL) 7} Gram-negative bacterial endotoxins °l &J3 &
A3} =)o} endotoxin-mediated coagulation °j ¥&& 3}
= Hu% 2EFeA v} 9lt} (Biswas a nd Mandal,
1999).

ojef o] FAA HAAA} glE FAFEES WeR
e A7 AAA HY vk AAYES olslisked Wi
F43b, H Aol oFtH AAlEE2] granulocyter
FE5249 monocytel} macrophages2] AE&} Fx¢}
71%°] 3P hemocyte & 7% PAMPs (pathogen
associated molecular patterns) & ¢12]3}1 chemotaxis®
58 ol & rtrx delA 3t} (Coyne, 2011).

2 A7E T3 dAEE]] TFETelolA wEAl Arke
Z Rk olug} o8 FAFFE] AA At Fa3t 7)e
WA a2EHN FEAL AFAL targetoE A==
190 (Ilg and Werr, 2012), F-235E2] A4 Hod
Hoqgd oz AR}

Bacillus

% o i

o)

Summary

FoFdslo] 9] arginine kinase F-AAR= 97142 10657
2 ololAglen 35l olrlsAtes ool glem,
BLAST 275 o2 fAkrt 52 25709 Ha A4t &
oFso] 2] arginine kinase?] o}u| x4t 49L& MEGA5 =
Za3el clustalW EZES ©]83} multiple sequence
alignment & 38 27, QAATEL &3l 557 6
%), T54 (6%), ol 4F) ol = AEEo] 22
ToE Fon, AXFed 74 o &3 WS (29,
HE (19), 2315 29) 5ol &3k A=E0] 2L vo=
woli, A (5F), A (19 o &3k Aeso] F9l
= 2%lc}. Psipred £2ZE¢]o]E 53l 2D 25
7% multiple align ¥ phylodendrogram
Azkel WA BAL lSS & = St Akl wE
arginine kinase?] W3 oFARS oldt A3} controlol| |3}k
of 6A17llA oF 120 A= o] TRk s lE 4
S5Le8, 1241700] AR A TR A FAT 5 ¢
ek ESTE &3l 934 N. samarangae ©] Ar
QFES) AL LATE % 5 G9lon), ¥ AT 2AAE

Nﬁ;

23
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e
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