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ABSTRACT

Serpins are a group of proteins involved in the regulation of serine and other type of proteases, and have been
identified in many kinds of organisms from invertebrates to vertebrates. Serpins are known to regulate the
proteolytic cascades of the innate immune pathways in addition to their roles in blood coagulation, angiogenesis,
fibrinolysis, inflammation and tumor suppression. In this study, we have isolated two partial serpin gene fragments
from expressed sequence tags (ESTs) of Nesiohelix samarangae. Dotplot analysis indicates that they are of two
different types, Ns-serpin type 1 and Ns-serpin type 2. Ns-serpin type 1 has 819 bp coding region (272 amino
acids), whereas Ns-serpin type 2 has 555 bp coding region (185 amino acids). Molecular phylogenetic analysis
shows that the identified serpins have high similarities to their counterparts in the California see slug, Aplysia
californica. Yet, the precise biological and immunological roles of these Ns-serpins remain to be further
investigated using RNA interference and other molecular techniques.
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Introduction

ekt TsE
superfamily2A A5 1 7]5¢] %% serine proteases
inhibitorsel|Ad] Z o]&o] f=9 21 serine protease?]
A48 IJAE}e] immune pathway?] negative regulator
2 A "ol DpAql d&E driar dEA gith (Wei,
Yang et al. 2012). EF5=°A serpine i1} A5,
BAZG3 ¥k ofvzt zEE AR

T2,

Serpin zZk= protease inhibitor

corticosteroid
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S AL HO| (Nesiohelix samarangae) 2 25 &2l Serpin

binding, %+ 24 52| A 7|5l Fa3 dIL 3=
Zo R delA glon, AAFEAAE A WY, JepEAy
7 A s oglvk &eA U} (Silverman, Bird et
al. 2001, Tirloni, Seixas et al. 2014). ©H+2] serpin®]
serine proteasesE AA|S}A|Tt caspasese} cathespinsd}
7He o] gerpine cysteine proteases® HA|SH T2
2 Ady ddxAdx JIFE Atz g#A gl
(Silverman, Bird et al. 2001). SerpinB3¢ 7%
apoptotisis®] 247} A4 Fag & vty A
A=t #HZ AelA serpinB3<] Hd H3l= WA T
A71 WAell AdEE o] A7) disorderE it
21% 99t} (Gatto, Iaccarino et al. 2013).

AR |G A" QATE FF moused H|THAE 5
AFEES Ao ® A= o] ko) (Supajatura, Ushio
et al. 2002), #9 A7 FAA WA} fle F
(horseshoe crab), &7 (freshwater crayfish), W7
(ascidians), Z%2] (Drosophila melanogaster), %3}
(Salcophaga peregrine), oYY (Bombyx mori), 28t
ZEIA U (Manduca  sexta), A7d7AEwo] (Holotrichia
diomphalia) 2 EF2do] (Nesiohelix samarangae) £}
2 FAFTES WheE s AP gloh (Jeong
and Lee 2013, Sadaaki Iwanaga and Lee 2005).

2 Q3L Fokdslo] (Nesiohelix samarangae) S ©]-&
3lo] immune elicitor ¢! laminaring |23 A3+ 2 1
YA 2 dxz7o s vro] 747k ¢DNA o] 2eE]E A
ZFgk & random sequencings AAISIL RAJSte] F 71X
TogRE dojA AGe vn THRAATH R FA5te
laminarin A] A F d&e] H3ks 24l serpin FAHAE
A7gt F AL A7IME B o) eat VA EE 3
3, EST el 2 7}4] typed] serpine] E£A8=4] 43}
A | A A7 7|2E vRdstaA} slglch

Material and Methods

1. Sampling

2 AT ARgEHo A Zokdsfo]  (Nesiohelix
samarangae) + THEE BT TEH 7= AR
12 mRNAE 2317 913 72417 o]dFE Holg F
A ke A DIAR Agsle] Aol AL

2. cDNA library construction

s3] AA EojA 484 9] laminarin 100 z1/ ml &
37t AR AREH P AR AA ke dxE 47
°f djgl ¢cDNA librarys T-53I5ieh 247k Ffdalo]lE
s Hu|Astel A 23} AAG 5 RNeasy Mini Kit

SIS 24

(Qiagen, Cat.No. 74104) & A4-3}4] total mRNAES #A|
g & oligo dT¢} reverse transcriptases AM-3l%] cDNA
£ A% ¥ Stratagene cDNA Library Construction Kit
AH83te]  ¢cDNA librarys T%3}%t}l. LD-PCR W3}
primer extention '} F 7}A|E A83}e] double-strand
cDNAZE A E & Lambda TriplEx2 vectore] ligation 4|
7] % Gigapack Gold Il (Stratagene, Ladolla, Calif.)
packaging system= AM-3}%] packaging & 3}t

3. @7IMEEY

E. coli strain BM25.8% ©]$-3}4 lamda linear form<]
TriplEx2% circular form 2] pTriplEx2% A3t & LB
agar plate (cabenicilline) ©| plating 3+ 3 37TColA 244]
7t ek3tsit}. NucleoGen Plasmid Purification KitE- A}
£3}o] PlasmidE A A& o] Sequencings ¢3l A}547]
X984 7] (AB-3730XL, Applied biosystems) S A3}
A71MEE ARk

4. AEPRES B4 AAA v ZEY

T-Z5| oA Z17ke] ¢DNA libraryS random sequencing
slo] A E o)A chromatopherogram -2 phred score
20 oAk 2710 7 base calling & ¥ pTriplEX2 A4 %
cross_matchE #-§3 vector masking ¥ EMBOSS 7]
2]9] trimest T2 73S 383} poly-A tail AlA US4
Yatgick. ol2jgt A9l F3f 22H clean mFASTA )
o] M nr dejguo] 2 9 FoFdsgo] Agdoleuo] A
(http://www.edunabi.com/~nsdb) °] A=A =
BLAST Z 2135 0]-43}%] annotation 2S AA|3}% 2
™ laminarin A2 ¥ F3o] Qv FAA FRT 2rES
FHslgl

5. Serpin obe| x4t A Q2] 38

Laminarin 2] 3 =7to] o3 o)A $-A A} S 1 Fo) A
serine peptidase inhibitor, clade B (Serpin 3) FAAL=
annotation FojA AL cap3 ZEIIWE EIlY
assembly 3% contigE 23191 2™ Genscan TE IS
Agste] omlear AR FEal3c.

6. Multiple alignment 2 phylodendrogram Z}4]
S]] serpin FAAE in silico 238 Y3s}7] $3}
o] NCBI 4 mouse 2] serpin %32} 274 type (isoform
3 AAE R E ke 3 query AR 3o TFET
o] A& dlo]gjH|o]2 (http://www.edunabi.com/~nsdb) il
AxgolA  9l= laminarin 2] AFe EST DBl
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1 GCC AAC GAC GTC GAR CTG CAC ACA GCC TAC GCT CTG TTC GTC AAC 45
1 A N ] w E L H T A ¥ A L F v N 15
46 CCC AAC ATC CCC ATT GAG CAG|CAG TTT GTC TOC GAT GCC AGR ACC a0
16 F o I B I E 2 Q F v 5 L B R T ao
51 TAC TAC CAG GCC AAG AGT TCC AAC TTT GAT CTG GCG GCG GTG GGA 135
31 ¥ Y Q A E 3 5 M F D L A A v G 45
136 GGG COC GARG ARG GAG ATC AAT GAT TAC GTG GAG MAC AAG ACH CAG 180
46 G P E K E I M jv] ¥ v E H K T Q (1]
181 GGA ATC ATC CAG AAT CTG CTT CCT AAR GGA AGC GTG GAT GCC TCC 223
61 G I I Q M L L 124 K G 5 L 1] A =5 5
226 ACA GTG GCA GTT CTC GTC ARC ACC ATC TTC TTC AAC GGA ACC TGG 270
8 T v A v L v N T I F F L G T W 1
271 CAG ACT CCG TTC CAG CCC MGG CAC ACAR CAG ACA ARG GAC TTC CAC 315
91 Q T B F Q P R H T Q T K 1] F H 105
316 AAR CTG GAC GGG ACC ARG TCT CAG GTG AAC ATG ATG TAT GAT GAA 360
106 K L o G T K s Q W N ] M k4 o] E 120
36l AGG TAC GTG AAC ATC ARG AGA AGT GTC CTC GGG GTT GAC GTG GCC 405
121 R X v N I K R 5 v L G v o v A 133
406 GAG CTG CCC TTC GAG GGA GAC CGT TTC GCT CTC TAC ATC GCC CTG 450
136 E L P F E G D R F A L T I A L 150
451 CCC ARC ARG GTT GAC GGA ATT AAA GAT CTT GRG AGC GCT CTA GTA 495
151 3 N K v ] G I K D L E 5 A L v 165
496 GTC COC GGA AAT GTG GAT CAG CTG TTC CAA GGA CTA ACC CCA CGC 240
166 v G M v D [+] L F Q G L T P R 180
541 OGT GCC AGG GGA ATC AGC AGT GCC TCC AAG GTG GTC ATC TCT GAT 585
181 R A R G 1 5 - A 5 K v v I 5 D 195
SBE GTC CI'G CAC ARA GCT GTC ATT GAC GTC ACC GAG ACA GGG ACA GTG 530
1596 v L H K A v I D v T E T G T v 210
631 GCA GOC GCA GCC ACG GCG GTC ATC GTT GGA ATT ACC GCA GTC TTA LY E]
211 A A A Y T A v I v G I T A v L 225
676 GAG COG CCA ACA GAM ACC TTT AAT GCT GAC CAT TCG TTT GTG TIC 120
226 E P B T E T F N A D H 5 F v F 240
721 TTC CTT AGA GAC ARG CAG ACG AAC CAC ATT TTG TTC GAG GGA AAR T65
241 F L R D K Q T H H 1 L F E G K 255
166 TTC TCT GGC TAT TAA 780

256 F - G ¥ w 260

Fig. 1. The partial nucleotide sequence and deduced amino acid sequence of Ns-serpin type 1.

tBLASTn 3 888 83l Az8|y 3lsith =55 oA
TFeol] serpin /‘1 2E FHAEY 9 oAlEE o

type & 573 & BLAST =271 % NCBI nr ‘3]0151
Hlo]| A5 2Hgsle] AATE Foll 3k AE 4 VEHE

9] W FuALE FE3H3 2, homologyZ} 7Hd =2 °}
w2 S Addsle] A FuMER 83130} (Braun,
Pedretti et al. 2001). %3 FTALEE MEGA6 221
Aol clustalW EES o]83l9 multiple sequence

alignment & $33}3t} (Edgar 2004, Edgar 2004). L
¥ Maximum Likelihood method based on the JTT
matrix-based model methodE %3] phylodendrogram=
T A1318199 e} (Jones, 1992, Tamura,
Peterson et al. 2011).

Taylor et al.

7.2D F&2F °)4¢ 9L T2 v|ZEY
A o] 231 Fx 42 ¢3)] genscan TEIE
sto] grsfojal opn| At 4L Psipred Z2 152 283}

°ol&

o] 2D FxE 9|&3)3 o1, 3D-jigsaw T 1S 3-8-3}o]
Al 33} %5 modeling 3}SiTh
Results and Discussion
Serpin< inflammation, blood coagulation,

fibronolysis®} complement activation®]] #oJ}= serine
proteinase?] 23+ XHAZE, proteinased active site}
¢ 52831 exposed reactive site loopE 7FA| L gle] v
+ EAE 349 5+ o
(Kanost 1999). A% E3Al= catalytic cycled]
achy-intermediate @AE W3] target WA A #
o} & Fikglc} (Ruby HP Law, Qingwei et al. 2006). 23
FEo|A+= %53 pathogens® proteinases JA|3}e] =
kol serpine] A F&5 s, AAlF=olA e & 7]
A% wol7|A7 d9 33 % prophenoloxidase 43} 7]
2L Ay d#A 9t} (Miura, Kawabata et al.
1995, Armstrong 2001). serpin< W9]ES £33 AR =

9FA Al serpin-proteinase

157 -
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*N5 Serpin Type2

47 ATT CCA GGA GCT CTA ACT TTG CAG TCT TTG AGA AGT TAA TTC ACT 91
16 I B G A L T L o L R 5 b F T an
az TGA GTG ACC ACG CTA ACC GTC GTA AAA TTA AGAR GGC TGT ATC AGR 136
31 g e e P g oy e - R 35
137 AMA TAG CAT CAG AAC AAC CTG GAT CTT TCA TCT ACT CTC CAT ACA 181
46 K b H Q N H L 1] 5 - T L H T B0
182 GTT CTG GGA CTG ACA TCC CTT CCA GGC {AAC TCT GCT CAC CAG GCOC 226
Bl ¥ L & L T & L P G|W & R H @ A 75
227 | TAC CAT GAC CTC ATT GTT CAG CTT RAC ACA RCC CAC AAT GTA AAA | 271
T6 ¥ H D L I v n] L ). | T T H ] v K a0
272 ATT AAC ACA GOG AAT GGC ATC TTT GTG AAC CCC GAT GCT GTG CTA 316
g1 I W T K W G I F ¥ W P D A ¥ L 105
317 | ARA GAG CAG TTT GTG CAR GAT GTC ACC RCA GARR TAT TTT GCC AGA | 361
106 K E Q F W Q 1] W T T E Y F A B 120
362 | AST TCC AAC TTT GAC CTG GOT GCOA GTC GGT GOT COT GAA AAC GCA | 406
121 T g S g R R g R T g A g S g S 135
407 | ATC AAC GAT TTT GTC AAC GCC ACA ACT GAG GGC ATG ATA RGC AAT | 451
126 i B D F ¥ ® A T T E & M T 5 H 150
452 | CTT GTT CCT AGA GGA TCC ATA ACT GAC TTC ACT GTC GTC GTT TTA | 496
151 L W P B G s I T D L T W v v L 165
4497 GTC ARC ACA GTC TAC TTC AAR GGA AAC TGEG GCA ATG AAR TTC TCA 541
166 v M T ¥ Y F K € H W KA M K F 8 iso
542 | GRG TAC TCT ACT AGA AAA CAA GAC TTT CAC CAC CTG GGG GGA oCC | 586
181 E b4 s T B K Q 1] F H s ] L G G F 195
587 ACA TCT AAG GTG GAC ATG ATG TAC AGC GAG AGA TAT GTC AAT ATC [
196 [ etk i i e M - P i ok e T R | 210
632 | ARG AGA AAC GTG CAG GGA GTT GAT GTT GCC GAG TTG CCT TTT GAA | 576
211 .4 R N w Q & W 1] L' A E L P F E 225
877 GAC GAA CGG TTC TCT CTC TAC ATC GOC CTG CCG CAG ATG ACT GAT 721
226 o E R F S8 L ¥ I A L P O M T D 240
722 | GGA ATT ACT GCC CTT GAA AAC CTC CTA GTC AGC CCM GGT TAT ACA 756
241 G I T A L E 5] L L W 5 B G T T 255
767 GAT CAS CTG TTT GAA GGA CTG ACC AGT GTC CAT GTC AAA OTC AGC  B11
256 b9 L F = &5 L 2 E ¥ R ¥ K T & 270
812 ATT CCA AGA TTT AGG ATC GAG ACC TTG CTT GTA CTG ACC TCT GCT 56
271 I B E F R I E T L L L L T 5 A 285
857 COTC AGA CAA CTA GGC ATT GTG AAA TCT TTT GAC AAA AGC TCT GOC 901
286 i TR Rt Rt s, e TR i - R T SR BT s 300
902  ART —— 907

301 N X 301

Fig. 2. The partial nucleotide sequence and deduced amino acid sequence of Ns-serpin type 2

=2] hemolymphol|A #2]=glew] 7}aje} A oA = WA
=ik (Kanost 1999). ¥lAZ-& 23t thefst QA5 Eel
M=% serpino] AAA wWhel dzs]e] lgo] wHHHCH
(Wei, Yang et al. 2012, Jeffroy, Brulle et al. 2013,
Maldonado-Aguayo, Nunez-Acuna et al. 2013).

EST A<olA in silico 232|dE F3 FE=A
serpin A= 379 ZFE  (Ns-T-2-3a_DO1,
Ns-C-1-3a_D11 % Ns-C-2-1a_I15) o]t} Fej26E 9
o4& 27} Ns-C-1-3a_D11 ¢} Ns-C-2-1a_115 F 79|
2ee oz} Hger  ywx 229
Ns-T-2-3a_DO01 2 o}Al=e|7} 2] dgte}. 1 23} & <17
of| Al ARg-=]ejAl EST A Eol|A serpin HAAR= 2714 type
o7 FAEUY

Serpin type 1 (Ns-C-1-3a_D11 2} Ns-C-2-1a_I15 2]
contig M%) o] A FAA] AL F 29 4L F 819

=
Q)

g

bplom, 272709] ofn| ko 7 o]FoA Q1glow 7|Ad
9] GC &2 52%3lth Met (ATG) &2 A|&3}HA] & o}
" A Z2AE 7HR 2 9l partial A Qo] e, Valine (V)
A77 2702 7P Wk, Leucine (L) #7)7F 2271,
Alanine (A) &7] 2170 = o]t} (Fig. 1).

Serpin type 2 (Ns-T-2-3a_D01) 2] A F32k] Ao
T Z3990] 555 bp ©]3ler, 185719 ojr|xAtew o]F
oA 9lglon, A7) Le] GC THE 46% ). Val (V) &
717} 20702 718 wSkaL, Asp (N) 2717} 1570, Leu (L) %
717} 147), Ala (A) 271 1470 <= o]} (Fig. 2).

Ns-serpin type 13 type 29| dotplot +4 A}
Ns-serpin type 13 Ns-serpin type 25 4% fAksF A4
< 7HAAL gl MR ok A dle] Eel= gt (Fig. 3). &
gk BLAST 23S wlge s A=) & Fuxdst 5o
gofo]9] serpin ol|xAF AdE MEGA6 ZE 139
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NS-SERPIN TYPE1
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Fig. 3. The dotplot analysis between Ns-serpin type 1 and
Ns-serpin type 2.

clustalW olI#& o]&3}e] multiple sequence alignment
£ 433 & Maximum Likelihood method based on the
JTT matrix-based model method & =3l
EA54E A3} Fig. 4004 Bz np
$} 7o) Ns-serpin type 1 ¥ type 29| o}vu|:Al A& £
alo] 17700 AEToNA EEEA F-Eo| oFuelA
WA=l Fig. 52 phylodendrogramolA 2 Al5E2] %
7} 9F, 5%71— 1=, A7 15239 27} 15, AREEY
T 150] A2 T Holow, AATEE
+ %ﬂ:‘%ﬁg"]-’] T 7HA type = E33E E57) 450]
e Fo 2 Folx A& FUsgitt (Table 1).
A o) 23f 2 v‘i—’ﬂ% %%HH Genscan Z% 1%

phylodendrogram=

< Psipred 27132

Danaus,
NS-SERPIN_TYPE2
Aplysia californica
NS-SERPIN_TYPE1
Lottia gigantea

I
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Balaenoptera acutorostrata scammoni

Orcinus orca
Ovis aries
Bos taurus

Felis catus

Echinops telfairi

Mus musculus

Xenopus (Silurana) tropicalis
G iza fortis
IMacaca mulatta
Heterocephalus glaber

Ciona intestinalis

{

_17 Lottia gigantea
Haliotis discus discus
f Aplysia californica

|—|j NS-SERPIN TYPET
NS—-SERPIN TYPEZ

Ixodes scapularis

Danaus plexippus

lTi

Fig. 5. Molecular phylogenetic analysis of Ns-serpin type 1 and
Ns-serpin type 2. The evolutionary history was inferred by
using the Maximum Likelihood method based on the
JTTmatrix-based model (Jones, Taylor et al. 1992). The
tree with the highest log likelihood (-4098.6490) is shown.
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 a JTT model, and then selecting the topology with
superior log likelihood value. The tree is drawn to scale,
with branch lengths measured in the number of
substitutions per site. The analysis involved 19 amino acid
sequences. All positions containing gaps and missing data
were eliminated. There were a total of 134 positions in the
final dataset. Evolutionary analyses were conducted in
MEGAG (Tamura, Stecher et al. 2013).

3-83lo] 2D X5 o1& A7 type 1 sepin (A)2] AF «
-Hehx Tx= A 5] dgez HdESEHNn B
-pleated sheet TF= AAAA 167] G2 o=l
u, type 2 serpin (B)2] 7ZA$-oll= 4719 o -Helix 732} 97
ol p-pleated sheet T2E AGA oA 7HA]= Ao
AZule] FEE T} (Fig. 6). d=3 24} x5 njgte

Fig. 4. The multiple alignment of two Ns-serpins with known serpin sequences.
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MO| (Nesiohelix samarangae) 2 2EZ%&2| Serpin

SIS 24

Table 1. List of species used in molecular phylogenetic analysis

Species Accession No.

Species

Accession No.

Aplysia californica XP_005103480.1

Lottia gigantea ES086044.1
Haliotis discus discus ADQ43245.1
Ciona Intestinalis XP_002119928.1
Ixodes scapularis EEC07268.1

XP_004703185.1
XP_003995291.1
AAT57632.1

FEchinops telfairi
Felis catus

Xenopus (Silurana) tropicalis

Balaenoptera acutorostrata scammoni

Macaca mulatta
Geospiza fortis
Orcinus orca

Ovis aries

Danaus plexippus
Heterocephalus glaber

Bos taurus

XP_007192077.1
XP_002801013.1
XP_005425906.1
XP_004268261.1
XP_004020624.1
EHJ63957.1
XP_004858527.1
XP_002697900.3

Mus musculus

CAE51415.1

Conf:
Pred:

Pred:
: ANDVELHTAYALFVNPNIPIEQQFVSDARTYYQAKSSNFD

Conf:
Pred:

Pred:
: LARVGGPEKEINDYVENKTQOGI IQNLLPKGSVDASTVAVL

Conf:
Pred:
Pred:

Conf:
Pred:

Pred:
: RYVNIKRSVLGVDVAELPFEGDRFALYIALPNKVDGIKDL
v ' v v

Conf:
Pred:

Pred:
: ESALVVPGNVDQLFQGLTPRRARGISSASKVVISDVLHKA

Conf:
Pred:

Pred:
: VIDVTETGTVAARATAVIVGITAVLEPPTETFNADHSEFVE

Conf:
Pred:

Pred:
: FLRDKQTNHILFEGKESGY
'

A

J10E:B080352020n0 R0RERREREEEDnR Ao o0t
e — I

CCCEEEECCCCCCCCCCCCCCHHHHHHHHHHCCCCCEECC

10 20 30

b1 | 1 ]IS0 | ]I LT RRE] ERRIENT ] ] LB ] ] K
e E—

CCCCHHHHHHHHHHHHHHCCCCCCCCCCCCCCCCCCEEEE

40

50 60 70 80

g St [ [ |1 L] EENEELE LT e

EECCEECCCCCCCCCCCCCCCCCEECCCCCEEEECCEEEC

: VNTIFFNGTEQTPFQ?RHT?TKDFHKLDGTKSQVNMMYD%
110

90 100 120

JEoonERREEE

o

CCEEEEECCCCEEEEECCCCCCCEEEEEECCCCCCCHHHH

130 140 150 160

BT EEEETLFREL] FREREL [ [ [ ] Bl
| a0

HHHCCCCCCHHHHHCCCCCCCCCCCCCCCCCEECCEEEEE

170 180 150 200

jERNaERR-nERRNEERREEE-nR R0 RRnnRnnnN!
—

EEEECCCHHHHHHHHHHHHHHHCCCCCCCCEEECCCCEEE

210

£ 1L L]0 RRL

EEEECCCCCEEEEEEECCC

220 230 240

350

Conf:
Pred:
Pred:

Conf:
Pred:
Pred:

Conf:
Pred:
Pred:

Conf:
Pred:
Pred:

Conf:
Pred:
Pred:

: SNL?FHGSITDLT?VVLVNTV?FKGNW%M%FSEYSTRKQD
110

8L [ BV TT LT[ LFR) ][ RYT Rl ] | [lk) ]
. D o

CCHHHHHHHHHHHHHCCCCCCEEEEECCCCCCCCCCCCHH

1 XNSAHQAYHDLIVQLNTTHNVEINTANGIFVNPDAVLKEQ

10 40

B || | (] BEB] R ]| ] ERVL] B EEERE] el
O—— ) —

HHHHHHHHCCCCCCCCCCCCCHHHHHHHHHHHHHHHCCCC

20 30

: FVODVTTEYFARSSNFDLAAVGGPEKAINDEVNATTEGMI

50 70 80

B0 L L1 T L LTTEE Tl ] ety [ Ffala] (] ][ fals]

60

CCCCCCCCCCCCCEEEEEECCCCCCCCCCCCCCCCCCCCC

[ '
a0 100 120

oBoiBEEERz00E200000000Enl

EECCCCCEEECCCCEECCEECCEEECCCCEEEECCCCCCC

¢ FHOLGGATSKVDMMYSERYVNIKRNVOGVDVAELPFEDER

130

JonRRNEznRNEREnRRRRIEoRRRN
——)—

EEEEEEECCCCCCHHHHHHHHCCCC

140 150 160

: FSLYIALPOQMTDGITRALENLLVSFX

170 180
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Fig. 6. 2D structure prediction of Ns-serpin type 1 and Ns-serpin type 2 by Genscan program.
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Fig. 7. A predicted 3D structure of Ns-serpin type 1 @ and Ns-serpin type 2 ® by 3D-jigsaw program.

3D-jigsaw ZEIHS Fg3le] A 33 FxE
modeling & Ao = 2714] typed] serpine] Aol 33k
Fx25 7 ALZE 5= (Fig. 7).

Laminaran® 2% %424 3l laminarine &5 Well&
R HEAH MAEE FHW EXge 54 7=
Pathogen Associated Molecular Pattern (PAMP) 2] <&
o7 WIfiEAe|n ZxFe A% polysaccharide® %
dAS E8 AAEJ]E &t (Maeda and Nishizawa
1968, Jeong and Lee 2013).

HA7EA] ohofFet AAlTEelA AR Wde) #=H% §4
Aol FAC W A7t RusEn gith. AFz)
(Pinctada fucata) 2] 7% bacteria 734 A] W33l M
&= A A4l tandem-repeat galectin (Wang, Jian et al.
2011) = AAA W xAUAZ 283l Macrophage
migration inhibitory factor (MIF) 2] ¢cDNA Z&o] 54
EQe™ (Cui, Zhang et al. 2011), =F= (Crassostrea
hongkongensis) °|Av AE# 2o uke-35l= superoxide
dismutase®l] gt 27} 9l9t} (Yu, He et al. 2011). &=
g 7}elu|=te]  Argopecten irradiansolAE  pattern
recognition receptors®  ¢#%  fibrinogen-related
proteins (FREPs) 7} R 1.%7|% 3}%it} (Zhang, Wang et
al. 2009). Coyne®ll 2J3}4, AAl5E2] granulocyte’} 23
522 monocytel} marcophages} T2 7]%5°] FAFEH
7122 93z °ev hemocyter pathogen associated
molecular patternsE ¢lA3tth= Zo] ¥3F ) (Coyne
2011, Jeong and Lee 2013). ©o]x3 AXA A -S4

TFal=d 9ol TAA HAAA} J= FHEFES o] &3}
= AL ARA "y whS-E olsfshed £-83 log By
At AA go] BeEw gl T2 ol AAEET
e FAFEE Y IR, 2F 9 AR HAE A
A Hgd F23 7% 2= 24T HFEEY FAHEE
9 AHA W Abele] #A Aol F-83 diite] E R
2 AR,

2 dFollA Al Feofdeio]e] 2714 typed] serpin

laminarin #2] Aell& type 19 sG3l= 2719 F20] A
2] Foll& type 200 3Tl S| 1] LA ] AR type
ol &gtk oHd AN FF FAARE  (gene
silencing) 7]%€¢] RNA interference WS o]£3}o]
Ns-serpin 1, 25 knock-down & ¥ Fofdslo|o] tjokat
AR (AT, IRHET, FEe) & A
mortalitys FAFFC 24 Ns-serpin type 17} Ns-serpin
type 29 TAAQ] WA Jes FHE 5 ol o=
At}

Summary

Lol EST oA serpin +AAR= 2744 typeo] F
A=t} Ns-serpin type 1 (partial) A8e] 79 9L =
819 bp °| o, 272719] ofn|iko R o]FofA gl om
Ns-serpin type 2 (partial) 2] 992 £ 555 bp, 185
7§e] efu]eike 2 o] o)A 9ISt Laminarin 22| Aell=
Ns-serpin type 1°] 271 w#HE=glen] g o=

- 161 -



S WO| (Nesiohelix samarangae) 2 2552l Serpin SIS &4

Ns-serpin type 27} 171 &3= 1 ¢l3icy. BLAST ZdE
o g ATl =2 1709 A A FeFduie]]
Ns-serpin type 1, 2°] opv]xAl A2 MEGA6 ZZ 713
o clustalW A 0141‘6]-‘# multiple sequence
alignment & 4 = 2571
F, AT 159 HAEEQ 3]15_7} 7‘47‘]£€4 H“I% 1%

lw

]' 2D ?-54_ multlple ahgn =l phylodendrog am
2} do] & AT F gich ESTE 3 ¥l 5%
ole] F 7}A type—‘l] Ns-serpin  A9L  Aplysia
9 FATEL AL ARSI & dFellA
+ FAFEEAY ARG " date] ole Zlew & o
Al 5 F72] serpin A A9E FFEo] EST A2

oA EEigler, FgEsolddE o8 M| type®]

serpin °] £4 & 4 o5& 453k

ot

californica

)
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