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ABSTRACT

Toll-like receptors (TLRs) are a major pattern recognition receptor that recognize the structure of invading
pathogen and play key roles by triggering immune response. In this study, we identified a sequence of TLR
homolog and characterized at molecular level from the abalone (Haliotis discus hannai). Multiple alignments and
phylogenetic analysis of abalone TLR protein belongs to the TLR 2/6. Expression level of abalone TLR 2/6 in the
tissue was comparatively high in the mantle, gill, digestive duct, and hemocytes, but lowest in the muscle.
Expression level of abalone TLR 2/6 mRNA in the mantle, gill, digestive duct, and hemocytes was 20-fold, 60-fold,
115-fold, 112-fold higher than in the muscle, respectively. Expression level of abalone TLR 2/6 mRNA in the mantle
was steadily increased until 12 h and decreased post-infection with Vibrio parahemolyticus. While the expression
level of abalone TLR 2/6 mRNA in the gill and hemocytes was drastically increased at 6 and 9 h post-infection with
Vibrio parahemolyticus, respectively. These results suggest that abalone TLR 2/6 is conserved through evolution

and may play roles similar to its mammalian counterparts.
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o} AAHA o=AHe] Ao dHA it (Iwanaga and
Lee, 2005). A= el glof P‘* Fo3k 712 Asg e
= AR ARl ol T 54 dH (pathogen
associated molecular patterns PAMPS & QA= 84
(pattern recognition receptors; PRRs) | 2|4 o] Foj=l
o} o3t FEAIES A E BEF] glon Sl
oy HHedge ZA8k=  lipopolysaccharide (LPS),
peptidoglycan¥ 2 A|Eute] gAY Al & 3l
Asta Agsls Aoz d#A glvk (Medzhitov R, 2001).

Toll- like receptor (TLRs) & SRR 84 5 71 2
U Al EAE 2] DA A TR F dul
o A J‘i?_} A&s s Aoz weFck TLRS A5
H|ZEE AlE, vAEA Basa glon Fite) v BE
o|t} (Uematsu and Akira, 2008). TLR2 v] &2 T34
EAL QA8 Agtsls PAMPS £59 we} Hojx Alst

o}n_|
o
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2 (Haliotis discus hannal) 0l A

S

o A$ AF7HA 11F0] RuE 1 9t} (Casanova et al.,
2011). Y¥kd o2 TLRS F& W, A9 w: oAz
ol EAIsk TLR- Al A G} Al of $1xof wet
AA| 2] AlETol Ex3= He (TLR 1, 2, 4, 5, 6) <} Al
b 2719 (TLR 3, 7, 8, 9) ol A= Jell= 728
4= 9tk E&F TLRE QA3 PAMP %5¢l vhe} we|e]o}
o Al AR nlolg] 2] A1 AL A8 TLR 1, 2,
4, 5, 69} WreEjole} nje]g 2o DNA, RNAS} 24 #labs
QlA3l= TLR 3, 7, 8, 9% 7#4 4 9tk TLR 29 %%
TLR 1, TLR 6%} heterodimers ¥A3}e] vlhegloh &3
o] T2 AlEH AFol} 13 oA Al lipoteichoic acid
LTAE oIAF= 7oz odeA it} (Medzhitov R,
2001). TLR 49 A$E= 23 S4A7F< LPSE TLR 59
73 weEete] AnE 7Sk flagellin WS Q1A
3t WAukS-5 Fx3t} (Medzhitov R, 2001, Moon et
al., 2011). TLR 3% nlo|#{29] dsRNAE <¢lA|3}o] type I
interferons 43k, TLR 73 8¢ 7% nlolg|~g
ssRNAE  <¢lxslx  TLR 99 A% ol
unmethylated CpG motifE ¢1#|3}e] HguIS-S o=
Aoz 4 it} (Uematsu and Aklra, 2008). TLR<

2 Y, A9 B2e YAz oo EAjehy FE5A2E 3
7}7‘] T2E 7 ol& AX gle g kE5 o] dleeoh
ulo]gj o] FAl9¥lS ¢lAF= Leucine Rich Repeat
(LRR) %9, 2] A4 A transmembrane domain (TM) <

g, AZAR x &0 AFHALE 3= Toll /Interleukin 1
receptor (TIR) Jg2oz FA=} (Bell et al., 2003).
AbE R AEEE0] siHlA] #8Ale] el =
+ A Az AL A5AAT Ao gl TLR
o] Eddol iEE, dARAZ Frle| 243 Ay
A3kt Azhs]o] glem] 53] Algre] TLR 4°] ol 1
HEAAAT A Al HES 23 E dor)E ZleE A ol
t} (Cook et al 2004; Sabroe et al., 2003). TLR 1_—.7:]]

oAl F2A o] olAl= o]% antagonist®} 84 TLRS

L3l 5l ‘;Hﬂ' A75AZ g ik (Kaczanowska
et al., 2013; Shanmugam et al., 2012). = X5+
Bk ol AZolFe &L FANENNE Tt F52
TLRo] EAst ol Zlo] R FA4=A SA% +
o gt a7} o)FA L 9} (Oshiumi et al., 2003;
Bilodeau et al., 2005). T4% (Elvitigala et al., 2013)
¥} # (Zhang et al., 2011) & ¥|E3 FHFFEAAE
A 847 EAEtr Yok Bl glo AHEEEe
v)3)] A7} F-E55 AAo|rk wekA & dAFelAe 5
AL (Haliotis discus hannai) 2] A A 42 =3 TLR
AR o A FHE F opn| Al LS dSst

228t Toll- like receptor 2/6 ST EXNMSSIE E4 L &

rg
AL
2

Aslgdeh, AAF AExA o 2 HE TLR 2/6 mRNAS w3 2
X5 ity v|Bee g AN F 2 22| A A7kl
w2 TLRE| &3S #4815t} & A7-5 &3t v|Ad=

L

u A
7ol chat Hupanel Weldgol ot )2 ARz Hoe
07 sl G BAE Aol A wlolorlr 2o B b
Aol ol o gk,

|

Hu

£
1.29%F

2 Qo) AHgEl B9bAE (Haliotis discus hannai) <
FPPAER SEATAE A FFutol, 402 £x 4
oA 18-20°C ] B2 sllgol] UFUZF £AA7] F <)o
278 A (B 5% 50 g, B A 62 mm, B 4
45 mm, H¥ Z3; 15 mm) & A3l AL

2.9 P& 2

Vibrio  parahemolyticus==  25°C°l|#4]  brain-heart
infusion medium (BD Biosciences, USA) ®] A ®]jo}s}<
o}, wfjoksl #& 1.2 x 10° cells/mlE phosphate buffered
saline (PBS) o 3|43t 3 100 ¢1& &5 FA519loH, o
2T % PBSE 2§ FAbklth 45 F4KE # 0, 1,
3, 6, 9, 12, 24, 48, 72 A7nit} 3ulE] Y AfAHIE AlEste]
S|Fak opybu] 25, A2, M, S 23 24E 4
Z33ich 1 F 54 AAAxR 1A on RNA ¥
230 - 80°Cell EHslglct. AL FA|Z AF g F A4l
2] (4°C, 3000 rpm, 5%) 2 T AEE Felsle] o)
2o 1A% F o 227 vEIA R RNA ¥25 $8) -
80°Cell Bzhs}glrt.
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3. 244 E TR % A+2] cDNA S8Y
s 22 (F, opm|, 5

=
RNAseq #4& —’F
5

WY, 2

3}99t} (data not shown) De novo
assemblyE %138t % Basic Local Alignment Search
Tool (BLAST) = °]&-3 &% A|dXA £45 F3ho, 24
%7l (Cyclina sinensis) TLR 2 (accession no. AIZ97750)
¢} 2 (Crassostrea gigas) TLR 6 %%} (accession no.
EKC38225) 9} olv]:eit 5ol A AsAs 7= ofF 1044
bp9] TLR #4412 cDNAGAE kel 4% TLR cDNA
Z2< 93] 1044 bpe] TLR cDNAWHS] A71Ad<S 7]
22 3 AR 5o] ZejonE HARlekgla (HDH-TLR
ORF-F: 5-ATG CTG TAC TTT AAC GAT-3’, HDH-TLR
ORF-R: 5-CTA TCT TCC TCC TCG TCT-3’, HDH-TLR
RT-F: 5-GAT GCT ACG AAT GCC AAG GT-3,
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Fig. 1. The cDNA and deduced amino acid sequences of TLR from abalone Haliotis discus hannai.
Leucine rich repeat (LRR) regions are indicated by arrows. Transmembrane domain is indicated by
box and the TIR domain is indicated by a discontinuous-border arrow, and the domain’s conserved
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ATGCTGTACTITAACGATAGCTTTITCGAARACAATCTTATCTGGTCTTGACARRATAGAG
M L ¥ F N D 8 F F E T I L § G L D K I E
ATGCTACGAATGCCAAGGTGTCAGTTATCCTTTITTCCAAATGTAATATCGAACTTCCGE
M L R M P R ¢ Q@ L § F F P N VvV I 85 N F R
GAACTTAARGAACTTGATCTTCATGGAAACCGAATTACGTCTCTAGATCCAGGAGTGTTC
E L K E L D L H & N R I T & ¥V D P G W F
ACCAACTTGRACAAARACTCACGACGTATARGACTCTCACAAARTCCCATCCAGGT CATAAGT

T N L T K L R R I R L & g N A I g V I &8
GAAGCTGTATTTCCTCTACCAATCAGARATCAACTCACARACGTGRATTTAGCARRGEAT

E A V F P VvV P I R N Q L T N Vv N L A E N
GATTATCTCTGECACTTGT GO TAACCT TTEGETT TAT TACATGGGTARAGACAGATARACAC
D Y L ¢ T ¢ A N L W F I T WV K T D K H
ATATTCACGEACTTCCCCARTTTATAC CAATGTGAATACCCTCCGAACCTCARATCARACG
I F T D F P N L ¥ Q ¢ E Y P P N L K S T
CTTTTGATTGATGCCAAT ST CTCCCARAGAGAC GTET CEGAT CTCACCTTAT CTGTTTCCC
L L I DANJVYVSETETTCTR RTISP|Yy v F P
CTAGTCTATGETATTTCAAT ACTTTCAATACT GTTCATACTCCT TATC TCCAT TCOT TAT

VOV Y & I g I v & I VvV L I WV W I E I Al Y
AGATTACCTTGECGCATTCCGCTATTATATCCACAT CTTGAGATACAR A AL CACECAGEAR
R L. R W R I R ¥ ¥ I H M L. R ¥ K KE E E E
G T GAT AR A CACATAC AT CTATGAT GCTTTTET GET TTATTCTGAGCGAT GATTCCAGE
¥y b E E R ¥ I Y b A F W VvV Y C E D D & E
ECGTAAGA AR TAAT AT CATACCAACGAT TGARGAGEARGCCAACTTTARGCTGTETATC
W VvV RE N N I I P R I E E E A N F E L ©C I
CACCAGAGAGACTTT GT TCCT GECAPATAT AT AGT L CAT AR CATT GLAAC CART TTGGAT
H E R D F ¥V P & EKE Y I ¥ D N I Vv T N L D
AATAGCACARACCTCATCATCETCCTGTCTARTTC T TICAT TCTCACTICATGETCTCAG

N 5§ R N VvV I M V L § N 8 F I L § 8§ W C Q

I TGAACTACCTCTCAT CCAGARRCGACCT CT GEACAAGEACCAGGECTACCTGETGETS
F E L 2 L I Q K R A L E E D E G ¥ Vv v v
ST GCTC QT T GARRAC AT TCAGGACAGGAACAT GACETCOTCACTCTATECCCICTITCAG
¥y L L E ¥ I E Db E N M T 5 & L ¥ A L F Q
ACTACTACCTATATCACGTGECCAGACGAGGAGEARGATAGACATGIATT CTGGATCCGE
T T T ¥ I T W P D E E E D R H V F W I R

g_“T_AP&SCBRTGTTTGC&GAGATBthtttttaaaaaaccaaaaaaaaaaaaaaaaaaaaa

L K @ ¢ L Q@ R *
aaaaagtactctgocgttgataccactgett

consensus amino acid sequences are indicated in red.

HDH-TLR RT-R: 5-TGG ATG GCA TTT TGT GAG - 80°C ©f | A7 AES
AG-3, HDH-TLR 3'RACE: 5-CAT TGA GGA CAG
GAA CAT G-3), SMART RACE c¢DNA amplification kit
(Clontech) & ©]&3}o] 53} -kl 7|4 25 Frs)gl
o grH 57 3-de] fAA DS pGEM-T easy
vector (Promega) ° 82493}o, E. coli strain XL1-blue
% YPAAZF 31} Plasmid purification kit (Intron) 2
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TRIzol reagent

(Invitrogen) & AF-3lo] RNAE #8319}t 1 £g9 RNA
ZXE transcriptor first strand cDNA synthesis kit
(Roche) ¢} oligo (dT) primers ©]83}¢] cDNAE
olch. EHbAE o xAo)A TLR 2/6 44k e
AEE 7|22 AF<E 2oy (HDH-TLR RT-F: 5-GAT
GCT ACG AAT GCC AAG GT-3, HDH- TLR RT-R:

43t

cDNA

plasmidE AAEE Fo A5d7] ALE47] (AB-3730XL, 5-TGG ATG GCA TTT TGT GAG AG-3) & °©]&3}4

Applied Biosystems) = 97]49S AAS)

4. RNA £32] 9 RT-PCR 3 qPCRZ 0] £3 24
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RT-PCR ¥ quantitative real time-PCR (qPCR) & 2l
ik dAl EBF SRS %9
(accession no. AY319433; 18S rRNA F: 5-CTC ACG

rRNA



2 (Haliotis discus hannal) 0l A

S

GAA AGA GCG CGT TTA-3, 18S rRNA R: 5-GAC
TTG CCC TCC AAT AGA TC-3) & A}&3}5t}. RT-PCR
7 tv23¥ Ptk Pre-denaturation 95°C, 5%
denaturation, annealing, extension Z}Z} 95°C 30%,
55°C 30%, 72°C 30%, 353]; extention 72°C, 10#. &=
% PCRAMEE ethidiumbromide (100 ng/ml) °] 41al
1.5% optz=Aed A7|9Este] #<ldgitk. PCR
FastStart DNA Master SYBR Green I & ©]£3}
LightCycler system (Roche Diagnostics) oA 3§31t}
gPCR =71& v}-53} 7t} Taq activation step, 95°C, 10
- denaturation, annealing, extension 27} 95°C 10%,
57°C 5%, 72°C 30%; 403] #HE. PCR cycle®] €4 ¥, &
25 AR Z7MAA  melting-curved EA3}% T
TLR 2/6-5-A A} qFa ok YA 25 F41#1el 188 rRNA2] Ak
gAq) WEEke 9990 wh oz AR (Livak and
Schmittgen, 2001). 25 A3 3ukEs|gion Hlojg=
mean + SDE YERYgIT)

5. H}o] 2 Ew|E X BN

A E TLRS] cDNAGQ7IA G2 5-¢ opv| ik S #
F3h= A4  GENETYX8.0 (SDS  Software
Development, Japan) 2135 o]g3lgict HAE
TLRE opu|:At Ad-g o]$3}o] domain #4& SMART
(http://smart.embl-heidelberg.de) A #4319t TLRY)
A71M D} o)AMY ¥]iE NCBIS| BLAST 22713
(http://www.ncbi.nlm.nih.gov/BLAST/) ¥} dlo]gjs|o] A&
ol&st3ict. AATERl S Aw E Vet A= At
AEE e F, MEGA 4.0 Z213°] CLUSTALW 2&
< ©]€3}% multiple sequence alignmentE 33} ©
phylogenetic tree = opu|xAF Ao 7]%3
Neighbor-Joining &1 g5 2 HAJsle] A|2slgi )

Az ¥ n@

1. 5 A E TLR cDNA o} 54 LH| 2 B Al 55 4
EYAE (Haliotis discus hannai) & 83 AAA| &
Mg Eslo] 347709 opn]xake TS 1044 bpe TLR
A A7 AFE FEE 5 9l9ld (Fig. 1). BLASTP
search Z3, FrzE ML FAxI  (Cyclina
sinensis) TLR 2 A4} (accession no. AIZ97750) <} &
(Crassostrea gigas) 2] TLR 6 ++Z#} (accession no.
EKC38225) ¢+ 27 97, 95%4 FEAE Bk FRY 5
A E TLRE] whild A48 SMART 2139 2 domain
= A3 A, N-%"/‘r H-2 (Phe39-Asp62, Leu63-

=£2I8t Toll- like receptor 2/6 REXCS SXMESsIM EM4 U UEHEA

4 Hy
= .
—HET

| l”l
g]%g] ‘) . =—Mg-TLR S
LI

Fig. 2. Schematic structure of TLR from invertebrate
homologs from Haliotis discus hannai (HdhTLR 2/6),
Crassostrea gigas (CgTLR 6; EKC38225), Cyclina
sinensis (CsTLR 2; AlZ97750), Mytilus galloprovincialis
(MgTLR; AGI05195), Scleropages formosus (SfTLR;
KKX00545).

Val86, Asp100-Argl53) = leucme rich repeat (LRR)

o] ¢, Vall57-Alal79 el & Frpsles 29l
transmembrane domain¥ C-‘%"&J (Tle207-Arg347) <=
Toll /Interleukin 1 receptor (TIR) 2. TLRS EAA <l

zrjele] AT (Fig. 2). dibA o= TLRE el LA
she 84 FElR, AE yleg xFs|o] PAMPS} A3t}
£ 2l N-2e] LRR 99, o= sdsts 729 1212
AEA Y2 %59 adaptore} Zgste] AlzAo] dofi}
+ G2 TIR domain® & 4%t} (Bell et al., 2003).
RSSO 9 TLRe @A A4S vlwd A7 N-
ko] LRR 9=t C-#eke] TIR =vel 492 A-sAo]
=sten 53] C-Hdke] TIR domaindls= YDA
(Tyr208-Ala210), RD (Arg243-Asp244), FW
(Phe337-Trp338) 9+ 72o] 487} whol] 7437 ¢35 22
g A7) F2kell BEF ] it (Fig. 3). <ibH<l TLR
9] N-Zetel] LRRe] ¢F 7-1074 o] whEA e 2 EA8l= 7
0% Busoe] 9o} B AT dheAl BuliEo] TR
73, Asian arowana (Scleropages formosus) TLRZ} v}k
7}1]E ele] LRRE 7450 igle}h 45 TLRO] ©f

F52] TLReIA| obx7] $13 NCBI Ho|eju]o] o)A
E}C’J Zo4 TLR 1 A9S 4435ty MEGA 4 =21
A5 0]83}o] Neighbor-Joining WHOZ AlF4E 185
k. 7 A3k PAFEE, 079} TR $RHLY 59
HAE TLRE 2Ax/ 22 23 22 5] TLR 2
EE= TLR 69} shte] 5= o F3ict (Fig. 4).
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Hdh-TLR 1 ====——— e MLYFNDSFFETILEGIDE s 30
Cg-TLR 251 BNVLEYYRNLFNNTRNLRV I-IIGV-QFIIS-!N.JEE-Q-IEQ- @zxTsids 308
Cs-TLR 316 GGGKTARTSVTETPXYLPE sy-mirm—ipngsm-- SPL CYNCQIR 374
Mg-TLR § 312 EDKYK -DARXSIQRFLE 375
Mg-TLR N 35% gPR-DNG-NENTIQSFST LENT 208
Mg-TLR C 318 |§DKGNKg-NAKTIgSYCP DHSSN ¥ ¥ 376

Hdh-TLR 31 F -WISNE‘RE -( 87
Cg-TLRzos T QFME 364
Cs-TLR 375 D -{...F.,SLHS RI 432
Mg-TLR S376 s 433
Mg-TLR N 210 469
Mg-TLR C 377 436
Hdh-TLR &g 139
Cg-TLR 365 414
Cs-TLR 433 485
Mg-TLR 5434 487
Mg-TLR N <70 521
Mg-TLR C 437 436
Hdh-TLR 140 RISPYVFFVVYGISIVSI ISIANRLRWE Y 196
Cg-TLR 415 & HPINPYIIMAISISFAVLAIATHSCI INKERWHME VY 471
Cs-TLR 488 HEFTVWEWVGIVGGPIAVVISA IS FVLIRKRWSHEHEE 541
Mg-TLR S 488 SESDPTNTIIASVLLGAFLVMLIGSVTLECQNNMRNZIS, 547
Mg-TLR N 522 PPWNQLYTFAIVLSCTIGF MITLGMKCHT 581
Mg-TLR C 437 KEKNYFTAIAVSITLVI PLLIERCQI 556
Hdh-TLR 127 253
Cg-TLR 472 530
Cs-TLR 542 600
Mg-TLR S 548 606
Mg-TLR N 582 641
Mg-TLR C 557 & 615
Hdh-TLR 234 313
Cg-TLR 531 590
Cs-TLR e01 659
Mg-TLR S 607 666
Mg-TLR N 42 701
Mg-TLR C e16 675
Hdh-TLR 314 347
Cg-TLR 521 624
Cs-TLR e60 E 693
Mg-TLR S &67 SYNDEPIAVSYIA 712
Mg-TLR N 702 SRR TETLRGPLNHLPTALL-—— 744
Mg-TLR C &76 01 AR VEGLREGPFGHPPVATL——- 718

Fig 3. Multiple alignment of the amino acid sequences of abalone TLR with those of other species using

ClustalW. Sequences were obtained from GenBank: Cyclina sinensis (CsTLR 2; AlZ97750),
Crassostrea gigas (CgTLR 6; EKC38225), Mytilus galloprovincialis (MgTLR S; AGI05195, MgTLR C;
AFU48615, MgTLR N precursor; AGI05190). Leucine rich repeat (LRR) regions are indicated by
arrows. The TIR domain is indicated by a discontinuous-border arrow, and the domain’s conserved
consensus amino acid sequences are boxed.

2. SR ¥ 230 A TLR 2/6 mRNA L3 £ Aol ARl BE 2AdA BEE e 53] 9%
Ao oxA] (9%, opbu], 25, sid, 7HI%, v, &34, FelA dale] Eoku THefA Lo spg

Az, 3 233, ) oA TLR 2/6 -84 mRNA 9t} (Fig. 5A). %343 TLR 2/6 mRNA 28

e qPCRE seleigic}. BAE TLR 2/69) mRNAY  ol7bu], 2sheh 221 oA 25l u]sl] 200, 600, 115
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=2
-

™= (Haliotis discus hannai) AlA 22l8t Toll- like receptor 2/6 ST XIS SXMSSIAE E4 L &s

TLR 22 Siniperca chuatsi 1
E TLR 13 Larimichthys crocea
TLR 135almo salar

TLR 22 Scleropages formosus

TLR b Lethenteron camtschaticum

Vertebrate

TLR Eisenia andrei

[TLR 4 isoform D Homo sapiens

TLR 4 patialGorilla gorilla
TLR 4 isoformHomo sapiens

TLR C Homo sapiens

TLR Haliotis discus hannai

*L TLR 2 Cyclina sinensis

— TLR 6 Crassostrea gigas
L TLR 2 type-1 Crassostrea gigas

| TLR 1Crassostrea gigas Invertebrate

TLR SMytilus galloprovincialis

4{—

TLR C Mytilus galloprovincialis

L TLR 13 Crassostrea gigas

—
01

TLR N Mytilus galloprouincialis |

Fig. 4. Phylogenetic relationships of abalone TLR proteins with those of other species,
calculated using the neighbor-joining method. Sequences were obtained from 18
GenBank: CsTLR 2 (Cyclina sinensis, AlZ97750), CgTLRs (Crassostrea gigas,
CgTLR 1; NP001295783, CgTLR 2; EKC38226, CgTLR 6; EKC38225, CgTLR 13;
EKC34370), MgTLRs (Mytilus galloprovincialis, MgTLR S; AGI05195, MgTLR C;
AFU48615, MgTLR N; AGI05190), SfTLR 22 (Scleropages formosus, KKX00545),
EaTLR (Eisenia Andrei, AGS14315), ScTLR 22 (Siniperca chuatsi, AFC95889),
LcTLR 13 (Larimichthys crocea, KKF22743), LcTLR b (Lethenteron camtschaticum,
BAE47506), SsTLR 13 (Salmo salar, NP001133860), GgTLRs (Gorilla gorilla,
AGR83152), HsTLRs (Homo sapiens, HsTLR4 isoform D; NP612567, HsSTLR 4

isoform C; NP003257)

w22l 1120 o =gkt oo} ARt Avke S2AE, =
ae]x vlgt 7kgRle A= ®1E v} glc} (Elvitigala et al.,
2013, Zhang et al., 2011, Zhang et al., 2013, Qiu et al.,
2007). TAE2] A E-9} oprirol A TLRE| WHdo] =
o 253 AshteA= W] wkgkon (Elvitigala
et al., 2013), =¥} v|d7len] ] A5 delA TLR| w4
o] Eroyt oprtr], LsfelA = W wke] A ow gt
t} (Zhang et al., 2013, Qiu et al., 2007). A= 75
PALE A% 52 W7 S AL fAspl W
AME A HAEY  EAdEE  Q4s
chemotaxis®} phagocytosisel]l #oJ3t} (Jeong and Lee,
2013; Donaghy et al., 2009). =3 AdA mIlz}sl

lysozyme, lectin®} 722 aAS 4|8t} (Wootton et

al., 2003). +AAES] oPHlE S5 S5 Al o F2RE #
dele= ol2d mAESs AeFe 7]He] 22 TLRY| Wi
o] & Zlow A7)

3. 9497 34 A 3AE TLR 2/6 mRNA 23 24
A S| vjEE oS #9AZ] &, TLR 2/6 mRNAS]
1S gels] Bogn HAF 7o) Higt ule] emlr g

o] o|Rul olrlu|e} A Lo HAF 7t 2
7] sl 3 AZb7Fte]] whe} TLR 2/6°] mRNA #3lo] 57+
< Falslglo) o Fa e vjBeed 4 ¥ 124

A AARA o2 F7HIeT At (Fig. 5B). o7hv]
9 AFoME e = 27 6, 947 A tdo] F438] 7}
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Fig. 5. Normal tissue distribution (A) and expression level of abalone TLR 2/6 mRNA in the mantle, gill and hemocytes
after Vibrio hemolyticus infection (B, C, D). Quantitative real-time PCR was performed on equal amounts of total
RNA isolated from the internal organs of control abalone. 18S rRNA was used as an internal control. To determine
tissue-specific expression levels, the expression level in each tissue was compared to that in the muscle, arbitrarily
defined as 1.Values represent means + SD (n = 3). (M, Mantle; G, Gill; Ms, Muscle; S, Shell muscle; L, Liver; F,

Foot; D, Digestive duct; H, Hemocytes).

¥, 48 A7t # o] 7k (Fig. 5C, D).

A S Avlel FABH 24 (H. discus discus) 1A
7

=

A7F 5 o] Frlsld= Ruvt 9t} (Elvitigala et al.,
2013). E3t v|t7le]n] (Chlamys farreri) & 73-%- LPSE
FAF F 6417 H EellA TLRE 23] 718kl 2o (Qiu
et al., 2007), ¥122] 2 #& FAA7] = (C. gigas) ©] EF
M= 7t ¥ 3A17F FFE 12 AZEA] TLRe] Wle] 5
7Rl ®wrl gt} (Zhang et al., 2013). Mytilus
(Mytilus galloprovincialis) A% 1354, A Ald 7
A F 3417 FFE] TLRe| walo] F718e] 244177h4]
= u} it} (Toubiana et al., 2013; Toubiana et al.,
2014). Az Al 59, o7& vEE dol4 TLR
o] whgo] Frlele & & W A% TLR 2/6 A HAT 7
ol whE W ukgoll #ojsh= RS ol 5 vk ® &
WAEL] oA A T A sHRRIA A ] o]

o

Zokehe AL SR 7 B3 Fad ALY A
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