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Cloning, characterization, and expression of the macrophage
migration inhibitory factor gene from the pacific abalone (Haliotis
discus hannai)

Eun Hee Park, Eun-Ha Shin, Young-Ok Kim, Dong-Gyun Kim, HeeJeong Kong, Woo-Jin Kim,
Chul Min An and Bo-Hye Nam

Biotechnology Research Division, NIFS, Busan 46083, Korea

ABSTRACT

Macrophage Migration Inhibitory Factor (MIF) are well-defined role as unique cytokine and critical mediator in
acute and chronic inflammatory diseases, autoimmune diseases. In this study, we isolated and characterized a
full-length of MIF cDNA from the abalone (Haliotis discus hannai). The full-length cDNA of abMIF was of 1264 bp,
consisting of a 5'-terminal UTR of 143 bp, an open reading frame of 360 bp and a 3-terminal UTR of 761 bp. The
abalone MIF cDNA encodes a 119-amino acid polypeptide with a calculated molecular mass of 13.4 kDa and
isoelectric point of 9.07. Multiple alignments and phylogenetic analysis with the deduced abalone MIF protein and
showed strong homology with disk abalone (Haliotis discusdiscus). The deduced amino acid sequence of abMIF
exhibited homology with other reported MIFs, such as 80%, with that of other disk abalone H. discus discus MIF
gene. Quantitative real-time PCR (qRT-PCR) analysis indicated that abMIF was highly expression observed in
hapatopacreas, intestine, foot, and gonad of normal conditioned abalone. Even though AbMIF mRNA level in
hemocytes was low under the normal condition, it was sharply up-regulated and reached the maximum at 6 h
post-infection with Vibrio parahaemolyticus, and then decreased at 24 h post-infection. This result indicates that
abMIF plays an important role in responding in the innate immune system.
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Factor, MIF) & 2435 THZF9 A3
29 TAIE F2l A0]E7}4] (cytokine) 2
ZAAQ o5 Az BAE T AeE 4 A &
(David, 1966; Bloom and Bennett, 1966).

o] MIF+ 3 5 dolA wie & 2Ex oy
Az g A7t A=A gedl, A 2 A4 #H
HkS- (Wu et al., 2009; Wang et al., 2010; Li et al., 2010;
Kim et al., 2010) 2} 255 G5uks-9] 27] DAl A
ol Jg 3w, =3k Al® 54 W ¥3} (Calandra et al.,
1995), HAAIE 7|5 %A (Onodera et al., 1997), B X
W (Abe et al., 2001), TFEH AA (Lue et al., 2002;
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Baeza Garcia et al., 2010), ®ljo} W2 (Itoa et al., 2008)
ol Zlo] Fofels thr|eA AR g Rk 53] At
Zredell oJgt shdA fzse} oA A7 5 W 9 S
g Aol Fagt viztE Agske Aow d¥A gk
(Bernhagen et al., 1993; Bacher et al., 1997).

MIFE 5737 olzl A% (Marson et al., 2001;
Tan et al., 2001; Zang et al., 2002), AA5% (Jaworski
et al., 2001), HAEE Du et al., 2004), AT (Suzuki
et al., 2004), 915 (Jin et al., 2007) SoIM=E FAA}F 2
BEF glglen, GAE ZALAYTEANNEA MIFS
ortholog 47} &<l = w} 9lt} Miska et al., 2007;
Kamir et al., 2008).

AAFEANNE 423 AERF  oEAY|  (Haliotis
disversicolor supertexta) °|4 *2°% cDNA% +A4A7}
Bysglon] HadF 797 TBT (tributyltin) =Zl <]
MIFAARe] W oA sk ArbA eFolA 2= ik
(Wang et al., 2009). L 3 23J0] (Acusta despecta
sieboldiana) (Baeza Garcia et al., 2010), AFx7)|
(Mytilus edulis) (Cui et al., 2011) &} AF3NG=] (Mytilus
galloprovincialis) (Parisi et al., 2012) SolA A<} 7+
ol S8k AAA| oA e ek W3t So] Rawgld
7} #Zol= mud crab (Scylla paramamosain) 2} Black
tiger shrimp (Penaeus monodon) (Xie et al., 2016) 2
MIF 447} 54, Bas gl

B AFo = EXAE (H. discus hannai) 2] MIF +4
Aol S 8 A7IAG EAE Bkl R F A
el AA @71ALE st opv|xAl AdS EA s
4 AExA oA MIF mRNA®] &l njuelegoz <l
A7 F A7kl whE MIFS] Rawss Ao 7420

Wik & A7 Fte] vAE Al Wi SA
of AAAH A-gol At 7|2 Anz Z-&stuAl shy F
T el dgk nlo] emp| 2 A9 &g 7hsAdel| sl
SEEP

ot > Ho

.

ERIE

1. 3355

2 o) Akg"l BAE (H. discus hannai) < T35
AbtEhd SEATAIE A Faiol, 408 3 djellA
18-20C2] 3 2& sl 43U £AA7 F, A 2173
g WA (B $%; 50 g, BT 2 62 mm, BT AE; 45
mm, F 215 15 mm) & A3}t ARSIk

2. v & %R A

Vibrio  parahemolyticus=  25CI|*4  brain-heart
infusion medium (BD Biosciences, USA) ®A| 2 uloF3}31
c}. wjokEl 2 phosphate buffered saline (PBS) © 3]4
g+ % sub-lethal dose (1.2 x 10° cells) ¢] ¥ 5% Z& F4}
slgon Pxge §9) PBSE 28 FARIY. & F
ARE 0, 1, 3, 6, 9, 12, 24 AZmlc) 3ulE]?] AAE A
glo] o)Fut opylu| 25, i, M, AL, S 43t
245 AFsglt 2 F FA dARLERE uAsiglon
RNA £8E ¢35l - 80Cell ®¥slgic). Hole FA2 A
g WAL= 4T, 3000 x rpm, 5 ¥) = T AR
el ste] AAA L] 1A F o 247 npi7lA 2 RNA
) E 43 - 80Tl sl

3. B A E MIF {3 A2] A3 cDNAZZY

SRS 22 (R, ok, =, I, 2
RNAseq ¥ De-novo assembly¥ BLASTE ¢35} o
F AAAE A3 A, O e MIF 734k 5- 2
=2 AEAS 7M1 2F 360 bpo] AE MIF AR oA
< ZJt} (data not shown). AF AHE MIF (abMIF)
cDNA F29% 913l 360 bp TH2] 7| LS 7122 3}
abMIF &z So] =Zelo|wE YARIsIGL (abMIF
ORF-F1: 5-ACC ATG CCT GTT TTT CTT CTG TTC-3,
abMIF ORF-F2: 5-ATG CCT GTT TTT CTT CTG TTC
AC-3, abMIFORF-R: 5-TCA TTT CCA CAG TAC TTC
AAA CG-3, abMIF-5RACE: 5-CGT GAA CAG AAG
AAA AAC AGG CAT-3, abMIF-3RACE: 5-GGG GTT
TCT GTT TGA AAC CAC-3), SMART RACE cDNA
amplification kit (Clontech) & ¢]&3}+ 5- W 3- wtto]
A71M LS FEslgit) gRH 5 9 3. dke] A T
< pGEM-T easy vector (Promega) o 3243}, E. coli
strain XL1-blueZ A A3} 3}%ic}. Plasmid purification
kit (Intron) & plasmidE AAIg Fof 24507 ALE47]
(AB-3730XL, Applied Biosystems) & 97]49S AAs}
k.

~

L oo

4. RNA 2] 9RT-PCR #}qPCR< o] 43+ 238 4]

- 80°Cell Bzt Z47e] -2 TRIzol reagent (Invitrogen) &
28310 RNAS- 235t 1 g RNAZHE] transcriptor
first strand ¢cDNA synthesis kit (Roche Diagnostics) <}
oligo (dT) primers ©]83}e] cDNAE HAd3}gict kA
5o zAeA MIF 472 w32 cDNA A2E 7|22
AZgk Zgloln (abMIF RT-F: 5-CAT CAA ATT CAC
CAG GAA TC-3, abMIF RT-R: 5-TGC GCT TTA ACT
TAC ATG CAG-3) & ©]&3}o RT-PCR ¥ quantitative
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1 gggctgcaggaattcggcacgaggcatcactgtcccagagtgtgatcgegecatcagaagttctacaacatagetctagatttatcaageg 90
91 aggacagcggtgtgtgtatgcagaaaagtttgtgtcttggagtcagtgtgaccATGCCTGTTTTTCTTCTGTTCACGAATCTGCCAGCAA 180
M[{P]V F L L F T N L P A 12
181 GTGCCATCCCAAAGGGGTTTCTGTTTGAAACCACAAAAATGATCTCCAARAACTCTTCGGAAACCGGAAGAGGGTATTGCAGTGTTGATTC 270
S A I PEKGTFTILFETTTZEKMTSZ KTTLR[EKPEETGTA AV L I 42
271 ATCCAGATCAGATGATGAGCCACGGGGGTACGACTGATCTATGTGCCAAATCCGAGCTGCAAGGTATCACGAACATGGGGAATAAGGARA 360
H p D QMM S H G G T T D L () A K S E L Q@ 6 I T N M G N K E 72
361 ACATTCAGATGTCCAAAGACATTTCAGAATTCCTGCAACAAAAGCTTGGTATTGACCCTAAAAGAAACTACATCAAATTCACCAGGAATC 450
N I oM S K D I s E F L Q Q@ KL G I D P KRN Y I K F T R N 102
451 AAGCATTTGAAGTTGGGTATAAGGGGACCACGTTTGAAGTACTGTGGAAATGAaacagtttgggaaaatattaacttcaaaacctaccaa 540
Q A F E V G Y K GG T T F E V L W K * 11.9
541 tcaactcatgatgatccatagtatcagtggcgaagacgcacgagcagcatctatgtcatatggcggaagtgtaacagttcaatacacgeec 630
631 agtgagaagttctaagaacccatcactgcaataagtaatatgacatctgttgttgagatgtaccaggtggagcaggtgtggtatttccet 720
721 tgaacgtattattctgctgaattatttagaagagtgccttgaagtgacgtataacagttaattaaaatagagtcacatttcatgagccat 810
811 actttcctaactaattgtaattttctatctacgatgtcccaaagttgggtatgcaattttccagettectgtgcaacaagtgtcacgecag 900
901 actgagtttaagggttaagctgtctagcacttctccatgcatgatactgcatgtaagttaaagcgcagatgaagtctgataatttctcat 990
991 atgcattcattagtatgaagaaactattttatctaaagttctatctatccacgctaaacttcataggatgatttgtatagacctaatttt 1080
1081 tgaagcggcactgcgaaaaaaaataaggagaaactgatttgaaagttgaatattataaagacaaatttattaaattttcctgtttacgeca 1170
1171 agaattgtgcagatggtgatcaattaataaacaatctcaacaagaatatcaataaacatgtacagcaaaaaaaaaaaaaaaaaaaaaaaa 1260
1261 aaaa 1264

Fig. 1. The full-length cDNA and deduced amino acid sequences of abMIF. The deduced amino acid sequence is shown
below the nucleotide sequence. The initiation code (ATG) and the germination code (TGA) are underlined. The
conserved tautomerase activity sites (P? and K*) are boxed. The conserved oxidoreductase activity (C%') is marked
by circle. The polyadenylation signal sequence (aataaa) is in italic and bold.

real time-PCR (qPCR) = #l3}sit}. WA 25 FAx=
+= 5AE2] 18S rRNA (accession no. AY319433; 18S
rRNA F: 5-CTC ACGGAA AGA GCG CGT TTA-3, 18S
rRNA R: 5-GACTTG CCC TCC AAT AGA TC-3) & A}
43kl RT-PCR =712 t}2} 7t} Pre-denaturation
95°C, 5% denaturation, annealing, extension 22} 95°C
30 %, 55°C 30 %, 72°C 30 %, 353]; extension 72°C, 10
¥ ZZ5 PCR A2 ethidiumbromide (100 ng/ml) ©] 4]
Al 1.5% optz=Ale] A7|dEste] E]lslgitt. PCR
FastStart DNA Master SYBR Green I & ©]-83}o] Light
Cycler system (Roche Diagnostics) ©llA <33}3ic)
qPCR =7 t}53} 7t} Taq activation step, 95°C, 10
¥ denaturation, annealing, extension Z+7} 95°C 10 %,
57°C 5 %, 72°C 30 %; 403] WM. PCR cycleo] ¥4 ¥,
255 WAAHSRE Z7FAA melting-curved #4335t}
abMIF A4 @2 Al 25 47kl 18S rRNAS)
A el ukeere 24T R o 2 ARSI} (Livak and
Schmittgen, 2001). %+ AL 3ukEslglon dHolg&
mean = SDZ e}

5. ulo] . Erjj g X~ BH
abMIF®] cDNA 7|ALd25E ol L& F53)
= 9 GENETYXS8.0 (SDS Software Development,

Japan) ZZI19S o]&3lglrh. abMIFS] opv|xAb Ads
o434 domain SMART (http://smart.embl-
heidelberg.de) A E4815ck MIF] 17|42} o) x=/bAd
H]2= NCBI®] BLAST Z2 73 (http://www.ncbi.nlm.nih.gov/
BLAST/) #} dlo]elso] 25 o] &3}t A==l &3}
= AE 2 Ve AEEY A LS 32 3, MEGA 5.0 =
F13°] CLUSTALW %5

alignmentE 33} 2™, phylogenetic tree += ] %:Ak
Age] 7123 Neighbor-Joining ¢18|&5o 2 FA3to] A|
Zks}glet.

5 ©]£3}¢ multiple sequence

a3 R nF

1. abMIF cDNA g7]1 44 @ o}n] =4t 14

AL (H. discus hannai) & 45 F4x +4 A+
A7 & 119709 opv]xAks Z3= 360 bpo] MIF-#4 2
9] 5w 233 914 E AR5 FEslgick & MIF
A ARE o]&3te] A% abMIF cDNAE 5%317] $]3}
o] abMIFfrAA 5o] Zele|mE o]-83le] 761 bpe} 143
bp7} 27+ 3RACE % 5RACE #PHe® ZZF 9t} (data
not shown). ¥ RACE A< % W#H abMIFARE S =33}
o], & 1,264bp2] AF abMIF cDNAZ $H4315it) (Fig. 1).
abMIF 542 143 bpY 5'-untranslated region (UTR)
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v v *
Haliotis discus hannai : ;VFLLFTNLPASAIPKGFLFETTKMISKTLRKPEEGIAVLIHPDQMMSHGGTTDLCAKSELQGITNMGN 70
Haliotis discus discus = LliufTeeeennnnnnnnnnnns LaowSsnssws I.fe«.VVE.R...Guevvvnnnnn Pl..N....S.GH... 70
Haliotis diversicolor supertexta O S. V.A.AT.[|..SY.T.R...G...T..... EP[.[.N....A.GHISA 70
Mytilus galloprovincialis AIY....KDK..GN..LDVSSF.A.R.G[.|..SYVT.RV.......... S..Pl.GSV..YS.GAL.- 69
Pinctada fucata .AIY....EDK..D..VLNAS.FLAEQ.G|.|. MY.TMRV.......... S..P.GSV.VYS.GAL.- 69
Takifugu rubripes .VVN..VAKADV.VAL.S.A.NELA.AMG|.[.AQY...H.NT ..MF..KG.Pl.[.LCS.HS.GKING 70
Ictalurus punctatus .VVN..VSKDEV.A.L.S.I.QELA.AMG|.|.ANY...H.V..... MF..KG.P|.[.LCS.HS.GKI.G 70
Cyprinus carpio .VVN..VAKD.V.AEL.S.A.QELA.VMS|.|.AQY..IHVI..... MF..KA.P.[.LCS.TS.GKI.G 70
Danio rerio .VVN. .VAKDSV.AEL.S.A.QELA.AMG.[.QQY...QVV..... MF. .KG.P|.|.LCS.TS.GKISG 70
Xenopus laevis TIR..VCRDSV.DTL.SDL..QLA.ATG|.|.A.Y..IH.V...I..F.DS..P.[.VCS.CS.GKI.G 70
Bombyx mori .RIE..ISR.K..AD.VVKAIPVLA.A.G|.|. .QYCV.TVI.EML. .F..S.EP.[.IAN.MS.GSL.V 70
Branchiostoma belcheri V.K...AR..... D..T..S.LVADI.G|.|. .GCVC.CVEA.VL.TY..SDAP.CLID.MS.GKL.L 70
Cavia porcellus I.N..V.R.SV.D...S.L.QQLAQATG|.|.AQY...HVV...L.TFA.SSEP[.[.LCS.HS.GKI.G 70
Rattus norvegicus .IVN..V.RASV.E...S.L.QQLAQATG|.|.AQY...HVV...L.TFS..S.P[.[.LCS.HS.GKI.G 70
Sus scrofa .VVN..V.RASV.D...S.L.QQLVQAMG|.[.AQY...HVV...L.AF..SSEP.[.LCS.HS.GKI.G 70
Bos taurus .VVN..V.RASV.D.L.S.L.QQLAQATG|.|.AQY...HVV...L.TF..SSEP.[.LCS.HS.GKI.G 70
Mus musculus .IVN..V.RASV.E...S.L.QQLAQATG|.|.AQY...HVV...L.TFS..N.P[.[.LCS.HS.GKI.G 70
Homo sapiens IVN..V.RASV.D...S.L.QQLAQATG|.|.PQY...HVV...L.AF..SSEP|.|.LCS.HS.GRI.G 70
ok .**.. ..... . e 2 S, ) .* ..... L.
Haliotis discus hannai 71 :KENIQMSKDISEFLQQKLGIDPKRNY IKFTRNQAFEVGYKGTTFEVLWK--—-—---— 119
Haliotis discus discus T1sEsss wnan Eis s s snanes s sae8ss & 3 98 DMK..... 119
Haliotis diversicolor supertexta 71:E..VE...Q..... KS..... NT....... NMAPH 127
Mytilus galloprovincialis 70:EK.KEH..E.AD.IEKN...AQD.F.VT.VDLERGN. . 115
Pinctada fucata 70:DK.PDHADK.AT.IED..K.PKD.F.VT.VDMKRED. . 119
Takifugu rubripes 71:AQ.K.Y..LLCDQ.SKH...S.N.I..N.VDMD.AN.. 115
Ictalurus punctatus 71:5Q.K.Y..LLMGV.HKH...S.D.I..N.FDMD.VN. 115
Cyprinus carpio 71:AQ.K.Y..LLMGL.NKH...S.D.I..N.VDMD.AN. 115
Danio rerio 71:AQ.K.Y..LLMGL.NKH..VSAD.I..N.VDMDPAN. 115
Xenopus laevis 71:PQ.KSYT.LLCDI.TKQ.N.PAN.V. .NYYDLN.AN.. 115
Bombyx mori 71:EQ.KKHA.VLF.LVEKE. .VPTD.M. .T.QDEPTGN. . 119
Branchiostoma belcheri 71:E..KTHTAA.CDHVKKH. ..PGD.L.VN.HDAARQD. . 116
Cavia porcellus 71:AQ.RSY..LLCGL.SER.R.S.D.V. .NYYDMN.AN. . 115
Rattus norvegicus 71:AQ.RNY..LLCGL.SDR.H.S.D.V..NYYDMN.AN. . 115
Sus scrofa 71:AQ.RSY..LLCGL.AER.R.S.D.I..NYYDMN.AN.. 115
Bos taurus 71:AQ.RSY..LLCGL.TER.R.S.D.I..N.CDMN.AN.. 115
Mus musculus 71:AQ.RNY..LLCGL.SDR.H.S.D.V..NYYDMN.AN. . 115
Homo sapiens 71:AQ.RSY..QLCGL.AER.R.S.D.V..NYYDMN.AN. . 115
.* o * *' * *

Fig. 2. Multiple alignment of the deduced amino acid sequences of abMIF with those of other species. Identical and
similar sites are shown with asterisks (*) and dots ( - ), respectively. The gaps (-) are introduced to maximize
alignment. The tautomerase catalytic-sites proline residue (P?) and lysine residue (K**) of abMIF are boxed and
marked by triangle (V), the oxidoreductase catalytic motif in MIF is also boxed and marked by pentacle ().
Sequences were obtained from GenBank: human (Homo sapiens, CAG46452), mouse (Mus musculus, NP034928),
rat (Rattus norvegicus, NP112313), pig (Sus scrofa, NP001070681), cow (Bos Taurus, XP594149), frog (Xenopus
laevis, NP001083650 ; NP001083651), zebrafish (Danio rerio, NP001036786), common carp (Cyprinus carpio,
ABY71027), channel catfish (Ictalurus punctatus, NP001187233), tiger puffer (Takifugu rubripes, NP001027889),

Bombyx mori (Bombyx mori, NP001040199),

guinea pig (Cavia porcellus, XM003477965),

Ampioxus

(Branchiostoma belcheri, Q698K1), disk abalone (Haliotis discus discus, ACJ65690), small abalone (Haliotis
diversicolor supertexta, ABX76741), mussel (Mytilus galloprovincialis, AEN25591), pearl oyster (Pinctada fucata,

ADU19847).

7} poly-A taild& £33+ 761 bpe] 3-UTRE 745 ] 93
1, 360 bp2] open reading frame (ORF) ¢ 1197]<] o}w]
ake Zska itk EAE A4S 47 134 kDa
223 9.07% ASEH Y AsADedS T2 14 An
abMIF+= th2 MIFS} vp7iA 2 AlsM9E 7 A
okgkom, AZHo|a4 (tautomerase) 2| ZujEAdrfo]Eq]
proline 2719} lysine 7|7} 242 29is)| 9} 3394 o}w]| Ak
Aol & BEEe] giglk T3k 57HA oAl $)A]=
A3l a4 (oxidoreductase) ZwEAA Lo EQ] cysteine
2717k & BEs]e] 9l3ict (Fig.l).

2. abMIFS] A G2 L Al 55 24

abMIF®] ofn|=at A& BLASTP L2135 0|83}
NCBIH[o]Elmo] 28} v|ws)] Kokc}h 1 Az}t abMIF] o}
ok AL RaE v $2AE (H discus discus) 52
o2 MIFFAA ) & A5AS R (Fig. 2). bkt 5
] abMIFe}e] thilal M dE nlwi-A3l7] $1, NCBI o]
El|o] 29 thokal classollAl & 167] MIF . A2S A

3¢ phylogenetic tree & ¥#43th. abMIF= WA 524
E  (H discus discus), S%¥A7] (H. diversicolor

supertexta) & ABFE T3 QATES 215E FA43)
Q2w MIF2] phylogenetic treet:= 5257 23527}
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64— Sus scrofa
5 Homo sapiens
% Bos taurus
Rattus norvegicus E
8 931 Mus musculus o
o
Takifugu rubripes o
—*
a0 9 Ictalurus punctatus L
7 Cyprinus carpio
66 92 Danio rerio
Xenopus laevis
Bombyx mor
Haliotis diversicolor supertexta g
L ) )
ﬂ'j': Haliotis discus hannai %
9 Haliotis dicus discus g
o
—— Mytilus galloprovincialis| &
10— Pinctada fucata

01

Fig. 3. Phylogenetic relationships of abalone GST proteins
with those of other species, calculated using the
neighbor-joining method. Sequences were obtained from

15 GenBank: HddMIF (Haliotis discus discus,
ACJ65690), Hds (Haliotis diversicolor supertexta,
ABX76741), MgMIF (Mytilus galloprovincialis,
AEN25591), PfMIF (Pinctada fucata, ADU19847),

RnMIF (Rattus norvegicus, NP112313), BtMIF (Bos
Taurus, XP594149), MmMIF  (Mus  musculus,
NP034928), SsMIF (Sus scrofa, NP001070681), HsMIF
(Homo sapiens, CAG46452), CcMIF (Cyprinus carpio,
ABY71027), IpMIF (Ictalurus punctatus, NP001187233),
TrMIF  (Takifugu rubripes, NP001027889), BmMIF
(Bombyx mori, NP001040199), XIMIF (Xenopus laevis,
NP001083650; NP001083651), DrMIF (Daniorerio,
NP001036786).

HETE IF2E UH ok FHFEE9 MIFE &% MIF
o} AAE=2] MIFE sl g3l MIF: 5559} o]
et 2 aser wAsd, 5% 1wdls H
discus hannai, H. discus discus, H. diversicolor
supertexta2] MIF AZo], olujslfF 2FolE= Mytilus
galloprovincialis @ Pinctada funcatas E3F5l= MIF A
o] E3EQt}. A3 FE MIFS homogeneous cluster+
o FF, AR, EAFe MIF7} 2390} (Fig. 3).

3. abMIF mRNA ¢] 2% 8 34
Real-time PCRS ©]83}¢] abMIF mRNAS] &3S 7
e SAse] 4 AN ARt O A} abMIF

mRNAE A8 435 971e] BE 2Ao)q o s 2
o] #elsjglom, 53] Ashpelal b wao] EUh A%

o] w2 253 wlaste] of 254 o]4Fe] abMIF

Korean J. Malacol. 32(4): 241-247 2016

30
s L
20
15

10

Relative mRNA expression level
(Fold increase)

5
o ﬂ O s Y e e O e T s Y =
D FM HP GL GN H AM MT M

Tissue

Fig. 4. Tissue-specific mMRNA expression of abMIF. Expression
fold-changes of mMRNA were detected by gPCR and
evaluated by the 2”2% method using the abalone 18S
rRNA gene as the internal reference. Data are presented
relative to expression in muscle tissue. Error bars
represent the SD (n = 3). (D, Digestive duct; FM, Foot
muscle; HP, Hepatopancreas, GL, Gills, GN, Gonad, H,
Hemocytes; AM, Adductor muscle; MT, Mantle; M,
Muscle).

mRNA7} A3ldol| A s glo] gely]
MIFFAARE A%g ABqA s 23t A
VAeFo R Wy AdlaoAE 5 5
HAoz wol Ak glojA Aslato] wi$- F
HAE AR

4. 397 74 2 FabMIF mRNA L& F-2

V. parahaemolyticus® EAES <lg] ZAAz &,
abMIF mRNA<2] ‘”’"ﬂ‘ﬂi}'—g o] HTA LA A HE
t}. abMIF mRNA®| 735 7273t A% FAEolA+= 7]A
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Fig. 5. abMIF mRNA expression in hemocytes of abalone
challenged by Vibrio paraheamolyticus. The abMIF
mRNA was quantified by its expression relative to the
18S rRNA level. Data are presented relative to
expression in muscle tissue. Error bars represent the SD
(n = 3). Asterisk (*) represents a significant difference at
P <0.05.
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