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Abstract

The major histocompatibility complex class Il-associated invariant chain is a molecule involved in
antigen presentation, specifically in the context of T cells, which are effector cells of adaptive immunity.
CD74 is a protein that reacts with MHC class II molecules and functions to transmit signals into cells by
interacting with macrophage migration inhibitory factor. Red sea bream is one of the major marine
aquaculture fish in Korea. Many studies on breeding but molecular studies are markedly lacking. In this
study, CD74b was isolated from red sea bream (Pagrus major) and phylogenetic analysis, tissue expression
and expression analysis through pathogen artificial infection were performed. As a result, it showed high
expression in gills, brain and intestine. In addition, when analyzing Edwardsiella piscicida, Streptococcus
iniae, and red sea bream iridovirus, it was confirmed that CD74b has an immune response function. This
study characterizes CD74b may play an important role in the immune response of red sea bream following
pathogenic infections.
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LMEZE Hol daEselE 4P %E AAsw
(Noah, 2012). 181} 48
I ggs 2a8 gxom AW Hokade u}

5 (Pagrus major)< 5] E(Perciformes) =

o

“H(Sparidae)°ll &dh= A ol F= GP:L“] - 2}, Streptococcus iniae (S. iniae), red seabream
L Sk FREA 01%“3 T iridovirus (RSIV) 59 AW o w gk AT
ChFei Zhu et al., 2018). %2 o] 5 1 7% %ﬂ olg] wid kA FolME= = wAE Ju Yot
4 s 9 wa ME} FANEM FF (Kader et al, 2012). o213t Aol th3t thRo

* Corresponding author : 055-672-9253, vinus96@hanmail.net
# o] w2 20239k IRttt A E A AR (R2023024)9] Ao FRE AFAYTh

- 770 -


https://crossmark.crossref.org/dialog/?doi=10.13000/JFMSE.2023.8.35.4.770&domain=http://english.ksfme.or.kr/&uri_scheme=http:&cm_version=v1.5
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2 Aol FAAE wol o] &3] ghAH
A edgom gk kAW F7F 9
oA U oFAEFel o kg EAE Yo
4 o FAsA YgFgds 713 F vk
(Jung et al, 2008). o]&]&t WS 7HAA HAY
FH P JEFES FAAE A S
g A ohFet walEo] A5E L 9Ith(Song et
al., 2021). Z1eut Fme AA7A Qv
94 Aw JHS 5% §F A9 sHoE 7Y
Hol A1 QIthKato et al., 2023). EAAQ A
of TalA = THEA Y F-st] FH A F
ol AW opA & FEgE A4 o]thWoo et al,
2020). whebA] el digk A AE AAA
o=z #gstr] fsiAe WY A|AE digk A
%291 AF7} & Q3th(Lieschke et al., 2009).

o] 78 WA= HFFEEedA 7P A
I FHE EBolde AAE HHZ ok
(Secombes et al., 2012). HFF=2 HWAAA=
NKA2ZS} 2 A|E Goll &gt Axddwus #
ZAto] Ogk /g ® U o] X Tth(Bjergen
et al,, 2022). 53] ojfF+= uldoz MxddHd
AAZE sl glo] Aol oA @
0 %S 24X kA 9l h(Bergliot et al., 2006). L&
v o7 1A " A g A=
g AAol7] wiitell, A7IE el oF o
F2lol oA FHAHA gk x]&AQ1 A
o] & & 3ltf(Plouffe et al., 2005).

T4 =3kl (Major  Histocompatibility
Complex, MHC)+= th3EZ|Ql &3 wo] 28 A|x
1 THIES FdQAtel| #Host= EAZ i
o] HFFEANA WAL A7}
o3hs sty MHCx 449 diid 27hs
4 CD4 THIEo| AAshHs dTE FHTH
MHC7} A9 ¥
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Steh (Kenneth et al., 2016). E1¥ Aol self
peptide”} obd Zow dHyw wWoAEE 1

e
2019).

MHCE A 13 THE U
MHC class 1 #2b= A F5E AAY e 79
Azl M oA A tH(Grimbolt et al,
2015). ool ME B A ollM = 2
shA] gkom M UelA AE=AY THEZHA
O] peptide WHAS A EHT(Jurewicz et al.,
1998). 52 4F = 7 AlFoA= A
o] BE MHC class IS &gt (Jurewicz et al,
1998). MHC class Ii= TAFAIE, T AAE,
A oAz, FAGIAME 9 BAES 2
AEAQd LA A AR HAEE MHC
class FAFo]tHMair et al., 2021). ¢17+o|A MHC
class 1 &4 E3kAl= A7F WS & 4
A} B33 (Human Leukocyte Antigen, HLA)® 2
| otz sterh. MHC 2d2 1ol si93sh= HLA
+ HLA-DP , HLA-DM , HLA-DOA , HLA-DOB
, HLA-DQ % HLA-DR©|t}. MHC class T %4}
g Aargel e gty We vk
A2 G QoA Fash 9s $TH(Zhu et al,
2022). MHC class T &4k} vF7FA|2 MHC
class I FAFE o]Fo|FAAIRt F Ao &
HEl o 9 B AR Y 7 JEHE B
T MHCeA 5 3 Th(Peter, 1996).

CD74 (Cluster of differentiation 74)= MHC
class T =48} HH-8-3}= type I transmembrane
A kst WMEEY deAgstal, |
oS- Aol Bojskes B4R A 3
T} (Potru et al., 2023). HLA class 11 % A4
A7 wt (HLA class I histocompatibility antigen
gamma chain) %! HLA-DR &€ #d 29 Al&
(HLA class 1I antigens-associated invariant chain)X=
dH 7 CD74 AZFANA CD74 f-Akl 93
HostE = T doln, WAl BEAe A Y
macrophage migration inhibitory factor (MIF)&} 2
< wAEY Agdhs 5 YA erEE Ta%
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18-S 3FCK(Zhengshi et al., 2022). CD74E MHC
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ol Ao ME HEOZEEE CD74bE
g FAste] A EAe diE] gelskgior,
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1. Next Generation Sequencing (NGS) 2A1S
£t full-length &=

Lipopolysaccharide (LPS)Z AF=A1Z1 #HE2] zH
© ZHE| Next Generation Sequencing (NGS) 2]
S %3 CD74b9 Open reading frame (ORF)
sequences ZH I
2. Molecular characteristic and phylogenetic

analysis

574d%¥ CD74b ORF9
GENETYX ver. 8.0 program (SDC Software
Development, Tokyo, Japan)¥} National Center for
Biotechnology (NCBI)9]  BLASTX
program (http://blast.ncbi.nlm.nih.gov/Blast.cgi)S ©]
g3t B
MW)#} 5773 (theoretical isolectric point,
Serve?]

opiAt A

Information

A% (Molecularweight,
p)<

ExPASy  Proteomics ProtParam  tool

o_L
DS
rﬂE

St

Ml

olgatol o=

Q12 Simple Modular Architecture

(http://web.expasy.org/protparam/)-=
oAk 54 L=
Research Tool (SMART) (http://smart.embl-heidelberg.de/)
Z YXE FASFATE NCBI sequence database
of £5Ho) G thE $59 CDMb opleat
/]E 7] multiple sequence alignment:= ClustalW
(http://www.genome.jp/tools/clustalw/) 5 ©]-&-3}o] &
Aagler. ®=3 CD74be] AFHAYSHA  EAL
MEGA4 program®] neighbor-joining (N))H-= ©]
sto] A28k 0™, bootstrap sampling> 2,000H

W st

r'l

OFO F1

7} 7o

Aol AAEE AL A T A2 RE A%
143 + 1 cm, AF 685 £ 10 gQ! &S A
o} A&ttt Ade] AR A 05 ton FF
2023 ° CollA] 273 =X oH, AlRE 19 1
3] FHRACRE xnpto] & wi7hbA] Fw3] 7o
skolot.

Lk A ofAllell M e A R

D 24 ¥

Al 29 24 45

vl2] & Benzocaine (Sigma, St. Louis, MO, USA)=

o) A7 ZA= A

ohAste] AN, FAL W, 2 A ok,
W, 25, A%, 3%, AE AEsAh o] ), Al
S 7 A7 g A4 G 24wy
H = sampling + AFE-3F3A

@ Total RNA ]9} cDNA 34

iz A v 2 FEH A3 22ELS TRIzol
71HES] RNAiso (TaKaRa, Shiga, Japan)ES ©]-&3}

o] total RNAE #sigich ®A 2z A&
RNAiso 600 ¢LE % 7}8F3l homogenizer= V}3
st w3} el 12
Republic of Korea)S 100 x«L 37} vortex st
314,000 rpmolA 10%-7F AR Fh 2
2l AN NEZE e-tubed] & PCI

chloroform (Deajong,

w5
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&= (Pagrus major)

(Phenol:Chloroform:Isoamylalcohol = 25:24:1)
(Biosesang, Republic of Korea)E F% % 7}3}¢
14,000 pmelA 1087+ L4EE sk
Genomic DNAS AAE s A
Recombinant DNase 1 (TaKaRa)E ©]-§3}o] #|x
Ake] el whel DNaseA] 2l8hol o, g os
AZE etubed] &3 F
St.Louis, MO, USA) 500 L, Dr.Gen (TaKaRa) 5
L, 3M sodium acetate (TaKaRa) 50 «L& %7}

isopropanol  (Sigma,

aF0] 14,000 rpmollA 1087+ AAF2 sholch A
Fae BE AAZ s, S A8 75%
DEPC  ethyl alcohol 600 xLE  FH7}slo]

14,000rpmol| Al 527 44E2] 8 i
of AAE sl dZelA 10-15% XH x5t
S DEPC DDW 30-40 pl& #H7lsto] &3] &
slat3ith. cDNAS §43H7] 4, total RNAE &
=9} 4871 Sl
(GEhealthcare, USA)E  ©|£-3
PrimeScript™  1st strand c¢DNA Synthesis Kit
(TaKaRa)E ©]&3fo] A ARl wWhloel & A3)
cDNAZ @3} th 12]31 DNase #|2]3t total
RNA 1 xL¥ Oligo dT primer 1 gL, dNT
Pmixture 1 x«L, RNase free water 7 LS ¥ &3}
= FTF N0 pLE 73] 65TellM 5w3F nbe
R R P I Al e = S A )
HE-&-MNof| 5xScript Buffer 4 L2} RNase Inhibitor
¢ L, Primer Script RTase 1 xL, RNase free
30CelA
&, 42°CollA 603, 95TollAM 5wzt

T =

Rty NanoVue

24890

water 45 pLE 233 9 20 plE
10323F 1
HE-S-A] A T}

@ Primer A2t

ol SHE CD74bo| EXARASIE S4 o LA

Quantitative real-time PCR (RT-qgPCR)%l| A%
primeri= CD74b2¢] ¢cDNA full-length sequnece®l| 7]
%35} 0.4.0  (http://bioinfo.ut.ee/
primer3-0.4.0)= ©|&3to] T A}FQ1SFITH(<Table
1>).

Primer3  ver.

@ Real-time PCR (RT-qPCR)

27335 FEolA cD74be] W AEE <l
7] $13ll, TB Green Master Mix (TaKaRa)E ©]&
sto] A|zALS] wlFdel wel RT-qPCRE 33t
%th. =, cDNA template 1 L2} forward-reverse
primers Z}ZF 1 uL, TB Green 12.5 gL, DDW
95 pLE T & 25 pLlo]l HEF EFsQh
TEZAL S0TeAA 483 28] 95ToA 10
7} initial denaturation, $-° 95TCelA 20%, 6
0CA 1#2 1512 skl F 453 WH3AIZC
o, A Eo 2 95ToA 15%, 60TIA 30,
95T A 15% final dissociation 3FATE A
CD74b°] W72 EF-1¢ mRNA2] Ha 7k} H
w3k 2997 method (Livak and Schmittgen,
2001l ofsf ARSI e A Al vk

of
=

TR, e HolHe de + RTUAR
FdAT 2AE 9] K974 Aol one-way

analysis of variance(ANOVA) teste]l <3l Q1= ¢S]
TH*p < 0.05).

ohoAA QARG F A BERA

O BLEA 9974

WAl A7 F Db BASHE T
sk f8l F=rle 2R d ARl Siniaest 1
M E piscicida, RSIVE Z}Z} 1.5 x 10°
cells/fish®} 1.5 x 10° cells/fish, 1 x 10°copies/fish”}

<Table 1> Primer sequences and condition were used in this study

Target Usage Primer Sequence (5° - 3°) gqRT-PCR condition

CD74b qRT-PCR F AGTCACTGGAGGAGCAGAGC 95°C for 10 min
gqRT-PCR R AACTTTGAAGGGGCAGGTTT  followed by 45 cycles at

EF-1a qRT-PCR F GACAGGTTTGTGCTTGTGTG 95°C for 20 s fmd
qRT-PCR R GTCTCTGGAGATGATTCAGC 60°C for 1 min
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2BIT - 2BA - 2 - YT - &
H=5 PBSOl AEAIZ F, FEe] Bl FAE
sk 3L, control (HZET)> F%E] PBSE B4
A Sk ZF A9} control 1.5 ton G320
oomtely skl on, F2 23-26TE #4
atoich WA 9 PBSE FAFSE & 1AIZE 124]
1Y, 3Y, 549, 79 Apel Aol AdTe)

control ZF-E] FZ9)2 A nig]E AAste] ofrf
uj o} 7k AlA v 2A e FgAow A&

>

§ - 231 - BalY - AT - Y
methodell 9]l AXE oM, BE dolEE 3
# o+ mFEEdE mdssit. BAAE

one-way ANOVA testZ SEStH*p < 0.05,
xkp < 0,01, *%p < 0.001).

m. od7 Zo}

1. CD74bQ9] =X3F Amino Acid

o AHEe 22 Agel AREs] A7HA Sequence E4135}
0°Cell B33ITh Total RNA 2] cDNA 97 7 s e
. Sequence
o 99 A AN HuF A3k g WHo e
L o
o zagen CD74b cDNAS] ORFi 600 bpzE 199719]
na A . . = 2= .
amino acid (aa)e 93} ([Fig. 1]), CD74b
@ Real-time PCR 9] ofu]:=AkS 104aa8] MHC2-interact (4 — 107
5 o] 7kodoll o] ) .
oheFeh WelAl AR e CD74bS] B 45y 9 46aa0] Thyroglobulin type I repeats (138 -
Hjo AW 5 7r0 o
= Hﬂ Pl Aot Aok & WHOE 183 a2 wIsta QATK(Fig 1]). CD74bS] &
o o o iE)8 = 2
RT-gPCRE T3tk T2l 2t 47 &% AR DS 544, BAFHEHS 21 kDalE =AY
arEe A9 EA9n BsA 2 o1
1 ATGTCGGACCCCGAGACCCARACTCCTCTCATTGGAGGTCGGCCAGCCARCAATGTACCAGCAGCACAGE 70
M s D P E T @ T P L I G 6 R P A NNV P A A Q
71 GTIGGCAATTCCAGCCGGGCCTATAAGATTGCAGGGATAACCCTGTTGEGCCTGCGTCCTGATTGCCGGCCA 140
G 6 N 8 S R A Y K I A G I TL UL ACV L I & G Q
141 GGTGATGACTGCCTACTTCCTCCTCAGCCAGAGGAGCGACATCCAGTCACTGGAGGAGCAGAGCAACAAG 210
v M T A ¥ F L L 5 @ R 8 D I @ 8 L E E Q S N K
211 ATGAACGCTGATATGACGAGGGGAAGATCTGTTGCTGTCCCCGTTCAGATGCACTTGCCCATGAACTCCC 280
M N A D M TR G R S V A VP V Q M HL P M N S
281 TGCCTGAGCTGATGGATGACTCTGTGGATGAGGAGGCCTCCACCGGAACCCCAGAARAACCTGCCCCTTC 350
L P E L M D DS ¥V D EE A S T G T P E K P A P S
351 AAAGTTGACTGACTGCCAGCTGGAGGCAGCTGGTTTGAAGGCCGTGCAGGTGCCAGGTTTCCGCCCCAGC 420
K L T b ¢ @ L E A A G L KAV @ Vv P G F ENE
421 TGTAACAAGCGTGGCCTCTACCAGGCGATGCAGTGCT TCGGGAGACACTGCTGEGTGTGTGAACCCAGTCA 490
N K R G L Y ©Q A M Q F R H W C V N P
491 ACGGCGRAGTGACCCCAGGATCCCTGCAGGAAGGACCGGTCAGGTGCACTGTTGCTCTCCTCCCTGGCCG 560
G E V T P L Q E G P V R C T V A L P G R
561 CATGACCARRGCGTTGACTCTGCCTGARGTGGAGGAGTGA 600
M T K A L T L P E V E E *
[Fig. 1] Red sea bream CD74b nucleotide and amino acid sequences. MHC2-interact are boxed with

gray. Thyroglobulin type I repeats are boxed with black gray.
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=(Pagrus major)ol SHE CD74b2| EXRANEH EM U gt

g

1}, Multiple sequence alignment 2] ErEe] itk B Pagrus major CD74bi=
CDTbe] obvlicit Aelsh e off B g o awaash g HAT SFAAS wan
% CcDM4be  olulnal  AARY  mukiple  (Fig 3D
alignments 48t A3} CD74bi= Sparus aurata® )
CDMbS} 87%E b Ee AEAe mgow, 2 WUAL LEEA
Cyprinus carpio CD74bS}= 37%9] Hlw 4 W (1) A4 ol Aol 2] z2)d kel i
s S HAlt(Fig. 2)). A%E AENAL 24 Sold BARA A
CD74b2] mRNAY: op7bu|ol A 7hg =& k4

oh AFLAYEH 24

AE YA

CD74b2]

CD74bi= X7 2pEE E79 cluster® U
A QR ow, CD74b= ©o]F CD74b2 clusterel]

Pagrus_major CD74b
Sparus_aurata
Larimichthys_crocea
Betta_splendens
Haplochromis_burtoni
Liparis_tanakae
Oncorhiynchus_mykiss
Salmao_salar
Cyprinus_carpio

Pagrus_major CD74b
Sparus_aurata
Larimichthys_crocea
Betta_splendens
Haplochromis_burtoni
Liparis_tanakae
Oncorhynchus_mykiss
Salmo_salar
Cyprinus_carpio

Pagrus_major CD74b
Sparus_aurata
Larimichthys_crocea
Betta_splendens
Haplochromis_burtoni
Liparis_tanakae
Oncorhynchus_mykiss
Salmao_salar
Cyprinus_carpio

Pagrus_major CD74b
Sparus_aurata
Larimichthys_crocea
Betta_splendens
Haplochromis_burtoni

$AE3 ojge  RAerl 2
2o wdlS HOTK(Fig 4]). AW 2%, 7
gw_oﬂ/qg H A gk WSS Btk

1@soreTaTPLflc- - - - - 60
1@soreTaTPLflG- - - - - 60
1 MsoreTPnoPM- - - - - - 59
1 65
1 65
1T@SDPEIQNQP|EL - - - - - 60
1TMSDP- - QRAQPMIG- ASSEQTG INVGTTAEGSNKRRF 62
1TMSES- - QRQPMIG- ASSEQTAIHVGTTAEGSNKRRF 62
1TESTOGNEAPLIIR- - - APSEQTS INMGPQGRSMNNQEL 62

\IHCZ interact

61 |QSMEEQSNKMNADMTRGRSVA QMHLPMMSLPELMDDSVDE- - - EASTGTPEKPAPSKL o 122

61 |QSMEEQNNNMNAELTKGRSVA QMHLPMMSLPELMDDSVDE- - - EASTGTPEKTDPSKM o 122

60 | KSREEQNSNLQAEMTRGRSVAVIIMR THMAMNALP - VMDVSMDE- - - DSS | TOPEKPAPRQ o 120

66 |NSMQEQSHKLNTEMTNQRSVSV[@KRMQ | PMDVMPKLSDVSMDEVNKEASTGSPEKSDPEP ST 130

66 | KSMEDQNNKLESQVSQAVNSAPARIMKMHLPSNSLY - - MSDFVDT- - -DSSTGTPDDSSPPP - YK 124

61 VNSMGEN INNLESGWTKSRAVY' R--KSMDALYNMMDVSVDE- - - EASTKEPEQTVTQQA ® 120

63 | KDMQEESKSLKNELSQGRAAA KLHVPMNTKPLLIDESVDEG- - - TSTQAGP- KEGSGSP| o 123

63 | KD[MQEESHSLKKELSQGHAAA KLHVPMNTMPLL IDESADEG- - - TSTQGP- KEG- - SA o 121

63 LNTMERRSDRLQ-EISREKSVMRARGLAOMHLPMSS LALKYEEEPKE- - - - - - - KKDSSTPKPEL o 119

—Thvroglobulm type I repeats
123 e KAVOVPG > NPVNGEVTPGSLQEGPVRMTVALLP 185

123 WLSAAELKAVAVPG NPANGEMIPGSLKQGGARMTVALLP 185

121 WLEAAGKKPVAVPG NPANGKQ | PGSLKNGQAS 183
131 LASLAPVPVPG NPDNGQE IPGTLVNGRAQ 193
126 NTATGEQIDGSLRAGRAN[S 187
121 NPADGQPLPGSLTKGPAH[S 182
124 LKPVSIES D-ASGKQLSGTYTSGPAR® 187
122 KPASIPS D-ASGKQLSGTYTSGPARMGTTSAL 185

120 s EVKSLLPS DKNGVEIQDSLTNTTDTK[QSFNSA 184
186 GRMTKALTLPEVEE 188
186 GRMTKVLTLPQVEA 188
184 GKMREALTLPDIEV 197
194 GGMSLALSDAEEQ - 208
188 GTMIRMLSLPSEDN 201

[Fig. 2] Multiple sequence alignments of Red sea bream CD74b amino acids with other known
homologs ot other vertebrates. NCBI accession numbers of dicentracin are as follows: Sparus

aurata,

XP_029031720.1;

XP_030297717.1;

Larimichthys  crocea
TNN45487.1;

KAES8280808.1;  Betta  splendens

Liparis tanakae Oncorhynchus mykiss NP_001117913.1;

Salmo salar ACI69361.1; Cyprinus carpio XP 018974595.1.
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2ol - 274 - 22 - 1S - 20y - oty - B8 - YR - way
100 — Aotus nancymaae
100

—— Homo sapiens

Mus musculus

Xenopus tropicalis

100 — Oncorhynchus mykiss

—— Salmo salar

Betta splendens

100

ag —— Collichthys lucidus
86 35 —— Larimichthys crocea
| Pagrus major CD74b
47 —%,;urata

Epinephelus coioides

0.20

[Fig. 3] Phylogenetic analysis of deduced CD74b amino acid sequences with CD74b other species. The
phylogenetic tree was constructed using the neighbour-joining method within MEGA 4
software. Bootstrap sampling was performed with 2,000 replicates. The scale bar is equal to
0.2 change per amino acid position.

CD74b

g 8 g

CD74b expression level relative EF-Tat (fold)
[\*]
(=1

10

o - i - i - - —-— i || ——
K HKC sT s

L SK M 1 H B E G Wh

[Fig. 4] Expression analysis of CD74b genes in different tissues of healthy red sea bream by real-time
PCR. EF-1a was used for normalizing the real-time PCR results. Data are presented as the
mean = SD from three independent cDNA samples with three replicates from each sample.
Asterisks indicate significant differences compared to muscle.
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o
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*
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[Fig. 5] Gene expression of CD74b in the gill, liver, kidney and spleen after infection with Edwardsiella
piscicida (A), Streptococcus iniae (B) and Red sea bream iridovirus (C). Levels of CD74b
transcripts were quantified relative to that of EF-1a levels. Data are presented as the mean £ SD
from three independent cDNA samples with three replicates for each sample. Asterisks represent
significant differences compared to the control (PBS) group by ANOVA (*p < 0.05).
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