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Abstract

When pathogens invade fish, MHC class II and CD74 bind to the Golgi apparatus of antigen-presenting
cells and are transcribed, causing an immune response. Through NGS analysis, the molecular characteristics
and tissue-specific expression of PmCD74a identified in red sea bream were confirmed. As a result,
PmCD74a showed high expression in the gills and intestines, and showed downward expression after
pathogen infection, and then upward expression. The results of this study suggest that CD74a will play an
important role in the immune process of red sea bream.
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a17] wiell MEF FEEFAA L olF B el
Al MHC class 11$} CD749] 45282 F4=7]0)
TH(Collins et al., 1984).

CD74 T invariant chain< 1970 dthol] MHC
class 2] 22 A7) G FANA S &A=l oM
(Jones et al., 1979), 198310l & QIZFoA HA|
2 THClaesson et al., 1983). CD74+= +Z MHC
class IE &3 214 FAES AASH= hAA]
X, B AE, FAA AEe e wel AELofA
HHEE A02 HIEtHMomburg et al., 198
6). HAFEEo|A MHC class 112 FAAF= thoF
sk e ARAE flste] g & Ao, o
ARl EAS 7ER|al ITHMaccari et al., 201
7). CD74% MHC class 119 t}8A 3k AFaiglo]
Agral(Koch et al, 2007), 28 %5 o] &3}
o] MHC class 119] felo]= At 9o Aslts}
7] $I38t class II-associated li chain peptide (CLIP)
-1+ 81 - 104 amino acidE ©]F 1L Qlth ©] C
LIPS CD748F MHC class 11 Ato]o] FQ3+ At
7% 2Fo] th(Bijlmakers et al., 1994).

A7t A HE=E BHE o] FEEE XEs)A
A7 A8 F<l CD74= A MHC class 1190
Al CD749] 93 W ofue}l CD74 AA|9] o gte]
B AT Uk A7 F AF s C
D747} B43tE o] Hutog o]Fojx FuS W
Sk AR HIHS O (Farr et al., 2020), &
W 95 22 W9 Z3to|A] macrophage migrat
ion inhibitory factor (MIF)®} CD74 H&A|7} A=
¢ A8H o7 8ol HY] Y CD74 SN AS
S TEE Ao MIFY AfsteE 98 g9l
3= A7 QItk(Kok et al, 2018).

o] Fol M 1990t CD742] Kzl 9llon
(Yoder et al., 1999), Z&o]FellA CD74= 5ol
A= CD74a8} CD74b7} &elald=|at, zhzho
7% Aol BalE A AtThDijkstra et al., 200
3). ©]5F CD749] 7|2 MHC class 118} =3}
of A ol 7% %2 Jeto|l= AA] ¢F ol

EFFL FAEE 7S & Aor BRuEHTKC

o

riscitiello et al., 2012). 181} A7+ CD742} #9]
o5 CD749 AHA 7)Eel B3 Ay Fs] 4
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e TR B4 HEeEd AAsh #4110
- 200mel| A A3k AEolfFold, Hu A
X AAHSR Fast ofFoltt. 18y FE
of st A= Aol wst AFE Aol
(Duy Khoa et al., 2020), Fg-&l A= A
Aoz FEoh AAolrt e oFd Y Fol

h=
chFet WA mEEe] Yo

gk A
Hsrel £/ W] el AT PE %
A glold AR Pael Foste, 53] A%

=

™ ¢ (adaptive immunity)°l] 4] 523t MHC class 11

o} A Cp74e] ATE F3l

A Aol F2
T AUe Aol

olfl AFellM= olF CD742] 715l
= ]

g F453, A olshe

A wd

1. Next-Generation Sequencing (NGS) 24

Lipopolysaccharide (LPS)Z #At=3 Z52] 7He
ZH-E] Next-Generation Sequencing (NGS) 45

23] & CD74a (PmCD74a)2] ¢DNA full-length
= FHh

M

NGS #4& &3 5%3%¥ PmCD74a2] ORF (O
pen Reading Frame) ©}v]:At AL Genetyx 7
(SDC Software Development)$} National Center for
Biotechnology Information (NCBI)] BLASTX prog
ram (http://blast.ncbi.nlm.nih.gov/Blast.cgi)= ©]-&3}

of EAskqlet 5ol# Z=wQle] 1A= Simple
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Modular Architecture Research Tool (SMART) (htt
p://smart.embl-heidelberg.de/) = <135} o v, H-=}
% #H(molecular weight)¥} 5717 (theoretical isoelect
ric point, pI)<> ProtParam tool (http://web.expasy.or
g/protparam/)= ©]2-3}0] o531 t) NCBIQ seq
uence database®] =¥ TS °]F=2 CD74 A
< multiple sequence alignment:= ClustalW (http://
www.genome.jp/tools/clustalw/) 5  ©]-8-3}o F2J35}
Rom, FA gFA7IALY FEE motifs
2t7] 313 Multiple Em for Motif Elicitation (ME
ME) (http:/meme-suite.org/)S ©]-&3}o] 533
. AE 2AEAE £42 Mega-X program®] nei

ehbor-joining (N)#1-S ©] §-8te] #4315it}.

o ofN g

o
o
n
d
2

o7 A&t AdEE AL total
RNA FZ317] A7FA] - 80T oA R &3St
L}, Total RNA % % cDNA 3

A& 2459 total RNA F%2 Son(2020)
o] WS Faste] 488k th RNAiso (TaKaR

a) 600 «LE 7} 5 homogenizers ©]&3l &

A

SERT R

[
r
A

stAIF T 18] 3L chloroform (Deajong)= 100 ¢ L
A7Vl vortexingdt ¥ 14,000 rpmelA 10=3F
A Seleh EeE AT A2 e-tube
o %71 ¥ PCI (Biosesang)E &% H718F] 14,0
00 rpmellA] 10:27F Y4#2]E 3F3l, Genomic D
NAS AAE 93] 4ZF NS Recombinant DNase
[ (TaKaRa)E ©]&3}l] DNase A& 3I3Ith 45
NS A2 e-tubeoll &3 $, isopropanol (Sigm
a) 500 xL, 3M sodium acetate (TaKaRa) 50 4L,
Dr.Gen (TaKaRa) 5 #L & Z7}sto] 14,000 rpm
oA 10w7F AT stk wElE AdTds
B AAS 5, AlAHE 98l 75% DEPC ethyl al
cohol 600 pLE F7Fete] 14,000 rpmell A 523t
A Selch Al & > AFA AAE
A3l el A 10-15% AA 1% -, DEPC D
W (Bioneer) & A= H7lste] ¢ds] &35k
Tl cDNAE 43171 4, total RNAE SE8 &
5 574317] #1389l NanoVue (GEhealthcare)E ©]
23 =743} 3, PrimeScript™ st strand cDNA
Synthesis Kit (TaKaRa)E ©]-&3}o] A ALY W
o we} cDNAZE g3ttt

t}. Quantitative real-time PCR (qQRT-PCR) 4]

4 FEoA PmCD74a8] HAFTS dolr
7] 915t TB green master mix (TaKaRa)S AR&-
& Aol uwe} qRT-PCRS o,
&3t gRT-PCRE] 713} primeri= <Table 1>°f 3
A8t} PmCD74a%} EF-1 @ & Ct (Threshold cyc
le)#te ME Blste] 279" method (Livak and
Schmittgen, 2001)°ll ©]8}e] A4ts] St

<Table 1> PCR primers and qRT-PCR condition in this study

Target Usage Primer Sequence (5’- 3°) gRT-PCR condition
qRT-PCR F GAGCTTTGAGACCTGGATGC . .
CD74a 95C for 10 min
gRT-PCR R CACACTGGGGCTTGTAGGAT followed by 45 cycles at
gRT-PCR F CCTTCAAGTACGCCTGGGTG 95C for 20 s and
EF-1 ¢ 60C for 1 min
gqRT-PCR R CTGTGTCCAGGGGCATCAAT
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8eAl ol Age
1917099 F PmCDTa®] WASo1YS s Baof ey
hyA
A

71 918t =S Streptococcus iniae (1 x 10° C

Ho
o
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el
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B

ol

ok

LAY FHA YalEs 5. S
Al ]lea mE A

W] saslgn. 4¥S
£ Yoy il + BEAAE

sl o, 52124 x}o]:= one-way analysis of

3
5

FU/mL)$} Edwardsiella piscicida (1 x 10° CFU/m  variance (ANOVA) testo] 2J3] ZIEAch*p <
L), Red sea bream iridovirus (1 x 10° copies/mL) 0.05, **p < 0.01, ***p < 0.001).
= 309 dgeew 747 ?&oﬂ 30 v

o] 100 pL® EBE7ES 91 zrow EoF
°] PBSE Folalith. & ﬂz‘/‘} T 1AIRE 124]

m. 47 Ao}

ZE 1, 3, 5, 79 A 7—, 7t Agwa 2T S 1 pmCD74aQ] EAIE EN
ZHE TR v A, v, b 24

TR o R AEetal, Aol AMEsh] WA -
80CS] A& ¥Aalel Hyagirt
U}, Quantitative real-time PCR (qRT-PCR) #%

7}. Open reading frame (ORF)

PmCD74a ¢cDNA2] ORFi= 858 bp= 28571¢] a
mino acid (aa)E Y33}t Qglo, A T
W AL ZH7F 70 kDast 5.04% oS EGIth

HdA A9 F FE 249 total RNASH ¢ o wrjele .
DNA 34 723 qRT-PCR B4 gArola PmCD74a J— 2l MHC2-interact (91 1.13 aa),
FBAAe] AL T 2o W o= ZaE) MHCassoc trimer (127 i91 aaz, Tyroit:: in type
- o x3sly i
AL, el B A 20T g | TP (107 262 0 SRS ST
2 AR, D

71

111

211

281

351

421

491

561

&31

701

7L

841

7O

TGCCTG GAACACCCAGCGGGGGC 44 & CAAACAGT i GTGC CTTCAAGAT TGCAGGCCTGACAACACTGG CATG 140

210

ALAL GCCCA™L bAALAGCC'L' GUCCCCTITGATGATCGCGACTACATCCCAGATGAGGACT CCAAGGUCATCCAAGAC S50

ACCCATGACTAAACTGCGCAGGACACCGTGGEGTCAGCGT GGAGAAACAGGT GAAGGATCTCATCCAGGACTCG 420

4920

AGTGGCAGAGCTTTGCGAGACCTGGATGCGTTACTGGCTGATCTTCCAGATGGCCCAGCAGCAGCCTCCACC 560

CCCARACATCAGCAGCCAGCCACTTTGATCAAMGACCAAATGCCCAGGTCGCGAGGUCTGCACCTGCGCGAGGACCCACCT &30
= I = E| r N T h ) jo — K [ [e] v = Ly D r fed G r —

AAGCGATOCCGGATCOCTACAAGCCOCCAGTETGACGAGOCAGGGOCOCGOTACAAGOCCCATGOCAGTGOTEGUEACGOCA FOo
K I j=] = Y K P Q C D E Q G RrR Y 129 P ™M Q Z W H £

CTGTAACAAAGGCAGACGCGCAGCTCCTGGEGTAGCATGCTGTTTGCCCCCAGGCTGATGCAGAAGACCCTC 840
= N K & R B A P (= s ™M I. b ey P R I ™M f=l K bt 5 I.

AGCGTCGATGATAAGTAA 858
5 ~ D D jos =

1] The cDNA and deduced amino acid of PmCD74a. MHC2-interact domain are gray boxed.
MHCassoc_trimer domain are black boxed. Tyroglobulin type I repeat in PmCD74a are dark
gray boxed.
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1}, Multiple sequence alignment (Cho7]44)

PmCD74a%} & ©]72] CD74a 9= vl st
of BsH7IAE B4 F3T A dAHd
FE’de] Wl 74 - 90%3ItE. PmCD74at= Gilt-
head bream (Sparus aurata)®] CD74a®} 90%% 7}
T =2 A5 AAES B89, Zebra mbuna (maylan
dia zebra)®] CD74a”} 74.83%% 7V W+ A%
d& HTH([Fig. 2)).

IEXHOTE HEH motifs F<lsh

Az} 3709

A
]

[40

SR

Hr

motif’} REHANE A& FAsts o™, ZF mot
ifd A9 (KIGSYKPQCDEQGRYKPMQC WHA
TGYCWCVDETGAPIEGTTMRGRPDCQR), (VEKQ
VKDLIQDSZLPQFNETFLANLQSLKQHMNESEWQ
SFESWMRYWLIF), (PRGGSNSRA LKIAG LTTLA
CLLLASQVFTAYMVFGQKQQIHTLQKNSERM) ©]
Ak T3 579 cysteine®] HEEHOIG:= AL
gelatqitt.

— MHC2-interact ' E———

Pagrus_major CD74a
Sparus_aurata
Dicentrarchus_labrax
Morone_saxatilis
Oreochromis_niloticus
Siniperca_chuatsi
Oreochromis_aureus
Lanimichthys_crocea
Lateolabrax_japonicus
Maylandia_zebra

Pagrus_major_ CD74a
Sparus_aurata
Dicentrarchus_labrax
Morone_saxatilis
Oreochromis._nileticus
Siniperca_chuatsi
Oreochromis_aureus
Lanmichthys_crocea
Lateolabrax_japonicus
Maylandia_zebra

R VVIY | PDERRIKAS Kig
BARGLMVINY | PDEDRIKS S KLV T]S

Pagrus_major_CD74a
Sparus_aurata
Dicentrarchus_labrax
Morone_saxatilis
QOreochromis._nileticus
Siniperca_chuatsi
Oreochromis_aureus
Larimichthys crocea
Lateolabrax_japonicus
Maylandia_zebra

GRYKPM

GRYKPMACW

TSEP@TL 195
-dVSQPRAL 134
TADPESL 193
TADP@SL 194
TPQSTT 194
TADPRSL 193
TPOSETT 194
TAQSEST 193
VAEPRST 19
TPOSETT 194

%85
b
80
281
284
281
284
%0
283
284

[Fig. 2] Multiple alignments of PmCD74a with other vertebrates. NCBI accession numbers of dicentracin

are as follows:

Sparus aurata, XP_030252735.1;

Dicentrarchus labrax, ABH09445.1; Morone

saxatilis, XP_035525849.1; Oreochromis niloticus, XP_003455233.1; Siniperca chuatsi, AAS77256.1;

Oreochromis — aureus, XP_031606845.1;

Larimichthys

crocea, XP_010739355.3; Lateolabrax

japonicus, QIM55159.1: Maylandia zebra, XP 004571772.1.
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100 —— African clawed frog NP 001184041.1
L western clawed frog NP 001184039.1
100 Human NP 001020330.1 .
r— Mas night monkey XP 012306070.1 — Ma mmals

10 L House mouse NP 0010360701 _J

36 | Nile tilapia XP 003455233 1 )
4‘0°|islue tilapia XP 031606845.1
Zebra mbuna XP 0045717721

Japanese sea bass QIM55159.1

Chinese perch AAS77256.1

Red seabream CD742 @

Gilt-head bream XP 030252735.1

Large yellow croaker XP 010739355.3
European bass ABH09445.1

100 Striped bass XP 035525849.1 -

0.10

]— Amphibia

— Fish

[Fig. 3] Phylogenetic analysis of deduced PmCD74a amino acid sequences with other species. The
phylogenetic tree was constructed using the neighbour-joining method within MEGA X software.
Bootstrap sampling was performed with 1,000 replicates. The scale bar is equal to 0.1 change

per amino acid position.

T}, Phylogenetic analysis (A5 WAE2 4

PmCD74a9] 7T 2Ahs £44d3} Ef72
CD749} H/HE] cluster’t ©]F CD74a° Lbebet
A& sl PmCD74at= 0152 CD74a2] cl
uster®]] ¥3FE o] QI O gilt-head sea bream¥}
st FABAE R k([Fig. 3)).
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SRR

WA 29 F 7 o, w1, Aol

PmCD74a2] 1&g

E. piscicida's

A Azl we sk
I

CD74a
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5
, I I n I I i I ‘ n
K HK L ST S M H B E G

[Fig. 4] Tissue distribution of PmCD74a. Vertical
bars represent the mean + SD. Error bars
represent the standard error of three
replicates.  Asterisks indicate significant
differences (*p < 0.05, **p < 0.01, ***p
< 0.001) compared to liver.
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E=(Pagrus majon)diM 22|= CD74a2| &AM S2anl Helxy gl 24

5o & skHlE] .o o :
e W1l & s AlFselth(Fig
S.iniae

L :

1
£ Ig 1 I .
. 1 1
i L ' ia
[ N "
Gill Kidney Liver Spleen
mCon m1h m12h m1d 3d m5d m7d
E.piscicida
= " L T « otz .
T w N T.m ¢ &
el Bl L
I | i -
Gill Kidney Liver Spleen
mCon w1h ®12h ®1d ~3d w5d m7d
RSIV

I
L 0t 1
s Im N
= . . .
& - b3
. * s .
- z -
Gill Kidney 1

<<<<< Spleen

mCon w1H m12H m1D ~ 3D =50 m7D

. 5] Induced PmCD74a expression after infection
E. piscicida, S. iniae and RSIV. Vertical
bars represent the mean + SD. Error bars
represent the standard error of three
replicates.  Asterisks indicate  significant
differences (*p < 0.05, **p < 0.01, ***p <
0.001) compared to control (0 h).

N.Z &2

AZolF2 CD74+= CD74a9} CD74bE £33

MHC2-interact:== MHC class II°] #-# % invariant
chain®} CLIPA|A WA EE= =W o2 MHC clas
s I 19 3HgolA MHC class 1T HgA942]
Aol 23t =rQlolth(Zhu et al, 2003). A& Al
¥l MHC class 1T O|FFA7}F AXZA R o] 53
% invariant chain?} A3 ste] AFEAE FASHA
¥=dl MHCassoc_trimer= ©|w] A& o] FA
e Zdleld, olgA FAE AEAlE o
FAEe AR HysEo] MHCS ZH
4 g Al vlg- Tt Js FsA ¢
TH(Jasanoff et al., 1998). Tyroglubulin type I 7
Ao ddskE 5ol detuidE e
IR " MHC class 119} invariant chain®l| A= 271
Hi= Zrllo]tk(Koch et al, 1987). PmCD74ac]
ME AATET 2ol 3749 =HdE Fels)
GO M([Fig. 1]), PmCD74a HA] 7]FE &AT-oA
KHid CD74 71# fAFSHA MHC class 11 ™
ol e 7]oiE & Zow AN tEH)
A9 motif EATNA 3709 motif’} TEE H

8 e FAg = oH[Fig. 2], A5 LAY
A S Bl e AJFEH 22 clusters ©|
F & B9E W PmCD74a7} o172 W3ty
o ;] HEo] ZEo] Qlu FASE ks g Ao
2 A7 Eti([Fig. 3)).

i

PE]}\

Jo 4104 PmCD74a2] WS
ke g Al e WAL Q)

BN
>
)
::1,

s glst
QA TH([Fig. 4]). oP7Imlel 22 Ao wE=7t
w31, Wonkgo] FstAl dojue A
2 484 glom, A3 dodn Fgudes F
3k Arjoltt. o] A AR w|FojHo}
PmCD74av 59 WRESeA Fa3 AT
g oz A7ty MayATolA] Zdoi(dabry's
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A - 2ol .

ETER
sturgeon)x= oF7u|o| A 7HE A YA B
¥ (Chen et al., 2020), F](grass carp)®] C
D74 AL AgelA 7MY w2 2 @s B
S m(Chen et al., 2017), A 7}/doJ(chinese sturgeon)
o = HZgol =& Wdo] HUHUTKLI et a
1, 2017). ©]&13t CD749] Aaolx LHAANR=
Hoks w ofFel whet wE o] Apol7t Q=
2 oAAAM F o thgst Foll gk EAo] %
i) g o A A e
WA ¥ kg 240 PmCD74at E. piscic
idaol Al 12217V, S. iniae ]/\1 19 =}of], RSIVel
A 3 2pbA] sk & v AEREs B
ol A¥E e tk(Fig. 5)). 18 APAF
oA Aol CD749 Vibrio anguillarum 9
Al MHC class 112} 7o) ZFdF W3t Ao B
TE QAL et al, 2017), 2ol M= Edwardsie
lla tarda®ll 7+ 5 A st
s wolow, FAIF ulgeA 1241317 2
447}&1101] 38l S WQITHChen et al, 2020).
A Ao § CD749]
Wi} He Agoels] A
ekl 4els Welrls
3l FéoﬂE =78tal oW PmCD74a
o] A AMEE S iniae®] 57 bacteriocin
Ql Sile] Mz HY WSS AASI(Li et al,
2014), RSIVZ} 43+ Megalocytivirus 50| 74&9]
¢ miRNA (microRNA)E ©] &3] 74 %7]
Al A wlolg| Ao BAE FZIA17], AEH
= 24 QIxpe} B2 HRIAE %o]@gi &
ARt H1 = Uk Zjage et al, 2016). L 2]
% HdATE 7IAFA Toxoplasma gondii®] A
gl = 9o717] 98 Ccp74e] Fo T4
o] W3S ZH3to] MHC class 1 S
AT7F A HLeroux et al., 2015).
- 4 SF:AAE fek] o
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A= AAste] el #elsHAl e fd |
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d A7t Festa AzbECh

HoATeA Hel 9 FgE FeEel CD74al

A4 54T W 443 invariant chain 5
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