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Abstract

Lumican is a member of the small leucine-rich proteoglycan (SLRP) proteoglycan Class II family. In
particular, it plays the role of a regulator of extracellular matrix (ECM) tissue and biological function. It
also has a function for tissue repair by regulating collagen fibrin formation in interstitial tissue. In this
study, after analyzing the characteristics and expression of lumican in red sea bream, the highest expression
was found in the skin, and expression was also confirmed after infection with Edwardsiella piscicida (E.
piscicida), Streptococcus iniae (S. iniae), and red sea bream iridovirus (RSIV). As a result, it could be
confirmed that lumican has a function of repairing tissue damage and immune response in red sea bream.
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<Table 1> PCR primers used in this study

As Al A DNase 1
(TaKaRa)Z= A3ttt G HE AMZE e-tube
of %%l ¥, isopropanol (Sigma, St. Louis, MO,
USA) 500 gL, Dr.Gen (TaKaRa) 5 pL, 3M
(TaKaRa) 50 wpL& H7bsho
14,000 rpmoflA] 1033+ A& kit w2 sh
FRALE BF AT 5 A 75%
DEPC ethyl alcohol 600 pLS #7}8Fo] 14,000
rpmel A 5EFF AR s, @ AR S
eHASHAl A|AS ¥ DEPC DW (Bioneer, Republic
of Korea)E F7Fste] Hds] &3s|AIZT}. cDNA
2 ¥443}7] %, NanoVue (GEhealthcare, USA)S

ojgal FE £EE

Recombinant

sodium acetate

SEE

=738} 31, PrimeScript™
Ist strand cDNA Synthesis Kit (TaKaRa)E ©]-&-3}
o A|zAe] W el w2l cDNAZ /a3t

(3) Quantitative real-time PCR

Quantitative real-time PCR®| Alg-%¥ So]4<l
primer setsi= PmLum® c¢DNA CDS A 4ol 7%
3Fo] Primer3 ver. 0.4 (http://bioinfo.ut.ee/primer3-0.4.0/)
= o]&sto] HAISHAt<Table 1> 179+ 3
wolA PmLum® WAgFEs dotrr] Sls|
cDNA template 1 xL$®} TB green master mix
(TaKaRa) 12.5 L, DW 9.5 gL, primerE 27} 1
p LA drkstel T 25 plo] HEE Zsto]
RT-qPCRE T3 &3t

HFEHox 31E PmLum® Ct (Threshold
cycle)@t= EF-1e¢ mRNASY Ctatd} ®]wsle] 2-
A ACT method (Livak and Schmittgen, 2001)°] 2]
3l Axkersict.

Target Usage Primer sequence (5°-3")
RT-gPCR F CAAGCCTGGACATTTGGAGT
Lumican
RT-gPCR R ACACACTCCTCACCGATGAAC
RT-qPCR F CCTTCAAGTACGCCTGGGTG
EF-1c
RT-gPCR R CTGTGTCCAGGGGCATCAAT
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1}, Multiple alignment 2]

2) Quantitative real-time PCR
@ Q PmLum®] multiple alignments &4]Z ¥} PmLum
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AEAE g8, A e PWOR RTPCR ot el o oo
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[e) -

Fed 53] humand 52.1%=E
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ok 24 3] o)A Aboli= one-way analysis of 3} pmLume o179 clusterd] %3 QUglow, %
variance (ANOVA) testol o3l SRIHUNT(*p < 92 (lusterd} T5H ATHFig. 3]. 81
0.05, **p < 0.01, ***p < 0.001). PmLum< Gilt-head bream®| Lumican¥} 7} H3

-

151

301

451

601

751

901

# fARAZ FA% 5 dUrHFig 3]

ATGTTTCCTCTCCGTCTACCCCTGTTGGCCGTATTGGTCACAGTGECCCTGTGCCAGTATTATGACTACGACTACCAGCCTGTTTCCATGCTGGEACCCTCAGGGCCCAATTGTCATCAAGAATGCGAGT GCCCAATCAACTTCCCRAGC 150
ME‘PLRLPLLAVLVTVALCQYYDYDYQPVSMLGPSGPNCHQECECPINFPSI
LRRNT domain
GCCATGTATTGTGACAACCGCAAGCTCAAGTTCGTTCCATTCGTCCCAACAGGGATCAAGTACCTGTACCTCCAGAACAACCTGATAGAAGAGAT CAAGGCAGGTGTGTTTGATAATGITACTGATACACTTCGCTGGCTGATACTTGAC 300
AMYCDNRKLKFVPFVPTGIKYILYLQNNLIEEIKAGVFDNVTDTLRWLILD

AACAACCAGATTACCAATGGTAAGGTTGAAAAGGGCACGATCGACAAACTATCAGTCCTGGAGAAGCTGTTCTTTAGCAGCAACAACCTGACAGAGCCAGTCA’I‘CCCTCCCTCAAAGTCCCTCGATGAGCTGAAGATTATGCACAACAAG 450
NNQITUNGKVEZ KSGTTIDIZ XKTLSVILEZEKTILTFTFSSNDNILTZETPVTITPTP SK L DELZEKTIMHNEK
LRRﬂomm
TTGTCCAACTTCCCCTCTGGACTCTTGAACGACARGCAGAATCTGACCTCCATCAACCTTCAGTACAATCAGCTGACCTCCGATGCCATCECAGEGGCGTTCARAGGGCTGAAGRAGCTGCTGTCCCTGGACGTGAGCCACAACRAGCTG 600
LLNDKENLTSINLQYNQLTSDAIAGAFKGLlKKLLSLDVSHNKLl
LRR-TYP domain
AAGAAGCTGCCGGCCGGAGTCCCCAGTTCATTGGARATGCTCTATGCTGACTACAACGACATTGACGGTGTCGGAGCAGGATACCTGAACAAGCTGCCCETGCTGCAGTACCTGAGGATCTCCCACAACAAGCTGETGGACTCCGGGCTC 750
K KL PAGVDPSS|LEMLYADYNDTIDGVGAGYTILNE KTELPVILOQYTLRISHNEKTLVDSGCL]
LRR domain
CCTGCTGGAGTGTTCRACACCACATCGCTGGTCGAGCTGGACCTGTCTTTCAACAAACTGCAGTCCATCCCTGAGATCARCGAGCAGCTAGAGCAGCTGTACCTCCAGGCCAACGAGATCAACAAGTTTGACCTGTCAAGTTTCTGCAAG 900

P A GV/FNT|T SLVETLDILSTFVNEKLO QSTIPEIDNET QLET QILYLQANTETINEKTPFDILSS ST FCHK

TATATTGGGATCACCAGCTTCTCCCACCTGAAGCATCTGCGTCTGGACGCCAACAACAT CACACAGAGCAGCATGCCCCCTGAATACTCCAGCTECCTGCGCCAAGCTTCAGATATCATGTTTGAATAA 1029
YIGITSFISHLKHLRLDANNITQSSMPPEYSSICLRQASDIMFE*

LRR domain
[Fig. 1] ¢cDNA and deduced amino acid sequence of the Lumican.
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HE(Pagrus major)IM S™E Lumicane 2X18 SM1l M} UEHEN
Homology (%)

lumican Red seabream 12 MFPLRLPLL-AVLVTVALCQYYDYDYQEVSMLGESGERC B8

Lumican Gilthead bream XP_030296608.1 1: MFPLRLPLL-AALVIVALCQYYDYDYQPVSMLGPSGEC B8 94 7%
Lumican Giant grouper XP 033471145.1 1:MKVRPPVFEHETVLTYWPSTPHTREERTTEVMF PLRVPLL - IALVGVALCQYYDYDYQPVSMLGPSGERC 86.84%
Lumican Japanese flounder XP 019947778.1 1: -MSLLRVPLL-AVLVTVALCQYSDYDYEPVSMLGPSGPRC B8 85 259
Lumican Atlantic cod XP_030197212.1 13 MEAMSSLRVPLLLAVLLSVALCQYDDYDYRPVNMLGPSGEAC K2 77 479
Lumican rainbow trout XP 021432623.1 i3 MFPLRVPTF-AVLYSLTVGQYDDYDYQPASQYGESSGYC B 901%
Lumican Chum salmon XP 035621682.1 1: MFPLRVPIF-AVLVSLIVGQYDDYDYQPASQYGESSAYC B8 68 13%
Lumican Human AAA85268.1 2 MSLSAFTLFLALIGGTSGQYYDYDF-PPSTYGQSSPRC B7 52.1%
Lumican House mouse RAB87767.1 iz MNVCAFSLALALVGSVIGQYYDYDI-FLFMYGQISERC B7 52.71%

*k dkk * *
LRRNT domain

lumican Red seabream 39} HOECECPINFPSAMY CDONRKLKFVPFVPTGIKY | YLONNLIEEIKAGVFDNVTDT LRALILDNNQITNGK 108

Lumican Gilthead bream XP_030296608.1 39} HOECECPINFESAMYCDTRKLKFVPFVPTGIKY|YLONNLIEETKAGVEDNVTDTLRWLVLDNNQITNGK 108 g4 794
Lumican Giant grouper XP 033471145.1 70f NQECDCPINFPSAMYCDSRKLKFVEVVPTGIKYLYLONNQTEETKGGVFDNVIDGLRHLVLONNQITNGK 139 87 840
Lumican Japanese flounder XP_019947778.1 39fNRECECEILFPSAMYCDSRKLKSVEVVETGIKYLYLONNQIEEITAGVEDNVTAELRHLVLONNQITNAK 108 gL ocor
Lumican Atlantic cod XP_030197212.1 43} HVECDCPTGFPTAMYCDSRKLKSFPVVPTGTKY | YLONNQTDE TKAGVLDNVTAELRWLIMDNNLLINSK 112 79
Lumican rainbow trout XP 021432623.1 39} AQECECPTNFPTAMYCDSRNLKFVPTVESGTKY | YLONNLIEE TKAGVFDNVTAELRWLVLDHNQI TNEK 108 2561%
Lumican Chum salmon XP 035621682.1 398 AQECECPINFPTAMYCDSRNLEFVPTVPSGIKY | YLONNLIEE IKAGVFDNVIAELRNLVLDENQITNEK 108 £8'130/
Lumican Human AAAB5268.1 38} APECNCPESY PSAMYCDELKLESVPMVPPGIKY | YLRNNOTDHI DERAFENVTD-LOWLILDENVLENSK 106 £ {07
Lumican House mouse AAB87767.1 3B ADECN CPHS Y PTAMY CDDLKLK SVPMYPPCTKYE YT RNNQT DHI DEKAFENVTD- LOWLILDHNLLENSK 106 5271%

_**_**___*_*kk*t___i*__* k*_***k**t_ii_*__ﬁ ______ *kk_ i_i*__*_k___ﬁ *

lumican Red seabream 109: VEKGT IDKLSVLEKLFFSSNNLTEPVIPP §KSLDELKIMHNKL SKFESG)L LNDRENLTSINLQYNQLTSD 178

Lumican Gilthead bream XP 030296608.1  109:IEKGTIDKLIVLEKLFFSSNELTEPVIPEJKSLOELFKMMHNKMTKEPSGLLSDRENLTSVNLQHNQLTSD 178 94 7%
Lumican Giant grouper XP 033471145.1 140: TAKGTIDKLTGLEKLFFSNNELTEPVI PP §KATDELKMMHNKL TKFESGLLNDRENLTSISLQHNQLSSD 209 86.84%
Lumican Japanese flounder XP _019947778.1 109:IAKGTIDKLTALEKLFFSYNNLTEPVIEP KSLDELKLMDNKLSKEPSEELNDKENLTSINLQWQLTSD 178 85.25%
Lumican Atlantic cod XP_030197212.1 113: VAKGTTDKLSALEKLYLSDNQLTEPT T PS §KATEELK TMNNKL TKFPSGRLNNKENLTSYNLQHNELTSE 182 A7
Lumican rainbow trout XP 021432623.1 109: VAKGT T DKLTGLHKTLFSFNKLTEAVT PP §KST DELKMMNNQL SKFPAGFLAGMQNLTSVHLQNNELTSK 178 556122
Lumican Chum salmon XP 035621682.1 109: VAKGT T DKLTGLHKTLFSFNKLTEAVT PP §MST DELKMMNNQLSKFPAGFLAGMONLTSVALQNNELTSK 178 68.13%
Lumican Human AAA85268.1 107 : TKGRVFSKLKQLKKLH INHNNLTESVGPT JKSTEDLQLTHNK I TKL-~GPFEGLVNLTFTHLQHNRIKED 174  52.1%
Lumican House mouse AABS7T767.1 107: TKEKVFSKLRQLKKLHINYNNLTESVGPLKSLODLOLTNNKTS ;FDGLVNLTFIY‘LQI-DIQLKED 174 5271%

_______ kt_ Iﬁ wp‘k&* _t. __k__t_ & ‘k___k __iii **_k_t‘__
R- othain LRR domain
lumican Red seabream 179: ATAGAFKG}KKLLSLDVSHNKLKKLPAGVE S S EMLYADYNDI DGVGAGYLNK} PVLOYLRI SHNKLVDS |248

Lumican Gilthead bream XP_030296608.1  179:AIAGAFKGRKKLLSLDVSHNKLKKLPAGVPSSLEMLYADYNDIDGVGAGYLNKRPALOYIRISHNKLVDS [248 94.7%
Lumican Giant grouper XP_033471145.1 210: GISGAFKGIKKLLSLDVSHNKLKKLPAGVPSSLE ILYADYNDI DSVGAGYLNKYPALOYLRISHNELVDS [279  86.84%
Lumican Japanese flounder XP_019947778.1 179:SLSGAFKGEKKLLSLDVSHNKLKKLPAGVPSSLEILYADYNDIDSVGAGYLNKRPALQYLRISHNKLADG [248 85 25%,

Lumican Atlantic cod XP_030197212.1 183: AVSGAFKGARRLLSLDVSHNKLKKLPTGTPNSLE LYADYNDIDSVAGGYLNKYPALKYTRISHNKLVDS [252 77 479%
Lumican rainbow trout XP_021432623.1 179: ALNGVFKGINKLVAIDLTHNKLKKLPSGMPS S ETFYGDHNDI 5SS TAAGDLKE}PKLAYLRLAYNOMTDA |248 i
Lumican Chum salmon XP 035621682.1 179: ALNGVFKGRNKLVATDLTNNKLKKLPSGMPSSEETFYGDHNGI SS TRAGDLKE}PRLAYLRIAYNOMTDE [248  68.13%
Lumican Human ARAS85268.1 175: AVSAAFKGEKSLEYLDLSFNQTARLPSGLPVSY LTLYLDNNKI SNIPDEYFKR [NALOYLRLSHNELADS |244 1%
Lumican House mouse AABB7767.1 175: AVSASLKGEKSLEYLDLSFNQMSKLPAGLPT Sf.LTLYLDNNKI SNIPDEYFKRJTGLQVLRLSHNELADS [244 52 71%
*k EJ E3 E] EE ] L L3 x
C T T Ty "LRR déimain

lumican Red seabream 248
Lumican Gilthead bream XP 030296608.1 249
Lumican Giant grouper XP 033471145.1 280

SLVELDLSFNKLQSI PEINEQLEQLY LOANE INKFDLSSFCKY IGITSESHLKHLRLDAN
ISLVELDLSFNKLQSI PEVNEQLEQLY LOANE INKFDLS SFCKYVGITSESRLKHLRLDAN
%LVELDLS FNKLQSIPEINQOLEQLY LOANE INKFDLASFCKYVDPLNRSRLKHLRLEAN

Lumican Japanese flounder XP_01994777B.1 249 T PAGVFNVYSLVELDLSFNRLQS I PEINLHLEQLY LQANE INKIDMSSFCKFTDINT§SHLKHLRLDAN 318 8525%
Lumican Atlantic cod XP_030197212.1 253 J3IPAGVFNVYTLVELDLSFNKLQS I PEINEQLQOLY LQANE I SKFDLMSFCKYVGPINYSHLKHLRLDGN 322 7747%
Lumican rainbow trout XP_021432623.1 249 5T PAGVFNVISLIELDLSYNKLQS I PEINEQLEHLY LQANE INKFNLENICKF SGPLNYSRLKHLRLDGN 318 690?%
Lumican Chum salmon XP7035621682.1 249 5T PAGVFNVISLIELDLSYNKLQS I PEINEQLEHLY LQANE INKFNLENICKFSGPLNYSRLKHLRLDGN 318 681 3%
Lumican Human ARABS5268.1 245 YT PGNSFNVYSLVELDLSYNKLENI PTVNENLENY Y LEVNQLEKFDIKSFCKILGPLSSKIKHLRLDGN 314 521 [
Lumican House mouse RABB7767.1 245 J5VPGNSFNIFELLELDLS YNKLKS T PTVNENLENYY LEVNELERFDVRTFCKILGPLSSKI 314 52719
z ___vl]’___'}:_kk*ti_i_‘k__**__}__*___ti__i___* _____ *k * *kil’t‘ *

lumican Red seabream 319 342

Lumican Gilthead bream XP 030296608.1 319 342 94.7%
Lumican Giant grouper XE 033471145.1 350 3713 86.84%
Lumican Japanese flounder XP 019947778.1 319 342 8525%
Lumican Atlantic cod XP_030197212.1 323 349 %567
Lumican rainbow trout XP 021432623.1 319 TRQASDITFD-—— 342 01%
Lumican Chum salmon XP 035621682.1 319 LRQRSDITFD-—— 32 68.13%
Lumican Human AAABS5268.1 315 §RISETSLPPDMYELLRVANEVTIN-—— 338 52.1%
Lumican House mouse AABB7767.1 3154PLTQSSLEPDMYHLLRVANEITVN-—— 338 52.71%

*

Kok %

[Fig. 2] Multiple alignments of PmLUM with other species LUM amino acid sequences. NCBI accession
numbers of dicentracin are as follows: Gilthead bream, XP 030296608.1; Giant grouper,
XP _033471145.1; Japanese flounder, XP_019947778.1; Atlantic cod, XP_030197212.1; Rainbow
trout, XP 021432623.1; Chum salmon, XP 035621682.1; Human, AAAS85268.1; House mouse,
AAB87767.1.
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[Fig. 3] Phylogenetic analysis of deduced LUM amino acid sequences in fish. The phylogenetic tree was
constructed using the neighbour-joining method within MEGA 4 software. Bootstrap sampling was
performed with 1,000 replicates. The scale bar is equal to 0.05 change per amino acid position.
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[Fig. 4] Detection of PmLUM genes in different tissues of healthy red sea bream by real-time PCR. EF-1
a 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 (*p < 0.05, **p < 0.01, ***p < 0.001) compared to Liver.
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[Fig. 5] Gene expression of PmLUM in the kidney, spleen, gill and liver after infection with E. piscicida
(A), S. iniae (B) RSIV (C). Levels of PmLUM 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, **p < 0.01, ***p < 0.001).
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