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Molecular characterization and expression analysis of lysozyme in Starry
flounder, Platichtys stellatus
Hyo Jin Park

Department of Aquatic Life Medicine, The Graduate School,
Pukyong National University

Abstract

Flatfish have arisen world wide as important candidates for
diversification in aquaculture. In Korea, the starry flounder, Platichtys
stellatus 1s considered as an alternative species to olive flounder,
Paralichthys olivaceus, according to 1its high commercial value. The
aquaculture of starry flounder had begun on east of Korea“from 2006, the
first mass mortality occurred in 2007 by infection of Streptococcus parauberis,
which is gram-positive bacteria with single peptidoglycan layer on the cell
wall.

Fish innate immune response is activated by granular leukocyte and
macrophage at the intial stage of infection. Lysozyme is an important
molecules in the innhate immune system and other inner organs. The key role
is catalysis of B-1," 4-glycosidic bond hydrolysis of peptidoglycan layer.
Therefore, lysozyme has been considered as one of the most effective
defense factor against bacterial infeetion, including.S. parauberis.

Lysozyme activity of skin mucus—and-—serum was investigated after
abdominal injection with S. parauberis and physiological saline as control.
The lysozyme activity of skin mucus increase immediately after injection,
and reached peak level after 8 hour post-injection, but it decrease gradually
thereafter. Control group activity did not show any significant change.
Lysozyme activity of serum reached the highest level at 4 h post infection.

At 5 day of post-injection, the activity level of lysozyme decrease, still kept



higher level than control even if decreased. The control group activity
increase gradually, after injection.

In this study, Chicken (C)- and Goose (G)-type lysozyme cDNAs were
cloned and characterized. Also the tissue expression profiles of each type of
lysozyme genes were investigated in the normal starry flounder and
successively after injection with S. parauberis .

For cloning of two type lysozyme genes, partial fragments were
amplified using degenerated primers, and Rapid Amplification of cDNA Ends
(RACE)-PCR was performed. C-type lysozyme cDNA full- length is 625 bp,
including a 5'-untranslated region (UTR) of 28 bp and a 3'-UTR of 165 bp.
The 432 open reading frame (ORF) encodes a protein of 143 deduced amino
acid, including 8 conserved cysteine residues and 2 catalytic residues,
Glutamic acid (Glu) and Aspartic acid (Asp).. G-type lysozyme cDNA full-
length is 870 bp, including a-5'-UTR of 129 bp and a-3'-UTR of 174 bp.
The 567 ORF encodes a protein of 188 deduced amino acid, including 2
catalytic residues Glu and Asp.

The semi quantitative ~reverse’ transcription (RT)-PCR was" used to
determine the tissue expression profiles of lysozyme genes. In normal state
of starry flounder, C-type lysozyme mRNA was expressed in spleen, liver
and gill, and G-type lysozyme was expressed In various tissue including
heart, kidney, spleen, gut, intestine, liver and gill.

Lysozyme C was up-regulated- after. 72 h post injection with S.
parauberis in kidney and spleen, but not increse in liver of starry flounder.
It Lysozyme G was Iincrese-after=4 -h post injection in- kidney, spleen and

liver, and decrese after 72 h post injection.
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Patrzykat et al.,, 2001; Tort et al., 2003; Magnadottir et al., 2005;
Bergljot, 2006; Shailesh and Sahoo, 2008).

Lysozyme< WA el A& Agste]l 234 Zaf28&5 sk lIvtic
enzyme <% SR  macrophages ¥ 7oA EnH]EoO] Mt
peptidoglycan layer?] B-1, 4-glycosidic bondE 7}&af gk}, Al o]
single peptidoglycan layer® -/J%¥ gram-positive Azt sl 2754 <l
P A8S YO7]3 gram-negative Aol MEWES Thpdlste] thE
HARNALS] i AES =obF7] o] Fogh A3 AR 5 SR

2

a1 9t} (Afzal et al, 1977; Andre et al., 1991; Bergljot, 2006;

’
1
i)

Lien et al.,, 2008; Saurabh and Sahoo, 2008). Lysozyme< Hen egg
whiteoll 4 #S EF]¥ chicken (C)-type lysozyme, embden goose]
egg whitedlA S £ H goose (G)-type, starfisholl A #H< Ho] ¥ o]
2371 invertebrate ()-type, bacteriophage T4olA] #¢]¥ phage-type,
Streptomyces erythracusol A %8l¥ bacterial-typed 2 EoA 7 Eg
7} 3l plant-typel & E-FEH il gt} FHtolx= o] F9 C-typedt G-type
lysozymes®] A G228} 7%= Bl Ag7F &EStA o] FofAa
t} (Jolles and Jolles, 19755 Weaver et al., 1985; Wanga et al., 2005;
Callewaert and Michiels;. 2010).

o}7F9] lysozyme C+= Rainbew trout-Oncorhynchus mykiss, Turbot
Scophthalmus maximus, Zebrafish Danio rerio oA 1 A=A %7}
3% At} (Dautigny et al., 1991; Liu et al., 2002). Lysozyme G2
A F27F 937 olFd= Orange-spotted grouper Epinephelus

coioides, Large vyellow croaker Pseudosciana crocea, Atlantic cod



Gadus morhua L, Yellow perch Siniperca chuatsi 5°] Tt} (Yin et al.,
2003; Sun et al., 2006; Zheng et al., 2007; Larsen et al., 2009).
Common carp Cyprinus carpio, Olive flounder Paralichthys olivaceus,
Brill Scophthalmus rhombus®} Grass carp Ctenopharyngodon idellus ©l
M= lysozyme C 9F GO #32 +x27F 25 984 ok (Fujiki et al.,
2000; Hikima et al., 2000; Hikima et al., 2001; Savan et al., 2003;
Ros a et al., 2008; Xing et al., 2010).

S. parauberisi= AMAA S.%2 Rainbow trouts H|E3}] Japanese eel,
Yellowtail, Turbot & ThFE oJFollA Zelsm AWS Foshs ¥
Aleteltt (Hoshina et al., 1958; Austin and Austin, 1993; Kusuda and
Salati, 1993; Toranzo et-al,, 1994). $-2 vtetelA] of 7ol dHS& F
i S. parauberis= F4 @A AeviE|dl A ZElEem HEEAQL y-
£84 dArvor HeAnh (& 5, 2007). @A A4 S35} A%
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ool AR ALY 9 4 nold QAW ok B2 by 7
Mg W 2Y, $EA 79 299 2R 4w o) 9734 nolt ¥

rok
)
>,
N
r o
i
i
32
o
-
AL
BN
4N
=2
o
1o,
ofj
gk

)
g
et
flo
i
s
N
N

o
%9,
v
o

A3 el gata vk offel Awel ZEAQ AL e o
A 2wk oopyEr el e ofAle] Wenkes AAAH R Aok
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1. Streptococcs paraubris 73X 3k 7=t} lysozyme
g4 FA

18]o]] A}g83 Zw=thad] Platichthys stellatuss= 745 XAl A A9

A
=
S T2 FolFo =Ry BTt FiAls 124 + 8.5 g, HyAH

Al AFE A=rhglA E# s S, parauberis PH' 0710<
BHIA (1.5% NaCD/&ellA 37C, 48X Wi 3 5, Ed AeAd+E o
&3 33 AHsn 1x10' ef/ml FEE A AE Tl 1x10°
cfu/fish %9 & HAFAENZ dEd=E A2 d+E 0.1 ml

AN DA AR R R

1. 3. AE A lysozyme A FA}



Ax A9 lysozyme /42> Palakasha et al. (2008)¢]
turbidimetric methodell we} S8k th. A9 thx79 HALS FA}
T4, 8,12, 24, 729} 120 h ol Z F3kellA bubE] Y F-Arejm A st
NS 23t slide glass® Fo]RE2 AE Aol 208 & (v/w)e
PBS (0.05 mM, pH 7.4)% #7}3led homogenize ¥ F U4
(12,000 x g, 20+, 4C)sto] A AE 2 tha 2ol o] &sk3lth

[e)
96 well microplateel] 25 ple] Aol A My PBSE o] &8sl 3%

1. 4. 3 lysozyme &4 A}

49 lysozyme FAE Sigrun et al. (2001)¢] Wie] wa} t}s-3
2ol Z435rh AT el e FA # 1, 4, 8, 12, 24, 72¢%
120 h o] Z} F3boll4] Smig)d Faelz Adste] wRA oA st
o golS A2l 30%3E FARE Hhg 1AIRE FoE 4TolA B agt 7

o] (6,000 x g, 15min, 4€C)- @A NE T A= AFESIT
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2. FE=Y8 lysozyme® molecular cloning

2. 1. Total RNA 37

AF 126.4 g9 ZFEriE]ol Al liver?} spleens FA o= Flsto] 1
ml®]  Trizol reagent (Invitrogen, Carlsbad, CA, USA) A g
homogenizerE ©]&3ste] 435 th 200 pl® chloroforme #H7}sta 7
8tA shaking® F H2oA 3EF ¥EGAIA 4TC4 12,000 x g, 15&3t
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X
% RNase free water®l] 5 A8 A 71#] -80To| B

2. 2. First strand cDNA. ¢4

Total RNA © DNase I (Invitrogen, Carlsbad, CA, USA)S A& 3}
genomic DNAE Huig #7383tk cDNAE SMART RACE cDNA
Amplification kit (Clontech Laboratories, Palo Alto, CA, USA)E ©]&3}
o] A3ttt DNaseE A 2]d total RNA 5 ug®t dNTP 1 ul, 5' CDS



RNase OUT 1 ulE =73 & 25

Superscript I RT 1 plE #7}s}

=l
DO
Ry

2
3 wbEAI7 & AdERolA 183 Whg2 SAAIZ Y RNase H 1 ul&
A7tste] 37T 2047F RESAIZTE cDNAT -20TColA B33kl cDNA

o] A ol %= B-actin HHO T AT
2. 3. Degenarated Primer A%}t

AR u e) lysozyme~ C gene® partial fragmentES 97] $3f
GenBankol] S=5%9] 9l Olive flounder (AB 050469),- Brill (AB
355630), Turbot (AJ 250732)+7128]3l Rainbow trout (AF 321519)¢]
lysozyme gene mRNA sequenceE H|1l3}o] conserved region®l| Al 3+ %
9] degenerated primers (LysC-F, LysCtR)Z A &5t t}. Lysozyme G
TS partial fragment amplifications €13l Olive flounder (AB 050590),
Yellow perch (AY"738131), Brill' (AB 355631), Common .carp (AB
084624) 1831 Grass -carp-(EU 835653)2] lysozyme G gene mRNA
sequence® Hl13}4  conserved- regiondl A 4] degenerated
primers (LysG-F, LysG-R)& A|&&}3Ath. A28k Primeri= Table 1] 4
R ATt

el ZA oA A& cDNA9 10 x buffer (Takara, Shiga, Japan)
2 ul, 200 pM dNTP 1.6 ul, 0.5 U Tag DNA polymerase (rTaq,



Takara) 0.2 pl 2¥8]32 0.5 pM degenerated primersE #7}stal 3%
deionized water® total volumes 20 pl2 =43t & RT-PCRS T35}
t}.  LysC-F¢ LysC-R primersE&  ©]&3}o]  94TolA  38ZH
pre-denaturation A]7]aL  94C 30%¢] denaturation, 66T 30%9
annealing, 72C 30%9] extensions lcycle® 35cycles ®Hg A7l £ 7
2TCoA 783 final extention Al#A lysozyme C9| partial fragmentE <
AT

Lysozyme G9| partial fragmentE 7] 9&l LysG-F¢ LysG-R
primers& ©]-&3}o] 94TolA 3&7F HESAIZL $ 94TColA 30%, 62Tl
A 30% 72TCoA 30% WS lcyele® 3dFod-30cycle WHEA)7])aL, 72°C 9
A 7EZE final extention AJZ T PCR product®] 2HQ1& 2% agarose gel

ol Al sl



Table 1. Primer set for the starry flounder Platichthys stellatus lysozyme

cDNA cloning

Name Sequence (5'-3") Description
LysC-F GAIGGMTCCAIYGACTAYGGC

Degenerated primer
LysC-R AIGCMACCCAKGCBCYGATBC
LysC 5'-1 CTTCCAGATCAACAGTCGCT 5' RACE of C-type
LysC 3'-1 TCCTGACAGATGATATCAGC 3'-RACE of C-type
LysC RT-F AACTACAACACAAGAGCCAC Semi quantitative
LysC RT-R TATCATCTGTCAGGAGCGCAC RT-PCR of C-type
LysG-F ARIGGWGGTGGACACACTGC

Degenerated primer
LysG-R TYTGTACCACTGAGCTCTGGC
LysG 5'-1 AACCAAGATCTCAGTGCCTTGG 1st 5-'RACE. of G-type
LysG 5'-2 TCTCTGCTCCAGCCAGGAAAC nested 5" RACE of G-type
LysG 3'-1 AGTAGATCAACACACAACCG 1st-3'-RACE of G-type
LysG 3'-2 TGGAGACTACTCCAATGACG nested 3'-RACE of G-type
LysG RT-F ACAATGGCACAGACGGACATGC Semi quantitative
LysG RT-R AGATGATGGCAGCAATGAGAGC RT-PCR of G-type

_10_



2. 4. Subcloning and DNA sequencing

Partial c¢DNA fragmentsi= pGEM T-easy vector (Promega,
Madison, WI, USA)¢} 4Cell A overnight &<t WF$-A| A ligationdtH ol 1

% competent cell (E. coli, DH5a-) 100 pl& #H7Fsle] €5 oA 30
B2 9k A7 3 42T oA 13%F Heat-shock AJZTE 4L oA vF&-

S FAAZ & LB (Luria-Bertani), (Difco, USA) broth 1mlS #7}3}<]
37°C, 90wzt wiFsklty. wFel> Ampicillin 50 ng/ml, X-gal
(5-Bromo—4-chloro—-3-indolyl-B-D-galactopyranoside), (Sigma, USA) 40 ng/ml}
IPTG (Isopropylthio-B-) 10 pg/mle}l F7Fe-LB (1% Tryptone, 0.5%
Yeast extract, 1.5% agar) plated] =23t 3 37T, 18A17F wjokslo]
white colonyS 413}l Plasmid DNAY GeneAll Plasmid SV mini
kit (GeneAll Biotechnology, Korea)& ¢]&slo] #2 s F insert

sequencess eIkt

2. 5. 5' Rapid Amplification of ¢cDNA Ends (RACE)-PCR

PCRS %3] &l3t partial fragment sequencesE TAE  3ho]
RACE-PCRY & &3}7] 918 wene specific.- primers= A 2Fa} At}
SMART RACE ¢DNA Amplification kit (Clontech-Laboratories)& ©]-&3}
o] 1 pg9 Total RNAZY-E] 5' RACE-PCRol ©]&€& first-strand cDNA
& ¥4% F RACE-PCRE A3ttt Lysozyme C9 5' RACE-PCR&
93l specific primer?] LysC 5'-1¢} adaptor primerS ©]-83}e] 94Tl A

B2F dES A7 3 94Tl A 30%, 57ColA 30% 72TCoA 30% W&

ju}

w

_11_



leycle® 3k 32cycle 7333k & 72Co| A 787t final extention A|F t}.
Lysozyme G+= LysG 5'-13} adaptor primerE ©]-83}o] 94T
B7F dSA171 & 94Tl A 30%, 58ColA 30% 72ColA 30% wr3&

R
w

lcycle® 3t 30cycle 33k & 72TCo|A 7E%t final extention A4S
T3 A T Gened amplification®] HABEZE =0]7] ¢3] second PCRS
33ttt First 5 RACE-PCR Z¥ES 10v] 34 3lo] template® Al

&

&3t 94CeolA 3%, 35cycled] 94TeolA 30%, 63TAA 30x 72T A
30&3F WHgAIZ %, 72T, 79 final extension® #HAS T3t

PCR products= 99 #& W o w pGEM T-easy vector (Promega)E

o

1131, gene specific primer$] LysG 5'-2 primer®} NUP primers ©]

o]-83}o] ligation 3+ F cloning 34 92 white colony®) plasmid DNA
o A insert sequenceZ 2139t}

Sequence datai= Genetyx programS AR&3te] %35t o DNA
Data Bank of Japan (DDBJ, http://www.ddbj.nig.ac.jp)©] BLAST program
ox FEAMEHT. Amino acid alignmenti CLUSTAL W  multiple

sequence alignment program (Thompson et 1994)9] <3l 2 A s} )
2. 6. 3' RACE-PCR

1 pg9 total RNAE o]&3sle AW first-strand cDNAT lysozyme
CE ¢3% 3' RACE-PCRE gene specific primer, LysC 3'-1¢} adaptor

primer®} 7 pre—denaturation 94 Coll 4 3%, 35cycle® 94TColA 30%,
57CoA 30% 72T A 30%, final extention 72TColA 789 H}AHLS =

_12_



&l SZAIZA T

Lysozyme G¢ 3'-RACE-PCR& gene specific primer, LysG 3'-1%}
adoptor primerg ©]-&3}o] 94TCoA 3& ¥Hg F, 94TColA 30%, 48Tl
A 30% 72TAA 30% Hbg& lcycle® 35cycle d38taL, npA|Ho = 7
2CelA 7H#3F WA 7k First 3' RACE-PCR AZE9] 100 3498
template= AF&3t3L LysG 3'-2 primer®} NUP primerg ©]-83}¢]
second PCRE 33tk vhg 2342 94Coll A 33 RHEAIL & 94C
o A 30%, 53TCollA 30x% 72TA 30% ¥H&S lcycle® 3F¢ 35cycle
Fastar 72TCelA 7i3F final extensiond}ith.

PCR product: A7) & HFH o7 cloning % insert sequence=
Genetyx program¥ DDBJ9 BLAST program®® #2418}, CLUSTAL
W multiple sequence alignment program=- %3] Amino acid alignment%

A4,

3. Semi guantitative reverse transcription—-PCR

(RT-PCR) analysis

3. 1. AA Aevy] x=2¥ lysozyme gene analysis

Ae 126.4 go AEvrgelA A%, 72, ¥%, 91, &, 11, o E
7t zA oA A7) e W o R total RNAS #2319t

nug/nlel  total RNA©°|] DNase (Invitrogen)& &3 X

_13_



Superscript I First-Strand Synthesis System (Invitrogen)< ©]-&3}¢]
A z=ALe] vl d = cDNAE Hdsith. 2 =4 olA  lysozyme CF G
S SHA717] 918k gene specific primers, LysC RT-F¥} LysC RT-R,
LysG RT-F¢} LysG RT-R& ©]&3&to] RT-PCRE a3t A% 2%

agarose gel oA Yl Ud oz ZRlsgi
3. 2. S. parauberis 739 % Z}=thd] lysozyme gene analysis

Lysozyme 24 ®43 w43 WHoz AgH
=

PHO710& 4|3l H A 138 £ 0.69 Z=c}

24, 729+ 120 hell Zp Aol M vie]® F2akel = AdMEsked 7h, A3t v
FSs By’ 3 Trizol reagent (Invitrogen) 1 ml& & g]3}e]
homogenizationd} 31tk ¢cDNA &4 A7] 4d7doe]e] RT-PCR dlAe 54
gt A5 Y5 th Lysozyme C9F G2 mRNA levelsiT LightCycler
FastStart DNA Master”™™ SYBR Green I (Roche Diagnostics, Basel,
Switzerland)& ©] 838} real-time quantitative PCRY O ®E =A3}T}
Lysozyme C9 G mRNAsSE =437 &) AETa] 9 tissue
lysozyme gene profiles analysisoll- A& % primer pairsS ©]-83}3 ).

4. A

A=)
SR

_L(|)l_(l

g7l 2T Abole]l EAISHA fo4L SPSS 17.0 ver.& ©]8-3d}

_14_



o] paired t-testZ AA3tU L p-valueZ} 0.05¢ o FAlo] = AoR

a5t

_15_



m. 2 3

1. S. parauberis AN7E & lysozyme &4 W3}

Fig. 19 (A)ollAl S. parauberisdl #AE Zr=vig]e] Ax oA
lysozyme &4 A3E Uetldth AA 9 lysozyme €42 FAF $ 4 h
of &4 A7} 1100 unit/ml &A1 thx70l Hlal 28) o] =A YRt
TAE & 8A7E Al 7 = FAE B F 24 WA dlE2Te foF 9l
Aol & Bt o] % lysozyme #4Jo] Fadke] 72 hi-Hl = -9 A
gt & FAE YL i, giiTe A & @02 BistE HolX]
o At

Fig. 19] (B)olA Al FAFF A lysozyme A HI= Uyl

o A@5= FAH % 4 hel 30 unit/ml®] GBS Bo|HA e &g
]_

r lﬂ

i

_16_
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1800 A

1600 A

1400 A

1200 -

1000 4

800 A

600 A

400 A

Skin mucus lysozyme activity (unit/ml)

200 A

0 4 8 12 24 72 120

Hours

35 1

30 4

25

20 -

15 A

Serum lysozyme activity (unit/ml)

10 A

0 4 8 12 24 72 120

Hours

Fig. 1. Change of lysozyme activity in skin mucus (A) and serum
(B) of starry flounder Platichthys stellatus after injection
intraperitoneally with 0.1ml of 1 x 10° cfu of S. parauberis. P,

physiological solution; S, S. parauberis
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2. A=tta 9 lysozyme C& G EA

2 oF 9] conserved regionol| A A|2}3t degenerated primerE ©|
83te] ¥& PCR product® DDBJO] BLASTE &3 48 A3, 2wt
g lysozyme C& G9] partial fragmentzls= AL el 4= 9t}

Partial fragmentol] A #|%#3gF gene specific RACE primers& ©]-£-3f

ZA7 Aty lysozyme C full cDNA sequencet™ 625 bp=A 143

of\

deduced amino acid® @WdstU 2™, 15 amino acid®] signal peptide”}
N-terminusol Al &1 A}, 28 bpe] 5' untranslated region (UTR)¥},
432 bpe] open reading frame (ORF), 165 bp%~3' UTR®| full lengthel
A8t At (Fig. 2).-Fig. 39+ ZHE=thg]E #H|E3F olive flounder,
yellow perch, tiger puffer, brill, turbot, sole, rainbow trout, common
carp, grass carp? lysozyme €] o}n:=AF v o] alignmentS R 22
2t 8709] conserved cysteine 2719} 2709] catalytic 7S E15HA
t}. Olive flounder?] lysozyme C&e] AsAd2 79%= 7H4 =2 dedS
HA o™ brilld}t 76%, yellow perch®t 74%, turbotZ} 73%2] &4 S H
o] FlatfishAlo]oll A lysozyme C7F =2 Asde A & S4AT &
ATt ool H|F common ‘carpSlilysozyme Cois 29%%}
< HT

=] lysozyme GO partial fragmentoll A A|ZSE  gene
specific primers& ©]&3l SIFHA7 AHAER 1x72E AA3H. &<
% full length ¢cDNA+ & 870 bp=A] 188 deduced amino acidg &
gom, 129 bpe 5 UTR, 567 bpe ORFe 174 bpel 3' UTRE

rr
W
rlo
0%
offt
o,

[-4 (
ol
20

e
e
P‘L
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3l 9o} N-terminus©lA] signal peptideZ} WA% A ¥kt w3l et}
219 lysozyme GOAIAE 270¢] catalytic residues®] E=AE 21513t}
(Fig. 4). Fig. 5° Multiple sequence aligment analysis® lysozyme G
amino acid sequence® YWEFWTE Brill®] lysozyme Go+= 76%, yellow
perch®i= 74%, Olive flounder¢bi= 73%9] 45735 e FlatfishA}

ole] G type lysozymeolA %= 2 AeAdS g0 4 AT oo H]F|

o,
o
f
32
o

grass carp®= 55%9 WA e AE
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[ I ]
[ SV

181

ACGCGGEEEEACAT CAGC TGAGGATCATCATGAGGTCTCTGGTGTTTCTGCTTCTCGTGEC
M R 8§ Lk ¥V F L. Ih It ¥V A

CGTGEGECCEECEUTCEAGTCTACGAACGCTETGRAACTCGCCCGAGTGCTCGARGAGCCAAGE
N A GR|BEYYRE ER G E R AN R AN OE R OB Q6B

GATGGACGGCTACCGGGGCARACAGCCTGGCCAACTGEGGTTTGTCTGAGTCATGGGGAATC
M b Y R G N 8 'L A N W ¥ C L 5 H G E 'S
GRARCTACARACACRARGAG CEATGEGATCCACAGRCTACEGCATCTT
B 6 8 T D Y G I F

51
0
i
5]
0
A
o
5]
0
i
G
o
Ir‘
0
e
R

CCAGATCAACAGTCGCTGETGETGTAACAACGECCAGACGGCCACTTCTAAT GCCTGTAR
g I N 58 R W W C N N G Q0 T A T 8 N A C N

CATCAGATGCAGTGCGCTCCTGACAGATGATATCAGCGTGGCGATCAACTGTGCCAAACGK
T R G5 b & BB @ I 3R M e E O 8 R KGR

AGTGGTCCAGGATCCAGCCGGEATCHEGAGCCTGEGTGECEEGEECTE STRACTCT CGEGGE
¥ V o D P A GLUELE WEV X "W EFE N S E G

CCGTGACCTGTCGTCCTAT CTGECAGCAT CTAGACTCTARARACCAACATCTGCRAACCETET
R D L S Sfiwap Wy 5 T R LA

CCACATGAGGCTCRAGACAGTTTCTT @EF TCTCAACT CANTEETEL ATCT TTACTCARGT

CTGTACTTCATTTACCTGAT CAGRAGAAGCAGRRACETEETCATTCCACCTEGGT TCTGCTCA

BATCTTA

WCATCTEATTCCCT (A) n

Fig. 2. Nucleotide' sequence and deduced amino acid sequence of

starry flounder Platichthys stellatus lysozyme C gene. The .signal

peptides are boxed. “Asterisk.-indicates the sStop« codon

underline represents polyadenylation signal.
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Starry flounder
Olive flounder
Yellow perch
puffer

Turbot
Scle

Rainbow trout
Common <
Grass

arp
carp

Starry flounder
re flounder
Yellow perch
Tiger puffer
Brall

¢ O

Turbot

Sole

Rainbow trout
Common carp

Grass carp

puffer

Turbot

Sole

Rainbow trout
Common carp

Grass carp

RVYERMELA SHGESNYNTRA

VLKSQGMSGYRGNSLENWV
LLENQGMDGYRGISIANWVMLTEWESHYNTRA
ISTADWVMLSHRESNYNT.
ISLADWVMLSEWESQYNT

LLES

E. MNNYR LADWVELSQWES
WARLLERNGMSNYRGISLADWVMLSOWESSYNTRA
KLRSHGMDGVGCYNLANWVMLTKGESDYNTRA

SEWESSYNTQA
VLCIMWLCLCEERRLER

VLCIMWMST CEERTMCEE,

" *

NNGQTA-TSNA
NDSQTP-TSNA|
NNGVTP-TSNG
NDDRIP-TRNA

TN-HNTDGSTDY
INPYNTDGSIDY
IN-HNTDGSTDY
TN-FENTDGSTDY
TN-ENTDGSTDY
TN-ENTDGSIDY
TN-BENTDGSTDY
VR--SADTGKDY
VR--TADVGKDY DDGTPD-GEN. SDLLEDDLKPSYV.

wR AR R R WK *H w W " W * ] *

143
143
143
143
143
143
144
144
145
145

* * * *

57
57
57
57
57
57
57

. &0
. &0

Fig. 3. Amino 'acid sequence alignment of starry flounder

Platichthys stellatus lysozyme. C with sequences from other

species. Asterisks “indicate identical residues. Signal peptide’ is

boxed and conserved. cystein residues are shaded.-Arrowheads

indicate the catalytic residues.
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1 ACGCGGGGACCACA

]

£l CCATCARGAGEAGTARCARACGRACRRTCEETGETGTCTACACARCGTARRATATRATCTRARATAR 120

121 ARACTGRACATGTGCAGGTTATGEARACATCCGATCGTTGAGACCAGTGEGAGCTTCATGE 180
1 M £ B L, W K HPB T "vWE T .8 & A S W Lj
181 CRAACTGCTCAGCAGGACAGCCTGGGATATTCAGGTGTARATGCATCACACACAATGECA 240
18 © T A © @ Db &L &£ ¥ '8 &V N A S H T M A 37

CRGRCGGACATGEGCAGRATGAGTCAGT TCAAGTCCAARATCATGAGAGTCGGTCAGAGR 300
g T B M 6 R M35 ¢ F K & R I MR ¥V & 0 E 57

[3%]
L
o =

301 CARCGGAGTCCGACCCTGECTCTCATTGCTGCCATCATCTCGAGAGAGTCTAGGGCCGGARAT 360
58 ®H W D P A L I A AL F T S8 R E S R LG N T

361 GCACTTCAAGGCGACTGGAGAGACTTTCACRACGCTTGEGEACTGATGCAGCTTCATETT 420
7@ A L. 0 & B W R D F H N A W 6 L M @ L H W 397

421 RRTCCCRATGGRGETGGACACARCTECTARRGETEEAT GEEACRETEACERRCREACCTCRAC 480
%8 N P N G G G H AR WRE M WWAEE FJE E=H LT N 117
481 CRAGGCACTGARGATCTTEGTTAATTITTATTAACCGRATCAGCRATRACTTTCCTEGECTGE 540
118 0 & T E I A _ W W -F I N R M S5 N K B BgE. W 137

541 AGCRGRGAGCAGCAGCTGRGRGGRECGATRGCAGCCTACRRCATCGEGEGATGEERATETE €00
138 5 R E Q JORINR G ST AR ARST NN CE G ‘WY ¥V 157

01 CRATTCCTATAGTGEACTACATCAACACACARCCEETCGCACACTACTCCARTGACCTCACE €60
158 H 5 Y S| G |D O N BT SN NN D v LT N1§7

66l GUCAGRAGCTCAGIGETACRRARACRATCCCTACTGRAGCTEAGCACTTITCCTEARRGTCA 720
178 A R A 0 ¥ "X E4Yw N NYE S 189
721 TCARTGRRARCATCACATTCTCTGTACTCTGTCARRRACCTEECCTARATARRCETCGATECRE TEO

781 AACTGARACTACACTGCCTGTICTCTC CATGTCATCATTTECTCCAGIACTAATTAATARATC 840
841 ACGCATTRAAGATCAGGGGTTCCCAATCTTEC(A)n €54

Fig. 4. Nucleotide sequence and deduced amino acid sequence of
starry flounder Platichthys stellatus lysozyme G gene. Asterisk

represents stop codon and underline indicates polyadenylation

signal.

_22_



Starry flounder
Chinese perch
roaker

Tiger puffer
Common carp
Grass carp

Starry flounder
Chinese perch

Yellow croaker

ve flounder
Tiger puffer
Common carp
Grass carp

Starry flounder
Chinese perch
croaker

Tiger puffer
Common carp
Grass carp

Starry flounder
Chinese perch
ow croaker

2 flounder
Tiger puffer

Common carp
Grass carp

Fig. 5. Amino . acid

-MCELWEHPIVETSGASWOTAQQDSLGYSGV
——MGYGNIMRLETTGASWETAQQDSLAYSGERASHT (TDRAGRMEKYRSKINSVGAEYG 58
IMRVOTTGASERTSQODELGYSGVEASQ "LDAGRMEEYRSKINSVGRRYD 58
EDVOQTTGASWOQTARODELGYSGVEASHT TDSGRMSKYRSEIFNVGQTCG 58
RLVETSGASGATSQODNLGYSGVEASHE IDSGRMSKYESKINKVGQSYG

ODGLREGGWESSHEMAEIDSNEMENYRT I
KOQDELTIKGVEAPKELAEHDL.
MACTYGDVMKIDTTGASDSTARQDNLTVRGVEASRRIAEHDLARMER YK

kokwR R Rw K * CE

SHTMAQTDMGRMSOFESKIMRVGORHG 59

SPESREENELQGDWPBFHN —————— AWGLMOLHVNP--NGGGHTAKGGWD
SRESRAGNATHDGWGDYDSKRG
SRESRAGNALTNGWGDYSPARGQYN.
SEESRAGNALHDGWEDWNPHRN
SRESRAGNQLEDGWGDWNPQR!
SRESRAGNQLINGWGDHGE—— FGLMOIDVTEPPNGGGHTRPVETWD
EKNGWEPAGN-—————— GFELMOVDRRS D
ALIDGWGDHGY —————— AFGTMOIDEKRY————— HTPVGACD

* * * R R K R

WELMOVDVNP-—-QGGGHTARGAWD
WELMOVDVNP-—SGGGHTAKGAWD 116

112 SEEHLNOQGTEILVNFINRISNEFPGWSREQQOLRG
7 SEEHLROGTEILVHFINRIRNEFPGWSTEQQLEG
7 SEEHLCOATGILVHFIKVIRNEFPGWSTEEQLEKGG
17 SEEHLCQGTGILVHFIGRIRNEFPGWSGEQHLEGGI
17 SEDHLROATGILVTFIERIRTEFPGWSEEROLEGGL NMGDENVESYEGVDENTTGRD 176
13 SLEHLIQATEILVEFIERIKTRFEPEWNADOHLKGA NRGERNVESYASVDAKTTGRD 172
09 SEQHVTOATEILIGFIKEIRVNEPEWTOEOCFRECIANYNRKGVSRVMISYENIDVETTGLD 168
09 SEQHITACTEILIGFIREIKARFPOWTOEQCEFEGGISAYNAGPGNVRT ¥ERMDVGTA

* g g d R e ww W ¥ wRR W ¥ *  w *

NMGDGNVHSYSGVDQHTTGGD
NMGDGENVHSYENVDENTTGED 1
NMGDGSVEDRD-VDENTTGSD 1
INMGDGNVHESYREVDANTTGGD 17

o

¥SNDVIARZOWYFNNGY-- 188
VOWYFNNEGE —it 34
WYRNNENY - 193
WYERNGF-—- 193
WYRDNGYSG 195
WYKSNMGF— 190
L OWFRSKGY—— 185
LOWYRSKGY—— 185

Bh Wk RRR R

R e

sequence alignment of starry flounder

Platichthys stellatus lysozyme G with sequences from /other

species.

Asterisks

indicate- identical 'residues and arrowheads

represent three catalytic-residues.
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patternsE RT-PCRE& 33 % 3% agarose gel oA Z1sSlt.
Lysozyme C& H|%, IF 2 of7tulo A @&t Z1& g21d = AT, 1
2]al Lysozyme G& 741, H[&, 9], 3t olrn|dl Al ZsiAl st o

Al M thE 7RG odh Wiev) SRIH Y (Fig. 6).

o
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179 bp —

126 bp — + 151 bp
B

100 bp — « 122 bp
Cc

400 bp —

300 bp — < 320 bp

Fig. 6. Expression analysis of C-type (A), G-type (B) lysozyme
and 18sRNA (C) mRNA 'in various tissues of starry flounder
Platichthys stellatus. lLanes 1-7: heart, head kidney, spleen,

stomach, intestine, liver and gill. M, marker.
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4. S. parauberis AYFYE ¥ Zr=v}E] lysozyme gene

profiles

o

FFALgE Aok o] 2F, A, re]an vl A 9
lysozyme C 9} G2 2& patternsES 3% agarose gel AollA <rolr 112}
skt (Fig. 7). AREA o2 A4S FAMSE Aol lysozyme GO o
ol lysozyme Coll Hls|A A dHebwth 2A79 lysozyme C E&H2
NAZE] Zpo]lE Kol shAIRE A A 02 FAF £ 72 holl Al v 7]
A AT 7MY =2 A EAE F AAUT FAF F 24 hell Al A
9] lysozyme Co| @do] F7tsl™ 72 holl&= H[ M= A ZFo] S7tst
Ak AYAdsE FARE 2T 94 A B A lysozyme C

dAFo] Stk om FAF & 72 hol 2d Aot 7PY SSAR AAS F

A u woh e we 4rd Jehje AS ok & gt
h

S. parauberisE =

o 2, A%, 2 Bl Aol Sriier 7Y w2 HE A=

S UEhHA o AJxko]l Aol whek TE FETF stolxlth
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=185 RNA

= 18s RNA

== 185 RNA

Fig. 7. Expression analysis of- lysozyme C_.mRNA'"in various
tissues of starry flounder Platichthys stellatus after injected with
physiological solution and S. parauberis after 4, 24, 72 and 120 h.
(A), non treated; (B), physiological solution; (C), S. parauberis
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== 18s RNA

=18s RNA

«= 185 RNA

Fig. 8. Expression® analysis of lysozyme G mRNA in .various
tissues of starry flounder: Platichthys stellatus -after injected with
physiological solution and S.-parauberis after-4, 24, 72 and 120 h.
(A), non treated; (B), physiological solution; (C), S. parauberis
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VI. 2

B oo e AxevtE 7t S parauberis 7+ Z7]0 YERE Ao R 4
AEE= lysozyme @43 27FA] type®] lysozyme A 543 {2t
&

S Bzt ZretiEe] HEold WA A v EHL dojn

<{

A7k AevkE|e] Hike] A @AIs QA oE AN & HARt
S0l ABZA lysozyme? AL dolw ity WA w22 1 x 10°
cfu/fish®] S. parauberise 7F=vhe]e 7ol FARSE & Ax dAx &4
o] lysozyme &35 ZXANE-ZAF, FA & AFF N GG o B
 FAA FUeEew FAE 5 72 hAlo F243%] #HAasith dH o
lysozyme &4 Al FAF 5 whedl DA stE QLo

8 Frkshgnt F AET =

=
m g
rot
)
N
il
o
i)
=
12}
O
N
<
3
]
ik
o,
]

o

T 29 A Hie] 4L HGloen 5d ARYH Aol HolXth Yellow
croaker HA] ZET9] lysozyme A o] T71ete-FAF & 19 Ao 2

THO FobRAIRE o] F HAHS wHIowA Aol Fadts S g9l
3t (Wang et al., 2009). Catfisholl Edwardsiella ictaruriE 1917+ 3
= 3%, FAF F 2 hitE Aoz ddo] Frtete] 4 dAjol M =
2dS Hebd F 8 A o]F A4Skt (Bilodeau et al., 2008). 4=t
gle] d4 9 lysozyme Aldol HAEAS w v r|Fte] 24 3}E]
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o &2 FAE YHERoY, t& ofFol Hld] lysozyme o] AA fX
A GRS & AT 283 catfish®] lysozyme /o] FAs=
AlZ1el #AE dojur] AlEdlon, v GA] lysozyme 2/d0] A
sk 72 hiE Aol 9F HAE dojus AS EIsi whebA
el Al el ol %719 lysozyme Aol AwAd FHW 7
FI oW Aye] A= Aew AAEHO, lysozymed] ¥ FAS 2 7|
1 FAANT = Wk A8 Zado] aEH

At 79 & lysozyme mRNAQ] @& HEe dolrr] 3 o {9
lysozymesS T3t A& Lysozyme C9F G geneel| #3}o] RACEHO R
12 25 B4319 0. Lysozyme €9 ¢cDNA+ N-terminus®] <43+

AN

signal peptide, 870%] conserved cysteine #F7]¢} 2 ‘catalytic F7]<d
Glutamic acid (Glu) ¢} Aspartic acid (Asp)E ¥ 3$Fsl+= 143 deduced
amino acid® UWEMALE Lysozyme ColAE &2 4289 'disulfide
bridgesE @Al 8719 cysteine 7]k 2719 catalytic 7] @A &
H7 BE F9 lysozyme ColA A=A O™ Signal peptided &A=
lysozyme C7F &3%-o z}=roll 93l ] == extracellular @ ddS &
T At} (Dautigny et al., 1991; Hikima et al., 2000; Fujiki et al., 2000;
Liu et al., 2002; Rosa et al.; 2008; Xing et al., 2010).

Lysozyme G cDNA+¥ 188-deduced-amino acid® HAEFAL 2719
catalytic 7124+ Glug} AspE 21353l Lysozyme G F+Z7F A&
B ZFo+= 3709 catalytic @712 A4 Glu, Asp 18]aL AspZ} 73, 86
2 97 amino acid position®] X3} ZFo A catalytic 7]+ A=t

2l9] 72, 96 ¥ 111 positiond 3Est=d ZA=che]le 96 positiond Asp

_30_



+ Histidineo. 2 A& A}, Common carpe] A% ZF9 97 position®l
Gl catalytic &7] Asp?} prolineo.2 tAlE Aol ¥alHt} (Savan
et al., 2003). Kuchinke (1989)2] d7-o <J3}H lysozyme Goll EAst=
37Me] catalytic &7] & 2709k EASA] L catalytic S T3] AT
I Aoka o F=ohel lysozyme Goli= 4709] conserved cystein %
717F BEEO] Al Al cysteine 7)ol &gk 271¢] disulfide bond7}
lysozyme®] QFAZAQl Fxe] HQ3E=E catalytic 75l AA #HA3HA
+ Aol AZtEtt (Irwin and Gong. 2003; Kawamura et al., 2008). %

50

St lysozyme G¢] amino acid sequence®| A= lysozyme C2| N-terminus
o] &3} signal peptide’} SRl &9kEl- Signal peptide?] FAl+=
o579 lysozyme GolA FEHog WAL E=H o= o]F2 lysozyme G
7} intracellular 4= RS 9u|st= Aoz & 4 Y (Prager and
Wilson, 1974; Irwin and Gong. 2003; Yin et al., 2003; Sun et al.,
2006; Zheng et al., 2007; Larsen et al., 2009).

 Addy, A dErE 2A0A4 lysozyme C mRNAL HA,
F g ooprtmlel A WEstth. 259k EF19 lysozyme C= l¢F HxA
oAl Eoldow wasitia <A 1o (Iriwin and Wilson, 1989; Yeh
et al., 1993; Irwin, 2004) o}& Ef57F9F =72 lysozyme C7} Alztol o
g Wozbg W ojyzt AsEEI R RS Aem AAXH.
Rainbow trout, Zebrafish, Olive flounder, Brill ¥ Grass carp= H|E3+
oAFoll = A7 99t FFM % lysozyme C7F ZshA @& o ¥l
ofyzl XAl A vl = v 85 o, Sl ExE 3l

= Al oprbmlsl, M, AR Pl ddeME TEes g o+ dd

S o]

=
tal'o
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Dautigny et al., 1991; Liu et al., 2002; Hikima et al., 1997; Rosa et
al., 2008; Xing et al., 2010). ¥ A3 A FHrrig]e =4H x5 HY
7w opel 2d24% sl WgH delo] ter BulHo] gl o)

gl lysozymeol Alwte]l Y Al W&
et 28y 9ol = lysozyme C7F A E A FUAIRE k22 ol A
dols Aor Hol starrAo Ve dEAde Tid&EE ¢ =
olt} (Dautigny et al., 1991; Liu et al., 2002; Fujiki et al., 2000;
Hikima et al., 2000, 2001; Bayne and Grewick., 2001; Savan et al.,

B
3
H
J
M
3
o
ol
P
o
Hl
o

e

po)

2003; Rosa et al., 2008; Xing et al;; 2010).
A 7§ A= lysozyme G312k & s Wt E
7] Al S. parauberisg QA LZ FAFSF b, A1I WA lysozyme
mRNA T3 WstE AT AT dd A ATFEFAS 2T
R M E lysozyme Co Eagke] & W7l QIR T FAF & =+
A

o] Ao 24 h o]Fo] kA HHAAEE B Ao A=

2}

r

o
ATt ©oli= Photobacterium' damselae subsp. damselae®t 1.PSE TAFgk
Sole®] lysozyme C o3& ZA#ep-zpo]7} AUt & H| X
oA FAE F 72 holl EYF ok lysozyme C TAYS BT
(Fernandez-Trujillo et al., 2008). Grass carp®] I+ ZHAXNE Mt 74
5 24 hutel lysozyme C W& <Fo] Fopxl o]F 7 day7hA] HAAH o= &

7behe AS ROt Grass carp®] ob7bmlolA = A4 e AEHd o A%
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I} v&e] Hs] e lysozyme Co WdAE HAXT Ao A o]%
F2E yeEbdtE Xing et al.,, 2010). Olive flounder®]
lysozyme Ct& E. tarda®l 2% o]% Al v, daolxnt @3 do] F

Vel FEcteeb fA41et 232 vEbdlth (Hikima et al., 1997).

AL A, 91, %, aea oprbujelA wE skl e C typedl Hla v
A A B3 AL & 7 AT 2 o]ef FARSE dide] oy 7b
OHE o Fol A= yetuA A, A, B A oprt], o T A B
ZA oA lysozyme GZF E&slte= AS 0T & Atk 53 FAld &
A, v 22 2ExA oo 7 go] TdskE Zle] WA
(Prager and Wilson, 1974; Nakano and Graf; 1991; Irwin and Gong,
2003; Zheng et al., 2007; Rosa et al., 2008; Larsen et al., 2009; Xing
et al., 2010).
Lysozyme Gt AAH o= = o MId4<

B Al 1 owdEske] 2 FobRe A wE & ek

>
N
ek
BN
o
_\3
ek
)
[J
AU

FEE Y lysozyme. G2 FAL % 4 holl 2 AR e v g A
S B ArE B F Arel Adliuket 1 e J ot Yoz A

o QAT fFAEHor s Adol =2 BrilPhotobacterium

Hir

o
>~

damselae subsp. damselae®} LPSE TAF S ] T4 lysozyme G
7V 7kt e MRt LPSE FARIG S W o & 7S e

Aol =8 ZEve]e Az JdA dHoNA lysozymed &2 74

_33_



Lysozyme

1

s

gl o]

1

A 7F = A=

o

Tr

4 hell A3 o] 24 h7tA] 1 &Ao)

o
T

g

3

bs

72 h ol% €

ko3
T

A

=3

=

=

=
-

ol o
Axtel

o

=
T

=

59 lysozymeo] A=

-

)
HAE W lysozymeo] €43}

1o
=

H

2B Tk

7] kel A

=

.

olug} o

parauberis®} & AlLtol

i

-

lysozyme?] ZA]o]
in}

lysozyme C&J

BH

RN

o

el
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B AFANM= S parauberisel| s ATt AEE AEvE] e
lysozyme A7 719] fHAte] U@ WMals dolw izl 1 x 10° cfu/fish
9] S. parauberisE ZYE=tiE]d EHAFFALSI] RS AFE FA g
lysozyme &4 WstE ZAFsEITh AE NS FAF 5 4 hol] izl H
af IA Sk 5 8 hell Hare] &S YEWlal 24 WA =2 2488

At #ad & Aeve e % Wl lysozyme < FAF $ 4 hell FHaL
o @45 YUetdlow 24 A Htt A4 RsE FX8H. A 3 72 h
of &A% ol ANt "¢k KAl Aol & 120 h7HA] = A8kttt
Z79 g3 U lysozyme FAHL FA F 24 kA HAHor Frtsitt
72 hol wAs @Adwkel Hasklth ofAle] lysozyme 243 lysozyme
Ao wd vkl Ao A Slysozyme CoF GO HAA MEe] EXo=w
ZAbsk A3 Lysozyme C2 ' eDNA full- length 625 bpol= 28 bp<9
5°-UTR¥} 165 bpel 3 -UTR7F Z3& o] 1o 432 bpe ORF7} 143
deduced amino acid® WHHHCT}. Lysozyme Co F#xz2 Ado= 8719
conserved cysteine Z+7]¢} 27 2] ecatalyticF 717k =418t N-terminus©ll
15 amino acid®] signal peptides7}-3lo] extracellular peptide®]S 313}
At} Lysozyme G9 cDNA full- length™ 870 bp9l nucleotides® 129
bpe] 5'-UTR¥} 174 bpe 3'-UTRe| xg¥t}. 567 bpelORF= 190

deduced amino acid® WA ™ 2709 conserved catalytic Z+7]1S 7}AaL

0]
PR
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RT-PCRHS 3 ZA=vhzg]e] =AW lysozyme CoF G odH YAS
go1st Ay} lysozyme Cix M, 2+ 2 oprjuld
lysozyme G A7, AV, WA, £1, 22 3 oprtn| & Mg theFe 230
Al ddete s & AT
Al ZAA Z=vg] 9 lysozyme CoF Go 7| whe wsls 215}
o lysozyme ZA7 9] F#IBAE Lol A}, Lysozyme CE A7) 1]
Aol A FAF 5 72 hell 12 2HAFE=E UEAL G type FAF F 4 holl
obxtt. wekA FAE F 4 hell %
of oAl el lysozyme &74e] S7ke AL FAF F lysozyme G| 2@
Fo %72 hell-dH W lysozyme &79]
HWE2zT 1o 58 X5 FA8 AL FA T lysozyme €2 HdFHo] %

dx2oM Frbsks @43 ddol Jd&& AAkekslt

)

o

AR, vl T A7)

=ity
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