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Effects of Hydrogen peroxide in the gill mucus and lysozyme
of olive flounder Paralichthys olivaceus

Bun Ok Hwang

Department of Aquatic Life Medicine, the Graduate School,

Pukyong National University

Abstract

Hydrogen peroxide is a safe substance that will be decomposed
into H2O and O; in the water easily. Although it was approved only
as disinfectant of fish culturing system, some fish farmers try it to
control external parasitic disease in Korea. However, little informations
are available for' toxicity or side effect of hydrogen peroxide on the
culturing fish from"exposure. This study was performed to get basic
informations from olive-flounder, Paralichthys -elivacetis which exposed
to the different conditions of  hydrogen peroxide. The aimed
informations are histopathological change of gill mucous cells, effect
on the immunological activity and gene expression of lysozyme in the
gill.

From the histopathological observation of hydrogen peroxide treated

olive flounder, there were slight increasing aneurysms in the gill



lamella according to concentration and treating time. This seemed to
mean the adverse effect of hydrogen peroxide on the gill artery or
blood vessel even if the impact will be reversible and minor. During
test period, the number of mucous cell was changed according to the
treatment conditions but did not show any significant variations in
the exposed concentration of hydrogen peroxide. These results
suggested that mucus cell could response rapidly to the stimulation
with differentiation in number of the cells.

When lysozyme activity were checked in the gill mucus and the
serum, the former showed immediate activated response then decrease
but the latter showed gradual activation to the-hydrogen peroxide
exposure.

The gene expression level of C-type and G-type lysozyme in the
gill were surveyed. The levels of gene expression in the gill|, were
increased in all the 3rd 'test groups and subsequently decreased
significantly after the 5 days test groups. But the gene expression
levels in head, kidney and liver did not show any significant
changes during experiment. Highly increased gene expression levels in
the gill after hydrogen. peroxide exposure-will be considered an
immunological response for replenish with lysozyme in the gill
mucus. And the rapid decreased gene expression level of the 5 days
test group indicated that expression activity of lysozyme gene could
not recover during experiment.

These results indicate that the mucus cell of gill could recover in

morphological but not functionally including lysozyme activity and
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gene expression from gill damage caused by hydrogen peroxide
exposure. Thus, it will be suggested to be careful for treatment
hydrogen peroxide to fish disease control because of its adverse

effects to fish.
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ol filamentE2 ZAZZA I T5Z2 9 interbranchial septumel] <23}

A=) o} (Wilson and Laurent, 2002). &3 zHL 71~ 2

o] & o]%, nitrogenous waste excretion, hormone ¥4ts 5 o] 7}%

715S 3%t (Evans et al., 2005) of7}mle] o
2

o
o
MEZE A zA9 outer layersol] 9123t e o=z

& HHy
AEFsta At (Kumari. et al, 2009). R FAEEY
mucopolysaccharides (mucin)ol= =443 A9 F Ad AHo] &)

3la, Wy HEsln Y= FPO R exocytosisT O ZA Eu|=ETh
(Diaz et al., 2001). 95 Atlantic salmon (Sa/mo salar L.)AX<

A mucine] © 2, 34 Atlantic salmonol A+ AFA mucin o] ¢
2 (Roberts et al, 2003). HAMXol= AE W HHo] ge
mucous goblet cells®} A W g o] EA|3F= serous goblet cells”}

Jom, HAMEA EH EH= mucine HAA 7} o] EH B335



e FAHE AL Polrm 9Ra wsl) wE 4F wst o
A AL KANANE 4TS doha LeiA AT (Zuchelkowski et

al., 1985; Shephard et al., 1994).

ool = HAME Fagt HY AFEQ lysozyme leucocyte,
monocyte, macrophage, neutrophils®]A A4 %+ mucolytic enzyme®.
2, A8 Bl olyg} polymorphonuclear leucocytes$t macrophage
5 2432 HHPAA AEE Fxolyt gad Aol o7 1HH A A

€ 3 98L& d} (Saurab et al, 2008). AFoAM=E F= F4,

ob7bv], Ax, A3H g o] ExFHo Atk (Demers et al.,

Lysozyme& =A 6714 fF3o = vdth: chicken—type lysozyme
(C—type), goose—type lysozyme (G—type), invertebrate—type
lysozyme (I—type), T4 phage lysozyme, bacterial lysozyme 12| il
plant—type lysozyme So] HiEo] Ut} o] ZHdA C—typed
G—type2 HFF=oA 71§ WA RIS H, [-typed FHFFE
oA 7} WA RIEHJTh  oFE C-—type lysozyme Japanese
flounder (Paralichthys olivaceus), turbot (Scophthalmus maximus),
rainbow trout (Oncorhymchus mykiss), common _c¢arp (Cyprinus
carpio), zebrafish (Danio rerio)dlA (Hikima et al., 2000; Dautigny
et al., 1991; Fujiki et al., 2000; Liu et—al., 2002), G—type
Japanese flounder, common carp, orange —spotted grouper
( Epinephelus coioides), mandarin fish (Siniperca chuatsi)s< TthHAo
2 ®H3Fo] v} (Hikima et al., 2001; Sun et al., 2006; Yin et al.,,
2003). olE9 ZAH HAAx] Wstel B¥dE A7 A= & <

A A EH. HT S04 Al Fhol mE o7 lysozyme +34



1 sEjol] #e At EdsiAl WA ET Joh olE &9 Atlantic
cod (Gadus morhua)®| heat—killed Vibrio anguillarum A& FA}SH
% @9 i G-type lysozyme F32 HS AR 23 74 F 7P
=7 Yelste ) (Christopher et al., 2008), Aeromonas salmonicidaZ

FAF & & 3AZEA ] G-type lysozyme @@ Fo] F718te] 244
7F Tz dAASA =L HdALS FASIFEY (Christopher et al.,
2010). 18]3 turbotol A= lipopolysaccharide®} U4 Gram g A)
T3 Gram FAAIES FARIAS o AT HIARAAM  G-type
lysozyme T@ Yol F7HetH o C—type lysozyme Y-S G—type
o ®lgte] FASA e FAE YEAAT (Zhao et al, 2011).
Edwardsiella tardaS 327335 AFsF Indian major carp. (Labeo rohita)®]
AE FAANY F6~1220Ae AelA L C—typed G-type
lysozyme 3} wF& ko] Foll =HA ZF7lstdtt (Mohanty. et al.,
2010). o]¢} o] olFe F& AF T HIZANA lysozyme A4
e HelE B o Hd SAS ofFoly AFAld wep o=

A debds & 5 AAgT

2]
conditionsoll wepA & o) el AT Kol k. Ak
stre ofF WAAE AloTetzL®fs) AL Ha S R ofuT ¥
Pl Al 2y AbSe] A5AR 2 deA - slvh. agAw Bilske
o o7 AEo 3 FAo] dHA den dA, =

of Z+zF 201, 269 B 139 ppmolA WEAAME YERdtE Bt g
ot (HF 5, 2008).
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Table 1. Plan for hydrogen peroxide bath and sampling from each
treatment to olive flounder, Paralichthys olivaceus
number 4
group . . surveye
treatment objective of note
s t?tgd organ
1S
histology 3 gill promptly changed
: gill mucus, hydrogen peroxide
Lst immunology 5 blood yarogen p
gill, liver, bath water to normal
genetics 3 head sea water after bath
daily 1h bath kidney
for histology 3 gill promptly changed
2nd ) 1 .
successive 3 immunology - g1 bfmlgUS, hydrogen peroxide
E— days : O.O bathwater to normal
histology 5 gill sea water-after each
: gill mucus, : h
3rd immunology 5 blood Successwle bat
gill, liver, treatment with 24hrs
genetics 3 head interval
kidney
histology 3 gill
sampling 5 "
d ( immunology 5 g1llbfnu(clus,
days ays after & 019
gill, liver,
drd bath genetics 3 head
kidney
sampling 12 piciology 3 gill
days days after . gill mucus
3rd bath ‘mmunology 5 blood




3. Aol ML At sl B4
3.1. Agolel olrbnl A4 2 Az
Barsigaol o) ob7kel A A Ee

=
A WA, T AR, A A oked Aldol

hs

2
239t Al&dolE= control (0), 100, 300 ¥ 500 ppme] Z+ AFF
S

dx 3rtg]lE 9z Axd T oprn|E BEste 10% 4 T=24d

At 2R 10% 54 28 2443 &k AuAsdeh A3

. .
H 22 g4 9 gyl I FHS AX 5 mmE serial sectionS F



3.3. o}7}m] ZZA2] Alcian blue/ Periodic acid—Schiff (AB/PAS)

o Al
= 1

WiHol] wE} AB/PAS |AES AAEt xAS #EEAY. 24 £2
o] A B} xylened} ethanolS ©]83F deparaffinization IS 7
%l & acetic acidol 2%, pH 2.5 alcian blued] 1A17F, Z=F4 30%,
acetic acid 30x%, &=/ 30%, 0.3% NasCOs solution®] 20&, &F5
30%, periodic acidel 7+, FA 5%, FF/FF 30%, Schiff's reagent
10+, NaHSOs solution®ll 324 3W, 4| 5%, S/ 3029 94 4
S vzl 3 ethanol® xyleneS ©]&3F Dehydration IS AX+=

EHZ Asg.

3.4. o7kml 23 BRo2EE HANE AF

op7tul 2 W HAME o vsE A&st7| S8 AFTE AlF
of ob7tn] =2 W HAAEE Fstev|do 2 @it HAA
= Roberts et al. (2003)9] el we} Feran 7 1008]<] B &
A 10709 22 A Abolal Qe HAMES (10 inter—lamellar)E 2t

27 ¥ F 3RFold Ak



i)

4. A staol] ik Adole] WSty &4 B4
11. opkn) Mol @4 2

PirsrirE A Aol Wdsty &4 WstE Yol ] 9
sto] op7tw] I A lysozymes AXE AUT (Table 1). of
7hul Al AfH 2 A wYE 9@ Al@olE 2—phenoxyethanolZ v}
AN F olzbu] HH A E Klesius et al. (2008)9] whz} zehdl of
7hrl o] FHE Egfolt SR FolA B oy 1 JAe] 2u)
AxZ+= 50 mM Sodium Phosphate Buffer (PB, pH 7.4)& Y1
homogenizer2 v} 3tA T vlsfst ofrin] HAS 12,000 X g, 208
S 4TCAA A4 BEF t5 AAAS JH AR AU

g E8E sl 138 FAZIE ARSst APy wFE FH o

A At AFZE A Aol 1ARE BA|EAL ThA] 4T el A

kel

ml

4.2. o}7}m] A lysozyme activity A}

Takahashi et al. (1986)¢] ol et A|Fojo] ofrim %ol
lysozyme &4<5 S8t Ngg  HJXE . Micrococcus
lysodeikticusE pH 7.4%1 5-mM _PBZ &H3le 530 nmolA 0.6°] =
T2 ug zAHs Frh. 96 well plated] Z} wellell 4uj7}=2] @A 34
g olziml Mol A|F 25 ulol @ 175 ulE Hrlske] LA 0wt

S F FBVEE SHs 308 < 5E AR FHE 530 nmollA

Fawe 233AY. FRE o] 0.001 FAEF AL 1 wite = g
Wt



4.3. 3 lysozyme activity FA}

Al ole] &A lysozyme ZAE Lange et al. (2001)9] =y u}
ot =A3AqY. AL FHNE M lysodeikticusE pH 6.221 50 mM
Phosphate Buffer2 &&3slo] 0.4 mg/ml 52 AF3Gch  96well
plate®] Z} welloll 497k @A AE &3 AR 25 uplel &4 75 ul

g A7kl dedd 0% W F FIEE Y 308 5 5

N

Ao g E3% 600 nmolAd ZA2HEHS =AIIAY. TFE Fhol

AL 1 unite 2 JeERR AT

o

001 7Fa

o
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5. Al@el9 lysozyme Aol thE FH3H B4
5.1. Total RNA ¢

Al A op7be], b aeja FAS FoAes Zyste] 1 onle
Trizol reagent (Invitrogen, Carlsbad, CA, USA) *2] ¥ homogenizer
2 23ttt 43 A 8E RNAZS EE7170A —70Co 23k

Y HAS AEE 4TCoA =20 & Ao 587 WX ts
& t}.  Chloroform 200 plE H7}ste] 73kA] shakingdh

A
Ao 287 weA 7| Y94 B8 (12000 rpm, 15%, 4C)34

Isoprophyl alcohol 500 ul& #7183 B=HA &3 & AL 7
ZH HES A7 A BEst e RS #Ela HAEY 70%
alcohol 1 ml& F7bstd A4 238ttt BAAS AAT e A
ES Ao AxA71 3 RNase free water®] = A8 A7tA -7

0Cel E#AsAT.

e

5.2. First strand cDNA-$kA
Total RNAZ DNase “(Invitrogen)®= =8}k 3 Superscript II
First—Strand Synthesis System (Invitrogen)< ©]-&3}lo] A|ZALS] uj

FEHWE cDNAZS AR}

_11_



5.3. Primer A&}t

AA] lysozyme C ¢ G type gene® partial fragmentsS Q7] 93l
GenBankoll SE%Ho| A= Paralichthys olivaceus (AB 050469, AB
050590) lysozyme Co G —type mRNA sequencesE <AE 34
primer sets (LysC—F, LysC—R, LysG—F and LysG—R)ZE #|Z+3}93t}.
A A3 primer?) sequence™ Table 29} 3¢ YUE AT}
ed
s @1 FZAA d& cDNAY 10 X buffer (Takara, Shiga, Japan)
2 qul, 200 uM dNTP 1.6 ul, 0.5 U Taqg DNA polymerase (rTagq,

ol

Lysozyme C& G type primer® ZZA3SF annealing <=5 Z2H

Takara) 0.2 pl 283 primersE F7}sta 32} deionized water®
total volumeS 20 ul HE2 %43 & RT-PCRS-F335t4tt. PCR
product &21& 3% agarose gel’tollA A|d3s}9tE. Primere RT—-PCR
Z7& Table 49 YeER AT

_12_



Table 2. Primer set for olive flounder, ZFalalichthys olivaceus

lysozyme in real time PCR analysis

Primer sequence (5' to 3")
LysC—F ATG GAT GGT TAC CGT GGC ATC
LysC—R AGA TGC CGT AGT CAG TGG ATC C
LysG—F ACT TCT CAG CAG GAC AAC CTG G
LysG—R TCG ATT CCG TAG CTC TGT CCA AC

Table 3. Primer set for -olive flounder, PFalalichthys. olivaceus 18s

rRNA in real time PCR analysis

Primer sequence=(5' to 3')
18S rRNA-F CGA TGC TCT TAG CTG AGT GT
18S rRNA—-R ACG ACG GTA TCT GAT CGT CT

_13_



Table 4. Condition of reaction step and RT—PCR cycle for LysC
and LysG

Temperature

(C) Reaction Time  Cycle(s)
Pre—denaturation 94 3 min 1
Denaturation 94 30 sec
Annealing 58 30 sec 30
Extension 72 30 sec
Post—extension 72 7 min 1

Table 5. Condition of reaction-step and RT—=PCR cycle for 18s
rRNA

Temé)%r)ature Reaction Time Cycle(s)
Pre—denaturation 94 3 min 1
Denaturation 94 30 sec
Annealing 56 30 sec 30
Extension 72 30 sec
Post—extension 72 7 min 1

_14_



5.4. Standard Plasmid A #] @ DNA sequencing

Lysozyme C¢ G typed Partial ¢cDNA fragmentE pGEM T—easy
vector (Promega, Madison, WI, USA)¢} 4Col A overnight &<+ HH&-
Al A ligationdt{ . 1 & competent cell (£, coliy, DH5a—) 100 nul
< FH7tst 45 HelA 3087 WAl § 42T 1&%E
Heat—shock AlFHT. Eo oA ¥E§E& FAAIZ] £ Luria—Bertani
(LB, Difco, USA ; 1% Tryptone, 0.5% Yeast extract) broth 1 ml<
7rsle) 37C, 908-ZF wigstd . wlgY-e Ampicillin 50 ug/ml,
X—gal (5—Bromo—4—chloro—3—indolyl—B—D—galactopyranoside),
(Sigma, USA) 40 pg/mlz+ IPTG (Isopropylthio—B—) 10 ug/mlo] 7}
F LB agar plateo] =23 -37CoA 1847t uiekste] white colony
& AH3HT. Plasmid DNA+® GeneAll Plasmid SV, mini kit
(GeneAll Biotechnology, Korea)ES ©o]&3Fe E&3d 2 insert

sequencesE 9135} Standard plasmid® S}t

5.5. Real—time quantitative PCR

LightCycler ‘FastStart DNA Master' ~"SYBRGreen I (Roche
Diagnostics, Basel, Switzerland)& AF83F real—time quantitative PCR
W (n=3)& o|&3st Fpstra AYE g |AY obvfr], 13 FA
W lysozyme C9 G type ¢ RNAYO ®H3I=E =AHsQtt. oprim], 3t
T FAE A7 Ae® uke} Zo] AZ3lo], RNA extraction
solution (Invitrogen)& ©]&3te] XA S ZXHE total RNAS H& 3l
DNase (Invitrogen) & A28t} First—strand cDNA+ A &AL
W7 de] wabx  Superscript™  first—strand synthesis system for
RT-PCRE ©]&3te] total RNA (2 pg)ZHE cDNAE F/d3tairh.

_15_



X9 lysozyme CF G B} F2ALe] WS 7HA517] Ssi= 7]
ol A M<H uiel o] Eo|F primer pairs (Table 4)E tx}el3}A ).
18S rRNA9] E9]3& primer pair= 18S rRNAA}o]o|A HEZFH HYYE
AR et HARIstA T (Table 3).

o] 3%t primersE ©|&3t FZH PCR productE lysozyme C<}
G transcriptsE A Z3l=d o] &3} t}. Target mRNAse] ZZEF X

£ ¥ 33l= plasmid DNAsE standard sampleZA4] FH|SIR 1L, o] &

L

A Hog 3489t PCR mixture Wols Lighteycler® FastStart
DNA Master”""® SYBR Green (Roche Diagnostics GmbH)$} 0.2 pM<
¥3H3te] F volume 20 plo® FAFHAT. Z+ MZo| 3k lysozyme
Ce} Go A2 18s rRNAY EdEYG st AfsEnew,
relative valuesZ YWERN AT

flo

_16_



6. A5t B

AFFe iz, AFTE Alele BATH {8 HEF2 SPSS
(SPSS, America, Chicago) 18.0 one—way Analysis of variance
(ANOVA) testE A543 p—valueZ} 0.050]3F & wf §Alo] A=
Aoz FaHeh
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A, control.

B—F, 100 ppm; G-—K, 300 ppm; L-—P, 500 ppm;
B,G,L, 1st; CH,M, 2nd; D,LN, 3rd;

EJ,O, 5days; FK,P, 12days

Fig. 1. Pathological observation of the hydrogen peroxide treated gill

mucus cells of olive flounder Paralichthys olivaceus.
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kS F olrbn] 4y EH o] ¥

4

A

¥ate HAAMNE 9 H3tE S8 2735 HERAT 100 ppm Al
FTolXs Fo2d Habr gile, 300 ppm Aol A= 1st A1 Y
Tl zTRYG ez Z7sitrt 3rd AIEFA feFow
AAag F 5 days A@TONA iz Hd FAE UEHL

m A PFAME S F utE HEHI Ist AFFAAM Fo3
o8 &AL olF 5 days AIFTHA FrFERRAH. ZEy 12
days A& 7ol oA Fol2] WstE Yeh A &gkt
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19 -
18 -
7 =
16 -
15 -
14 -
13 -
12 -

Number of mucus cells
(71710 inter-lamellar)

10 . .
control 1st 2nd 3rd S5days 12days

19 -
18
17 |
16
15 -
14
13 L
12 F
T |
10

ab ab

Number of mucus cells
(7§/10inter-lamellar)

control -~ 1st 2nd 3rd S5days 12days

197 -
18
gl 7
16
15
14
13
12
11
10

Number of mucus cells
(7§ /10 inter-lamellar)

control™ 1st 2nd 3rd Sdays 12 days

Fig. 2. The effect of the hydrogen peroxide treatment on the
number of gill mucus cells of olive flounder Paralichthys olivaceus.
A, 100 ppm; B, 300 ppm; C, 500 ppm. Dissimilar letters indicate
values within the hydrogen peroxide treatment groups that were
significantly (one—way ANOVA, p<0.05) different from each other,

values are means = standard error.
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3. MYera B4

3.1. o}7kH] A lysozyme activity
Fatgbeael =EdH GA 9 obrb] MY lysozyme 4 WHIEE =

ALgE A3E Fig. 3AC] Yehide.  Ibsteid) s AP oA
s op7kn] Heho] lysozyme Aol ol ApolE Holx 4k
, AlZkol Al wet EE FEE AFTNN foHoewE HA
e Age Yl 333, 100 ppm® 300 ppm X & A E T
Ht] feldoz F7Isk & 12 days7t
A ZAde] 8] Aaskdt. Iy 500 ppm AlFTlA = 3rd AE

SRS 5 days AETEE 4ol foHoz A

o

2
>
rr
—
2
>
)
—\J
-|~
2

BN
-
=2

-
)
Y
e
oX,
o

3.2. 84 lysozyme activity

kst =59 HA 9 24 lysozyme &4 ¥3tE Fig. 3Bol
et AT.  Fakskeae] Ald =Y Al Alelel
WIS Holx gFor, BE FEH AlFFoA Alzte] Agshe] waf
Ao 2 O &0l F7tete e el 500 ppm #2729
Ist A& lysozyme & dol.th =70 Hlete] {Fof#o =z F74sto] 3rd
ARAT7HA B3 AJo] ALE F 5 daysol - Ho R FIstr] Al
Zate] 12 days Al@Tolde 2 &4do] 438 Skt 22y
100 ppm Alg7-9F 300 ppm AT~ Abelell M= 1st, 2nd} 3rd Al
7HA] f-el Al EAdmsle] xolE Holx] &tirt 12 days Al E oA vt
wASHA 0] Sttt

SERIEY

o
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i O control D100 ppm 300 ppm W 500 ppm

70 |
60 - abc abc
50
40 b

30 abc abc

Gill mucus lysozyme activity (unit/ml)

20

N m
0 | |

1st 2nd 3rd 5days 12days

B Ocontrol @100 ppm =300 ppm W 500 ppm ‘

45

40

35

30

25

20

15

Serum lysozyme activity {unit/ml)

10

1st 2nd 3rd 5 days 12days

Fig. 3. The effect of the hydrogen peroxide treatment on the
lysozyme activity in the gill mucus of olive flounder Paralichthys
olivaceus.  Dissimilar letters indicate values within the hydrogen
peroxide treatment groups that were significantly (one—way
ANOVA, p<0.05) different from each other, values are means =

standard error.
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4. lysozyme A gk FdsH3 4
4.1. C—type Lysozyme gene o3&
Bkt inoo] oFGAIZI {JX 9 ofrtm], FAl B ZFo| A C—type
lysozyme mRNAS] WHYES 2AS A#E Fig. 40 e ATH
Al ol op7twl o] C—type lysozyme mRNA%FO] F=® A+t w
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Fig. 4. The effect of hydrogen peroxide treatment on the relative
expression levels of C—type lysozyme in the gill, kidney and liver
of olive flounder Paralichthys olivaceus. Dissimilar letters indicate
values within the hydrogen peroxide treatment groups that were
significantly (one—way ANOVA, p<0.05) different from each other,

values are means £ standard error.
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