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Summary

Scuticociliatosis has been infamous for one of the most damaging
diseases in flounder farms, showing more than 409 infection rates
including mixed infection with viral and bacterial diseases. The present
study has aimed to find suitable ways of minimizing the damages against
the ciliates by investigating the infection routes and treatment methods.
The ciliate isolated from the brain of juvenile flounder was identified as
Philaseridies discentrachi by the morphological and genetic examinations,
and investigated biological characters also. Since the ciliate showed
distinctive pathogenic symptoms in juvenile flounder injected artificially
with the pathogen, infection routes and treatment trials were also examined
in vitro.

The prevalence of the Scuticociliatosis in inland flounder farms in Jeju
island was surveyed for ten years from 1995 to 2004. The occurrence ratio
had maintained as less than 109 until mid 1990s, and shown increasing
trends from year 1998. The ratio was equivalent to over 40% of overall
disease occurrences in flounder farms since year 2000. The monthly
infection rates by the ciliate indicated relatively higher levels from May to
September, and mixed infection phenomena with bacterial disease of
Vibriosis were common.

The Scuticociliates has active propagation ability by utilizing organic
matters obtained from cell strain, bacteria, assorted feed, brain tissue and
rotifer tissue. The ciliate expressed population growth activity under the
conditions of 5~45 ppt in salinity and pH 6-9. The ciliate had survived

and propagated under the water temperature ranges from 10~30C showing



active growth capability of 10~25C temperature range.

To investigate its pathogenicity, the parasite was injected into two
groups of flounder juveniles (3 and 5 cm in total length) and observed
infection rate, time to brain invasion, and mortality of specimen. Smaller
experimental group of 3 cm in total length had shown 40.0 and 90.1%
infection rates 4 days and 24 days later, respectively. Larger group of 5
cm in total length had proved relatively late infection rates than in smaller
group, showing only 20% infection rate at 8 days after inoculation, and
42% at 16 days. However the rate increased markedly as 81% at 24 days.
But no infection observed at control group while test period. The days
until invading to brain were 14 days and 20 days in both groups showing
faster penetration in smaller fish.

The ciliate had resulted in fatal casualties especially in smaller fish. The
3 cm fish group infected with ciliates was shown first mortality at 5 days
after innoculation and fatal mortality of 95.6% 28 days later. The 5 cm
group fish was observed first mortality on 18 days after inoculation and
71% mortality 28 days later. But ciliate infection and mortality of specimen
were not shown in control groups in both size experimental groups.

When the infection route traced by histopathological examination on
artificially inoculated flounder, the ciliate had mainly gone through soft
subcutaneous tissue such as caudal fish, mouth, and skin.

The infection into caudal fin was initiated from the -capillary vessel
which distributed along the caudal fish membrane and soft ray and flowed
into caudal peduncle. And the ciliate finally reached into brain through
vertebra and spinal cord, and propagated rapidly. Infiltration from the
dorsal and anal fins was started from the capillary vessel of fin rays,
same as In the infection route from the caudal fin, destroyed fin

membrane, and infiltrated into base muscle of the fin rays. The ciliate who



penetrated into muscle had propagated by various methods such as necrotic
symptoms of muscle from fins, propagation along the vertebra by
infiltration into spinal column vertebra from muscle attached with neural
spine and hemal arch, and infiltration into muscle from subcutaneous tissue
of fins.

The infection route through the head part was mainly initiated in oral
part. The parasite had infiltrated into soft tissue of jaw as well as mouth,
and spreaded into whole head tissue including eyes. Once the ciliate
penetrated into eyes, it reached up to brain through optic nerve system.
Some ciliate that did not succeed in passing into eyes could reach on brain
from cranium through neural arch. After infiltrating into brain of the
specimen, the ciliate had spreaded over the whole brain and proliferated up
to tail part through spinal cord along the subcutaneous tissue of meninges.

The infection route through the gill was observed on mouth at first
stages. The ciliate moved to oral cavity after infiltration into mouth, then
propagated in large quantities at soft oral cavity wall. Finally the ciliate
reached into gill arch and filament. Some ciliate passed through the soft
part of the operculum and reached to the gill.

Other infiltration route was observed in anal or ventral fin, and moved
to body surface and propagated to anus in large quantities. Also ciliates
are Iinfiltrated into abdominal cavity through anus. Some ciliates pass
through into both intestine wall and pancreas tissue.

Therapeutic experiments were tried with three kinds of chemical
compounds of formalin, hydrogen peroxide, and Jenoclean (Bio-Resource,
Korea). The extermination time of the parasites with formalin was at 30
minutes both in 300 ppm and 400 ppm, 60 minutes in 200 ppm, 90 minutes
in 100 ppm, and 120 minutes in 50 ppm concentrations. In hydrogen

peroxide treatments the time showed at 60 minutes in 300 ppm, 90 minutes



in 200 ppm, and 150 minutes at 150 ppm and 100 ppm concentrations. And
the ciliate was terminated after 90 minutes in 500 ppm, 120 minutes in 400

ppm, 150 minutes in 300 ppm of Jenoclean.



of Q1 dimtell 7] Ask= Fo] A B W@ o]F W ditEEo] 7Ast
A= Aol WAL dvk. e 2FE TS EFctA S 44 FEA
(Protista), 4 X % ¥ (Ciliophora), 2% % 7 (Oligohymenophorea), =-1+%o}%
(Hamenostomatia), = #Ad ® %5 (Scuticociliatida) .2 7% HARA7FR|
Al odFo] 4 dth(Evans and Corliss, 1964; Small, 1967; Corliss, 1968).
2FEILFo AT HATH EFE Evans and Corliss(1964)7F Al 23k o] &
Small (1967), Corliss (1968) ol ¢ls] =FAAZL SHEA ot FHFQ
Hol 7} Wol &iFel ofe o] Brh(Song, 1991). 18y HtolE EAANET)

A AR AEHe FE die VATeE dY dEA doh
Ichthyophthirius multifilis, Cryptocarion irritans®} 7S A 7|18 Fo0 =
ez AERSIE DY fEFAANA ATy FrIEs AHoldtH SAH R
& ASshe 2AARA Sz wet sjabs =l Vs 204 V1A
o] tH(Ototake and Matsusato, 1986; Iglesias et al, 2001; Perez-Uz and
Guinea, 2001).

2FE TS FETAA ASEHe =97 ol #dsElE Uronema
marinum (Cheung et al., 1980), Az 3l A<te] FA Foje} 27l HF A
Stol| Al A 3}= El 3o 7|8l Philasterides dicentrarchi (Dragesco et
al., 1995; Iglesias et al., 2001), & Fo A <423+ Southern bluefin tuna®l
71A&E= Uronema nigricans (Munday et al, 1997), @jwntel] 7]Ast=
Miamiensis avidus (Thompson and Moewus, 1964), tiA] ok ¢lojo] 7] A s}=

Tetrahymena sp. (Ferugson et al., 1987), Sand whiting ol #HH¥H+=



Uronema sp. (Gill and Callinan, 1997) 5 ©%3k o Fof] B2 F7F2 #THAA

d7F RaEa dor o FE¥YE ofly#}t American lobsterol] @ T o] H

S
N
N

AW S doJ|= Anophryoides haemophila (Cawthorn et al., 1996; Novotny
et al., 1996), =7FAtg]dl YL ¥E = Orchitophyra stellarum (Byrne et al.,
1997), & o9} FAFSE Fd74 545 Hol= Norway lobstero]l Z A~FE]
7} (Small et al., 2005), 3} ZZtoll A F2l ¥ cystel ciliated] t5ALSALE
zt= Urocryptum tortum (Perez-Uz and Guinea, 2001) % th%¥3k & A &
oAM EelH Ao, dFEEdd VA AY SAHow Y FUlES oE
sto] ASIIHA Z WA XS = Ao HAY,
T A= o] et o] s FeE 7|8t HAAEA Feo] HiEo

U glell A= 1980t o] dell 4 ZHFe ol ARt A o] o] Fojd w=

At wagn gk Te 198090 wol RAFEES o] §F PG
of ARHWA FAIA AFEAF] A7 AgsdhLee et al,

1994; Lee et al., 2001; Jin et al., 2003a).
HA &2 dEolAM= 1977 dFH Ao 1980d il SolA 2448
2 G E AW (HAKES S, 2003), Tt d= 1986 AlFElA g
2 - 19909 S0 A=A oz FAAde] &3] Frkskdt

(S FFALR, 2002, 2006). H3 AFEE AAGA A 20E 2F

Hagol Frkska G FAol ol FolAWA Ay =@ Frsm g, F

’

So] F2 Wy Qo (Lee and Ha, 1991; 49} #, 1995; Oh et al,
1998; Kim et al., 2001; Heo et al.,, 2001, Kim and Kim, 2003; Baeck et al,
2006), 718E8 AW oRe WMAHAY, JEHLRES, EIYYS, ATEIMS

oblutE Sol Fz wwEa f4FEe 544 WAdE By 27



ol 9t I 7F A(Jee et al, 1997; H, 2005). 53] FH* EoA = =FE
s #del &g J&i7t Srketar o S4 JX A A M A7
AW F o slvolth(Jin et al, 2003a).

AP Ao AEE A2FEHIES 1986 o Afre M o9& 7
g7} H11%¥ ¥ Yoshinaga and Nakazoe (1993)o] <& v 2 F2]
L, K (19930l o wHEdFa wj<g - ofAl A - HYA, Lee &

(1994)3} Lee 5(2001)°l <fsf ®elxz2sts #& Fo] HiEt o]9fd =

Ny

i,
o2 [Ir

an

fex]
™

>~
=

UH E 3k (Lee et al.,, 2001; Jin et al, 2003a), 7974 Z(Jin et al., 2003b), 3}
= 5o 9% FA4(Choi et al., 1997; Jee et al, 2002; Jee and Jo, 2002) %
kst A7 AT EF AlFE A FA dAelA Aw7hA Bad
2FE7tE = g2 ciliate 9F cystd G AAEAIES 2t Q= AFEHIE
o] A= o™ (Jin et al, 2005), BAIT Aol §AF 2ol A F2
HEe AFEE #Hdo] i dthKang et al, 2005a; Kang et al, 2005b).
T 2oAMe FAEAd HaHE 2FHIbS WI FEHEHH, FA5A
FA4o] kg |Fo4xa1  J=d U marinum, P. dicentrarchi,

Pseudocohnilembus persalinus, M. avidus 5°] HEi ®8} Ad(Jee et al,
2001, Kim et al, 2004, Kim et al, 2004a; Kim et al., 2004b; Jung et al.,
2005). oA HA ek Hl2gk WRor A FAEE BREd HEEHE
2FE IS 9%, Hymenostomata (Dykova and Figueras, 1994)¢} P.
dicentrarchi (Iglesias et al., 2001) &°] R ¥n} Sty 53| P. dicentrarchi
7F AdEE A BHEO He uiF Al HAFstER ARTE o dF
E& AF AAAZ A E Qlth(glesias et al., 2001).
FASEATE 2FEHISH 22 v Ee] g4 FAdEL FRAEY fUE
S o] &3t ghtslk A Fo] ThEslE R (K S, 1993; Choi et al., 1997, Jin
et al, 2003b) FZxolA FAdt= HA, HE, Hof, 78 #dofF Tl 4
of & ¥ FL JHE Polal Urk 53] HA & HES AT AW
ZHAsto] MAgtR R AWM F2 AFots AFHIMEH A HFo] HE

2 fA #dol He Ae= Btk
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BN
2,
o
rlr
o2
)
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[40
v



2FE TS ol TS AR Aol F o] Qb M, ofrtw] £F, N

Fr1A8Folgt & 2o mH(Iglesias
et al, 2002), FAHAA A9 Aoj7]el @o] FAFER AFE I 25|
E4E 245 T4 mEgedo]l &3 #HH dalE S THLee et

al, 2001; %, 2002). o]# o] § @ ~FEIFZo] A wHEW N2 gt

of AT A5 A A8V ole® Aom dHA AL RPE, 1986;
FHK 5, 1993; H, 2000). 71 B AFEIE AN ABARE x=220Y ok
o] a7t v AoZ dyA Jowm(H, 1992, 2000, 2005; Jee and Jo,
2002), ¥4 PANAME TEA xEDH 8 AYE POy HI SoME
FAkstF A oFSol o3k ARE @ol] o] FolAa Utk olfel® VAT A

3}

AN

A& 298 <% niclosamide, oxyclozanide, bithinol sulfoxide 5 2 7}x

ji
ofy

FE T doxycycline hyclate 5 944 AR HAS% in vitro Aol A

347 g Aoz HEAL o FHAYNA AGHHT AA =

"
rob

A Aol th(Iglesias et al., 2002; Iglesias et al., 2003). we}A 2] ]9
grtsol da AdEHE SA7} olgsug Aol o 2FE IS
o I E =0|7] A= AAHQA A8 F2o] Hag Ao Bl
2 AFe ol9f Zo] &2 |dAd B2 IfE Yl &2FHIS e
gl ol HoA

H
o}
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BHIA (Brain Heart Infusion Agar, Merck, Germany) ®j*]t} TSA (Trypic
Soy Agar, Merck, Germany) HJA| & o]&3dlo] S 12 ). F2¥
S 25~28C incubatorel Al 24217t wjeFst = TCBS (Thiosulfate Citrate
Bile Sucrose, Merck, Germany), SS agar (Salmonella Shigella, Merck,

Germany) 59 A=8]x] 8w L colonye HEH|, SEA, FH, 1 IA S

’ -1 O

S A Asle] 7lo] Huatg om, FQ Aol APL 54 kit (bioMerieux, France)

Hpolgl 2~ 4

ol
10

2 A9 SR Eaa AAE e Aol nolgx pgow

ded 35 PCR 24 <= S8iA st Arks 946l 2 5= Vima

virus, Rhabdo virus, Herpes virus, Lymphosystis virus, Irido wvirus, Viral
Haemorrhagic Septicemia virus (VHSV), Viral nervous necrosis (VNN) & 7
TR virusE WFoE St oo tE AWe WAl Xehilo] wet

4
casgon, BE ANARE databasestalo] B3It

s 52 5 vl AAl oY A 10% olE vt 19
U 19979 == 546 A2FEHIMS e ERdsy A4 2R ds e &
E] 3

Hlgo] Skt 1997+ 8271 15.2%, 1998\l = 218



7 23.2%, 19994 40774 30% = S7Fsk o] & AZF 454~5591 S FAE 9
o F o¥ @HAS g AFE IS HHES 200003 = 406 % =obx

Ao 40% B9 A 8FaL A eH(Table 1, Fig. 1).
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Table 1. Occurrence of single and mixed infection by scuticociliates and

main bacteria in the cultured flounder of Jeju Island from 1995 to 2004

Year

"D 7 QG OB, i U gl W2 ‘03 04

Total occurrence of
diseases (TO)

Single infection (SI) 7 3 19 60 131 130 103 108 84 105

260 299 541 939 1,3191,376 1,206 1,196 1,313 1,183

Mixed infection (MDD 9 16 63 158 276 429 351 365 413 410

Occurrence rate(%6)* 6.2 6.4 152 232 309 40.6 376 395 379 435

* Qccurrence rate = (SI+MI)/TOx100.



= \lixed infection (MI) w72 Single infection (SI)
=3 Other disease —o—Occurrence rate (%)*
1,500 7 100

Numbers of occurrence
Occurrence rate (%)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Years

* Qccurrence rate, (MI+SI) + (OD+MI+SI) x 100.

Fig. 1. Occurrence of single and mixed infection by scuticociliates and

other disease in the cultured flounder of Jeju Island from 1995 to 2004.
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Fig. 2. Monthly average occurrence of scuticociliatosis in flounder farms of

Jeju island from 2000 to 2004.



3 F8 ARA Ao EHVY

2002\ -E] 200417b4 3 F 2AMG AFEAFH Fa A Aol
EFUA(=TEAF + ATH BEAYS vne e EFudel 71,
B%E 717 Bokow, vgog dFAMS 3637, 24%, AMTwS 2577
17%, Jdl=9t=w 17471 11% wo 2 AFHIIZ Y 349 e Adyd 2H

Table 2. Occurrence of mixed infection by scuticociliates and main bacteria

in the cultured flounder in Jeju Island from 2002 to 2004.

Years " | S + F K+ @ S+ E

Total 721 (48%) 363 (24%) 257 (17%) 174 (11%)
2002 194 (43%) 96 (22%) 99 (22%) 58 (13%)
2003 300 (56%) 112 (21%) 65 (12%) 56 (11%)
2004 227 (42%) 155 (29%) 93 (17%) 60 (12%)

¥ S+V: Scuticociliate+Vibrio sp., S+F: Scuticociliate+Flexibacter sp.,
S+St: Scuticociliate+Streptococcus sp., StE: Scuticociliatet Edwardsiella

Sp.
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sp., S+St:  Scuticociliate+Streptococcus sp., S+E: Scuticociliate+

FEdwardsiella sp.

Fig. 3. Occurrence of mixed infection by scuticociliates and bacteria in the

cultured flounder in Jeju Island from 2002 to 2004.
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A QOoHAN e ) AFE Al = 1913 e AFo= el
(Jin et al, 2003a, ¢} i, 1995). LH AW 1997 =7kA = A Sy H= A
B 7ked WEF 10% Wel® g Al mlsi A EAA A s
Ty 19989 = -E F248 Srbstel WHE el 30%E WelMal dejrt St
stHA FAHA AW b o HFE 2AA A H itk 2000 o]
E A F $HA57 1,200-1,4000 02 AEdE o7t gloy AFE )

:‘,:

E] 40% =S el AL o &

2000)%1

=
G AA THAFE HEHET AN F2 Aoyl W HI glens

al, 1998). Jee S(2001)& WXxo| #A¥E U marinum® Z2AW$7F 6~3
0CE HWomn, Lee 5(1995)2 FAHAA g AFEIFo] 20~25T
H oA v Fo] ZHETta AT ET Iglesias 5(2003)8] Ao w=A %
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o] ¥o] 15TolA =uf ujdatvt. vi g
543 ~AFEVIES 222 5 838 25 mle cell culture flask (Nunc,
Denmark)ol| A/l Hital|l g9 YA x2S o] &sle] 22 wjgs & CHSE-214
AEZFol| HEAIA vigetar Ao o] &siiAtt. 2FEIME Wt T Al
o] FAS A&7 98 e wlF o] dAA e penicillin (Gibco, USA) 100
U} streptomycin (Gibco, USA)S 100 pg/ml %2 #H7}8FA )

2) & A
(1) Fef4 4
B9 2~FE7E9 infraciliature, silverline system ##S 3}7] $3)

Corliss (1953)¢} Ma (2003) Sl 93+ silver carbonate®} silver nitrate HH
of me} A = dAwjHo=z #HA}S T

a2 H 2FEIE 2 genomic DNAE #2317 $13] CHSE-2149] A%
shal 15Tl A 5Y7F wiFstAdth. HEs ~FHItFol &8 MEFE 44

3RS wf v 15 mlE 1,500 rpmel A 10 #37F A o] pellets
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AelAet. =89 pelletd]l proteinase K9} lysis buffer (Qiagen, Germany)=
7 g]ste] genomic DNAZS 2] &}t

2FH 7SS fFAdstA A4 o= small subunit (SSU) rRNA AN E& 5%
371 918l Scul8F 5'-AACCTGGTTGATCYTGCCAGTA-3', Scul8R5'-
GATCYWTCTGCAGGTTCACCTAC-3'E Al#tatal, PCR %H&2 100 ng
9] genomic DNA, dNTPs, 10x Ex faq polymerase buffer, 0.5 unit®] Ex tag
polymerase (Takara, Japan)E &3] SHFE 71ste] HFHI 50 w=
ot 31 Takara PCR thermal cycler (Takara, Japan)E Ab&3lo] &&3}3c}
SSU rRNA¢9 F&L2 94T, 3#%F predenaturation, 94CelA 30 =ZF
denaturation, 55Col 4] 35 %%} annealing, 72 Col A 2 &7t extension= 303]
HhE &1 wpx] ek 72T A 587 extensionS F3stt. FZ 9 PCR AHE
9] A7+ 1% agarose gel A7]9ES S35t At TZH PCR A+
52 pBluescript II SK(-) ®WlE o] F24Y35le] plasmid DNAS Ed 31 (F)
vtz Al e sto] SSU rRNAS H7IMds 248t 9471449 £44
3} Aojz dataE BLAST program % CLUSTAL W Z 2133 o]&3}o]
BEAAESTH =4S AAstgon olu] NCBI® GeBank data-base® 7]
A g3 Blals AT

3) W %

polE 2TEAS A%2AL shefaty] As) dugor ezl WPy
W3k FHAGAN A ATETEE] SFU vz FYHE BAS o) §ate] u)
st v,

(1) MEFZ o] &3k wiF
o] 5553} A 3 Chinook salmon embryo-214 (CHSE-214)E 12 well plate©l
ZH 1l ml 257§ A2FHISE JFAA e H$S CHSE-214 A
Fol A A A2FEIEFS 1.0x10° cell ml' FEE d%en, 15T

incubatorol A1 2 S+ HlgE AT oFFIAE CHSE-214%= modified

m

Eagle's mediumel 10% FBS % &-AAl penicillin (Gibco, USA) 100 U<}
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streptomycin (Gibco, USA)S 100 pg/ml =2 z+zt A 7Fakd o

(2) At ol &3 i

Hj ul 2] = Provasoli 5(1957)¢] Millport S € <(NaCl 1.5 g, MgCl, -
6H0 0.25 g, KCl 0.04 g, CaSO4 0.012 g/distilled water 100 ml)oll BHI
(Brain Heart Infusion) broth (Merck, Germany) ¥]1A| S 0.1% H7}3 3 12
1TCAA 1583 B AlA Millport BHI 81X & A ZetAcH(pH 7.2). A2+
Millport BHI ¥l #] & 25 ml9] cell culture flask (Nunc, Denmark)el] 10 ml +#
Fata 2FEIFY wolw WX R BHE Vibrio lentusgE 3.0x10°
cell mI' FER HEFANA A&HH R Fo] FAHWAM ~FEIF Holvt
HEE 39k HolZ AN S Vibrio lentuss WX xo] 3 FoA 2w

o2 JuldEe T8t AFE TS Aolste] dzEA TAEH= dFE A
H

£

ke
i
o
=}
>,
N
B
2
o
fr
o
Ho
=0
N
olr
rot
N
o)
filo
i
=
>,
o
o

2
()
[
-4
ful
)
o
lo,

wFetal Fo Holm AT WA HxAg vl ml T 0.25 mgs vkt
of H7betsih H7FE W xzA o] F2 APde onAFE S Fsto] FRS 2F
E]7}50] Holsta 52 7hed Foz AeAtHpH 7.2). wigdel= wY F
At 4 =7 98] FAA penicillin (Gibco, USA) 100 IU<
streptomycin (Gibco, USA)S 100 pg/ml ¥ == 7}t 2FE 752 A

F3} oG em, A% e AEFE olgF Y ge zAoR St



of Alzstdtt. At chlorella® w43 2%, Brachionus rotundiformiss
G52 33 AHS T E7E o AL AAST -70Co WE K
& Hol& o]gstltt Millport S &9 ml T WeH ZEFH 05 mgs &
, ZEH Y & Aol dnldd S Foto] &

(B) WIARE o] &7
HA HzAE ol get mdy e oA HzZ diil HAR A A
=

WigtAl2(P 05~0.6 mm, extrude pellet, EP, Table 3)2 Z¢ 9o

Millport S € mi% 1 mgs Z7}ste] viAE Ax3GTh wjA o E3ste=
Aojakze] 2 Abdol dRIAES Tk Fol T3] Aelsta 54 The
& doz AHstdoerw(pH 72), 2FE 7T AT F 25, 7|1 52 Al

EFE ol§% MY 2o 2RoE Fgrh

Table 3. Composition of the experimental diets.

(Unit: g)

Diets I;iij;s - CC(;mponeélt ;diets ger leO g)
form (Zmm) prl(r)l;eii ffl;t : Celfllllloese ;;lhe Ca P
Granule 0.5~0.6 52.0 12.0 7.0 20.0 1.0 2.7
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(6) =75 AT

A ERE SR e] A2FEIE Age JE F 2dvit s, A
T A AFAES HAx HITA JAEA sho] £1A]ZF ol A Alet
Ak Ay WA 6 WS pipettingdle] counting chamber 9]l A

glutaraldehyde (Sigma, USA) 1% £d4& 42 Hrlstd & 1AL &

OP

N
o
N

7]

cover glass (18x18 mm)= Yo 33 &n] 7 (Olympus, BX 50, Japan) 200
&2 A3t & mlg cell&= 321354 o)

4) A5 &7

ftlo
s
s
iy
it
BN
M
=2
27,
=
o2
ol
ol
ne)
>
o
Ho
o
fuj
Gl
e
b
ol
ol
2
Ky
Z

(1) &%=
"t A &taflgro] BHI vl#] (Merck, Germany)E 0.1% ZH7}8to] 7] Eufx|
(SW BHDE A #st ). 25 mle] cell culture flask (Nunc, Denmark)el] SW
BHI ®Wix & 10 ml ¥F81 ~FE7F] Ho|2 V. lentus 2 1.0x10° cell
ml! FER, AFEINEL 30x10° cell ml! BEE HES T 1,5 10, 15,
20, 25, 30, 35 CTolA wgstHA] 11Y¥ & ASHHE #E3AHpH 7.2).

e WA FRE A Sggus 2o pios sk

erd ASAFEY 2o zHqA 1 N NaOH (Merck, Germany)et 1 N
HCl (Merck, Germany)< AF&3sto] ajuj=x1e] =% pHE 5, 6, 7, 8 9, 102

T ASAdy 2o WM oR V. lentus S H o2 &



(3) NaCl
AR Fro wE ASAHE MS BHI (Merck, Germany)®j A S 7|2 o 2
NaCl (Merck, Germany)< Ad7+¥E =2 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60 ppt == H7FE F(pH 72), 2= AFAAH 2 wHor V.

lentus & "ol& o] 15T 119 st AFAHE B8t

(bipartate paroral membrane)< %til 1t} Al14 ¥ (membranelle
SO RRE "ojx glow, 2/ E5 i Q= WEFE Ee A4 JdHE
&t Atk A|24(membranelle 2, M2)2 M19] Hell 91x]atm M1R T o]
7F A3 AgE]E FHE st 9o, Al34& Y (membranelle 3, M3)& #al
M2l 7HgAl $1A18FaL 9l T 9k 2H(Paroral membrane)> M3 - ol Al 7|
AAx gon F FEA Al9s=H(PMD) ¥ A28-5 HPM2) 2 Yol A i
Atk PM12 M2¢] S7hAl AAs el i PM2e o FHRFE =8 9

H
o ARG i) 13708 2o e RS ALsta ddy 5o A
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7} Dragesco 5 (1995)9]

o] ¢] of 1=

M. avidus®}

dicentrarchi ¢t

Philasterides

?:51_

Thomson and Moewus (1964), Song (2000) 5] H. il

e Atk Table 4, 5).
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Fig. 4. Silver impregnated specimens of Philasterides dicentrarchi, A: in
vivo, B: caudal view of silverline, C: infraciliature of baccal field, D:
ventral view of silverline. BF: buccal field, CC: caudal cilium, CCC: caudal
cilium complex, CP: cytopyge, CV: contractile vacuole, CVP: contractile
vacuole pore, M1 - M2+ M3: membranelle 1-2-3 PM 1-2: paroral
membrane 1 - 2, SK1 - SKn: somatic kinety 1 - somatic kinety n, scale bar=
20 ym.
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Table 4. Morphometric characterisation of three population of Philasterides

dicentrarchi

(Unit: zm)

Character Min Max Mean SD n
Body length 32.7 43.7 37.9 2.67 39
Body width 19.6 28.8 24.4 2.36 39
Number of somatic kineties 12 14 13 0.61 35
Length of buccal field” 14.6 185 16.5 1.11 34
Length of membranelle 1 2.8 4 3.3 0.28 30
Length of membranelle 2 2.8 3.9 3.3 0.29 30
Length of membranelle 3 0.5 52 0.8 0.19 30
Length of paroral membrane 1 4.1 6.1 4.9 0.51 29
Length of paroral membanre 2 4 74 5.8 0.79 27
Length of macronucleus 6 8.7 74 0.71 35
Width of macronucleus 5.7 9 7.3 0.72 35
Width of micronucleus 1.2 2.3 1.9 0.24 25

* n: number of samples, SD: standard deviation.

Distance: from apex to posterior end of paroral membrane.
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Table. 5. Morphological comparison of Philasterides dicentrarchi from the

present study and literatures

. . M. du
Present Philasterides aviaus .
Character . ) (from 2 M. avidus
study dicentrarchi )
strains)
Body length
x length (um) 22-34 x 10-21 30-42 x 10-22 - 30-45 x 20-35
n VIVO
Body length 23-45% 11-20 319 x 16.1
x length (ym) 379 x 244 28-41 x 23-32
. 26-40%12-25 399 x 20.1
fixed
No. of 10-12
N 12-14 13-15 13-14
somatic Kineties 10-13
Length of
buccal field/ About 1/2 About 1/3-2/5 About 1/2 2/5-1/2
body length
Length of M1 8= - 4 ca. 3-4
(ym) 3.0
Length of M2 3.34 ca. 2-4 # ca. 3-4
(ym) 36
. Ectoparasite, Ectoparasite, Ectoparasite, Ectoparasite,
Life style . - . .
Histophagous Histophagous Histophagous Histophagous
Position of
e End of SK2 End of SK2 End of SK2 End of SK2
CVP
Host Flounder Sea bass Sea horse Flatfish
Sample location Jeju, Korea (?), France Miami, USA Qingdao, China
Dat . Original Dragesco et Thl(\)/lmson and Song et al.
ata source ema al.(1995) ((fg;;‘;s (2000)

* M1, membranelle 1;

pore.

' M2, membranelle 2;
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wEld 2FEIIEe SSU rRNA FHd2 A€ Philasterides dicentrarchi
(AY642280)9} Miamiensis avidus (SAY550080)° 217} 99.9%9] #FAAS H
o F T FHAe=R dAEFAHFig. 5. I o= Anophyroides
haemophila (U51554)° 95.6% <] A S H At
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clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

AACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCT
AACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCT
—ACCTGGTTGATCCTGCCAGTAGTCATATGCTTGTCTCAAAGATTAAGCCATGCATGTCT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

AAGTATAAATAGTATACAGTGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AAGTATAAATAGTATACAGTGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT
AAGTATAAATAGTATACAGTGAAACTGCGAATGGCTCATTAAAACAGTTATAGTTTATTT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

GATAATGGAAAGCTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCTGTCAAAC
GATAATGGAAAGCTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCTGTCAAAC
GATAATGGAAAGCTACATGGATAACCGTGGTAATTCTAGAGCTAATACATGCTGTCAAAC

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

CCGACCTTTGGAAGGGTTGTATTTATTAGATATTAAGCCAATATTCCTTCGGGTCTATTG
CCGACCTTTGGAAGGGTTGTATTTATTAGATATTAAGCCAATATTCCTTCGGGTCTATTG
CCGACCTTTGGAAGGGTTGTATTTATTAGATATTAAGCCAATATTCCTTCGGGTCTATTG

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

TGGTGAATCATAGTAACTGATCGAATCTCTTCACGAGATAAATCATTCAAGTTTCTGCCC
TGGTGAATCATAGTAACTGATCGAATCTCTTCACGAGATAAATCATTCAAGTTTCTGCCC
TGGTGAATCATAGTAACTGATCGAATCTCTTCACGAGATAAATCATTCAAGTTTCTGCCC

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

TATCAGCTTTCGATGGTAGTGTATTGGACTACCATGGCAGTCACGGGTAACGGAGAATTA
TATCAGCTTTCGATGGTAGTGTATTGGACTACCATGGCAGTCACGGGTAACGGAGAATTA
TATCAGCTTTCGATGGTAGTGTATTGGACTACCATGGCAGTCACGGGTAACGGAGAATTA

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

GGGTTCGGTTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGG
GGGTTCGGTTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGG
GGGTTCGGTTCCGGAGAGGGAGCCTGAGAAACGGCTACCACATCTAAGGAAGGCAGCAGG

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

CGCGTAAATTACCCAATCCTGATTCAGGGAGGTAGTGACAAGAAATAACAACCTGGGGGC
CGCGTAAATTACCCAATCCTGATTCAGGGAGGTAGTGACAAGAAATAACAACCTGGGGGC
CGCGTAAATTACCCAATCCTGATTCAGGGAGGTAGTGACAAGAAATAACAACCTGGGGGC

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

CTCACGGCCTTACGGGATTGTAATGAGAACAATTTAAACGACTTAACGAGGAACAATTGG
CTCACGGCCTTACGGGATTGTAATGAGAACAATTTAAACGACTTAACGAGGAACAATTGG
CTCACGGCCTTACGGGATTGTAATGAGAACAATTTAAACGACTTAACGAGGAACAATTGG

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

AGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTT
AGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTT
AGGGCAAGTCTGGTGCCAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGTT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

GTTGCAGTTAAAAAGCTCGTAGTTGA-CTTCTGCATGTGCCCAGTTCTGG-CTTCGGTCA
GTTGCAGTTAAAAAGCTCGTAGTTGAACTTCTGCATGTGCCCAGTTCTGGGCTTCGGTCA
GTTGCAGTTAAAAAGCTCGTAGTTGAACTTCTGCATGTGCCCAGTTCTGG-CTTCGGTCA

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

clone 1
AY642280
AY550080

AGCTGTGGTGTATGCATCCGCTTGCAAAGCTAGACCGGTCTTCATTGATCGACTAGTGGA
-GCTGTGGTGTATGCATCCGCTTGCAAAGCTAGACCGGTCTTCATTGATCGACTAGTGGA
AGCTGTGGTGTATGCATCCGCTTGCAAAGCTAGACCGGTCTTCATTGATCGACTAGTGGA

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

GTAGGCTCTTTACCTTGAAAAAATTAGAGTGTTTCAGGCAGGCAATGGCTCGAATACATT
GTAGGCTCTTTACCTTGAAAAAATTAGAGTGTTTCAGGCAGGCAATGGCTCGAATACATT
GTAGGCTCTTTACCTTGAAAAAATTAGAGTGTTTCAGGCAGGCAATGGCTCGAATACATT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

AGCATGGAATAATGGAATAGGACTTTTGTCCATTTGGTTGGTTATTGGACATAAGTAATG
AGCATGGAATAATGGAATAGGACTTTTGTCCATTTGGTTGGTTATTGGACATAAGTAATG
AGCATGGAATAATGGAATAGGACTTTTGTCCATTTGGTTGGTTATTGGACATAAGTAATG

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

ATTAAAAGGGACAGTTGGGGGCATTAGTATTTAATTGTCAGAGGTGAAATTCTTGGATTT
ATTAAAAGGGACAGTTGGGGGCATTAGTATTTAATTGTCAGAGGTGAAATTCTTGGATTT
ATTAAAAGGGACAGTTGGGGGCATTAGTATTTAATTGTCAGAGGTGAAATTCTTGGATTT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

ATTAAAGACTAACTTATGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAA
ATTAAAGACTAACTTATGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAA
ATTAAAGACTAACTTATGCGAAAGCATTTGCCAAGGATGTTTTCATTAATCAAGAACGAA

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

AGTTAGGGGATCAAAGACGATCAGATACCGTCCTAGTCTTAACTATAAACTATACCGACT
AGTTAGGGGATCAAAGACGATCAGATACCGTCCTAGTCTTAACTATAAACTATACCGACT
AGTTAGGGGATCAAAGACGATCAGATACCGTCCTAGTCTTAACTATAAACTATACCGACT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

CGGAATCGGACCGGCTTATAAAACTGGTTCGGCGCCGTATGAGAAATCAAAGTCTTTGGG
CGGAATCGGACCGGCTTATAAAACTGGTTCGGCGCCGTATGAGAAATCAAAGTCTTTGGG
CGGAATCGGACCGGCTTATAAAACTGGTTCGGCGCCGTATGAGAAATCAAAGTCTTTGGG

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

TTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACC
TTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACC
TTCTGGGGGGAGTATGGTCGCAAGGCTGAAACTTAAAGGAATTGACGGAAGGGCACCACC

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

AGGCGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTTACCAGGTCCAAACAT
AGGCGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTTACCAGGTCCAAACAT
AGGCGTGGAGCCTGCGGCTTAATTTGACTCAACACGGGGAAACTTACCAGGTCCAAACAT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

GGGTGGGATTGACAGATTGAGAGCTCTTTCTTGATTCTATGGGTGGTGGTGCATGGCCGT
GGGTGGGATTGACAGATTGAGAGCTCTTTCTTGATTCTATGGGTGGTGGTGCATGGCCGT
GGGTGGGATTGACAGATTGAGAGCTCTTTCTTGATTCTATGGGTGGTGGTGCATGGCCGT

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
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clone 1 TCTTAGTTGGTGGAGTGATTTGTCTGGTTAATTCCGT TAACGAACGAGACCTTAACCTGC

AY642280 TCTTAGTTGGTGGAGTGATTTGTCTGGTTAATTCCGT TAACGAACGAGACCTTAACCTGC
AY550080 TCTTAGTTGGTGGAGTGATTTGTCTGGTTAATTCCGT TAACGAACGAGACCTTAACCTGC
clone 1 TAAATAGTACGTTGATGCACAATTGGCGTTACTTCTTAGAGGGACTATGCGCTTTGAAAC
AY642280 TAAATAGTACGTTGATGCACAATTGGCGTTACTTCTTAGAGGGACTATGCGCTTTGAAAC
AY550080 TAAATAGTACGTTGATGCACAATTGGCGTTACTTCTTAGAGGGACTATGCGCTTTGAAAC
clone 1 GCATGGAAGTTTGAGGCAATAACAGGTCTGTGATGCCCTTAGATGTCCTGGGCCGCACGC
AY642280 GCATGGAAGTTTGAGGCAATAACAGGTCTGTGATGCCCTTAGATGTCCTGGGCCGCACGC
AY550080 GCATGGAAGTTTGAGGCAATAACAGGTCTGTGATGCCCTTAGATGTCCTGGGCCGCACGC
clone 1 GCGCTACAATGACTCGCTCAGAAAGTACTTCCTGGTCCGGAAGGATTCGGGTAATCTTTT
AY642280 GCGCTACAATGACTCGCTCAGAAAGTACTTCCTGGTCCGGAAGGATTCGGGTAATCTTTT
AY550080 GCGCTACAATGACTCGCTCAGAAAGTACTTCCTGGTCCGGAAGGATTCGGGTAATCTTTT
clone 1 AAATACGAGTCGTGTTAGGGATCGATCTTTGTAATTATGGATCTTGAACGAGGAATGCCT
AY642280 AAATACGAGTCGTGTTAGGGATCGATCTTTGTAATTATGGATCTTGAACGAGGAATGCCT
AY550080 AAATACGAGTCGTGTTAGGGATCGATCTTTGTAATTATGGATCTTGAACGAGGAATGCCT
clone 1 AGTAAGTGCAAGTCATCAGCTTGTACTGATTACGTCCCTGCCCTTTGTACACACCGCCCG
AY642280 AGTAAGTGCAAGTCATCAGCTTGTACTGATTACGTCCCTGCCCTTTGTACACACCGCCCG
AY550080 AGTAAGTGCAAGTCATCAGCTTGTACTGATTACGTCCCTGCCCTTTGTACACACCGCCCG
clone 1 TCGCTCCTACCGATTTCGAGTGATCCGGTGAACCTTCTGGACTGAGCACGCTTGCGTGAA
AY642280 TCGCTCCTACCGATTTCGAGTGATCCGGTGAACCTTCTGGACTGAGCACGCTTGCGTGAA
AY550080 TCGCTCCTACCGATTTCGAGTGATCCGGTGAACCTTCTGGACTGAGCACGCTTGCGTGAA
clone 1 CGGGAAGTTAAGTAAACCTAATCACTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTA
AY642280 CGGGAAGTTAAGTAAACCTAATCACTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTA
AY550080 CGGGAAGTTAAGTAAACCTAATCACTTAGAGGAAGGAGAAGTCGTAACAAGGTTTCCGTA
clone 1 GGTGAACCTGCAGAAAGATC-

AY642280 GGTGAACCTGCAGATGGATCA

AY550080 GGTGAACCTGCAGAAGGATCA

Fig. 5. Complete sequences of small subunit rRNA gene from isolated
ciliate (clone 1) with P. dicentrarchi (AY6422830) and M. avidus
(AY550080).
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100,000 celle dolA 33wz ZAsgoem, FE T 129 Ao 1.4x10°

[¢)

cell ml'2 4682 Z=23e] Az A= vtk 10° cell ml lo] Aoz =2

[e}

H S AHAoR uUEE {4 5 tHFig. 6).
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Fig. 6. Growth curves of the P. dicentrarchi in different media.
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3) A& &7

(1) +%
10~30C ®elolA AL B F2o] o] Fojxon, &gl F42 10~25T
Ao A o] FolHeh 30TAAE HE F 447 52 F HAs7] AlFsto
A5 A HAbs Gl 5Tl = HE & Hdashy] Al&ete] 39 & A%
|AFetR o) 1T 35TCoA = HIEASF A A Th Ho=

de BAoy nlo # A&shs 5SA4S EAtHTable 6).

o =~

(2) pH
pH 6~97}# A& 2 FAES 9o pH 7~8 WA st 2 o]
o]FA X pH 5, 10914 = HE = AASAH(Table 7).

(3) NaCl

5~50 ppt HHellA AEo] TheatH o S22 5~45 ppt WA o] F
oAxt. S4o] AFHE A7l 5 pptollAdE 3Y FHE FH o] o]FoHo
™, 10~30 ppt HelAA= HE 19 FHEH F2o] o]Fojxrt. 35~45 pptel
Ae iF F 49 BFH F2o] Zbegd ot &k F42 5~30 ppt el
Al o] Fo] -t 50 pptoll A= 109 o] AERoY T4 ol FolA A ¢
ko 55 pptllAlE AAFTE A T 59 whe] M FAxledch 1 pptst
60 pptoll A= HE & A A Ao BAHSE HYgou A

Bo| & A$3= EAS 1Y UH(Table 8).

=,

~
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Table 6. Effect of temperature concentration on the growth of P.
dicentrarchi isolated from cultured olive flounder
Temp. Days after cultivation
(€) 0 1 2 3 4 5 7 9 11
1 ++ - - - - - - - -
5 ++ + + = — = - - -
10 ++ ++ ++ ++ +++ +++ +++ +++ +++
15 ++ ++ +++ +++ +++ +++ +++ +++ +++
20 ++ +++ +++ o+ e+ +++ +++ +++ +++
25 ++ +++ +++ +++ +++ +++ +++ ++ ++
30 ++ +++ +++ +++ +++ + - - -
35 W 5 - = -~ 7 - - -
+++, Growth; ++, No change; +, Decrease; -, Death.
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Table 7. Effect of pH concentration on the growth of a P. dicentrarchi

1solated from cultured olive flounder

Days after cultivation (15C)

pH

0 1 2 S 4 5 7 9 11
5 ++ - - - — - - - -
6 ++ ++ +++ +++ +++ +++ +++ +++ +++
7 ++ ++ +++ +++ +++ +++ +++ +++ +++
8 ++ ++ +++ +++ +++ +++ +++ +++ +++
9 ++ ++ +++ +++ +++ +++ +++ +++ +++
10 ++ = - T = - = 3 -

+++, Growth; ++, No change; +, Decrease; -, Death.
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Table 8. Effect of NaCl concentration on the growth of a P. dicentrarchi

1solated from cultured olive flounder

NaCl Days after cultivation (15C)

(pt) 1 2 3 4 5 7 9 11
1 ++ - - - — - - - -
5 ++ ++ ++ +++ +++ +++ +++ +++ +++
10 ++ ++ +++ +++ +++ +++ +++ +++ +++
15 ++ ++ +++ +++ +++ +++ +++ +++ +++
20 ++ ++ +++ +++ +++ +++ +++ +++ +++
25 ++ ++ +++ +++ +++ +++ +++ +++ +++
30 ++ ++ +++ +++ +++ +++ +++ +++ +++
35 ++ ++ ++ ++ +++ +++ +++ +++ +++
40 ++ ++ ++ ++ +++ +++ +++ +++ +++
45 ++ ++ ++ ++ +++ +++ +++ +++ +++
50 ++ ++ ++ ++ ++ ++ ++ ++ ++
55 ++ ++ + + + > - - -
60 - 4 J ] 3 - - -

+++, Growth; ++, No change; +, Decrease;, -, Death.
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2FE 7MY JE] 2 A Y EAS 7y etr] 93l silver impregnation
T protargol WS o] &E1 gEdH EyE AFEIES JEAHOR
Dragesco 5(1995)¢] Philasterides dicentrarchi®t A& A7]9F AHAREF
F A 5 A 540l dASAT EE FHAA
Y= P. dicentrarchi (Iglesias et al., 2001, Iglesias et al.,
20019k AT ely BUAd ol dAEte o] Fom TSI

o] 9o == Thomson and Moewus(1964), Song 5 (2000)°] 3+ M. avidus
ox PFejH EAo] XAt =, dF FTodlA = phenetic adaptationol] <] g
= ASERF
stx BRF7]e] A4S do7]la dtH(Chen and Song, 2002; Shang et al.,

2003). o]¥ o]F = ribosome?] TAHL] sluE RSO R =2 HU|AE
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filo
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:(x)&
1%
o
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=}
o
=
wn
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=)
(D)
=
£t
8
A
N
N
O

HEATS Jidom &2 AES 23 A SSU rRNA A2 £43te] =2
5

rRNA A& #4437 Kim 520040 HAA =23+ P dicentrarchi®t
Jung 5(2005)¢] HAAA s M. avidus¢t DA T E$F Song and
Wilbert (2000)¢} Parama 5(2006)%] Hilo A% 3

S
FTo] TEdFeE Bud uf Qlo o ol WF ZFAA HHHF &

§”.=
o
L
)
Sh
bt
il
1
-

ZAo® Helt)

ATEAFS F718E olgstel e Ade F g4 ded, 53

(5, 1988; Jin et al, 2003b). % AW F7l&2 FAolFo M=% A4

AW ABAAZN L F2 AAAM, 55 AoisldE AR Mol F el n

Sol wol AW o|F o §3lel Fol TABE o FAH WAL
g olgdte] AARL vt ®=F FuALLe] 2Ew AAdE AT
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Wk F Bl A A - Aole] Mol zEseh wEFAIRE o] &3}

o AFEILFo] s FA st AL ANkE o7 AFHIMFo HEE

7187} Bote= AL AAbel Fa 9tk Iglesias et al (2001)& A~FE]F}FE0)
M, Az, 9A8sE & Holdtta 3F¥ e, Crosbie and Munday

(1999)+= bluefin tunadl FHE = =FE A RS, Uronema nigricarnsE W]

B o #S HolZ sto] 1 88x10" cell ml' WE7FA wjgste] E ATet
2

A7E Bnyg=d, Ho] # %7} 10° cell ml! o)A A s =

rob

H] 53
et Aoz HAT 7S Hol= 3 ulgAl Higdd HrtstE wiAe] &
of welr o] T2 o] el AFEFLF] widE ZElxi=v BHI Hj
A} peptone 5 AlvElY HiAZ tiEF 0.1% AT 2 H7Fe A o] A

of FAatE @ Fo| wAL olFM AFTAel s Aoz wywth

Yoshinaga and Nakazoe (1997)+ A=FE7l5 YA A dRg= A
AujFo], e Z2PUHEG= oFL ZHAA o] ZdEttes AFEAH
E Hgor 2 HdPdAcs Ho] fle oFE XA AAMES A
ot

Croshie and Munday (1999)%= Southern bluefin tuna, Thunnus macoyii®l

<

A ¥ = Uronema nigricans®] 33 917F =2 10~25TC, 9# 5% 15~35
ppt= H3Th H] =% A3 2 A Cheung 5(1980)2 =3 4k #7doiq
FA¥E = U marinum®] 9555 21~31 ppt, 52 8~28TC WHHANA e

o Wtk Jee 5(2000)08 WX o #HAEE U marinum® 297
6~30C=E HasgEd P dicentrarchix~ U. marinume] Hl&] F2¥ ¢+
H s} dises ddAgel Aoz Helr) Iglesias 5(2003)¢] A& o A=

I HEAA el P dicentrarchi M FA P pH 7.2, 72 18~237T,

His= 10 pptol A FzeAl wFE AT, & Aol = 10~25T 9ol A

_35_



$F pHell M =

A 5=

c} a1

-

KN
T

A} v =5k th 3 Lee 5(1997)

44

59

Iglesias

ta=d o

)

e

o] 20~25C HH oA ujFo]

Fe71%

ﬁo
B

J =

Z

%

e

W
olo
N

%

ﬁo

3t EAS w9t P dicentrarchi?} ©] ¢} 7o) 3t

o
Q)

v ofu

™
e

Azt olue Ao A

_36_



s

=0

ool
el

—

HA Aol §

=
=

Philasterides dicentrarchi

A101(14 cm)®] o
2o} 20 vhe

T 32 cm, H9: 27~36 cm) ¥

54 cm, B9 45~64 cm) o2 o] AYAL

|

>3

)

474

&7 AAHe 497olA 247 3 em 2

=

sol 3
— 37 —

o

57
Y Z1Ek
3cm (A%

AN

__Il

%o

] A4

|

>3

o

=
M

P. dicentrarchi=

<
T

belet.

| THEM AFEHI}

2) =FE 7}
X

I} 5cm 1
H]
A g

=
H

|

]



142 80T

Ak AF%z

[¢)

5t

°

B

S

20 cm=

[e)

L

]
o

AbSEE 43 ecm x 43 ecm x 25
A

oo

]

TFx+ Fig. 7% Zo] 43 cm x 63 cm x 25 cm 9] 47} X%
o

A&z oz R

A5
= 43 cm x 20 cm x 25 cm

1

A4

]

o
1l

cm, oY=

Q A g T N LA
oy S gl
_z_o 5 o ‘ﬁv‘_ ZI XB
ﬂArO _#O#l hLO _ E#E — ~
oF - el e N
Yoy o M g
ku R Yy 0 T
- 8 ol o) i
" T y 0 JJ it
wE T g O w_ \ 3 mmlo
ool BOR o T oo X
A B T L S S ¥
T oo I N "Ry
A % § = Y SR
ari B X X == = [
o o N o =]
g T o X N ¢ =y -
P4 L = Sl " RIS R -
0 ~N —~ AT <L
N o S B O /g P
LTI A o =
o W OK o g M & WO
L
el o R U
N o) dwo o > o E & = ru___
g b E g XS =
£ i = =
R = = ol mm P = =98
X rH E‘.M o 0 o A=
@%1ﬂ%@%ﬂ%m =D
v o< x5 X - JPH Py
W oy T o Oom M B
il N > o5 o} T
N ol B N olJ 7o
Do XX R om o og S
0 o I= o X — —_—
Efx,wﬁ@ﬂ_%mo#%m
S E U owo @M T o
o My fer o o T
T PR omode P wm g T
T © _w_% =0 ﬂ:,._ ﬂme oF I

_38_

Fig. 7. Schematic diagram of experimental tank.



5 2=FH7lE Wid 2 HE
IS Y3 P dicentrarchi® ¥l%E FB A AlSFx AW

B =35k oA vt & HFelA . wiA = 25 ml cell culture flask

¢

(Nunc, Denmark)ell i35 20 mlE 1 “A3Y AESHH EA"Y] Hj
Al o]l &Y WA XoJAIE(Y 05~0.6 mm, Table 1)E Z¢ 2o]Z njoks|

mlY 1 mgs H7MetAeh T3 v Alde] SAS JAs7] $8 A
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ke S o] 3.0x10° cell ml s ER HE F 15CA 79 B

N

i
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Qgzrgel oa WAbE APolRRE 24 gPAT el s 2TE
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i S
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o] g3te] Al xsAte] Wl we total DNAS #2383t #2l¥ DNAES
template2 3lo]  27F (5'-AGAGTTTG ATCCTGGCTCA-3'), 1522R
(5'-AAGGAGGTGATCCARCC GCA-3) primer set= ©]&3t4 PCRYg&
Fdsten, ol PCR 232 95TA 5&3F WA F 95T 18, 55T 1+,
72T 129 F712 333 9h&Ed & HF 72TA 1023 43ttt &
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Ao A widA 7 P, dicentrarchiE Zr AdFZFHE AMSSF ml9
1.0x10* cell == HEAZ TR &2s] 4895, 3 cm 182 #

Z 3T 6AAEEH 14x10°~25%x10° cell ml' ¥E=

Z HAE 5 497 APFY FA BEo 10 viE F 4 viElst g Ho
40%°] FAES Atk FHE A ES HT 3UAQFID)el 57.3%, 12497
(B3T3 70%=Z F7tstdlem A k4L A E F FAEC] 90.1%=2

BEol AFolzt A E Yk Table 9, Fig. 9). 230l FAlE 59 5 5
et AlZgleon datels W AFEFLE #EE e viH
gz e 2FEHIS Fde] e Ad77t F 4 w7t HALst AT

(3) 5ecm 1%

o] 2% < 3 cm Lwdl MM Z7] ZHEEC] dAAS] Wk HE ¥ 4
AAATIN7MA = FEHEA FAoh HE 5 8LAQTID 20%9 HAES
Helow FHAlol= HF F 4dA Agom Yewgt JF F 169443
A= Adeol 42%= ¢ dntstA AP Ed oy I o]Fdes AHE B
dholel #HAEl F43% FUbetR e, 24dA 67l 7 AHE|
81%E Z @ tHTable 9, Fig. 9). ixTolM = 2FEIIFo] THAHA Fshe
W, HAL HA = flA T
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—8— Bottom (3cm group) —a— Bottom (5cm group)
3,000

—o— The middle layer (3cm group) —%— The middle layer (5cm group)

2,500 |

2,000 |

1,500 F

1,000 F

Density of ciliates (cell/ml)

500

-2 0 4 8 12 16 20 24

Fig. 8. P. dicentrarchi density at the bottom and middle layer of

experimental tank according to incubation days.
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Table 9. Infection of scuticociliates, P. dicentrarchi on the experimental

group and control group in flounder according to incubation days

(Unit : individual)

Days after infection of scuticociliates 0 4 8 12 16 20 24

Survival Infection - 4 5 6 7 7 5
" infligtrilon i 6 5) 4 3 3 1
Experimental :
Death Infection - - 2 35 923 19 5
: Non s - £ A ) i )
3 em \ & infection
group Survival Infection - & h 7 E B -
2 Non
Control Fi° infection 10 10 10 10 10 10 10
Death Infection - 4 1 E 3 B -
faeyi~——~/9 Il e~ll -
infection
Survival Infection - e 2 9 4 5 -
5y ingg‘crilon =" 1) 45 3 6 5 3
Experimental :
D&, Wl Ctiomm— g _ R 3 %6 5
e 414580 al J
5 cm infection
Survival Infection - L o B ~ B -
B : Non
Control fish . fection 10 10 10 10 10 10 10
Death Infection - - - _ - B -
fish . Non S
infection
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80
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e
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T 40 |
QL
£
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0 L L 1 1 1 Il
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Days

Fig. 9. Infection rates of scuticociliates, P. dicentrarchi of the 3 cm and 5

cm groups fish by section.
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(4) #4 &H
P. dicentrarchi®l #9423 cm 1w°] 5 cm ZLsgell Hlal] WEA o] Fo] A
out AL Hsd Fde Bl ol 9
G A EEE oo 597 FAFol YEhA &gk, Seto R dFu A ¥
v A FSdol vebr] dell HARs A tH(Fig. 10). L2 =28k A vt
g 229 A7 FRIFHGT 5 cm 1 A S Qo I F-A o]
U A=n A s oF S dEhE JRAZE Bokth(Fig. 1. Hx
dEo] A=en 24s Az Hoxm HF
st th(Fig. 12). of¢lol= 5§ =43} oprin], B4 Follk 373 vh(Fig.
13).

Fig. 10. External features of the 3 cm group fish infected with P.

dicentrarchi after experimental infection.
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WAL LR ,.‘nmn-mqn-uuy-‘u‘ 11

Fig. 11. External features of flounder of 5 cm group fish infected with P.
dicentrarchi after experimental infection, (A) skin tissue lesion, (B) caudal

fin tissue lesion (arrow).
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Fig. 12. Photograph of P. dicentrarchi (arrows) infiltrated into the dorsal
fin (A) and brain (B) in flounder. Scale bar= 100 gm.
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Fig. 13. Light micrograph of the muscle (A), gill (B) and abdominal cavity
(C) in the infected flounder showing P. dicentrarchi (arrows), Ac:
abdominal cavity, Gf: gill filament, Iw: intestine wall, M: muscle, V: villus.

HE stain. Scale bar= 50 um.
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2) A

(1) =&Y P. dicentrarchi &%)

HAALE ARAT9 P. dicentrarchi & F AW AF5¥e= 2dsE AP+
o AH AEje} vid S Bt T HE F 2do] BHste] HAIAE
rorst o] f£x AW F WEE 63x10°~1.0%10° cell ml' WY A
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(2) 3 cm T1&F

3 cm 179 P. dicentrarchi 7Zrdel ©g A= AWAH oYt HE F
44A A7 A= AAF AAAZE detgA ko 5AA Y HANE 7] Al E
st 272 (G5~8Y A 7R 9 HAMES 15%= wlwA vkt 1y 33k
9~129)dl= FAHHAAEC] 40%E HoAAHA F43] HAEo] F7tsAH
AE 5 28Y whel #HAAFEo] 956% = dii-io] FAMS om, HA A= A
F 2FEHIbol A49d FHIdT AT 5 144 Al HARololA Fol H7t
A AT Aol A (Fig. 15). Tl = 28U 1He] A7 4.4%
o] HALE S Holoy AFHEHIMETY FES jiATh

5cm 1% BF¥E 3 em Lol BISiA HAREC] dAA S wked Ad
Tol T HE F 164UTH7AA = HAF HAZE flled 57 7H17~209) 5
B HALE 7] Al Th ey HARES 3 em Lol H]E] RbekAl AEEkad
o™ 3 em ZFo] "R #HARE 28U AT ACd = T1%7F HAFEO] 3 cm
ol sl HAREol dA S Wokrh(Fig. 16). T oA s AFE 7 w2t
HARA 7L gllen AFE 7S AdE gl



—a— Bottom (3cm group) —o&— Bottom (5cm group)
3,000 r —¥— The middle layer (3cm group) —&— The middle layer (5cm group)

2,500
2,000 r
1,500

1,000 r

Density of ciliates (cell/ml)

500 |

-2 0 4 8 12 16 20 24 28
Days

Fig. 14. Ciliate density at the bottom and middle layer of experimental tank

according to incubation days.
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100 r W Experimental group

O Control group
80
60
40
20
0 1 1 I 1 1 1 1 1 1
4 8 12 16 20 24 28

Days

Mortality (%)

Fig. 15. Accumulative mortality on experimental infection and control

groups of 3 cm flounder by P. dicentrarchi.
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60

Mortality (%)
5

20

Days

Fig. 16. Accumulative mortality on experimental infection of 5 c¢m flounder

by P. dicentrarchi.
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Table 10. Levels of 185 rRNA sequence similarity for inoculated strain and re-isolated strains after artificial infection, and

representatives of some related taxa

% Similarity

1 2 3 4 5 6 7 8 9 10 11 12 13
1. Inoculated strain - 99.9 100 100 100 95.6 94.8 94.4 94.4 94 94.3 93.3 87.3
2.Re-isolated strain 1 0.0006 T 99.9 99.9 99.9 95.5 94.7 94.4 94.3 93.9 94.2 93.2 87.2
3.Re-isolated strain 2 0.0000 0.0006 2 100 100 95.6 94.8 94.4 94.4 94 94.3 93.3 87.3
4. AY550080 0.0000 0.0006 0.0000 T 100 95.6 94.8 94.4 94.4 94 94.3 93.3 87.3
5.AY642280 0.0000 0.0006 0.0000 0.0000 - 95.6 94.8 94.4 94.4 94 94.3 93.4 87.3
6.U51554 0.0445 0.0451 0.0445 0.0445 0.0445 = 95.4 95.3 95 94.7 95 94 86.7
7.AY212807 0.0520 0.0526 0.0520 0.0520 0.0520 0.0456 ~ 98.9 98.8 98.2 95.4 93.8 87.4
8.AY541688 0.0557 0.0563 0.0557 0.0557 0.0557 0.0469 0.0110 = 99.2 99 95.1 93.4 87.4
9.AY541685 0.0564 0.0570 0.0564 0.0564 0.0564 0.0500 0.0121 0.0081 - 98.6 94.8 93.5 97.2
10.AY541686 0.0601 0.0607 0.0600 0.0600 0.0601 0.0530 0.0180 0.0098 0.0145 - 94.6 93.2 86.9
11, AFB527756 0.0570 0.0576 0.0569 0.0569 0.0570 0.0501 0.0457 0.0487 0.0525 0.0537 - 93 87.6
12.AY103189 0.0670 0.0676 0.0670 0.0670 0.0664 0.0600 0.0624 0.0654 0.0649 0.0685 0.0700 - 86.4
13.1097111 0.1272 0.1279 0.1272 0.1272 0.1272 0.1326 0.1265 0.1265 0.1279 0.1306 0.1240 0.1358 -
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Re-isolated strain 2 (5 cm group)  Inoculated strain

Mesanophrys carcini IAY103189
Philasterides dicentrarchil AY642280

Prorodon viridis [U97111
Re-isolated strain 1 (3 cm group)

Miamiensis avidus/AY550080

Anophyroides haemophilal U51554

Schizocaryum dogieli IAF527756

Parauronema longum/AY212807

Plagiopyliella pacificalAY541685

Thyrophylax vorax/AY541686
Entorhipidium tenue/AY541688

Fig. 17. Phylogenetic tree based on 185 rRNA gene sequences showing the
positions of inoculated strain and re-isolated strains after artificial infection
and the representatives of some other related taxa. Scale bar represents 0.1

substitution per nucleotide position.
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At 45 =(JINO1, JINO2, JINO3,
A3 2+7; Vibro chagasii LMG
2135(Accession  NO. AJ316199)2}  99.9%, Vibro pomeroyi LMG
20537(Accession  NO. AJ491290)¢}  99.6%, Vibro tasmaniensis LMG
20012(Accession NO. AJ316192)2}  99.6%, Vibro ichthyoenteri LMG
19664(Accession NO. AJ437192)¢} 99.6%¢] A&AS YelAdet. weld =

Q19 el ols) A Holol A 2ol
JINO4)ol 3t 16S rRNA EAS =3 &

o

g dE wBg oS 47 V. chagasii, V. pomeroyi, V. tasmaniensis, V.

ichthyoenteri= -5 7= 2 tH(Fig. 18).
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V. chagasii LMG 213531/ AJ316199  Vibrio sp. JINO1

V. tasmaniensis LMG 20012T/ AJ316192

Vibrio sp. JINO3
lae LMG 7892T/AB032015

Photobacterium de lae subsp. d

V. fisheri LMG 4414T/X74702

S.costicola subsp. costicola LMG 11651T/ X95527

Vibrio sp. JIN02
V. pomeroyi LMG 20537T/ AJ491290
V. pectenicida LMG19642/ Y13830

V.mediterranei LMG 11258T/ X74710

V.aestuarianus LMG 7909T/ X74689

V. pacinii LMG 19999T/ AJ316194

V.cincinnatiensis LMG7891T/ 74698

V. scophthalmi LMG 19158T/ U46579

Vibrio sp. JIN04
V. ichthyoenteri LMG 19664T/ AJ437192

Fig. 18. A strict consensus tree based on 16S rDNA sequences comparing

1solated strain with type strains.
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Fig. 19. A number of ciliates (arrows) are infected to caudal fin of
flounder, (A) photograph of ciliates infiltrated into capillary vessel in ray of
dorsal fin, (B) light micrograph of the caudal fin in the infected flounder
showing numerous ciliates that have invaded capillary vessel of the fin
tissue, (C) light micrograph of necrosis tissue of the fin ray in the infected
flounder showing numerous ciliates in the fin tissue, (D) light micrograph
of ciliates infiltrated into the caudal skeleton from caudal fin, Cf: caudal
fin, Cs: caudal skeleton, Cv: capillary vessel, Fm: fin membrane, Nf:

necrosis fin membrane, Sr: soft ray, HE stain. Scale bar= 50 pm.
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Fig. 20. Light micrograph of ciliates (arrows) are infiltrated into spinal cord
after infection in fin ray of flounder, (A) light micrograph of ciliates are
moved to vertebra from caudal skeleton of flounder, (B) light micrograph
of ciliates are reached to vertebra of flounder, (C) light micrograph of
ciliates are moved to brain from vertebra and spinal cord after infiltration
into vertebra of flounder, (D) light micrograph of ciliates are moved to
brain from subcutaneous tissue of spinal cord, Cs: caudal skeleton, M:

muscle, Sc: spinal cord, V: vertebra, HE stain. Scale bar= 100 gm.
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Fig. 21. A number of ciliates (arrows) are reached to brain along spinal
cord, (A) light micrograph of ciliates are reached to brain, (B) photograph
on the tetragonal part of figure A, (C) light micrograph of ciliates are
propagated after infiltration into the brain along spinal cord, (D) External
features of infected flounder by ciliates, Br: brain, Sc: spinal cord, HE

stain. Scale bar= 100 gm.
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Fig. 22. A number of ciliates (arrows) are infiltrated into the muscle tissue
through the dorsal fin of flounder, (A) photograph of ciliates infiltrated into
soft ray of the dorsal fin of flounder, (B) photograph of ciliates infiltrated
into the capillary vessel of dorsal fin, (C) light photograph of ciliates
infiltrated into the muscle tissue, Cv: capillary vessel, Df: dorsal fin, Fm:

fin membrane, M: muscle, Sr: soft ray, HE stain. Scale bar= 50 ym.

_68_



Fig. 23. A number of ciliates (arrows) are infected to muscle of flounder,
(A) light micrograph of ciliates are spreaded to muscle texture after
infiltration into the muscle of flounder, (B) light micrograph of ciliates are
moved to muscle border, (C) external features of infected flounder, M:

muscle, Nm: necrosis muscle, HE stain. Scale bar= 100 gn.

_69_



-
1

P. dicentrarchi

<
o F

917

]

o

o

—
fite)

Fob 2%el AANE wehA e

=]
&

<
T

ki3

Fri] g

=]
&

A tHFig. 24-A).

o<
o

-
e

5
+

X

R

]

v owg Zow SAEQ o™ (Fig. 24-B), 4

(Fig. 24-C).

]

to
|

—~
fite)

% 3ol

=
=

P. dicentrarchi’} S A =]

\‘%
N
N

fite)

Huls F

)

= ¥
T

=]
&

F2 olE oA th(Fig. 25-A).

i)

el
ar

7
e

o

—_
fite)

=3
W

=]
=

TR =

&
=

i

-3

1= Sl o} (Fig. 25-B).

SkA
B

=

o

5 A tH(Fig. 25-C).

A
o

=

7 zo

Al

T

Fe) A oH(Fig. 26-B). A&+

wpe} gl

o]%o] o

i

=]
&

(Fig. 26-A),

=

Z XA a1l
©

w2}

oR
ok

—_—

A
__AE

Y

)
o
ﬁo

o

-

(4) Al==n &

F439

of 25 AANTEA o

3
=

Ao (Fig. 27-A), A17te] 73}

t}(Fig. 27-B, C).

)

A% F A

-
it

A

oz sAapslof 7))

thH(Fig. 27-D).

E
==

o] A

]

A

_70_



Fig. 24. Ciliates (arrows) are moved to the vertebra through the muscle of
flounder, (A) light micrograph of ciliates are moved to the vertebra, (B)
light micrograph of ciliates are reached to the vertebra, (C) light
micrograph of ciliates are infiltrated into the neural arch of vertebra of
flounder, Bv: blood vessel, M: muscle, Na: neural arch, Ns: neural spine,

Sc: spinal cord, V: vertebra, HE stain. Scale bar= 50 um.



Fig. 25. Light micrograph of the vertebra in infected flounder showing
ciliates (arrows) that have invaded vertebra tissue after infiltration into fin
ray, (A) ciliates are moved to vertebra tissue along muscle, (B) ciliates are
reached to vertebra along hemal spine, (C) ciliates are moved to hemal
arch after infiltration in blood vessel, Bv: blood vessel, Ha: hemal arch, Hs:

hemal spine, M: muscle, V: vertebra, HE stain. Scale bar= 50 um,
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Fig. 26. Light micrograph of the kidney in the infected flounder showing
ciliates (arrows) that have invaded into the kidney tissue, (A) ciliates are
reached to kidney, (B) ciliates are propagated in quantities between
vertebra and kidney, K: kidney, M: muscle, R: rib, V: vertebra, HE stain.
Scale bar= 100 gm.
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Fig. 27. Light micrograph of the muscle in the infected flounder showing
ciliates (arrows) that invaded muscle tissue, (A) ciliates first infiltration
into muscle, (B) early necrosis state after muscle infiltration, (C) heavy
necrosis state after muscle infiltration, (D) External features of infected
muscle in flounder, M: muscle, Nm: necrosis muscle, HE stain. Scale bar=

50 gm.
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Fig. 28. Light micrograph of the mouth in the infected flounder showing
ciliates (arrows), (A) early infection state of upper jaw, (B) ciliates
spreaded along head skeleton, (C) enlarged photograph of ciliates moved to
head skeleton and muscle tissue, L: lip, Uj: upper jaw, HE stain. Scale

bar= 100 m.
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Fig. 29. Light micrograph of the eye in the infected flounder showing
ciliates (arrows) that have invaded eye tissue, (A) photograph of ciliates
are infiltrated into the cornea of eye, (B) ciliates are infiltrated into eye,
(C) ciliates are moved to brain along optic nerve of eye, Br: brain, Co:

cornea, E: eye, Eb: eye ball, HE stain. Scale bar= 100 pm.
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Fig. 30. Light micrograph of the brain in the infected flounder showing
ciliates (arrows) that have invaded into the brain tissue, (A) ciliates are
reached to cranium outside along muscle tissue from upper part of
cranium, (B) ciliates are reached to cranium outside along muscle tissue
from below part of cranium, (C) ciliates are moved to brain along nerve
groove from cranium outside, (D) ciliates are propagated in the brain, Br:

brain, Cr: cranium, M: muscle, HE stain. Scale bar= 50 gm.
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Fig. 31. Light micrograph of the brain in the infected flounder showing
ciliates (arrows) that have invaded into the brain, (A) ciliates are moved to
spinal cord along subcutaneous tissue of brain, (B) ciliates are moved to
spinal cord from brain, (C) Enlarged photograph on the tetragonal part of
figure B, Br: brain, Bv: blood vessel, M: muscle, Ns: neural spine, Sc:
spinal cord, V: vertebra, Hs: hemal spine, HE stain. Scale bar= A: 50 um,
B: 200 m. C: 100 m.
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Fig. 32. Light micrograph of the gill in the infected flounder showing

ciliates (arrows) that have invaded into the gill tissue, (A) photograph of
ciliates are infected in jaw of flounder, (B) ciliates are spreaded to oral
cavity wall from jaw, (C) ciliates are spreaded to gill arch and gill
filament from jaw, (D) Enlarged photograph on the tetragonal part of
figure C, Ga: gill arch, Gf: gill filament, Oc: oral cavity, Ow: oral cavity
wall, T: tooth, HE stain. Scale bar= A: 100 gm, B - D: 50 gm. C: 200 pm.



Fig. 33. Light micrograph of gill in the infected flounder showing ciliates
(arrows) that have invaded into the gill tissue, (A) ciliates are infiltrated
into branchial membrane of opercular region to gill, (B) ciliates are
spreaded to opercular region of gill, (C) photograph of ciliates are
infiltrated opercular region of gill (D) gill filament tissue are destroyed by
ciliates, Bm: branchial membrane, Gf: gill filament, O: opercular, Or:

opercular region, HE stain. Scale bar= A - B 200 mm, C - D: 100 gm.
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Fig. 34. Light micrograph of blood vessel and heart in the infected flounder
showing ciliates (arrows), (A) ciliates infiltrated into capillary vessel of gill,
(B) ciliates infiltrated into blood vessel connective to gill and heart, (C)
ciliates infiltrated into pericardial cavity, (D) ciliates infiltrated into heart,
Bv: blood vessel, Cv: capillary vessel, Gf: gill filament, H: heart, Pc:
pericardial cavity, HE stain. Scale bar= A: 200 gm, B - C - D: 100 .
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Fig. 35. Light micrograph of abdominal cavity in the infected flounder
showing ciliates (arrows) that have invaded into the abdominal cavity
tissue, (A) ciliates are infected early in ventral fin of flounder, (B) ciliates
are spread to anus along skin tissue from ventral fin, (C) ciliates are
infiltrated into abdominal cavity along anus, (D) ciliates are infiltrated into
intestine wall, Ac! abdominal cavity, An: anus, Fm: fin membrane I
intestine, Iw: intestine wall, R: rectum, Sr: soft ray, V: villus, HE stain.

Scale bar= A - C: 50 gm, B - D: 100 gm.
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Fig. 36. Light micrograph of kidney in the infected flounder showing
ciliates (arrows) that have invaded into the pancreas and Kidney, (A)
ciliates are infiltrated into pancreas, (B) ciliates are infiltrated into kidney
membrane, (C) ciliates are infiltrated into urethra, (D) ciliates are infiltrated
between kidney and muscle through urethra, Ac: abdominal cavity, K:

kidney, M: muscle, P: pancreas, U: Urethra, HE stain. Scale bar = 50 um.
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VI. =9 FAESY

) &FE7tE
Aol ®2l¥ P dicentrarchis W 3te] FA Ao o] &3t Hit

1<=ol BHI (Merck, Germany) X & 0.1% %7}st SW BHI A& A =2}3t

ol

B B2 9 7 (Vibro lentus)S 1.0 x 10° cell ml' ¥ =2 HEs o] Z
Aow AWM Fof Wol7t HEs FYTEH 7.2). WL AT F A
& CHSE-214 AXEFoA =4 wmdd P dicentrarchiS WA o] 3.0x10°

B

ofN

cell ml! 52 HES T 15T incubatorol Al 42 EQF wjetste] 443 o

o] &3ttt FAAY AHLS F9 X]—’F%—QO] o] Zolx B o] Furel

I
|z
Au)
to
EY
filo
12
o,
fr
=
02
)
[
-4
Au
Y
ol
o
Hel

22 (Merck, Germany)@} 2}

28k 4= 2 (Merck, Germany), 183 AT E|7}E ABAZ MFd dEe JF=

A} A% Jenoclean (Bio-Resource, Korea)S ©|-&3}9] in vitro 7448 S 3
Aok AWy " Astslge] S ES 34 & S AHEE st
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Absha2: 25, 50, 100, 150, 200, 300 ppm, Jenoclean 50, 100, 200, 300, 400,

500 ppmo.2 A3}t

3) TAET AA

k84 = AIHAT wE Fo &Y FHAH WsE Novotny &
(1996)# Crosbie and Munday (1999)¢] &35 Wwol wa} FAsIA T oF
SA4E = F 1808 ¢ AAEd 307 G2 T AZF A

5447 A WEE 594 Y score® T39I tHTable 11).

A

oftt

Table 11. Scoring system for appraising the effects of various compounds

on motility and morphology of P. dicentrarchi

Score Interpretation
Morphology
4 No change; cells elliptical.
3 Less than 50% of cells round or irregular shape.
2 Approximately 50% of cells round or irregular shape.
1 More than 50% of cells round or irregular and lysis evident.
0 Extensive lysis with few cells intact.
Motility
4 No effect; motility normal
3 Motility slowed in more than 50% of ciliates
2 Approximately 50% of ciliates stationary, but cilia still beating
1 More than 50% of ciliates stationary and cilia still beating
0 No sign of motility or cilia movement
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a2 oF8 A & A Aol wE P. dicentrarchi®l FE|% W3l 2
Al gkttt 30 k&4l 200 ppm ©] el FEIWstZE YEr] A A
=, 400 ppmol Al 60+ FS-02 HAxl JE7h 90F oFEo = UgFEZY AME
7F #3838 HAY HE S dozth 200, 300 ppmol A& 1507 &=z i
o Ax7F W EHAoH, 100 ppmol A= 1808 ¢F&8o =2 HAubAHE7E 50
ppmol A& 180 F& o2 AR JfAe AE7F HP AL

29 o8 o3 5o WMste FH A WstRY FElo] el
300, 400 ppm EF 30% ¢f&o 2 S s A AT 200
60+, 100 ppmolA] 90+, 50 ppmolA 120% Tho 247 54 S &3] AA

sto] Al 2T E B (Fig. 37).

a3t 4 8o WE P dicentrarchi®l FElA W3li= 300 ppmoll A 30
T &2 50% A7t AE HES o AY Mxde] sHglen, 60
T FEow i AE7F WMEHAY AlEEte] 3 H AT 200 ppmol
90+, 150 ppmel 120+, 100 ppmeol 150+ °F&-o =2 tJH-Ho] M x7} WPy

A Azeto] I Eglon, 50 ppmollAE 180% k&0 = 50% AL )

Fakstr A of &) e REAde Wk X2l of& 3 w2 Y H
E}ykTh 150, 200, 300 ppm A G EF 30 FE&o=
R s AEEHATE 300 ppmolAl 60F F& o=
AREE7HA s8] FAstd e, 200 ppmelA = 904, 150 ppm¥ 100
ppmol A= ZH7E 1504 wholl 544 S b s AT 50 ppmol A=

B oofgoz 98 YAdo HELES 1808 Fol FAHUL 25
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Jenoclean ¢F&o wa FeEjA Wt = AAzkel wel FEF Ao
S HEATE 500 ppmel Al 60 SF& Al 50% o]/de] AEZ7F FEsE HAY A
Fdo] By HQom 90 FFow el Alxve] 33 ATt 400 ppm
A 902 F&Oo = 50% ol TAstHEAY AlFEere] g3 glow, 120
Bookgow i MEHo] ] Eth 300 ppm A gl Fol A E 60% <k
o= 50% A= Ax7l BEHAY Alxuto] gl om, 150% F&o
2 UREe Axrt AdEHAY AEge] i Edn. 200 ppmel A= 90%
F8 02 50% AE7F AIEZHY e Axdo] B HAoH 1507 F&o=
g AE7EF AP HAY AEEre] 33 H vk 100 ppmol A= 180 oF
o= 50% olde MAZE AZMEF oy Alxete] R EU o, 50 ppmol A

£ 1808 8o 50% JErt AEAF L dor
5

Jenoclean °F& A @o] o3 &

300 ppm o A+= 500 ppm A& 9 PIRIEA 2 308 oFL o2 F9EH S A
0 ppm * 8+

(Fig. 39).
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—&— control —=— 50ppm —— 100ppm
—— 200ppm —&— 300ppm —6— 400ppm
4 = & A
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(0]
5
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[
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Time(mins)
Fig. 37. Observed effects of a range of concentrations of formalin

morphology and motility.
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—a— control —&— 25 ppm ——50 ppm —=2— 100 ppm
—8— 150 ppm ——200 ppm —*— 300 ppm

4 & &

Morphology score
N

Motility score
N

0 30 60 90 120 150 180

Time (mins)

Fig. 38. Observed effects of a range of concentrations of hydrogen peroxide

of morphology and motility.
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—&— control
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0 L L \‘* 1 3
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Fig. 39. Observed effects
morphology and motility.

of a range of concentrations of Jenoclean
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Fig. 40. Cell membrane lysis of ciliates after Jenoclean bathing, (A) an
under part of cell, (B) a side part of cell, (C) the whole of cell. Scale bar=
20 ym.
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H, 2005).
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t}. Jee 5(2002)9 U. marinum< 321342 200 ppm, 2% H 100 ppm
AP A 4X 7 Wl B A E A 3k tE Crosbie®t Munday (1999)+=
U. nigricans® in vitro TAA oA E=22¢ 200 ppmell 60+, 100 ppmell
120 k& o2 FAHY, e 500 ppmoll 30%, 250 ppmell 60F oF
ow FAFHIAY. o5 Aot wus] E w5 osighEel o3k AN
Uronema T HU+= ta WAde]l & o= yeytoy &

o7 HT T3 2FEHIMS Aol ASAANAE HEE dA xolY H
MA7F AsHA] @2 AT 28U 100 ppmoll, FAFs4+= 33.3 ppmell 1

A A 2~4d3 FEow FAEHRE BHIoy Sl A A+E 2

Fagd ARRAl &HAE] Yoy HATA R, HitsteEs &2 ofF
o] ~EH 2~ T A wEt 1k Be diAkE o] A= gt
Jenoclean< ©]9} & HiAkFo R FEAH U TAMEBR)S 952 AxH
AFoz 2457t dAH FAsE 244 & A8 in vitro TAAIEES
StA. FAAE A3 400 ppm ool A 904, 200~300 ppmelA & 120+
Az Al 237F FElo] yetwth oS A YA AE7F HEEHAY A EE
o] = AR A&HEA R HEPES st Zlo] #EEo] o AF

Aol 9%k Xzl sHAVE e
B2 xoy7], 53 TN #HHA 2 v AN Bert 2

a% Row Almdc
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Ag ol s AU H"E VHoR FAEE A HERHA @AY o=
2FE 7S] of/FY AdFE AHFHSH7I= shk(Dragesco et al, 1995) &3
£ A A oz FAo] HA ol FoAAA FAY E HE of=
Age At @2 FoR FAHHEAT o oA 2FEHIF
AGolt} ol Fol #aiAE FUEAT7E s AoRE Alnd

P. dicentrarchi® TA8t7] $138 in vitro A@olA x=22d] FA G =
e 2759 AFEIE ¥$38 %52 300 ppmel 30, 200 ppmell 60,
100 ppmell 90 °FS-o & F¥rt dAow, S A 8 A=
Z TAVE gl Aoz ®HlYg, a"EAq 3Akst5 4= 300 ppmell 60, 200
ppmeol| 90+, 150 ppmol 120+ 100 ppmol 150+ ¢F8-o0=2 FAEF7} A=
Aoz e} Ao A k8 A= 50 ppmoll 1A SR AN =&

Zob AIZE gstal glo] Fort ewdEn dwbHom AR oA AAtEs

>

%<l Jenoclean< 200~300 ppmell

120% F&AHY= F2E 2945 & 5 o dFANA FAAR Aol The
oA e} FA N WA= FEF oF&A] 3

&3 5 AEHAQA AF7F 2o Aoz HATh Aok AFE ISl Aol
o] of FAEANME e AH

7F AetAl B8 Aee 2EEY, Mikstes, g8 ToE SARYdE B
T Aoy BAZE ostd A= A5EHRF v (Jee and Jo, 2002). whet
A ZEA shgEEl o gk Al FEERTIA oA By AEE Folu Al
Fxo| AAsteE F& FAlste] HsE Eole ol & F Ao 1Y
2 EE AR ditels Blo] Fashd, FHEALOIL X o7l KTt 94

49l welzk Wastel, Walolt BhFd A AR AF AL AT
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