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| dentification and chemother apeutic effects of the fungi from
three salmonid speciesand their eggs

Bo Young Jee, Deok Chan Lee', Na Young Kim*, Sung Hee Jung and Soo || Park *

Pathology Team, National Fisheries Research and Development Institute, Busan 618-902, Korea
*Department of Aquatic Life Medicine, Pukyong National University, Busan 608-737, Korea

Four strains of water mold, ChS-E0511, RaT-E0511, RaT-A0512 and MaS-F0512, were isolated from
salmonid fish and/or their eggs taken from culture farms in Y angyang, Milyang and Pyeongchang, Koreain
2005. Descriptions of their morphological aspects, the results of the phylogenetic analysis conducted, and
the sequence of the small sub-unit 18S rRNAS of the isolates confirmed that they all belong to the species
Saprolegnia parasitica. Only one species, ChS-E0511, which was isolated from fertilized eggs of the chum
salmon, was classified as part of the S parasitica Group 1 according to its oogonia and gemmae production.
The chemotherapeutic effects of various chemicals on the ChS-E0511 strain were assessed from the
inhibitory effects of growth in GY media and the relative ratio of eyed eggsto fertilized eggs of the rainbow
trout. Malchite green, a prohibited substance in food animals, was better than others, such as the Opuntia
ficus-indica extract, 2-bronopol, and sodium chloride. These results suggest that the fungi isolated from
salmonids and/or their eggsidentified as S. parasitica were composed of more than two groups. These iso-
lates will be useful in an intensive eval uation of therapeutic agents.

Key words. Salmonids, Fungal disease, Saprolegnia parasitica, Gemmae, Chemotherapeutic effect
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J chitinz} B-glucanol] <]s}
e Rol AEFY A
™, Jefoll weh =24 &R
(vesst) == X7 (yeast-likefungus)©] A
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2 WAl (mushroom) 2] & 7 & v th
o729 gz Adatoly} k2] ofF % 71
ol FAFF7E 71t AV AHoR T

AQAE TaE F2 AgEe] BRFlR,
Aol B Bl So &3k 2

o2 U4#HA AR fokre] Wt 4
(Oomycetes), A<= (Saprolegnides), A+
3 (Seprolegniacese)oll EFHE #F7F Bl €]
T AJAE d8 Ee14 Aok (Noga,
1993; Diéguez-Uribeondo et al., 1994; Hussein et

o] o
IR —
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al., 2001; Yanong, 2003). W4+ (Division
Oomyceta)> thhs] st o]dxo=m 4
B OFSZA oF 500-800%0] 7)ol &3l
o] T FAA dtFE ke 3ol 445kt
3], @A d¥FE, FEFAFEE B Az
of 7143}7]1% gt} (Moore-Landecker, 1996).
E3%o]|E (Order Saprolegnides)> 6701 =
(Family)Z WrolAw I FoA % Family
Saprolegniaceae$}t Family LeptomitacesesS 14
sl dEol &3] A, Eolu EY Fo
AEA B FEAC FANS JEH £39)
E3%o] (water mold)2kal stk (o] &, 1994).
o5 & (order)dll 3lFsh= kel A7 Hd
718 ze7]e] gH|, = 2379k Ak
ZA719] 91X g7, 227] el A==
o ulE B AR Aol weEt & B F5
AQst=d F83 ER7IE0l "o (o] F,
1994). FEgh FH Lol = Al A & rE AR 3
sgololl %= small subunit (SSU) 18S rRNA 9371
Aol og AlFEAeH it ALE 9l
t} (Leclereet al., 2000; Suzuki et al., 2004).
Saprolegnia parasitica= 54Jo] 7Fate] Ao
7} o7 sgprolegniasis®] 8.5+ HYAZA &
#1# 9l3L (Neish, 1977; Willoughby and Picker-
ing, 1977; Hatai and Hoshiai, 1992a; Diéguez-
Uribeondo et al., 1994; Whider, 1996; L opez-Dori-
ga and Martinaz, 1998; Bruno and Wood, 1999;
Hussein et al., 2001), S dicdina®t +¥ =™ coho
sAmonllAl ¥2]%+ S didinatypel 3= Y=
o2 FHETh (Willoughby, 1978). B3t ol

ES
hl
E'_
T
=

o e vl 71F  winter kill'e] DA 24
50% o2 HAFE st = g} (Bruno and
Wood, 1999). Erofoll B2 I3l & Fistes ¥
LAY = B3, FT EFFe] FHd o

gk A SAEA O slotekEe] thet Aol o
A2 J=dl 53], maachite greens 2002
B AAAIR SR Aol SAHI glor o=
dste] Aol gito] FA43] o]FolR AL gtk
J#E =2 sprolegniasisel]l thek x| 5ojdlo] H g

)

5 wEAel avweln AR A s ol
We By vusa vEe Agelt (Minet
al.,

2005»1 ng3 1296 A o3 74 td
o] th Aol A EFgolAd Aol XHLA 04
2] oAl Bt W2 )| 7 A S
HOZ B AFoAe o] 4 ”XVH*O%
FAT 2 Ao T3 o] zpo] F Aot

ofFel WET FEPold WY AAAT ¥
sol, @EiSPa L HAA $RE Faho] Ful
ol AW AFe FL F2 FAHTA
sten, 3l 2 29 diel v i

= 3 AGdA 459 =

2 TR Adoj} o Fof ATl A &
Aol AbEstATh e FF o
corhynchus keta) =4 &, 7d'd o] 7270
o] (0. mykiss) A, 9= HHFe ¥

o] o} g 4o} (O. masou) Ao] 25
oz Eaold st ZAFTS el
A2 H5E 27t EEstslnt (Tablel).

HHQF 2 HH R K]

9] Eglol= Sabouraud dextrose agar
(SDA, Difco) ¥ glucose-yeast extract agar (GY
agar; 1% glucose, 0.25% yeast extract, 1.5% agar)
ol penicillin & streptomycine] H7He B E A}

gstloH, o] 5-2] wjFt AN e GY agar
% ARSI
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Table 1. Water mold isolates from samonid fishes and eggs with saprolegniosis used in the present study

Isolates pae Origin Region
(mmlyy)
ChS-EO0511 11/2005 Chum samon, O. keta egg Y angyang, Gangwon
Rar-E0511 11/2005 Rainbow trout, O. mykissegg Milyang, Gyeongnam
Rar-A0512 12/2005 Rainbow trout, O. mykiss adult Pyeongchang, Gangwon
MaS-F0512 12/2005 Masou samon, O. masou fry Pyeongchang, Gangwon

SENSHY AIY
22® #FE Willoughby (1985), Hatai 5
(1990) ¥ Sueland 5 (2005)¢] el weh A

2 Stk PR e 2FS Fgolst

YhijA ok U AY A3 Fejets WsE f
= Zo2 ke povidone (60 ppm)ol A7t
H GY Aol &1 &F FHE 2097
A2 lactophenol cotton blue (LPCB, Fluka) 344
dog PHste] WA (Zess, Germany) &

5,10,15 ¥ 20<# ] LPCB
o] #v)7 (Zeiss Germany) 2

nAES] XsHAlE Aol 783 maker =

£ 2]¥= gmadl subunit (SSU) rRNA
o] A7IMY #A42 18SrRNAS primer (for-
ward, E21f: 5-ATC TGG TTG ATC CTG CCA
GT-3'; revers, E1778r. 5-AAT GAT CCT TCC
GCA GGT TC-3)& AF&3le] SSUIDNAE =
Z3IRom (Suzuki et al., 2004), 7ML AA
213+ sequencing Bioneer (Korea)oll 2] =3}

o

93 A= GenBank accessionel] 7] %31
phylogenetic treeS 2Hd 3131 Tt

M

orEEI =X

AREEE kAo A Table 26 YR
Atk ol °kAle] aFHE FAs] Slste] in
vitro} invivooll Al A3-& Y3tk F, invit-
ro 29> GY agaroll A 1597 vikst A&
mm #5 27t 72 sheHEde] sEHE A
7} GY broth (Corning tube, 15m¢)ell ¥37 15C
ol A miFebHA 1,33 6dA ol &Fe] FAH
et Zole mm B2 SASITE 3 in
vivo oAM= dHldY A3 23t e A
o2 AE e FEE A%ste] Table 200 A]
oF ZFo] Tkt Tro] k= A7 o=
FANE ATl Aelste] ol A3} 7ol
ol (the rate of eyed egg, %) A orE
(therdlative ratio of eyed egg, %) =4 = 3=
H7FetAdTh AREgE FAIEe] ke 2006
| 12¢0] AEE AT A BEAA
oA AskeEl A TS 18,000-25,000 fertilized
eggs/PVC trayoll &3t em AF7|17F 5t
500 L/hre] &< (10 £ 2C)E &3k Tk

j
a
1=

Lokg (%) = (LekEe] F / AMEE ST
<) X100

A EOHE (%) = [1-(ABT) vlEeHS /=
o] HERHE)] X100
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Z2 1 7+ (20C, 37 o)) = 9= (pov
H7ret wjAlel] wigstH FE39 HEg (ru—

SESHY 2 gousetopography)= A8 = st =, o] o
GY H3 vix|o) Wi 4F<] FFo] FFE AR dUELE &%B‘Pﬁ TAPE Wlge s
o] &

$93 (cottony)e] M4] Heko @ Azie], 7]

Fig. 1. The Saprolegnia parasitica RaT-E0511 strain that screwed hyphae appeared on GY agar with 50 ppm of 10% iodine
solution. Theleft column (A, B and C) showsthe resultsfor the non-treated control group, and the right columin (D, Eand F)
showstheresultsfor the 4-day-old culture grownin aiodine-containing mediumat 15C.
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Table 3. Morphologica characterigtics of Saprolegnia spp. isolated from samonid fishes and eggs with sgprolegniogisin
Korea

Tests |solates

ChS-E0511 Rarl-E0511 Rarl-A0512 MaS-F0512
Colonid texture cottony cottony cottony cottony
Colonial topography rarely, rarely, rarely, rarely,

rugous rugous rugous rugous

Colonia color (on GY agar) white white white white
Hyphae aseptic aseptic aseptic aseptic
Sexua stages
Oogoniaformation (5C) + - - -
Oogonia shape eongated
Antheridia branches monoclinous
Gemmae formation +(1~7) - - -
Identification S parasitica S parasitica S parasitica S paradtica

B5 FAY FA} (aseptichyphae) EZ 3 Al Alo]oll A} 14401] A
g 7HE A2 1F (Taled). A 32 W e v Vxg =4

1=
= At} (Fig. 2, arrows).
SHMAle| B
NP FEEe TN S Bag Ax,  FEUNe TE
FEAGD T el $EA4E AE FA (F FRO1E ED MAE 5CAA MYl &
Fahe] £A7F BARAL FFA) FES A NS BAI A ) F 2550 o] £
doll MEA 27 $EHE Foln, ANHE YL RE Ro)¥ ChESL #FE A%

FﬂFlF_—E

FA= frabd e #Este HEasd (in
ternd proliferation) &2 1= Atk #Fo)7F A
et iR 27bs &0 A 3ol A oF 3

o] AstA #A} el 71 Zeke] 7% V) gEol
o BAEU do] FHToRRE Pow

ks
3 (elongated form)¢] ZgH7] (oogonia) & A4
st 18y YA 375, Ral-E0511, Ral-
A0512 ¥ MaSF0512+= X375 FAJsHA &

= A2 R FIHUTE

Ch-E0S1L w5 EdARIZRE FAok (IEr: HSEH M
#, gemmae) & FAJsH, A4l wet Aot AL AT Ao], Abel 87 A
= A¥s 7= AP (chanform) 2= A1 ZAgro 2HE RalE 2io]S9] SU (D-

o] 2o} 1074741 A5 Welrt BaE,
sl o] MEAL wle Wrrt ¥ Q0w
AlH, 0BG HrtzelE FuE L A

NA SZof 93+ sequencing 235 HlE o2
phylogenetic analysisg 3§+ 2}, ChS-E05113} 1}
A 375 (Ral-E0511, RaT-A0512 %! MaS
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Fig. 2. The gemmae formation of the S paraditica ChS-E0511 srain onthe GY agar plate (10 daysold a 5C). A thetop of
the figure is a photograph of the gemmeae taken with atentatively differentid interference contrast (DIC) microscope, and at
the bottom is a picture of the gemmae taken with alight microscope. The arrows point to cellular structures presumed as ar

bubbles.

- RaT-E0511
5. parasitica
S.salmonis
5. pamsitica
MaS-F0512

RaT-A0512
ChS-E0511

Shypogyna
5. oliviae
S.bulbosa

5. litoralis

Saprolegnia sp

S.longicaulis
S.anomales
S. diclina

\- S.australis

Saprolegnia sp2

5. semihypogyna

| —
0.02

Fig. 3. Phylogenetic tree of Saprolegnia based on small-subunit (SSU) 18S rRNA sequence homology. The scale represents
0.02 nt subdtitutions per position.
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Table 4. Chemotherapeutic effects on in vitro and in vivo conditions againgt S parasitica ChS-E0511 grain from chum

sdmon, O. keta eggswith sgprolegnioss

invitro invivo
) Day(s) after seed ) Therateof  Therdaive
Chemicals Concent ] Capacity )
] (height, mm) eyed-egg ratio-of eyed
-rations (eggs)
1 3 6 (%) egg (%)°
0 ppm 7 28 >60
Malachite green 1 ppm 5 12 37
18,000 84.8 70.59
oxaate 10 ppm 0 8
20 ppm 0 0 0
0 ppm 8 33 >6
50 ppm 6 32 52
MBT-01108 18,000 775 56.47
100 ppm 0 24 50
200 ppm 0 0 0
0 ppm 8 33 >60
80 ppm 4 23 43
Bronopoal (15%) 100 ppm 2 10 35 18,000 73.3 48.35
200 ppm 0 14
400 ppm 0 0
0% 7 28 >60
) . 1% 5 12 >60
Sodium chloride 18,000 61.0 24.56
2% 0 8 18
3% 0 0 0
0 ppm 9 33 >60
Povidin 40 ppm 7 34 >60
o 25,000 219 21.67
(10% iodine) 160 ppm 8 33 >60
320 ppm 7 33 >60
0 ppm 9 33 >60
U.FO 20 ppm 5 35 >60
25,000 9.1 8.82
(2% CIOy) 200 ppm 7 33 >60
400 pm 5 A >60
0 ppm 6 35 >60
Formdin 10 ppm 0 23 54
25,000 194 19.15
(37% formal dehyde) 30 ppm 0 17 50
50 ppm 0 0 0
Control (in vivo) 25,000 0.3 0

Y Therate of eyed-egg (%6) = (the No. of eyed-egg/ the No. of used fertilized egg) x 100.

2 Therddiveratio of eyed-egg (%) = [1-(therate of non-eyed-egg in tested / the rate of non-eyed-egg in control)] x 100.
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FO512)9H= <Fzke] zpelE YA 3534
S 2 Sparastica® YA (Fig. 3).

=75 93k invitro 2ol AR
oFE-9] maachite greene 1
ppme] FEelA &7t YeRr] AlEste] 20
ppmell A= 6 73 Tl el 4
AAlsl= EF7E ANeH, MBT 01108%= 200
ppmoll Al &3gole] AAds s AAEHATh
FANEAL] 4TS oL invivo Aol A]
279 kg2 0.3%0 EFstRoy o=
= AHEE AR A EekEo] 9.1~84.8%
2 oFsiAl e e, AREg oAl F mda
chite green©] 84.8%°] JTESES HOoH,
A AlE T4 MBT 01108, 2-bronopol,
sodium chloride, 10% lodine £<4, formalin 2
25% Cl0. @ 52| <=0 & Afukotgo] itk
(Teble ).

= e] 7 Fgold A AHg By A}
gl A Beh Ao, I Egk dE
B & (S dicinatypel)ol <]g wWago] 7+
Aol ek 27T (Minetal., 1990). 181}
Aol ofFell A Ewrgolol 2§ Aol X%
Hog Ueht Aog By YA 1o thIt

e B i el e e
& Al 20051 1193} 1299 Ao 5
% (ChsSEOSLL A &), FANE 4
& (RaT-E0511, e 2 ¥ ol (RaT-A0512,
1 347%) J12]al APde] Aol (MaSF0512, 7
oJFENE Zwgol

o 2loj3}

ol
4o

¢

i]’?_ﬂ‘}if’}q %U]%gi ﬂ'/\]'% §_'1_
AHE 7R AT, ol &

IEol v]Fo] 459 AdAT= BT Spro-

rot
i)
X

My 1O rf oM e
—n

3 BEgely 0 Qe FFs) oFE w3t
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legnia sp.o] Fefet FL3 o E ATGE
(Noga, 1993; Moore-Landecker, 1996). ©|
£ GY iAol HFot] wjkstd 5ol
HA] ot o ek wjr]Tke]
AAY LF- o= (Povidon 5)2 A 718HA
oFke]l UAE S Ve FRol 4HEE A
2 R HAY, F52 Fshke 2710l #ARE
S| A AP
o} olgjg A A4S
(0.07M o))l M= Yeh=
t} (Ali, 2005).

Hdojzt o] FollA e 459 ANIALT T
Ao FH A F2gk ChSE0511 w5to]
N5 JA = FoE AEEHIT (Table3).
ChS-EO511 75+ GY agar (5C)oll vl oF 15
o o]FHY Zghr]e] o] AFEGen 1
Fel= 213" & (dongated oogonium) Sz
ZE Stk o]H 3t FEl= Yuasaand Hatai (1995)
7} E3%k S parasitica NJM 9302 (pejerrey,
Odonthestes bonariends=Z#-8 #2] #45)7F &
ggk =719k FrAkskAth 21y chum samon
3} sockeyesdmons X3 ThFsE o] F WA
2HE Ro¥ 22 Syprolegnia’t 4348217]
£ A &%e™ (Yuasa and Hatai, 1995;
Hussdin et al., 2001), 77 (15-20C) H.th= Aty
AHo® A2 (5C)dA L31H Z FAdsiAth
(Noga, 1993; Stueland et al., 2005).

F4A 27191 Tt (gemmae)= AHLo=E
hrell gAlzZt o R Bt FHE S,
2 959 Axds 7HIh o]&2 EdAR
ERE A FHS o] A
TARIE @dg) FA o=
o] Wolair, Wol § {FA} H=
&8 317]% gt} (Moore-Landecker, 1996).
#F % ChSE0511 #Folvt vehbes 7o}

= A 2710 AlEFEe] drt ¢

il

i)

A RIEO R Aol ARERER A%
A} 107)9] AsAEEe] BHEUL |

I 1)
o 2 Ml
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FAole] AL Yuasaand Hatai (1995)¢}F Al
(2005)9] Aot fFAtstH o]k SAel HF
o] S parasiticagroup 1¢ X3=& #5Y AL
2 A7ZtE v, ChS-E0511 ©]£]o] RaT-E0511,
Ral-A0512 ¥ MaS-F0512+= S parasitica group
25F 390 dgste Bo® dAdETh (Yuasa
and Hatai, 1995). B=gk F/4Joke] 7 &4 ol &
ZN1FHUE A EHe T o] dEEE
tl ol obut fFARe] Ffrut gAY A E At
= 9 gYs Tteke 9Es e AoE

FARHH, T §9= AFHA
Yuasa and Hatai (1995)+= 1985+ 199317}
Al Do) Z4A| 9] ofF oFOoRNEH Feld 25
<] Saprolegnia op. = 1554 S parasticacll
mald 1gsE @ A7 Il 1O W
ol Ao o5 F FAoE e AL
group 15 .24 Aol ek e A9
A3 B4 VY e A0 1= 13
BE Fole] P& FFe| HR J)FEORA
ek ole} Hedzie o] e
B JomR B dpe] 435 te WU
7} o] to] Aok & o AlgHTh

A= AT Ao F-83 marker
Q1 small subunit (SSU) rRNA 2] ¢ 7] 4]
ofsted 4F0] Aol et AdA
A3}, ChSE05113} thE 359] d#ollA] ofzte
zolE YRS Y 4% IF S parasticaz 9l
=t (Fig. 3). oleist Al EA A EA4d0 <]
gt Fgo] Fo EF+ Saprolegniacese (Sapro-
legnia, Achlya, Pythium )l & Lol AH8-5+=
HE7) oAl glom B2 #479 7%
2 92 Pl AHEEL dr (Padl et al,
1999; Leclereet al., 2000; Singh et al., 2003; Ama
et al., 2006; Steciow et al., 2007).

=wgol®el axz AsAE LHi
malachite green (Alderman, 1982 & 1985; Bailey,
1983; Bruno and Wood, 1999; Willoughby and
Roberts, 1992)= 3204 ¢] o}F (Hlavek and
Bulkley, 1980; Alderman and Polglase, 1984; Al-

¢

derman, 1985) ¢} A @A) AS Ho= 7H
FHo] AHEEA FEZ AAHHJT (Allen &
al., 1994). Malachite green S parasticacl 7+
B oJFe XFel E3rt gl=d 0.25 ppmellA]
ket 22 Al e o 1o (Willoughby
and Roberts, 1992), 5 ppmol| A Alo] &%= 7121
o} (Lilley and Inglis, 1997). Sodium chloride=
3%2] FEAA A &I e (Making et
al., 1994; Lilley and Inglis, 1997), formain 50 ppm
o]/ S parasticadll TFAE FA7NEIE] A
SEAEA Tt de AR dEA Uk
(Marking et al., 1994; Fitzpatrick et al., 1995;
Mitchell and Callins, 1997; Bruno and Wood, 1999;
Gieseker et al., 2006). &=vtetAldy FEE<
MBT-011082 3+t ¥ &=3o] 245 yeh
= =248 I8t o (Kim et al., 2005),
bronopol > ¢k, s34 e 4 ol A7t
He s E de] ARSET Al Sapro-
legnia 5-2]oll Tt Alo] 37} Q= Bl = &
H# Ath (Dunnett and Telling, 1984; Pottinger
and Day, 1999; Branson, 2002; Treasurer et al.,
2005). In vitro A3 Z 3ol malachite green,
sodium chloride 2 formain $1¢] oJg] A=}
o] A3 Ao} AAY = FARE Hog 3
THETh FAREee] kS o83 invivo
24 maachite green 3 ppm 2 sodium chlo-
ride 10 ppm=> =309 Alojo] &7t U=
Ao 7 AAE Xk formalin 120 ppm * 2] 2] &
= 7120 AFAEY By s g ta o
2 202 JETh MBT-011085 2-bronopol <]
invitro 2 in vivo 3@l 10% iodine &4,
25%ClO, & 2 formdin 5ol vlsle] d74 3
£ 7PsAo] JE AoE AREHEE o]E ofF
o] QA Bl ofFel gk FF o] A &AL
2 I8 Z0F AlRHLL

o]Fe] AF Ao A Fuf 479 ¢] 371A] of
T3 AR ENY FEH Ea%els Spar-
asticaZ FR=HJCH, o] T o] FHHCE
2Rk w3l (ChSEOSL)= +
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™, S paradtica Yol A% group 13 2] B4 o]
74 o2 dv#lx 9lo] (Haa and Hoshiai,
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