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Antifungal Potential of Mangosteen Extract Against
Saprolegniasis Pathogens and Possibility Toxicity Mechanism

Chanon Jaichuen®, Ekawit Threenet?, Songwut Yotsawimonwat?,
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Thailand : o o _ . ’
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Chiang Mai, 50200 Thailand R o o - :

4 Faculty of Fishertes Technology and Aquatic Resources, Maejo University, Sanssai, Chiang

" Mai, 50290, Thailand -+ IR L ' IR -

* Corresponding author: jrojtinnakorn@hotmail.com

Abstract - L ' o : S L :
. Mangosteen exfract (MEX), detived from the pericatp of Garcinja mangostana Linti., was.
evaluated for its inhibitory effects against Aphanomyces invadans NIM 9701, Achlya
- bisexualis NIM 0611, and Saprolegnia dicling H3. The antifungal efficacy of MEX was first
assessed in vitro, followed by in vivo infection trials to evaluate ifs impact on the survival of
-~ Nile tilapia (Oreochromis niloticus), The extract's effects on cellular mechanisms weye further
investigated using sodium dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE), -
© A multifactotial experimental design was employed, using MEX concentration and
immersion time as independent varables, with fungistatic and fuugicidal effects as response
variables, MEX demonstrated - fungistatic activity against hyphal growth al .a minimum
offective concentration of 125 ppm. Fungicidal activity against both hyphae and zoospores of
all three oomycete strains was observed at a minimum concentration of 250 ppm following 4 .
and 24 bouts of exposure. SO A i T e
* Mass spectrometry analysis identified ATP synthase subunit alpha and a protein kinase
domain-containing protein, key components involved in energy metabolism and cell signaling,
as potential molecular targets suppressed by MEX, However, toxicity assays tevealed that -
MEX was highly toxic to eyed eggs and fry of Nile tilapia, - . R T

" Therefore, despite its antifingal efficacy, MEX is not suitable for the treatment of oomyeete

*infections in tilapia oggs and fty due o ils detrimental effects on early developmental stages. .

Keywords: Saprolegniasis, Gar_éin:fq mangostand, Fungistatic effect, Fungigidal effect

| Intl'oductif}]];-_ R - SRS AR S
‘Saprolegniosis is one of comycetes-caused diseases on the most damaging, affecting not

‘only hatcheties and farms of salmon and tront (Ali et al., 2014), but also infection in
amphibians and crustaceans (Tiang ef a/,, 2013), The disease is caused by an aguatic pathogen,

fungal-like comycete belonging to the family Saprolegniaceas (class Oomycetes), partioulaly - - o

the genera Aphanomyces, Achlya, and Saprolegnig. Saprolegniales ate endemic groups to all
freshwater habitats around the world; ‘consequently, their ubiquitous presence represents a

constant threat to the global aquaculture industry. . . = - o
Cutrently, the treatment of infected fish or eggs in aquaculture settings involves the use of

malachite green, formalin, hydrogen peroxide, bronopol, and various antibiotics (Stammati e |

al., 2005; Birkbeck ef al., 2006; Phillips ef al., 2008). These agenls can produce residues in
final products and the environment (Shamsuzzaman et al,, 2012). Several plant extracts are
known for their antimicrobial properties and have been used in traditional medicine as
alternative freatments, and sevetal That herb extracts have been demonstrated with antifungal
activity against zoospores of Achlya bisexualls, and Aphanomyces invadans (Udomkusonsti ef

al., 2007). o | e



As an alternative way to natural drug usage, several studies on the vse of traditional That
medicine have been conducted (Borisutpeth ef al., 2009; Panase ef al., 2012). These studies
have demonstrated that p}ant extracts were effectxve control in Sap: olegniosis, Garcinia
mangostana (mangosteen) is classified under the family Guttiferaceae. This plant is cultivated
throughout Southeast Asia, mostly in the eastern and southern parts of Thailand (Destandau ef
al., 2009; Pothitirat ef al., 2009). In Thailand, mangosteen is referred to as the “queen of fruits”
and resembles a dmlc-purple to reddish outer exocarp, fleshy, white mesocarp, and an edible
endocarp, The pericarp of mangosteen has been used in traditional medicine for the treatment
- of pain, diarrhea, dysentery, skin infeotion and pr evention of wound infection (Maha‘oussakam
ef al., 198; Nakatani et al., 2002), Furthermore, the pericarp has been shown to contain vatious

phenollc compounds such as condensed tannin, anthocyanins, xanthones, and then deuvanves .

- (Jung et al., 2006; Fu et al., 2007; Mahabusarakam et al., 1987), :
‘The objectives of this study were to evaluate the anuﬁmgal activtty of mangosteen extlact

- (MEX) on hyphae and zoospotes as well as the characterization of protein by SDS-PAGE, In L | ;
" addition, the tox1city of MEX to eggs and ﬁy of Nﬂe tllapxa (Oz eoahf omis niloizcu.s) was also_ Lo

' mvesﬁgated

N “_ : Methods and Results e

. reparatian of herb extract .

Firstly, fresh. mangosteen. (G mangosfana) was pmchased ﬁom a local mazket in Chlang L

Mai, Thailand. The pericarp was washed and extracted with ethanol. The liquid extract was |

' filiered and the filtrate was ficoze-dried using a Iyophilizer, The obtained powders were = |
weighed and stmed at 20 0C (called MEX) MEX was Leconstttuted usmg dxstliled watel Just_-_ _

_ pnoi to use,

OGmycere st': ains

- 4. invadans NIM 9701, A bisexuahs NJM 0611 and S diclina H3 wete obtamed ﬁom the_
Labmatmy of Fish Diseases Faculty of Veteunaly Science, N1ppon Veterinary and Life -
Science University, Japan, Threo comyestes were cultured on glucoqe*yeast exiract agar (GY TR

-agat; Hatau and Egusa 1979) The. tluee oomycete strams used in ﬂllS study were shown in o

Yemr | -

. Tablo 1.
'I‘able 1 Oomycete stmms used m thlS study
Oomycetestraing 1. =TT Towt _:-3 T Sxte Locauon _

Aphanomycé.s invadam' NJM 9701- Ayu Plecoglossus altwehs Body " s Miyagi Pzefecture 11986
s 2ot | surfage <) Japan oo
o &ch{})abz‘sext;aleMOGH o Ni]eTlIaplaegg : Body . - 'Thailand w0 2006

AP AR surface v IR TR I
Sapwlegnia dic]maHB EE Coho Safmon, e Body - Miyagl owectu;e 1986 |

Oncoz hynchus krsutch _ sunface _ Japan

_ thgrstattc q[fect of MEX on hyph aI ar owih

“MEX was dissolved in distilled watei and the lthUIG was senally dﬂuted to. :

.cdncenhations of 62.5, 125, 250, 500, and 1,000 ppm, Oomycele agar blocks were added toa - R

24-well tissue culture dlSh contalning 2 ml of MEX solution. In control, oomycete agat blocks

~ were added to wells containing 2 ml of 10% GY, without MEX solution. Rach well was AN

incubated at 20 °C, and the hyphal gtowih in the well was compated with the control at days 1,

-2, and 7. The survival and gmwth of oomycetes were. obsewed at days 3 and 7, xespectwely o

(Bousutpeth et al., 2009)

Fungiczdal effect of MEX on hyplz al gmwik : ‘ -
. MEX was prepared ‘as described above and {he soiutmn was senaily dlluted to

_ COIlCBntlB.thHS of 125 250 500 and 1,000 ppm, Oomycete aga1 biocks were 1mmelsed ina -




1.5 ml. micro-centrifuge tube containing 500 pL of MEX solution, After 30 min, i, 2, 4, and
24 h, hyphae were transferred onto GY agar plates and incubated at 20 0C for 7 days. As a
conttol, oomycete agar block was immersed in 10% GY, without the MEX solution. The
fungicidal effect of the product against the hyphae was monitored by comparing growth with
the contro). No growth indicated that the hyphae were killed by the MEX solution,

Fungicidal effect of MEX on zoospares :

Zoospotes production of 4, invadans NIM 9701, A, bisexualis NIM 0611 and, 5. dicling
H3 were used and assessed using immersion methods, at a concentrations of 125, 250, 500, and
1,000 ppm. Mycelial growth of 4, invadans NIM 9701, 4, bisexualis NIM 0611 aud, 5. dicling

H3 was grown in GY broth (Borisutpeth et al., 2009}, The growing mycelia were harvested

and washed thrice with sterile tap water (STW), induced in fresh STW, and incubated at 20 °C
for 24 h. The number of zoospotes was counted and adjusted o 1 x 10% zoospores mL" and the
mixture was incubated at 20°C for 30 min, 1, 2, 4, and 24 h, For the control group, the zoospore
suspension was itoculated into 10% GY, instead of MEX solution, The fungicidal effect
against zoospotos was determined by observing the presence of comycetes growth on day 7.

Effect on protein expression of MEX on obi;wcéfes by SDS—PA GE o
- Oomyocetes were inoculated on GY-agat at 20°C for 1 to 3 days. The mycelial mats were

formed on the bottom of each Petri dish, The growth medium was decanted and the samples

were washed once in sterile distilled water (STW) and replaced with MEX solution. 4.

 invadans NJM 9701 and, S. dicling H3 were exposed al s concentration of 250 ppm for 4 and
24 h, whereas 4. bisexualis NIM 0611 was exposed at a concentration of 500 ppm for 4 and .
24 h. Accordingly, the fungal mats wete harvested and ground in liquid nitrogen using a pestle .

- and mortar. The resulting powder was homogenized in 1 mL (Wood, 1988) extraction buffer . -
(85 mM Tris HC1, 1 mM MgCl2, 1 aM EDTA, 10 mM KC1, 0.198 /L. ascotbic acid and 1

‘&/L glycerol at pH 7,5) with the addition of 5 pM phenylmethy! sulphony! fluotide (PMSE),
The homogenate was centrifuged twice at 13,000 x g for. 5 min, The protein concentrations of .

- the samples were estimated by ultra-spectrophotometiic readings at ODago (OD: optical

density), SDS-PAGE was peiformed by the method -of Laemmli {1970) using. precast -
-acrylamide sepatating gels (12.5%). Proteins wore loaded on a 10 pgflane, The gels were .
subjected to electrophoresis fot 45 min at 200 V; and then stained with either 0.1 % (wiv) -
" Coomassie Brilliant Blue R250, Protein bands identified as biomarkers were excised fiom the -
- gel and digested with trypsin. The resulting tryptic peptide extract was dried and dissolved in
- 0.1 % formic acid for MS/MS analysis. The default seatch parameters used wete: type ofsearch -

= MS/MS ion search; enzyme = trypsin; {ixed modifications = carbamidomethyl (C); variable

" modifications = oxidation (M); mass values = moneisotopic; peptide mass tolerance + 1,2 Da;

* fiagment mass tolerance + 0.6 Da; max missed cleavages = 1; instrument = ESI-QUAD-TOF.
A protein hit was statistically significant if its score was above the 40, S

Toxicity effect ofMEX o egg'& and fry of tilapia |

" Two stages of tilapia l.e. eyed eggs and fiy, were obtained from Tilapia Sex Reversal | _

Learning Base, Faculty of Fisheries Technology and Aquatic Resources, Maejo University,
Chiang Mal, Thailand, MEX was dissolved with tap water and conceniration was adjusted to
125, 250, 500, and 1,000 ppm. Thitty eggs, thtee replicates of each experiment, were placed
into & small aquarium containing 500 mL of MEX solution with aeration and incubated for 1,
4, and 24 h. Eyed eggs and fry were exposed to tap water without the MEX solution serve as

* the control. At the end of an exposute period, the survival rate of eyed eggs and fiy was -

observed and scoted undet a mictoscope, The number of hated eggs and dead fry was counted

and 50% lethal concenttation (I.Cso) was determined and calculated for the percentage of

cumulative mortality,

Results : S _
Fungistatic effect of MEX on hyphal growth




The growth of 4. invadans NIM 9701, A. bisexualis NIM 0611 and, S. diclina H3 was
partially inhibited following exposure to 125, 125, and, 125 ppm of MEX, respectively. When
they were continuously cultured for 7 days, it was also found that three comycete strains were
completely inhibited at least 250, 125, and, 125 ppm of MEX solation, respectively (Table 2).

Table 2, Fungistatic effect of MEX on hyphae

Aphanomyees invadans _ Achlya bisexualls o

| _C(}ncentration NJIM 9701 TNIM st Saprolegnia dicling H3

Product

(pp m) “Survival)  Growth?  Survival)  Growth?  Survival)  Growth? -

.

0 RS

e

1000 L _?j” s SRR ST

o Sumval of hyphae assessed at day 3 2) Glowth of hyphae assessed at day? S
' 3’Glowth4)Nogwwth SR T T

- T'Fungicidal effect of ML‘X onlh yphal g owth

Hyphae ofA mvadansNJM 9701 A b:sexuahsNJM 0611 and hY dzch'na H3 065 weze o

B :éompleteiy killed for 30 min, 1, 2, 4, and 24 . Tt was also found that 4, fnvadans NIM 9701 =~

‘was killed at 250 ppm at least 4 b, 4. bisexualis NJM 0611 at 250 ppm at least 24 h and S = .'

o Q"ldrclina HS at 250 ppm. at least 4 h (’[‘able 3)

Tab]e 3. I'ungxcldal eﬁect of MEX on hyphae

-'Exposu._r.e R MEX (ppm)

- Oomycete strains
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W 3701 S 4h
| o4h

F
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Note: + = Growth, - =No growth

. Fungicidal effect of MEX on zoospores

_ The zoosposes of 4, Invadans NIM 9701, 4, bisexualis NIM 0611 and, S. diclina H3
were completely killed when these comyeste strains were exposed at 250 ppm at least 24 h,
250 ppm at least 24 h and, 250 ppm at least 4 b, respectively (Table 4), '

“Table 4. Fungipidal_effect of MEX on z‘(_)ospore_:

Exposure ._

a o DT Couééntmtion of Mangosteé_i_lliﬁm"act (ppm)
- Qomycete strains - " lime - — : - ,‘ _

30 min -
:1]}..
- Aphanomyces invadans 2l

St 4+ R
S
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- 24h
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30min
S SRE
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Cad TE
TR I
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e
+ o+

Saprq!ggrtia_d?a_ling H3. 2 h_ L
L o 4h
240

B T = I A S ol B e S e S >
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Note: + =..G1'0Mh, -=No growth o

SDS-PAGE analysis

Coomassie Brilliant Blue R250 stained SDS-PAGE gels showed the baﬁ_ding'_pattems '

that fungal mats were exposed with MEX solution (Figure 1), Protein bands (band no. 1 —4)
have differed from a control group, The peptide match was predicted using the Mascot Server
(Table 5), Band 1 and 2 on Aphanomyces invadans and, Achlya bisexualls, respectively were

an ATP synthase subunit alpha, which was the part of the protein of B-ATP synthase that plays

a very important role in the electron transport chain and energy metabolism of mitochondria
(Lippe et al., 2019). These bands were higher than the control group and not found activity at
24 h. This result showed that the oomycetes were killed within 24 h when thete was no energy
generation process. Band 3 of Achlya bisexualis was a protein kinase domain-contain protein
which was expected fo be relevant in cell signaling and it also was higher than the controf at 4

H
i
;
|
i
i
T
i
H




h, However, it was lost at 24 h, Finally, band 4 was an unidentified protein, but it was found
that the expression of this protein was expected to be an important protein in Suprolegnia

dicling,

Protein Marker

kDa
'?ﬁc’i

109
75

-
T

- ‘. Figme 1 Coomassm Bnlhant Biue R250 stamed SDS~PAGE gel (12 S‘V) of the samples

| . .
o &g » o
AT . AU S A

Lanel Protein marker, Lane 2; ApC = Aphanomyces invadans control, Lane 5:
- AbC = Achlya bisexualis. control, Lane 8: §dC = Saprolegnia diclina control Lane ‘
-3, 4, 6 7,9 and IO were exposed thh I\Z[EX for 4 and 24 b, re; peotlvely .

S ‘__’Z_{_.‘able 5, Des'o;‘ipt'i_o'h'of_ P_réte_if; _ldEQtiﬁé_étio;i _ﬁ'oxri_ _s?}eété'clip_m}d's; i

Taxicrtﬁy eﬁ“ect of MEX on eyed eggs and ﬁ P of m’apm ke

Band numbey - s TR R R g |
Accession no, AOALI9Q6I7 9STRA | ADATI9QGFT_O9STRA AOA418CAME_9STRA RS
Protein Ydentification | ATP synthase subunjt . ATP synthase subunit -| Protein inase domain- | ' Unidentified
o : Co ' ‘alpha a[pha - confaln profein - “protein
Function/Pathways " |  Electron 'tzanspmt “Rlectron transport * | Celisigualing | "~ Unknown

ST chanand enetgy. | chaln and energy AT a e
I o metabo]ism metabolism IR
MW (Da} - 56110 77 Cosellg 37440 - “

| Protein score U182 : 132 42 -

Closed species . Apharomyees - “Aphanomyees | Aphanomyces invadans “
— ' __invadars __invadans oo

Due to MEX bemg able to ]nhlblt and kill mycehum ancl zoospoxe of these oomycete >
strains as previously mentioned, the MEX was Investigated for its toxwlty effect on eyed eggs -
and firy of tilapia, The toxicity of MEX at different content was shown in Table 4. It was also .
found that a concentration of 125 ppm was non-toxie to eyed eggs and fry when exposed fo 1,

4, and 24 h, However, the 50% lethal concentration (L.Cso) of MEX product against eyed eggs
was 718.5, 236.8, and 142.1 ppm for 1, 4, and 24 b, respectively while 2,366.5, 263.9, and
142.1 ppm thh wspectwe couespondmg homs of exposule for txlapta fry (Tabie 4) '




Table 4. Toxicity of the product on tilapia eyed eggs and fry

% Exposure time

Product me_centratwn T ih Ak
(ppm) Eyed Fry - Byed Fry Eyed Py
0 0(0%) _ 0(0%) __ 0(0%) 0 (0%) 0 (0%) 0 (0%)
125 0 {0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
MEX 250 C0(0%)  0(0%)  24(80%) 22(73%) 30(100%) 30 (100%)
500 _1(3%)  0(0%)  30(100%) 30 (100%) 30 (100%) _ 30 (100%)
750 17(56%)  0(0%) 30 (100%) 30 (100%) 30 (100%) 30 (100%)
1000 27 (90%) 6 (20%) '30_(100%) 30 (100%) 30 (100%) 30 (100%)
" L.Cso LR 2,366,5 . 2368 263.9 142.1 142.1
 Discussion

_ This study demonstrated that mangosteen exiract (MEX) exhibits antifungal activity
‘against oomycete pathogens, patticvlatly Aphanomyces invadans, Achlya bisexualis, and
- Saprolegnia diclina, which pose significant threats to aquaculture, The pericarp of Garcinia
. mangostana has long been recognized for ifs medicinal properties, including antimicrobiaf,
~ . anti<inflammatory, and wound-healing effects (Mahabusarakam e al,, 1987; Nakatani et al,,
- 2002). Previous rescatch has reported that xanthones, the major bioactive compounds in -
- mangosteen, have antifungal properties, particularly against fungal pathogens affecting both
“human and aquatic health (Jung et al,, 2006; Fu et al,, 2007; Ibrahim et al., 2016). These
findings support the potential of MEX as an alternative antifungal agent for controlling

oomycete infections in aquaculture, S R o .
... The in vitro experiments confitmed that MEX exetted fungistatic effects on hyphal
growth at 125 ppm, while complete fungicidal activity was observed at 250 ppm within 4 houts -~

- for most strains, However, 4. bisexualis NIM 0611 required an extended exposure time of 24
“hours at the same concentration for complete inhibition, Zoosporicidal activity was similarly -
obsetved at 250 ppm, with 8, dicling H3 showing complete inhibition within 4 hours, while -~ =~
other strains required 24 hours, These vatiations suggest that the efficacy.of MEX dependson -
the oomycete species, the developmental stage of the pathogen, and the duration of exposute,
Differences in cell wall structure, mefabolic adaptations, and resistance mechanisms among -

* oomycete species may influence their susceptibility to MEX, as observed in provious studies
“on plant-desived antifungal agents (Ali ot al,, 2014; Udomkusonsti of al., 2007; Narasimban et :

' The mechanistic basis of MEX’s antifungal activity was faxther explored through S
proteomic analysis using SDS-PAGE and MS/MS, which identified ATP synthase subunit, -
alpha and protein kinase domain-containing protein as molecular targets affected by MEX
exposute, ATP synthase is essential for mitochondrial ATP production, and its inhibition -
disrupls energy metabolism, leading to impaired fungal growth and eventual cell death, Protein = -
kinase domaln-containing proteing, which regulate cellular signaling and stress responses, were -
also suppressed, suggesting an impact on key tegulatory pathways necessary for comycete

“sutvival (Lippe et al., 2019), These findings align with previous studies demonstrating that
mitochondrial dysfunction is a major antifungal mechanism, as observed in boric acid-induced
inhibition of Saprolegnia hypbal growth (Ali et al,, 2014). Additionally, the prescnce of an .
unidentified protein in S, dicling after MEX exposure suggests that the extract may trigger a
stress response or induce alternative metabolic pathways as a survival strategy. Further

" proteomic and transcriptomic studies ate needed to elucidate the precise molecular mechanistns
underlying MEX's antifungal effects, T '




Despite its promising autifungal activity, MEX exhibited significant {oxicify to tilapia
eyed eggs and fiy, raising concerns regarding its application in aquaculture. No mortality was
observed at 125 ppm; however, toxicity increased significantly at higher concentrations and
prolonged exposure times, with LC50 values indicating a sharp decline in survival tates. The
toxicity of MEX is likely attributed to lipophilic xanthones and polyphenolic compounds,
which have been reported to disrupt cell membranes, oxidative phosphorylation, and metabolic
homeostasis (Jung et al., 2006; Destandau of al., 2009). Similar cytotoxic effects have been
observed in fish larvae exposed to plant-derived polyphenols, which can induce oxidafive stress
- and developmental abnormalities (Shamsuzzaman et al,, 2012), Furthermore, xanthones have

. been shown to interfere with mitochondrial function in other biological systems, reinforcing
" the likelihood that MEX exerts its toxio effects through similar mechantsms (Watanapokasin

otal., 2010), These findings indicate that ditect application of MEX at the tested concennatmns o o

is not viable for t1eatmg oomycete infections in aquaculture.

“While previous studies have explored the antifungal properties of mangosteen exnaots, B o
' .thlS study provides additional evidence supportmg its efficacy against ootycete pathogens and -~

' its associated oytotoxic effects in aquatic species, Given the observed toxicity, future studies
should focus on formulation strategies to mitigate advelse offects, such as nanoencapsulanon,
* controlled-release ‘systems, o chemical modifications to -enhance . selcotxvzty and reduce
- toxicity, Addﬁmnally, testing lower concentrations over extended peuods may help determine
- safe therapeutic windows. Fuﬂhex mvesugahons into MEX’s bmavaﬂabnhty, envuomnental -
persistence, and effects on non-target organisms are also warratted, REE _

L In conclusion, MEX exhibits significant antifungal potentla} agamst oomycetes by

| ', dzsrt.iptmg energy metabolism and cell signaling pathways, leading to fungal inhibitionand cell - o

death, However, its. toxicity to tllapxa eggs and fiy pxesents a major limitation that'must be

“addressed before considering its practical application in aquaculture, Optimizing delivery - Cel

. methods and modxfymg bioactive compounds to 1educe toxunty wlnlc mamtaimng dntifungal :
o .'.efﬁcacy wm be esqenﬁal f01 futum development SRS . DR :
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Abstract, This study_ aimed to isolate and identify Oomydete species i_nfe_ct_ing freshwater fishes
© ‘and thelr eggs. A total of ten comycete isolates were obtained and identified as belonging to the

geneta Achlya, Saprolegnia, and Pythium. Molecular identification based on the ITS1-5.85~
1TS2 yDNA region revealed that the isolates included Achlya bisexualis, five unidentified

Achlya ‘species, and the other of the. genera Saprolegnia ‘and Pythium, The biological .
characteristics of three selected isolates (Achlya sp. FIMIUI02, Saprolegnia sp. FTMIU108,

and Pythium sp. FTMJU110) were further investigated. The optimal temperature for vegetative -

growth was found to be 25°C for Achlya sp, RTMJU102, and 30°C for both Saprolegnia sp. =

FTMJU108 and Pythium sp, FTMIU110. All isolates tolerated safinity levels of 1-2% NaCl
" and exhibited growth across a wide pH range (4.0-11.0). Pathogenicity assays demonstrated
that Achlya sp. and Saprolegnia sp. significantly reduced the hatching rate of Nile tilapia

. (Oreochromis niloticts) eggs, to 45.56% and 51.11% respectively, 'wheteas Pythium sp.

FTMJIU110 showed minimal pathogenicity, with a hatehing rate of 85.56%. Notably, this study . |

: [l

represents the first tepoxt of Pythium sp. isolated from Mekong giant catfish (Pangasianodon

- glgas) eggs, These findings enhance the current understanding of comyeete diversity and their
pathogenic potential in freshwater aquaculture systems, highlighting the importance of -

developing effective disease management srategles.. - o o R R

Key Words: Oomyc;qtﬁé;,intéml_t';'ansorib:éd, spacer (IT _S),_freshwatér ﬁ_s.h_,'patho_ge;ﬁcitly |

~ Introduction . R
_ Saprolegniasis {(also known as Saprolegniosis) is a setious threat to the aquaculture
. industry worldwide. This disease causes considerable economic losses in wild fish populations

~and in aquaculture (Hussein et al 2001; Torto-Alalibo et al 2003), The genera Aphanomyces, L

Achlya, and Saprolegnia are members of the family Saprolegniaceao in the class Oomycota that

have been teported as being responsible for water mold infections in fish and their eggs,
affecting both wild and farmed fish (Bruno et al 2011). LT
Treshwater fish are a crucial source of animal protein for the majority of Thailand’s

population (FAO, 2006). Recently, however, diseases caused by water mold oceur very often

at the egg stage. The mortality rate due to fungal infection reaches sometimes 80%—100% of
incubated eggs, which the fungal infection of eggs has been known as a problematic infection .
at several hatcheries in Thailand, However, ‘we had a chance to survey fungal infection at
located two hatcheries in Chiang Mai province, Water mold infections of the fry and eggs of
much freshwater fish are common (Bangyeekhun et al 2001; Fregeneda-Grandes et al 2007;
Panchai et al 2007; Thoen et al, 2011; Abking et al 2012), which fungal infections ate usually
considered to be secondary infections in aquatic animals, arising in-part due to other health- -
related problems (Yanong ef al 2003). - _ : ' " ' _ '
‘ Water mold infections in Thailand have been widely studied and repotted in Thailand
such as freshwater oomyeetes Isolated from Nile tilapia (Panchai et al 2014), common catp
(Chukanhom & Hatai 2004), eggs of Nile tilapia (Panchai et al 2007), ete, Thetefore, accurate



identification of the pathogen for saptolegniasis is an essential necessity for disease
management, Knowledge and undetstanding of pathogen diversity are essential to formulate
sustainable provention and control of diseases.

Tn this study, we isolated the water molds that infected with eggs and some freshwater
from Java batb (Barbonymus gonionotus), Climbing Perch (Anabas lestudinens), eges and fries
of Nile tilapia (Oreochromis niloticus Linn), and eggs of Mekong Giant Catfish
(Pangasianodon gigas) in hatcheries at Maejo Univetsity and Freshwater Aquaculture
Reseatch and Development Center, Chiang Mat province, Thailand. In addition, we studied the
molecular characteristics of the water molds that identified by sequencing of the internal
transcribed spacer (ITS1-5.88-IT82; ITS) region of ribosomal RNA gene from unidentified

" oomyeete (Lilley et al 2003; Phadee et al 2004; Muraosa et al 2009, 2012), and examined the |

effects of tempetafure, salinity, and pH levels on the growth of oomycetes and the pathogenicity -

of the zoospores against hgtchjng,aggs__of Nile tilapia (Oreochromis niloticus Linn). -

:Ma_tﬁl:‘_i_al_ gnq Method . o

. }S;ai;g)fe_'_éa[léctiéfr. ',,Qomygete,—i'nfccted fish ~and eggs wew éoll_e_Qf_éd _ ﬁom "’jéva', batb _
(Barbonymus gonlonotus), Climbing Petch (dnabas festudineus), the eggs and fries of Nile -+ |

" tilapia (Oreochromis niloticus Linn), and the eggs of Mekong Giant Catfish (Pangasianodon -

~ gigas) .in hatcherles at Faculty “of Fisheries Technology and Aquatic ‘Resources, Maejo

‘University (latitude 18°:53' 49.96" N, longitude 99° 1 4,332" E) and Freshwater Aquaculfure

" Research and Development Conter (latitude 18° 54 06.1"N, longitude 99° 00' 21,7" E), nosthetn
' Thailand from July 2008 to ‘November 2019, In the Jaboratory, the specimens were fiestly =

_observed under a'mictoscope. They were routinely isolated and incubated on glucose yeast
~ extract (GY) agar (Hatal & Egusa 1979) at 25°C and transferred to fresh GY agar gvery month

- for maintenance aftes pure culture. ‘All isolates were deposited at 25°C in the Faculty of -
Fisheries Technology and Aquatic Resources, Maejo University, and remarked as the strains - -

_FTMIUL0L fo FTMIULI0. -

* DINA éxtraction and PCR amplification. A agar block was aseptically placed in 20mL GY

. broth. The edges of hyphae were grown at 25°C for 3 days, The mycelial mats. wore ground in
" liquid nitrogen using a pestle and mortar. Then, the genomie DNA, was extracted using a Plant - &+
- Genomic DNA Kit (TIANGEN) according to the manufacture’s protocol, PCR amplification "
- of the intetnal transeribed. spacer (ITS) region between 1TS1:5.88-1TS2 "of the 1DNA was -~
performed using the primexs ITS 5 (3-GGAAGTAAAAGTCGTAACAAGG-3') and IS 4
(5TCCTCCGCTTATTGATATGC-3") (White et al 1990). The PCR was porformed forafotal - - el

- Soientific®; optimized

final volume of 20 pL ‘containing 10 L 2x DreamTag Green PCR Master Mix (Thetmo.
- Sed contains DNA Ploymerase, dNTPs, MgCL2 and DreamTag Green = -0
 uffer), 1 uLL of template DNA (~50 ng/iL), 1 uL.of each primers (10 pM) and 7 pl of nuclease - - .

*free water, The reaction was performed using the T100 thermal cycler (BioRad, United States), - .
with an initial denatutation step (95°C for 2 min), followed by 35 cycles of denaturation (95°C. . .

' for 1 min), annealing (58°C for 30 s) and extension (72°C for 30 5), and final extension step
(72°C for 5 mip). PCR products wore visualized in a 1.5% agatose gel electrophorests and -

~ moleoular ‘market. The “bands - obtained - through electrophoresis wete - visualized ‘and - .
~ photographed nnder ultraviolet (UV) illumination (Molecular Imager® Gel Doc™ XR+ System - :

with Image Lab™, California, United. States). Subseguently, the PCR products wete purified

and sequenced 1stBase via the direct sequencing tnethod using the BigDye® Teiminator v3.1 :

Cyele Sequencing Kit (Applied Biosystems, Foster - City, CA, USA), according to the
insttuctions of the manufactures. The obtained sequences were assembled and submilted tothe -

NCBI GenBank database for tetrieved of acoession numbers,

DN4 sequenciug and Phylogenetic analysis. Théséduénci_ng of_ the ampiiﬁéd PCR pi'oduots o

(~700 bp - ~750 bp) was done at the 1stBase, Malaysia. The consensus sequence was searched

*stained with 2 pL. Novel Juice supplied in 6x loading buffer (GeneDirex®) and a 100-bp DNA. R -




at GenBank repository using Basic Local Alignment Search Tool (nucleotide BLAST) to
confirm, Alignment and phylogenetic analysis were cartied out with using the Molecular
Evolutionary Genetic Analysis version X, The UPGMA. tree robustness was determined in
terms of bootstrap values and evaluated through 1,000 replications, which including other
eighteen sequence of Achlya species and using two sequences of Lagenidium spp. as the
outgroup (Figore 5) R : ' _ o

Effects of varions temperatire, sodium chioride (NaCl) and pH on fungal growth. Three
straing (FTMIU102, FTMIU108, and FTMIUL10) were selected for analysis, The advancing
edges of a growing colony were cut out with a No. 2 cork borer (agar blocks, 5.5 mm in

diameter) from the of each strain and placed onto the center of a 90-mm plastic Petri dish

confaining GY agar, The plates were incubated at 20, 25, 30, 35, and 40°C, Each agar block

- (5,5 mm in diameter) from the three stiains was placed onto the centor of GY agar plates
containing 0, {, 2, 3, or 4% NaCl and incubated at 25°C for 3 days and measured colony

diameter, wheteas, inoculated info GY broth adjusted to pi of 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0,

10.0, 11,0, and 12,0 by adding 1N HClor I N NaOH for pH tolerance test, The diameter of the |
_colonies and growth of hyphae was incubated at 25°C and measured daily for:3 d_ays with a

Vernier caliper. The experiment was yeplicated three times,

Pa'tl;dgen_icig) of f'uﬁga;! i&'o'!ate.s_' to eggs bf Na'le'tilapi.a. Threé isolates from the speéi.mé'ns,
Achlya sp. ETMIU102, Saprolegnia sp. FTMIU108, and Pythium sp. FIMJU110, wete chosen

for experimental infection assays to egps of Nile tilapia, Agar blocks of each fungal strain were '

“placed. into Petri dishes containing 20 mlL of GY broth and incubated af 25°C for 3 days. The

hyphae were washed three times with stetilo tap water and cultured in 20 mL of sterile tap water

“at 25°C for 18-24 h for zoospote production. The concentration of fungal zoospores was

detetmined. Each s_ﬁjain containing 1 % _10_‘? zoospores/mL was prepared in stetile tap watet. A s
 total of thirty eggs, eyed stage of Nile tilapia, were used for each sfrain, The experiment was

~ amieroscope, and the hatching rate of the cggs was caloulated at 7 days, -

- Rer&luits :

' Isolation of oomypcetes. A total of ten samples infected eggs and some froshwater from Java

" barb (Barbonymus gonionotus), Climbing Perch (Anabas testudineus), the eggs and fiies of Nile

" tilapia (Oreochromis niloticus Linn), and the eggs of Mekong Giant Catfish (Pangasianodon . :

gigas) as shown in Figute 1, wero collected from hatcheries at Fagulty of Fisheties Technology

and - Aquatic. Resources, Maejo. University . and Freshwater Aquaculture Reseatoh and =~ |

Development Center, Chiang Mai Province, notthetn Thailand, In the laboratory, the specimens . -

were firstly observed under a mioroscope that oomycete infection in the head tegion, on the . .

body and eggs surface, and fins (Figure 1B), which some ateas of the ulcers wete covered with .
_numerous white ot grey cotton-like mycelia as shown in Figure 1, Ten isolates wete collected.

from the infected fish and eggs belonging to the Saprolegniales, which were classified as -~

“members of the genus Achlya, Saprolegnia, and Pythium and were designated as FTMIU 101-

Achilya isolate, Tsolate FTMIU 102__g1‘cw i'apidiy on GY ég_ar, with an average grdmh.l'ate of -

67.33 mm for 3 days at 25°C, Colonies were puffy and whitish on GY agar (Figure 2A). Hyphae
wete aseptate and branched (Figure 2C). Zoospore formation was observed when mycelia were
cultured in sterile tap water ab 25°C for 3 days (Figure 2B and 2C). The zoospores were
- discharged from the end of the zoospotangium and formed a cluster at the tip, Zoospore
production was achlyoid type. Secondary zoospores getminated 6 hy after they encysted (Fignre
2D). Bagsed on these data and asexual reproduction characteristics, the strain was identified as
a water mold of the genus Achlya, - o '

replicated three times, The growth of fungal hyphae on the surface of eggs was observed under :




Saprolegnia isolate. Isolate FTIMIUL08 grew rapidly on GY agar, with an average colony
diameter of 32.67 mm when incubated at 25°C for 3 days (Figure 3A). Fungal hyphae were
aseptate and branched. Zoospore formation (Figure 3B) was obsetved at 48 h when the hyphae
were incubated in sterile tap waier at 25°C. Zoospore praduction was saprolegnoid (Figure 3C),
Secondary zoospores germinated 4 h after added the GY broth and they encysted (Figure 3D).
Based on these data and asexual reproduction characteristics, the strain was identified as a water
‘mold of the genus Saprolegnia, P

_Iﬁﬁff:it¢nt isolﬁtg. Isoiata FTMIUL10 was collected froﬁa eggs of giant catfish and found that
grew rapidly on GY agar, with an average growth rate of 66,33 mm for 3 days at 25°C, Colonies
were puffy and whitish on GY agar (Figure 44). Young zoosporangia (Figure 4 B and 4C) wete

observed when mycelia were cultured in stetile tap water at 25°C for 3 days (Figure 4B and
4C), Based on these figures and asexual reproductive characteristics, the strain was.identified -

as tho Pythtum sp.

* Figuro 1, Qomycete nfeston found in sggs and some feshvtor ish, A, Gréss appearancoof

4 Nile tilapia with an water mold infection(red arrow), Bar=10 mm. B, Gross ..

 appeatance of a Climbing Peteh (Anabas festudineus) with an oomyoete Infection

" (red arrow), Bar=10 mm, C. Fungal hyphae (red arrow) grew on eggs (Oreochromis .

‘niloticys Linn), Bar=5 inm. D. Fungal hyphae (red atrow) also grew on eggs of -

' Mekong Giaut Cafish (Pangasianodon gigas). Bar=s o,




Figute 2, The morphological characteristics of Achlya sp, FTMIU102: A. Colony on GY agar.
incubated at 25 0C for 3 days. Bar=10 nun. B, Zoosporanginm with zoospores (red arrow) and
primary zoospotes (black arcow), Bar=10 pm, C. The primary zoospores discharged from the

"~ end of the zoosporangium and formed a eluster at the tip (black arrow) and hyphae (red
attow), Bar=5 pm, D, Secondaty zoospores encysted and germinated (acrow). Bar=10 pm.,

~ Figure 3. The mdrphologioai charactexistios of Saprolegnia sp. .FTMI'[__} 108: A, Col_dny on GY
agar incubated at 25 0C for 3 days. Bar=10 mm, B and C. Zoosporangivm with zoospores (red
attow), Bar=5 pm. D, Secondm_y zoospores encysted and 'ge_rmina_ted (acrow), Bar=10 pm.
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O F_ig_u;'e 4, The morphdlo gical characteristics of Pythr‘um. sp, FIMJU110. A Colony dnGY
. agar incubated at 25°C fot 3 days. Bar=10 mm. B and C, Young zoosporangium = -
o (arrow), Bar=5 pm, D. G_elminatiqn from zoo_sp.orgnglium_(_m_lfow). Bar=10 pm. -

;Plzylogéhéﬁ‘c,dnﬁmis.‘T_h,e ten sequences. data presented in this study were compared in

) GenBank as shown in Table 1, The approximately 670-785 bps partial tRNA. gene fragment
‘amplified from genomic DNA extracted from the ten isolates. The phylogenetic tree inferred

from the sequences of the ITS1-5.88-1T82 (ITS) region is presented in Figare 2, The ten .~ R

' sequences of the unidentified isolates were similar to sequences of dchlya, Saprolegnia, and

Pythiym originating from different countries that haye been submitted to GenBank. It was found =

that the subolade consisting of the sequence from FMJU106, 107 and 109 was similar fo 4, B

bisexualis (accession numbers EUA41154, KJ511773 and KJ511773, respectively), presenting .

192.38, 99.59, and 99.85% idenities, respectively. The ITS sequences of ETMIU101-105 was - 8
- similar to Achlva sp. (accession numbers KI511776), which it still remains unidentified in the -

 specles, which is according to Kwanprasest ef al (2014). In addition, the ITS sequences of
FTMIU108 was similar to Saprolegnia sp. (accession numbers BU124753), presenting 100% -

similarity, However, the TTS sequences of FTMIU110 was similar to Pythiym sp. (accession -

- umbers KU209767), prosentng 84.39% of dentity. . T
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F1guxe 5 Phylogcnctic tree of ten isolated (A) and related oomycetes that obtamed ﬁom
Genbank based on the intetnal transcribed spacer (IT5) nucleotide sequence of
ubosomal RNA gene. Lagcnidium spp were used as outgtoup sequence.

Table 1 Ribosomal Qomycete sequenbes deterlniilcd in phylogenetic a_na!ysi_s _




Strains

Total size
(bps)

Straing (Identities, %)

GenBank
accession number

Host

FTMJU101

715

Achlya sp. (99.72)

KI511776

Java barb

FIMJU102

747

Achlya sp. (99.73)

KI511776

Java batb

FTMIU103

758

Aehlya sp. (99.73)

KJ511776

Fries of Nile tilapia

BTMIU104

747

Achiya sp. (99.86)

KJ511776

Nile tilapia

ETMJIUI05

745

“Achlya sp, (99.18)

KISL1776

Nile tilapia

FTMIU1G6.

689

Achlya bisexualls (92.19)

COBU441154

Climbing perch

FTMJU107

753

Achlya bisexualis (99.59)

CKISLLTTY

" Climbing perch ~

ETMIU108

733

- Saprolegnia sp. (100) -~

RU124753

Eggs of Nile tilapia

FTMIU109 -

671

“Achlya bisexualls (99.85)

RIS

Eggs of Nilo tilapia

FIMIULI0 |

S Pythiwn sp. (8439)

KU209767

__Eggs of giant catfish :

Blological characteristics of oomycete species. The effect of temperature on the diameter of
- golonies of the selested three isolates (dchlya sp. FIMIU 102, Saprolegnia sp. FIMIU108and .~
* Pythlum sp. FIMJU110) was shown in Table 2, The sirain FTMIU102 was able to grow ata - o
- temperature range of 20-35. 9¢C, whereas the strains FMJU108 and 110 grow at 4 tempetature

range of 20-30 °C. The optimum temperature for the growth of these isolates was 25, 30, and

30 °C, respeatively, None of the i

- of three isolates grown on GY
- FTMJU102 and 108 w
" toletate up to 2% NaCl, bu

‘NaC}, All of the isolates grew in

 with optimal pH at 7-9, and 7-11, xespectively, as shown inTabled. © o ER T v

solates grow at 40 °C. Table 3 shows the diameter of colonies .~ * -
‘agar containing ‘different concentration of NaCl (%) The -

ere able fo tolotate tp to 1% NaCl , wheteas the FTMJU110 wes ablefo -

t no hyphal growth was observed on GY agar containing 3 and 4% .

GY broth over a wide range of pH levels from 4.0-11.0. The - :

- FTMJU102 was able to grow in GY broth at a range of pH 4-11 with optimal pIl at 6-9,

" Whereas The FIMIU108 and FTMJIU110 were able to grow in GY broth ata range of pH 5-11 - .

" ‘Tuble 2. Bffeot of temporafure on colony growth . S

- | '(=°C). .

Temperature

" Colony diameter Gant) - -

Saprolegnia sp. FIVIUL08

~Pythinm spF’I‘MJUH{i

20

[Achlya sp. FIMIUL02
. AGETELIS

2867415

C U 46,3340.58 ¢

25

6733058

66334058

T sanioss

5

5033088 | o s

T Tasmess

-

o Ba3s0ss

© Tuble 3, iffeot of salinity on hyphal growth of the thxoo Oomycefo isolates

LT Colony digmeter (man)

Achlya sp, TTMJIU 102

Sapmlegnia' sp. FTYLIU108

_Pythiurm sp. FIMJU110

NaCl (%)
H O ) N

65,671,151

C 32334058 -

©67.3320.58

o T 96.3340,58

1733058

 AaeTElls

_24.6740.58

-

-

\
2
3
4

-




Table 4. Bffect of pH on hyphal growth of the three Qomycete isolates

Colony diameter (mm)

pH Achlya sp. FTMIUL02  Saprolegnia sp. FIMIU108  Pyrhium sp. FTMIU 110
3 - - -
4 32,6741.15 - -
5 47,67£1,15 43,3341,15 ' '~ 52,33:41.53
6 5433+0,58 ©50,33%1.15  53,67+1.53
i 56.33:+0,58 . 63.33%058 62.67£2.31
8 58,67+1.15 - 6767153 - 79,67+0,58
9 - 55.67+0.58 65004100 7233153
10 50,3340.58 . 61,67+1.15 S 6B.671.15
11 43334115 4933115 - 63.0042.65

.Pailzogqrricizji Of :ﬁmgal i&alatés 't_b éggs of Nile "'tr'_layia. The hétéhing _raté of eggsl '.that L
“challenged with Achlya sp. FTMIUL02, Saprolegnia sp, FTMJIU108, and Pythium.sp. -
FTMIU110 were 45,56, 51,11 and 85.56%, tespectively, as shown in Figure 6. The suface of -

~ infected eggs was covered with cotton-like hyphac afier 7 days, which found the infection with

- Achlya sp. FTMIU102 and Saprolegria sp. FIMJIU108, These results suggested that Achlyasp. -
FTMIU102 and Saprolegnia sp, FTMIU108 were an oppottunistic pathogen that can be

infected on Nile tilapia, which is supported by the finding Pichai ot al (2014), However, Pythium
sp. FTMIJU110 showed the hatching rate of eggs close fo the contro} group (91.11%) and no

evidence of them was covered with cotton-like hyphae. These results suggested that the Pythium ?
sp. FTMJU110 was a saprophytic in natute and the fungus might be infected secondarily on -

- dead eggs, which previously reposted by Williaﬁi_ét al (1962) and Wii_loughby;& Lilley (1992).

100 4
g
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o, T : .
E 40
_g_ 20 4 - |
0 | S s s o g .
- Control Achlya sp, ~ Saprolegnia Pythium sp,
7 FTMIUL0Z  sp. FTMIU108 FTMIUL1O

Figm.c 6. Pathogenicity test in Nile tilapia éggs by'_ e.xl.n'_erhnarﬁa.lly _infec_ﬁtio_ﬁ with Achlya sp.
FTMJU102, Saprolegnia sp. FTMIU108, and Pythium sp. FIMJULLOat

- concentration of 1.0 x 10* zoospores/mL

Discussion . ' . : o
This study successfully isolated and identified comyocefe species from hatchory fish and

eggs, including Nile tilapia (Oteochromis niloticus) and giant catfish (Pangasianodon gigas), at .

Maejo University and the Freshwater Aquaculture Research and Development Center, Chiang
Mai, Thailand. The Isolates belonged to the genora Achlya, Saprolegnla, and Pythium, which
ate known to be associated with sap1‘oleg11iasis and other aquatic infections in freshwater

g




aquaculture (Hussem & Hatal, 1999; Van West, 2006), Molecular identification based on ITS1~
5.8S-1T82 sequencing confirmed that the lsolates included Achlya bisexualis (FTMJU106, 107,
and 109), unidentified Achlya species (FTMJU101-105), Saprolegnia sp, (FTMJIU108), and
Pythium sp. (FTMJIU110), Three representative strains—Achlya sp. FTMJU102, Saprolegnia
sp. FTMIU108, and Pythium sp, FTMJU110—were further investigated for their biological
characteristics.

The optimal temperatute range for hyphal growth vatied among isolates. Achlya sp.
FTMJIU102 exhibited a broader temperature folerance (20-35°C) cormpared to Saprolegnia sp,
FTMIU108 and Pythivm sp. FTMIU110 (20-30°C). These findings align with reports that most
freshwater oomycetes thrive at temperatures below . 30°C, but tropical isolates can tolerate

- higher temperatures (Hussein & Hatai, 1999; Chukanhom&Hatax, 2004), The ability of Achlya -
sp. FTMIU102 to grow at. 35°C suggests that it is well adapted fo fropical aquaculture ~
- conditions, similay to previously 1ep01ted Achlya spp BKKUIIQ'] (accessmn numbe; '

' KJS511776) (Pichai et al,, 2014). g
o Salinity tolelance tests showed that all 1soiates suwwed in up to 1% NaCl while
Pythium sp. FTMJU110 exhibited greater tolerance, quwwmg inup to 2% NaCl, This suggests

 that certain oomyceie species ate capable of persisting in high-salinity freshwater and brackish .

water environments, which may have implications for hatcheties near coastal rogions (Duc et

al,, 2016). Interestingly, Saprolegnia sp. FTMJU108. demonstrated enhanced growth in 1% - SRR

' _NaCl compated to freshwater conditions, which aligns with studies indicating that Saprolegnia
spp. can tolerate and even thrive in slightly saline environments (Chukanhom & Hatai, 2004).

- 'The ability of these. oomyeetes to tolerate varymg salinify levels suggests that water sahmty o

_management may mfluencc disease progtession in aquacultuxe systems, .

" The pH tolerance range was also broad, with all isolates capable of gmwmg at pH 4 0—_ -
11.0. The optimal pH conditions varied slightly, with Achlya sp, FIMJU102 growing bestat @ =
pH 6.0-9.0, Sapiolegma sp, FTMJU108 at pH 7.0-9.0, and Pythiym sp, FIMIU110 at pH 7.0~
11.0, These findings are consistont with previous roports showing that pH affects cell wall & -
'me'sabohszn and membrane stabﬂxty in oomyoetes, which in tutn influences their survwal and -
_ pathogenicity (Griffin, 1994). The ability to thrive amoss a Wde pH 1ange lnghhghts theﬂ SRR

: adaptamhty to diverse aquaculture envitonments.

' 'The pathogenicity assay demonstrated that Achlya sp FTMJU 102 and Sapmlegma sp

) F’I‘MIUIOS significantly reduced the hatchmg rate of Nile tilapia eggs (45 56% and 51.11%, - = -
~ respectively), :confirming - their. -tole. as primary .fish pathogens. In. contragt, Pythlum 8P,
. FTMJU110 showed minimal pathogemmty, with a hatc}ung rate of 85.56%, compalable tothe = .

control ‘group (91, 11%) These findings are consistent with previous studies indicating that -

: Achiya and Saprolegnia epecms actively . infect fish eggs, whereas Pythium species ate generally -~ <
-mgarded as saprophytic or opportunistic. pathogens (Wziloughby & Lilley, 1992; Duc et al,, 0 .0
2016), Some Pythnnn Spemes such as Pythium flevoense, have been reported as fish pathogens BURER I
(Miuza et al., 2010), but in this study, Pythivm sp. FTMIU110 did not display pathogenic - -
chaiaoteustxcs, suggestmg %hat it may plefelentlaily colomze dead or weakened eggs 1athe1 than .

acuvely causmg dlsease

C‘onc!usmn K ' R A o
This study 1dent1ﬁed and chalaoteuzed oomycete speoxe.s mfeotmg hatchery ﬁsh and

eggs, with isolates from the geneta Achlya, Saprolegnia, and Pythinm. Morphological and

molecular analyses confirmed the diversity and environmenta} adaptability of these species,

with Achlya sp. and Saprolegnia sp. showing hlghel pathogemmty toward Nile tilapia eggs, The o

biologieal chatacterization revealed that temperature, salinity, and pH play a ciucial role in

determining their survival and pathogenic potential, with Achlya sp, FTMJU102 exhibiting the - |
highest thevmal folerance. (up to 35°C) and Pytlnum sp. FTMJUIIO tolelatmg the hxghest _

salinity (2% NaCl).

The findings suggest that. Achiya sp and Sapwlegma sp. are significant pathogens in.
hatchery environments, wheteas Pythium sp. FIMJUL10 exhibited charactetistics more -~ .
congistent w1th a saplophytlc o1 opportumstm hfestyle Ti 10 pmsencc of Pythlum sp in g1ant e




catfish eggs, despite its limited pathogenicity in Nile tilapia eggs, suggests that its role in
aquacuiture environments may vary depending on host speoies and environmental conditions,

The adaptability of these comycetes to a broad range of temperatures, salinities, and pH.
conditions undetscores their resilience in aquaculture setiings, These findings emphasize the
need for effective water quality management and biosecurity measures in haicheries to
minimize the risk of ocomycete infections.
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