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PAC DPIEM SINH HOC CUA VI NAM Achlya bisexualis
NHIEM TREN CA NUOI THAM CANH
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Tom tit: Nghién ctru dugc thiee hién nhdm xéc dinh dic diém sinh hoc cia vi nAm Achlya bisexualis gay
bénh trén ca nudi thdm canh. Tong cdng 6 chung Achlya bisexualis dwgc phan 1ap tir ca tra (Pangasianodon
hypophthalmus), cd 16c (Channa striata) va ca diéu hong (Oreochromis sp.). Két qua cho thay A. bisexualis phat
trién t6t trong khoang nhiét d6 28-33 °C. Vi nam c¢6 thé phat trién nhanh ¢ pH 6-8. C4c chiing khéng thé
phat trién ¢ d6 méan 2,0 %. Vi ndm co6 thé€ st dung glucose, maltose, mannose, sucrose va arabinose. A.

bisexualis cho phan tng v6i NO2 5 mM nhung khéng phan ting véi NO2 43 mM.

Tw khoa: Achlya bisexualis, c& diéu hong, ca 16, ca tra, sinh hoc, vi ndm

1 Pit van dé

Vi ndm la sinh vat nhan thuc, séng di dudng, khong c6 diép luc td, hap thu chat dinh
dudng qua véch t& bao bang cach tiét enzymes vao vat chti va séng hoai sinh, cong sinh hodc ky
sinh trén dong vat va thuc vat [5]. Vi ndm nhiém trén dong vat thuy san rdt da dang vé thanh
phan loai, mitc dd nhiém va kha nang gay thiét hai khac nhau. Trong d6, cdc nhdm vi ndm phd
bién gom Saprolegnia sp., Achlya sp., Aphanomyces sp. thuong gay bénh trong thuy san [8,2].
Hién nay, & dong bang song Ctru Long dong vat thily san nhiém vi ndm Achlya sp. dang dan trd
nén pho bién va gay thiét hai cho nguoi nuoi. Khao sat ca 16c nhiém bénh ¢ An Giang va Dong
Thap cho thay giong Achlya sp. chiém 21,4 % va nhiém phd bién trén ca 16c giai doan gidng la
Achlya bisexualis [18,19]. Ngoai ra, nghién cttu cia Nguyén Thi Huyén (2006) cho thdy vi ndm
Achlya sp. con c6 kha ning gay nhiém trén tring ca tra va ca basa. Theo Czeczuga va cs. (2013)
vi nd&m nhiém trén tring cd da tron & Chau Phi gom cac loai ctia Achlya sp., Aphanomyces sp.,
Leptolegnia sp. va Saprolegnia sp. ¢4 khd nang st dung alanine, nhung khong st dung
methionine, lysine, ornithine, leucine va glycine [4]. T4t ca cac loai c6 thé sit dung glucose va
tinh bot, nhung khoéng cho phan tng véi arabinose va salicin. Két qua thi nghiém ¢ ndm S.
diclina va A. bisexualis ky sinh trén ca chép (C. carpio) cho thdy nhiét do t6i vu cta ca 2 loai vi
nadm 1a 25 °C nhung tai 10-30 °C vi ndm van phét trién [20]. Tuy nhién, nghién ctru ctia Nguyén
Thi Thiy Hang (2011) cho thdy nhiét d6 30-35 °C la mtic thich hop cho vi ndm Achlya bisexualis
nhiém trén c4 léc giai doan gidng phat trién. Co thé thdy 6 nhiing vung dia ly va nhiém trén ky
chu khac nhau thi khoang nhiét d6 phat trién thich hop ctia vi ndm cting khac nhau. Vi thé,
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nghién ctu thuc hién nhdm cung cap thong tin vé dic diém sinh hoc ctia vi ndm Achlya

bisexualis gop phan trong viéc dinh danh va phéan loai vi ndm gay bénh trén ca.

2 Phuong phap nghién cttu

21 Chung vi ndm

Céc chiang vi ndm dugc trix tai BO mon Bénh hoc Thuy san, Khoa Thuy san, Truwong Dai
hoc Can Tho. Vi ndm dugc phuc hoi trén moi truong Glucose Yeast Agar — GYA (1 % glucose,
0,25 % yeast-extract, 1,5 % agar) u ¢ 28 °C. Cac chung vi ndm phat trién sau 5 ngay nudi cay

dugc st dung cho cac thi nghiém (Bang 1).

Bang 1. Cac chung vi ndm Achlya bisexualis thi nghiém

TT Chung vi nim Loai ca Co quan phan lap
1 PCT01.02 Ca tra Da co
2 PAGO02.07 Ca tra Da co
3 TCT02.02 C4 diéu hong Da co
4 TVL02.03 Ca diéu hong Mang
5 CDT02.32 Caloc Da co
6 CCT01.09 Caloc Da co

2.2 Anh huéng ctia nhiét d6 dén sy phat trién ctia vi nAm

Phuong phép thi nghiém dwoc thuc hién theo Koeypudsa va cs. (2005). Dung 6ng cat s8 2
(cork borer No. 2) cat mot khdi agar véi duong kinh 5,5 mm 6 ria khuan lac da c6 ndm phat
trién va dat vao dia petri chita moi truong GYA. U dia cdy véi 5 mikc nhiét ¢6 khac nhau 23, 28,
33 va 38 °C, do duong kinh phat trién cua khudn lac ndm sau 3-5 ngay. Thi nghiém dwoc thuc

hién véi 3 Tan lap lai.
2.3 Anh huéng cta pH dén kha ning phat trién ctia vi ndm

Phuong phap thi nghiém duwgc thuc hién theo Koeypudsa va cs. (2005) c¢6 diéu chinh.
Dua vao két qua thi nghiém nhiét d6 xac dinh nhiét do thich hgp cho vi ndm phat trién t6t ¢ cac
thi nghiém tiép theo. Mdi truong GY 1ong duoc diéu chinh cac khoang pH 3-11 bang cach cho
thém dung dich HCl 1N hozc dung dich NaOH 1N. Dung 6ng cat s& 2 (cork borer No. 2) cat
mot khdi agar véi duwong kinh 5,5 mm ¢ ria khuan lac da c6 ndm phat trién va cho vao 6ng
nghiém chtta 5 ml GY 1éng. Kha néng phat trién ctia vi ndim dwgc quan st mdi ngay va so sanh
v6i 6ng nghiém d6i ching (pH: 7). Quan sat va ghi nhan két qua trong 5-7 ngay. Két qua dwgc
thé hién qua cic diém (0) ndm khong phét trién, (1) ndm phét trién cé s6 lugng it, ngan va
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chiém < 20 % khdi agar, (2) ndm phat trién c6 s6 lugng vira va chi€m 20-70 % khdi agar va (3)
ndm phat trién c6 sd lwong nhiéu, dai va chiém > 70 % khéi agar. Trong truong hop nam khong
phat trién, mau agar dung thi nghiém sé dugc rita bang nudc cat vo trung va cay tro lai dia moi
treong GYA méi d€ danh gia kha ning song sot ciia ndm. Thi nghiém dwoc thwce hién véi 3 Tan
lap lai.

24  Anh huéng ctia 46 min dén kha ning phét trién ctia vi nim

Phuong phép thi nghiém dwoc thuc hién theo Koeypudsa va cs. (2005). Duing 6ng cat s8 2
cat mot khéi agar da c6 ndm thuan phét trién véi duong kinh khoang 5,5 mm va dit khéi agar
nay vao gitta dia petri c6 moi treong GYA véi cac néong d6 mudi khac nhau 0 %; 0,5 %; 1 %;
1,5 % va 2 % 1 & nhiét d6 tdi vu duoc chon ¢ thi nghiém anh hwong cua nhiét d¢. Thi nghiém

duoc thyc hién véi 3 Ian 1dp lai va do dwong kinh khuén lac cia ndm trong vong 5-7 ngay.

25 Kha ning st dung cacbohydrat ctia vi nAim

Phwong phap thi nghiém duwoc thye hién theo Kitancharoen va Hatai (1998). Chuan bi
moi treong gom 8,4 mM NHiH2PO4; 2,7 mM KCl; 0,8 mM MgSO4.7H20; 0,035 mM ZnSO4.7H20
va 0,02 mM CuSOs.5H20. B6 sung thém bromcresol tim dwgc cho vao dé€ lam chat chi thi véi
nong dd 50 mg/L va mdi truong dugc tiét trung ¢ 121 °C trong 10 phut. Cacbohydrat (glucose,
sucrose, maltose, mannose va arabinose) dwgc b6 sung vao méi truong véi nong dd 1 %. Cho 2
mL mai treong vao ng nghiém 10 mL va cdy vi ndm vao. U mau trong 14 ngay va danh gia sw
phat trién ctia vi ndm nhw sau: (+) vi ndm phat trién va (=) vi ndm khong phat trién. Thi nghiém

dwgc thuc hién véi 3 Tan lap lai.

2.6  Kha ning st dung nitrit ctia vi nim

Phuong phap thi nghiém duoc thuc hién theo Kitancharoen va Hatai (1998). Chuédn bi
mbi treong gom 5,7 mM KoHPO4.3H20; 0,3 % sucrose va 1,2 % agar ¢ bd sung 43 mM NaNO:
va 5 mM NaNO: cho vao 10 mL dung dich (0,6 M KCI; 0,2 M MgSO4.7H20; 3,6 mM FeSO4+.7H20).
Mbi truong duoc tiét trung ¢ 121 °C trong 10 phut. Sau d6 cay vi ndm vao mdi tredng, mau
duoc u trong 3-5 ngay va do duong kinh khudn lac. Thi nghiém duoc thuc hién véi 3 Tan ldp

lai.

2.7  Phuong phap xtt ly s6 liéu

Céc s8 lidu dugc thu thap, tdng hop va phan tich bang phuwong phap théng ké md ta va
phuwong phap so sanh thdng ké ANOVA hai nhén t6 (p < 0,05) 6 phan mém Statistica 8.0.
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3 K&t qua va thao luan

3.1 Anh huwéng ctia nhiét d6 dén sw phat trién ctia vi ndim Achlya bisexualis

Nhiét do dong vai tro quan trong anh hudéng dén qua trinh phat trién va hinh thanh bao
tee vi ndm. Cac chung vi ndm thi nghiém déu cé kha ning phat trién ¢ nhiét d6 23-38 °C. Vi
ndm phét trién t6t nhat trong khoang nhiét do 28-33 °C. O 28 °C, vi ndm phat trién t5i wu va
duong kinh trung binh khuén lac cua A. bisexualis 14 78,5 + 4,6 mm sau 5 ngay nudi cay trén moi
truong GYA. Cac chung A. bisexualis phan 1ap duwoc & ca 3 loai cd van phat trién ¢ 38 °C véi
duong kinh khuan lac 17,0 + 3,9 mm. Khi nhiét 46 gidm xudng & muic 23 °C, A. bisexualis van
phat trién t8t (Bang 2). Khuan lac vi ndm c¢6 mau trang kem dong nhat, phét trién tron déu, soi
nam dai, moc nho cao 1én khoi bé mat moi treong. Khudn lac phat trién nhanh sau 24 h, duong
kinh trung binh khoang 10-14 mm ¢ 28 °C. Buong kinh khudn lac ctia cac chiing vi ndm ¢ céc
mtutc nhiét do khdc nhau khac biét ¢ y nghia (p < 0,05).

Bang 2. Anh hwdng ctia nhiét d6 dén sy phat trién ctia vi nam A. bisexualis

A. bisexualis 6 loai ca 23 °C 28 °C 33 °C 38 °C

Duong kinh khuén lac (mm) sau 5 ngay

Catra 68,2 + 4,634 75,2 £ 5,44 73,4 + 8,64 17,0 £ 2,694
Ca diéu hong 71,2 3,028 80,0 + 3,58 76,4 + 6,68 18,6 + 5,348
Caléc 70,6 £2,0048 80,2 +2,4P48  710+234B 155+ 25448

Ghi chii: Cac chit thuong khac nhau trong cing mét hang va cac chit in hoa khac nhau trong cing mét cot
thé€ hién sy khac biét c6 y nghia thdng ké (p < 0,05)

Bén canh sy khéc biét vé duwong kinh khuén lac, hé sgi ndm phat trién trén méi truong
GYA ctia cac chung vi ndm ciing c6 su khéc biét & cac nhiét dd khac nhau. Nhiét d6 cang tang
thi sy phat trién cua vi ndm cang giam. Trong khoang nhiét d¢ 28-33 °C, hé soi vi ndm phat
trién day dac, moc nho cao khoi bé mat moi treong, nhung ¢ nhiét do 38 °C thi hé sgi ndm réat

thua, kich thudc nho va phat trién sat bé mat méi treong (Hinh 1).
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Hinh 1. Sy phét trién ctia Achlya bisexualis & cac mikc nhiét d6 khac nhau

Theo Madan va Thind (1998), nhiét d6 tac déng 16n dén qua trinh sinh trudng, sinh san
va phat trién ctia vi ndm. Trong d6, mdi chiing vi ndm c6 gia tri nhiét do khac nhau lién quan
dén cac giai doan trong vong doi, thoi gian nudi cdy va dinh dudng trong méi treong nudi cdy.
Hé enzyme cting anh huong dén qua trinh phat trién ctia ndm, khi nhiét do tang lam enzyme bi
bién tinh va hay hoai nén vi ndm khong phat trién va sinh san tao bao tix. Két qua nghién ctru
twong tu trong bao cao ctia Nguyén Thi Huyén (2006), nhiét d thich hop cho ndm Achlya gay
bénh trén tring ca tra va cd basa la 25-30 °C. Céc chung A. bisexualis phét trién trong khoang
10-35 °C, phat trién t6i wu & 25-30 °C va khong phat trién ¢ 40 °C [14,15].

3.2 Anh huwong cta pH dén su phét trién ctia vi naim Achlya bisexualis

pH ciing la mot trong nhitng yéu t6 anh huwong dén qua trinh phat trién ctaa vi ndm. Két
qua khao sat anh huong pH 1én su phat trién cua cac chung vi ndm trong moéi treong GY long
sau 5 ngay nudi cdy cho thdy cac chung A. bisexualis phat trién tot nhat trong khoang pH 6-8 va
khong phat trién 6 pH < 3 va 2 11. pH tic ché su phat trién ctua vi ndm ¢ cac mic pH 1a 4, 9 va
10. O mtec pH 4 va 9 c6 1 chiing A. bisexualis & ca tra, 1 chung & c4 diéu hong va 2 ching & c4 16¢
phat trién nhung rat it soi ndm trong mdi treong. Ngoai ra, 5 trong 6 chung A. bisexualis ¢ soi
ndm phét trién trung binh & pH 5. O mitc pH 10, cac chiing A. bisexualis & c& diéu hong bi tic ché
(Bang 3).

Bang 3. Anh hudng ctia pH dén sy phat trién ctia vi nAm A. bisexualis

A. bisexualis & loai ca pH
3 4 5 6 7 8 9 10 11
Ca tra 0 1 2 3 3 3 1
C4 diéu hong 0 1 2 3 3 2 1 0 0
Caloc 0 1 2 3 3 3 1

Ghi chii: 3: vi ndm phat trién nhiéu; 2: vi ndm phat trién vira; 1: vi ndm it va 0: vi ndm khong phat trién
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Két qua nay twong dong véi két qua cia Madan va Thind (1998) va cho thdy vi ndm cé
thé chiu dung trong mdi treong cb khoang pH rong va sinh trudng tdi wu 6 pH 7 hoac moi
treong axit nhe. Qua trinh phat trién cua ndm bi ngung lai trong mdi truong axit (pH 3) va
kiém (pH 8-9). Hon nita, trong moi treong axit mang t&€ bao vi ndm bi bao hoa, do d6 lam han
ché su trao d6i cta cac ion thiét yéu. Cac giong Saprolegnia, Aphanomyces va Achlya phat trién
trong khoang pH t3i wu tir 5 dén 10 [10]. Ngoai ra, Achlya va A. bisexualis nhiém trén c4 1o phi
tai Thai Lan sinh treong tot va dong bao ttr c6 thé ndy mam ¢ pH 4-11 va ndm phat trién t6i vu

trong khoang pH 6-8 [16]. A. klebsiana nhiém trén ca chép c6 thé phat trién 6 pH 6-7 [3].

3.3 Anh huéng cia d6 min dén sy phat trién ctia vi nAm Achlya bisexualis

Khao sat anh hwong cua d6 mén (NaCl) dén su phat trién cua vi ndm ghi nhan duoc do
médn cang tang thi A. bisexualis phét trién cang giam. Cac chung nam A. bisexualis khong phat
trién & do man 2 %. A. bisexualis c6 thé sinh tredong t6t dén d6 min 0,5 %. O nong d6 1 %, ting
treong ctia cac chung vi ndm giam hon %2 so véi nong d6 0-0,5 %. D6 mén ¢ mic 1,5 % e ché
su phat trién cua 5 chung A. bisexualis (Bang 4). Két qua xtt ly thdng ké cho thdy khong c6 sw
khac biét & d6 man 0-0,5 % nhung khac biét c6 y nghia (p < 0,05) & d6 man 1-2 %.

Bang 4. Anh hudng ctia d6 min dén sy phat trién cia vi nAm Achlya bisexualis

A. bisexualis 6 loai ca 0% 0,5 % 1% 15 % 2%

Puong kinh khuén lac (mm) sau 5 ngay

Catra 792+15%4 786+34% 369314 184 +244 -
Ca diéu hong 80,3214 80,0+234 391+29%F  16,6+34FB -
Caléc 779+2,12A  782+242A 387+25% 169+35F -

Ghi chii: Cac chit thuong khac nhau trong cing mét hang va cac chit in hoa khac nhau trong cing mét cot
thé hién sy khac biét c6 y nghia théng ké (p <0,05).

K&t qua ctia nghién ctru twong dong véi két qua ctia Nguyén Thi Thiiy Hang (2011) trén
Achlya bisexualis va cho thady ndm phat trién dén dd méan 1 % va bi e ché hoan toan ¢ d6 man
2 %. Theo Abking va cs. (2008), trén tring cd tra dau (Pangasianodon gigas) nam Achlya spp. tang
trudng t6i wu véi nong d6 mudi la 1,5 % va ciing khong thay c6 su phat trién ctia ndm ¢ d6 man
2 %-2,5 %. Trong khi d6, Fuangsawat va cs. (2011) cho rang ndm Achlya bisexualis c6 kha néng
ton tai dén nong d6 mudi 2,5 %. Hon nita, su tang néng d6 mudi anh huwong truc ti€p dén qua
trinh thdm thau ctia sgi ndm. Luc nay, NaCl hoat dong nhw mot chat doc d6i voi mang t€ bao
nam gay su mat 6n dinh ctia mang ngoai va hoat déng ctia enzym, nhung mét sd loai vi ndm c6

thé phat trién t6t hon trong moi treong ¢ mudi [6].
3.4 Kha ning st dung cacbohydrat cta vi ndm Achlya bisexualis

148



Jos.hueuni.edu.vn Tap 126, S6 3D, 2017

Cacbohydrat 1a mot trong cac ngu6n dinh dudng chu yéu cho qua trinh sinh truedng cua
vi ndm. Thi nghiém bd sung cac ngudn cacbohydrat khac nhau ghi nhan cac chung A. bisexualis
déu st dung sucrose, maltose va manose trong qud trinh phét trién. Tuy nhién, cac chung vi
nam khac nhau st dung cac loai dudng khac nhau trong d6 cac chting ndm nhiém trén ca tra
khong c6 kha nang st dung arabinose nguoc lai cac chting A. bisexualis nhiém trén ca diéu hong
va ca rd phi ¢ kha ning stt dung arabinose. Hai chting ndm nhiém trén c4 diéu hong déu c6
kha nang st dung maltose, sucrose, arabinose, nhung mannose chi c6 mot ching ndm ¢ kha

ndng stt dung (Bang 5).

Bang 5. Kha nang st dung cacbohydrat cua Achlya bisexualis

A. bisexualis & loai ca Glucose Sucrose Maltose Mannose Arabinose
Ca tra + + + + -
Ca diéu hong + + + + +
Céa loc + + + + +

(+): vi ndin phét trién va (-): vi ndin khong phat trién

Két qua cua thi nghiém c6 sy twong dong voi két qua cua Kitancharoen va Hatai (1998)
va cho thay tat ca cac chung Achlya sp. c6 thé sit dung duoc 14/19 loai cacbohydrat nhu glucose,
maltose, mannose, sucrose nhung lai khong st dung arabinose. Theo cac tac gia, glucose la
cacbohydrat ma t4t ca cac giéng ndm déu co thé hap thu duoc, nhung d6i véi arabinose, xylose
va sucrose thi kha nang dong hoa cua cac giéng vi ndm khac nhau. Mot s6 cacbohydrat ¢ kha
nang gay ddc cho vi ndm khi bd sung vao moi truong cho thiy vi ndm it hodc khong cé kha
nang phat trién. Theo Czeczuga va cs. (2013), thi nghiém nghién cttu trén triang ca da tron &
Chau Phi ghi nhan thdy cac loai cua Achlya, Aphanomyces, Leptolegnia va Saprolegnia c6 thé st

dung glucose va tinh bot, nhung khong d6ng hda arabinose va salicin.

3.5  Anh huéng caa nitrit dén sy phat trién ctia vi nAm Achlya bisexualis

Thi nghiém danh gia anh huong cta nitrit dén sy phat trién ctia vi ndm ghi nhan duoc
cac chung A. bisexualis ctia 3 loai ca déu phat trién trong moi truong cd bd sung NO2 nong do
5 mM nhung khong phét trién 6 nong do 43 mM. Puong kinh khuan lac trung binh cta 2/3
chung A. bisexualis & moi treong c6 5 mM NO:z cao hon so véi méi truong khong bo sung NO2
(Bang 6).

Bang 6. Anh huwong cia NO2 dén sy phat trién ctia vi ndm A. bisexualis
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A. bisexualis 6 loai ca 0 5 mM 43 mM

Duong kinh khuén lac (mm) sau 5 ngay

Cé tra 32,4 £1,924 26,3 £2,204 -
C4 diéu hong 37,2 £2,9%8 34,8 +2,5% -
Céléc 34,3 £3,128 34,2 +2,3% -

Ghi chii: Cac chi thwong khac nhau trong cing mot hang va cac chit in hoa khac nhau trong cuing mot c6t
thé& hién sy khac biét c6 y nghia théng ké (p <0,05)

Két qua nay tuong tw voi két qua cua Kitancharoen va Hatai (1998) ¢ giong Achlya,
Saprolegnia, Aphanomyces, Pythium, Leptolegnia nhiém trén triing cd hoi. Chung déu c6 thé phat
trién trong moi treong NO:2 (5 mM), nhung chi c6 Saprolegnia va Leptolegnia ¢ thé ton tai duoc &
nong d6 NO243 mM. NOz la chat gay doc cho t&€ bao sdng vi thé ¢ nong do 43 mM NO2 cac
chung A. bisexualis déu khong phat trién [17]. Bén canh d6, ni to cling 1a mét nguén dinh dudng
can thiét cho vi ndm. Trong t€ bao vi ndm, ni to dugc sit dung dé tong hop cac hop chat hitru co
nhu protein, enzyme, mot s6 vitamin va chitin. Thong qua qua trinh trao d6i chat, vi ndm s
dung nitrat chuyén thanh NO:, hyponitrite va ammonia. Vi nim thuong khong st dung NO:
trong moi truong pH t0i wu va axit. Nitrit gdy doc boi vi khong thé hoa tan axit nitro, do d6 anh

huong dén protein va cac axit amin ctia t€ bao vi ndm [12].

4  Kétluan

A. bisexualis sinh trudng va phat trién ¢ nhiét d6 28-33 °C, pH trong khoang 6-8, 40 man
0-0,5 % va stt dung nguon cacbonhydrat chu yéu la glucose va sucrose. Trong moi treong cé

NO2 nong do 5 mM thi A. bisexualis c6 thé ton tai va phat trién.
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BIOLOGICAL CHARACTERISTICS OF Achlya bisexualis
INFECTED IN INTENSIVELY CULTURED FISH

Dang Thuy Mai Thy*, Tran Thi Tuyet Hoa, Pham Minh Puc

Can Tho University, 3/2 Road, Ninh Kieu, Can Tho, Vietnam

Abstract: This paper aims at determining the biological characteristics of Achlya bisexualis which
causes pathogenic in some intensively cultured freshwater fish. The experiment was carried out
on six strains of A. bisexualis isolated from striped catfish (Pangasianodon hypophthalmus),
snakehead fish (Channa striata) and red tilapia (Oreochromis sp.). The results showed that
optimal temperature of the strains ranged from 28 °C to 33 °C. All isolates tested grew rapidly
at pH 6-8. The strains were unable to grow at 2.0 % salinity. The strains were able to consume
glucose, maltose, mannose, sucrose and arabinose. A. bisexualis were able to react with NO:2 5
mM but did not react with NO2 43 mM.

Keywords: Achlya bisexualis, red tilapia, snakehead fish, striped catfish, biochemical, strain
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