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Identification and drug susceptibility of a pathogenic
Achlya klebsiana strain from the eggs of yellow
catfish (Pelteobagrus fulvidraco)

OU Ren-Jian'® CAO Hai-Peng*® ZHENG Wei-Dong®> HU Kun®
XU Jia-Lu*  YANG Xian-Le"
(1. National Pathogen Collection Center for Aquatic Animals, Shanghai Ocean University,
Shanghai 201306, China)

(2. Yangtze River Fisheries Research Institue, Chinese Academy of Fishery Sciences, Wuhan,
Hubei 430223, China)

Abstract: [Objective] The aim of the present study was to isolate and identify the pathogen of
Pelteobagrus fulvidraco egg saprolegniasis, and study the drug susceptibility characteristics of
the pathogen. [Methods] Filamentous fungal strains were first isolated using the traditional
method from the Pelteobagrus fulvidraco eggs suffering from saprolegniasis, and the patho-
genic strain was further confirmed through artificial infection experiment, identified using
morphological observation and phylogenetic analysis based on its ITS rDNA sequence. In ad-
dition, its drug susceptibility was studied using the doubling dilution method. [Results] Eight
filamentous fungal strains were isolated form Pelteobagrus fulvidraco eggs with saprolegni-
asis, and strain YC was proved to be pathogenic to Pelteobagrus fulvidraco eggs by artificial
infection. Thus, morphological characterizations of strain YC were studied, the phylogenetic
analysis based on its ITS rDNA sequence and drug susceptibility assay were also further con-
ducted. The experimental results showed that the hyphae of strain YC were aseptate and
transparent, its zoosporangia were cylindrical, clavate or fusiform, its zoospores were dis-
charged from the tip of zoosporangia, clumped together and fell off or directly swam into the
water after a period of time. The zoosporangia were renewed in basipetalous succession, in-
frequently in sympodial arrangement. Its oogonia were spherical or obpyriform with frequently
diclinous and occasionally monoclinous antheridial branches, and produced one to fifteen oo-
spores, which were centric or subcentric, and laterally generated a big oil body. The ITS rDNA
sequences of strain YC was naturally clustered with ITS rDNA sequences of Achlya sp. sub-
mitted to GenBank with the homology of 99%, and had closest relationship with Achlya kleb-
siana strain CBS101.49 (GenBank accession number AF119579). Combined the morphologi-
cal characterization with phylogenetic analysis based on ITS rDNA sequence, strain YC was
identified as Achlya klebsiana. In addition, strain YC was well inhibited by Coptis chinensis
and isothiazolinone, whose minimum inhibitory concentrations to strain YC were respectively
256 mg/L and 2 mg/L. [Conclusion] A pathogenic Achlya klebsiana strain YC was isolated for
the first time from Pelteobagrus fulvidraco eggs suffering from saprolegniasis, and its drug
susceptibility was also determined, which could serve as a foundation for its infection in
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Pelteobagrus fulvidraco eggs.
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¥ i t11 (Pelteobagrus fulvidraco)j&—Fl /)Nl
Aok, WIaEE S, B EE, )R
HEHNEZ, EHA, 6E. RETEEKE
AERMT Y, 2®RE S ORI R4
M BRI, At At DR Ak A b DR K R S
BRI R b by SRR EE M e T, ™ Ei5Y
W TR A R A AR R, R
0 51 7K 250 118 it 2 bt 5 o) RGP e A A 7 B
AEZENE X SR, ENAPCT A INK e
s R S A B9 A0 i R4 . 2011 4 6 H 4, Aill
BETT VDI A BOARHE T 3l N T LB %) B 500 £ DY
KA T ERKEN, SRR AT, 3
PBEAL RN . ST I, AL AHZOK R AT T
o AT, DN REOK e R O IR B T
— BRI 24 YC, FFIE T B 2GRN
BEAIN ST 22438 YC /MR EE, DIHFERE
K= S BR AR B LS SR TR, a5
S E R B K R B iR TR e 5%

1 MRS

1.1 EHMYBESEK

W & fa B FH T5% I KSR UE 2-3 s, SRIGFTE
PRIZE IR /K b g, & FInA 100 mg/L 8% -
T8 2 1 DA B A M e 55 95 3L (PDA) AL,
£ 25 °C fHIRRG TR 24 h 5T BIFE K B T8 0 2%
CE TCEIMSER, 1E 25 °C fHIRgkSHETE, Rl
SFF LA S 22 S ORI B T K, T
25 °C ¥ H EWF TR . TR ER IR
100 pL 1 FE7% = PDA F-H E345)% A, 25 °C
TE RIS I U AT VR iR E] PDA ~FAf Ik
fralifbRigE, T 4 °C A7 A
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1.2 S EERALRERE

WA TR 22 0T SR R K T T K
T 25 °C fHE IR H 2 A KaliEshi 1, 45
3 R AL I H LAy 5%10° 4~/mL
FIF B . Zr L 40 i i 3 An ORI A & A 10
FRIE PRI, RS ZRATLL A, U
AN SR T K L U K R R R X B B
VIR W bR - 0R N 240 % el
EAMT Y 75 RMEE T WS % OP Y gy
T, TR (%) o LA DI s B0 B (5 B
13 N EERETE
131 HEBERBIFASME: BB ik
T A TSR PDA SEH F, F 25 °CfH
TR R kPR LR 2, SRIEKR KA
22 ISR 250 4 mL CEDK Y 6 fLERH, T
25 °CHE R HIRGFE, 5L 4 A Ae 5 B 050 T~
TNl 58 . Vsl I B SR o A 2%
FEIL AR
1.3.2 HBEEHB ITS rDNA F349H: SMEA]
NI SR U B T BRI JE N 4 DNA, 3F:
XFH ITS rDNA J¥31 317 PCR 473, PCR =4l
P B T A TREA AR E MR KR
ITS rDNA J¥% i DNAMAN %44, 18
NCBI H1 £ BLASTn #4145 GenBank %4l % 1
BV A T IR PR b, 3k BRI VR A v 4
S 3 4% AF BioEdit 7.0 fl MEGA 4.0 #4T£ &
LA i AP R R B .
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E 31 R A 10 R RN B RN T E R (L) eER A IR A, RS
B/ MIEHEE (Minimum inhibitory concentration, R P34 2 o il 45 JLHE U

MIC), Hrb, Sfbsh. BREREAN . 3K |

SEUEDRIRER | AFLIRAL . BRIRET . . DR 2 BRGHH
K. WHEEE . KA. MREASETENY 21 BERSBESALRRRRE

W FAL T 2 M R BRSAT A ], S o MBI BTN o 1 8 BRI LLIRTA,
YN, K. AT bR T Zead N TGRS A IR YC X s Fifa op HA
WRT . BAT. \fEE. 895, %5, Bk, HOmPE, AR 65% (K 1), Bike N TIEGLR)
P OEEE WM. MR VKR BT b U9, HRmEAEA R AL, KR LI TR Sy
. AlE . B R R eR. e B, JUBSRHIES BURERR A B0 Wi,
B MERR. FRE . B R, AREA Ry WK YCRIUKEREUNT
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Table 1 Artificial infection of the isolates to Pelteobagrus fulvidraco eggs

filFu TR P
o YL
bk Lk Concentration of Number of infected eggs Tl pee
Strain Egg number Z0oospores d d 3d d d ntec (I,/O !
(spores/mL ) 1 2 4 5 (%)
= 40 0 0 0 0 0
YA 40 5x10° 0 0 0 0
YB 40 5x10° 0 0 0 0 0 0
YC 40 5x10° 0 6 12 20 26 65
YD 40 5x10° 0 0 0 0 0 0
YE 40 5x10° 0 0 0 0 0 0
YF 40 5x10° 0 0 0 0 0 0
YG 40 5x10° 0 0 0 0 0 0
YH 40 5x10° 0 0 0 0 0 0
22 BURHEMHIERE WRAE 1 RhEk (&l 3D), X4t 2435 JEm bk

Hkk YC BIZZ&IR, NBEWEIRGH, i MAEARET, pesh, xR YC B ITS
ok, Hishie R L BREE . o FE Ty, 315 784 bp KU/ B, TS
R 1A); W T & B UG N T4 sk 78 GenBank 1% 5524 IN400035,, il NCBI
WO R(EIAB), I AR S T4 1 (KI1C),  MIuSXFIERE YC Y 1TS [¥515 GenBank Hds 4
gt — AR, ABE (R 1D), sl ERUFAISE T EEME LR 2 B, Wtk YC 5
FEOY B K Pl AR T B ORI AE GenBank 3[R rR 4R R R I HRIAR A SRR, TRIVE
M (E 2); I ZERIEHBIL (R 3A), & MEEEE 99%, i BRI RGBS
1-15 BRI, KMl SR (& 3B), A% (& 4)it—223RY, Wik YC 5m2243% (Achlya
AL (& 3C), IR Esim g, WehBplF  klebsiana)@ bk CBS101.49 (GenBank g5
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Bl 1 BE# YC BT EEIERHE

Fig. 1 Morphological characterizations of strain YC in asexual reproduction
TE: A ARSI T4, B Wrshil TR C: s+ iR GETE ML T4 11, D: A1 i v i sl 46 1.

Note: A: The mature zoosporangia; B: The discharge of zoospores; C: The zoospores clumping together at the tip of zoosporangia; D:

A clump of deciduous zoospores.

AF119579) 3R 4 K Rl . 5 IR AFHIES ITS
rDNA JPII RS K F IR, FIErk YC
k53 22 4635 (Achlya Klebsiana) .
2.3 HEHMESTINBRERNR/DIERE
SEERAE IR, 7E 31 Fhrhghh, WX
Pk YC AR I, HX TP YC 1 MIC
256 mg/L, HURRRGFREM MR, HXI Rk YC
() MIC 43312k 512 mg/L 1 1 024 mg/L; .
NBF- . FAS . B R A2 BRIk
YC W HA—EMIMEACE, (HHXHK YC
MIC ¥ AT 4 096 mo/L (3% 2), Mi7E 11 Fhil#
Frh, S e X TR AR YC YA R RBOR S
HXFHRE YC 1 MIC g 2 mg/L, HURIE B R S AN
W LS, HXF R YC B MIC )R 16 mg/L; fiff
FOKBIR . IR . RALIREL . TRIREER . I
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RRENXT TR R YC WHEA —E FHRRBCR, (BT
Pk YC 1Y MIC HAMIET 128 mg/L (3 3)

2 Bk YCREBFEMNMERR
Fig. 2 The new zoosporangium of strain YC renewed
laterally from the base of the old one
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Fig. 3 Morphological characterizations of strain YC in sexual reproduction

TE: A AREIN &% B UM AS S MERS AL Co BN AR5 HERR IR AL

D: BRAALTNMIZE 1 ATRahER.

Note: A: The mature oogonium; B: Antheridial branches diclinous with the oogonium; C: Antheridium branches monoclinous with

the oogonium; D: The oil body laterally forming in the oospore.

3 it

A B K S K B v LA B R
—, IRl IR R KRR O, AR,
Mﬂﬁiﬁ%ﬂ%% Il A 71 8 AR AL 1) S5 22 4
FIE K= SR EE i S AR 2 AaE . A
6 MR K B Y B AR B0 100 B T B0 R S 22
AT, TEARN IR T IHICHE S A TR SE Y
EASARHIE, JFE REE TSRS 259,
JE 5 22 40 R | B R B K B L RATGE, A
SR K sk Em R R, i H oy
] S 22 24 2 5 S 114 42 DI 7 i 1) B s T 25 4 3L

5%,

FIA, PR B R L g n o e e
Tk, FLELUERRHEAIKYE, (B4 LK
JFEREIEES DARE, FEAEESZIR, R
HEXHFh AT S8 A 24 000, JEAESK, JEFITS
DNA FEBI4HT 5 F A2 S e R E— 2B
N T KB L PR AL G Ay I B TR AN
H T TS XECEAT R AR —20, FhiE) 22 5 AR
S A PRSERE, TR P8 i BN, 5 T4y
M B, DR A K B SR L T (R4 T4
S PR RGER B RAZSN AR T
[ FH. 40 Diéguez-Uribeondo ZEMB@E Tl 1TS
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100 | Saprolegnia monoica strain CBS 599.67 (HQ665280)
Saprolegnia monoica strain CBS 539.67 (HQ665255)
Protoachlya paradoxa strain CBS 158.45 (HQ665135)
100 |— Saprolegnia subterranea strain CBS 113343 (HQ665078)
Saprolegnia sp. strain CAL-2011 (HQ665089)
100| Saprolegnia monilifera strain CBS 558.67 (HQ665270)
87 48 Saprolegnia unispora strain CBS 213.35 (HQ665152)
100 | Saprolegnia parasitica strain CBS 300.32 (HQ665196)
Saprolegnia parasitica strain CBS 223.65 (HQ665165)
100 |- Leptolegnia sp. Soerensen-1.6 (AF235948)
98 Leptolegnia sp. strain CB S 582.85 (HQ665275)
100 —— Leptolegnia caudata strain CBS 680.69 (HQ665287)
98 [ Achlya radiosa strain AR 2 (AF119582)
Achlya colorata strain CBS 545.67 (AF119577)
90| Saprolegnia sp. strain CBS 551.62 (DQ393494)
55 Saprolegnia eccentrica strain CBS 551.67 (AF119611)

r Saprolegnia megasperma strain CBS 532.67 (HQ665251)
Saprolegnia sp. strain ATCC 90213 (DQ393464)

Calyptralegnia achlyoides strain AR 5 (AF119593)

100 I: Achlya klebsiana strain CBS 101.49 (AF119579)
Strain

99 | Brevilegnia variabilis strain CBS 110006 (HQ665058)

Brevilegnia megasperma strain AR 4 (AF119592)
Brevilegnia bispora strain CBS 568.67 (AF235942)

% Brevilegnia unisperma var delica strain CBS 143.52 (HQ665125)

100| Dictyuchus sp. strain Petersen-4.2 (AF235944)

Dictyuchus monosporus strain CBS 467.81 (AF119595)

96

72

100

|0

69

100

| —
0.01

4 ETHE# YCITS rDNA FIIFIUEMARKE L B
Fig. 4 The constructed phylogenetic tree based on the ITS rDNA sequence of isolate YC
AN BB R 1000 YR Bootstrap BAHER M R E 43 L, $55 TS 3R R GenBank R H R RS

Note: The number at each branch points is percentage supported by bootstrap for 1 000 times; Date in parenthesis is GenBank acces-
sion number.

T2 HEHNENK YC HE/NMNIEIRE

Table 2 MICs of Chinese herbs against isolate YC

rhRL 2R #eJ¥ Concentration (mg/L)
Chinese herbs 8192 409 2048 1024 512 256 128 64 32 16 8 4 2 0
5 #§ Fructus mume = = + + + + + + + + + + + +
1% Rhizoma coptidis - - = = = = + + + + + + + +
JIBS Fructus - + + + + + + + + + + + + +
toosendan
Ksrz Bulbus allii = = = = - & + + + + + + + +
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Fif¥% ¥ Galla chinensis
+#E K7 Cortex
pseudolaricis

T % Flos caryophylli
R Fructus cnidii
EAii Thallus lami-

nariae

J\NAEIEF Hicium
verum

95 Fructus perillae

52 Radix sophorae
¥ Polygonatum
sibiricum

L Radix
llithospermi

2275 Rhizoma cur-
cumae

#HA Cortex phello-
dendri

%% Herba artemisiae

VKA Borneolum
synthcticum

HuRT- Fructus
kochiae

/&I # Fructus foeni-
culi

FIfef iz Cortex dic-

tamni
# T Radix astragali

# T Fructus quis-

qualis
HiI# Radix peucedani

J& At Radix polygoni
441 4¥ Flos lonicerae
A Semen areca
F}5z Cortex moutan
3 Acorus calamus
K% Rheum palmatum

H: 22 Zingiber offici-
nale

1287
(&£
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +
+ + + + +

L+ B YC AR -

Note: +: Obvious growth of strain YC; —: No obvious growth of strain YC.

= +
s +
s +
iF +
aF +
3 +
s +
aF +
s +
aF +
3 +
aF +
3 +
iF +
aF +
s +
iF +
3 +
aF +
iF +
3 +
3 +
s +
= +
= +
— +

D HER YC A K
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£ 3 HEFXEK YC HR/NNERE

Table 3 MICs of disinfectants against isolate YC

TR RIFRE #WEE Concentration (mg/L)

Disinfectants 1024 512 256 128 64 32 16 8 4 2 1 05 0125 0
434b4h Sodium chloride  + + + + + + + + + + & & & &

oy . L
fﬁ%ﬁh%m Sodium bicar 9r ar 9r ar 9r ar ar ar ar ar ar 9r ar ar
onate
ﬁﬁ%ﬂ(ﬁ% ) — = - — + + + + + + + + + +
Sulfosalicylic acid
U N _ _ _ _ _ _ _ _ _ _ o o + +
Isothiazolinone
AR ) — — — + + + + + + + + + + +
Bromogeramine
TilR4H Copper sulfate - = = - - - - + + + + ~ o n
J ¥ Glutaraldehyde - - - = + + + + ¥ + + + + +
—

X’in!( Hydrogen + + + + + + + + + AF + + + +
peroxide
AV EETE Methylene blue  — = - - - _ _ o o o n + + +
Vi S iR i n
U\ﬂ@&% Sodium hy = + + + + + + + + + + + +
pochlorite
RlR 4% Ferric sulfate = = = + + + + + + + + + + o

W+ AR YC AR - BiRk YC RAK.

Note: +: Obvious growth of strain YC; —: No obvious growth of strain YC.

IDNA J741, 45385 A R 2K 82005 1Y Z0w
Saprolegnia diclina-Saprolegnia parasitica com-
plex 43k 5 M, Ke ZEMh@E i B A WA 1TS
IDNA JF5) AT AR SS & 1Y 75V P ks 732 TR
BN BXE b £ /K T 1) TS BOR R JY FBMY 5
E NZTKFi(Saprolegnia ferax), HHY, FEHXF
KPS B R B SR B =, M
HAET ITS IDNA F91 34 s o 1 E e 4
SEPF AL TR BB, A0 AR R
E S P T SENE 3 A NS N6 e
G MIES S E I 5T ITS rDNA JF51 534
(53 F AW 2B HORE TR YC 52245
B, 10 H B KTEE N TR IR T 2o P e 22 45 55
AR JCE SR AT T B T A A AL

FALE A SR LIk, FRBE A b Al
MTAET . B JIBRT . S AAih . BeiR

http://journals.im.ac.cn/wswxtbcn

SR H R AF — LE R R G RIS 25 MR T K
TR, AR, X a2 K R SR A ]
BCRAIANE . P, PRSI R,
LIRS S S K B EUR R MIC
fI&T 3 130 mg/L, XTI K R U F b 4 40 7
BOR B, ARSI AW, IR 5% X B bk
YC MR S MRt S U 0L s A ], (L
HE BT TR YC 1 MIC 55 FRBRae S I i
FERBABARNZER . b, ARSLHb K,
SUEMEIRKEX TR YC RSO IR A, AR
skttt 23 SO ST A AR, (F A EE 5 X
Bk YC M BACR 5 s S P R o 45 R ¢
RIGAT . HBLXFEIGR, TEESKE R
P2 EATIEE R RZE A K. HIE, T
IK 7 B K B I I 2 SRR R A B A
[, AR SRIE A = S B A RO K B B i T 2y
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