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pathogenic Saprolegnia sp., and the antifungal stability of culture broth from the target strain.
[Methods] Serial dilution and plating method was employed to isolate actinobacteria from marine
sediments. The antagonistic strains were screened by confrontation assay on PDA plates. The
anti-Saprolegnia effects were characterized using cell-free culture broth as references. The stability
of antagonistic activity was analyzed upon physical and chemical factors changes including
temperature, pH, and proteinase treatments. Phylogenetic tree was constructed using the
Neighbor-Joining method based on the 16S rRNA gene sequences. [Results] Dozens of
actinobacteria strains were isolated, and five of them presented antagonistic activity against
Saprolegnia sp. The strain of S26, which showed the strongest activity, was found closely related to
Sreptomyces violaceus NBRC 13103" (98.6% similarity) based on the 16S rRNA gene sequence
analysis. This showed that S26 should be assigned to genus Sreptomyces. The inhibition zones were
32.00 mm+0.81 mm for S26 fermented broth against germination of Saprolegnia spores and
39.75 mm+0.50 mm for five times concentrated cell-free culture against growth of Saprolegnia
hypha. The minimum to inhibit Saprolegnia spores germination was 3.125% of the total activity of
the five times concentrated cell-free culture. The substance responsible for antagonism showed
strong resistance to high temperatures and a clear inhibition zone (25.50 mm=+0.58 mm in diameter)
was still obtained by the fermented broth even after intense heating treatment of 100 °C for 30 min.
The antifungal activity of fermented broth was sensitive to extreme acid or alkaline condition
(pH<5.0 or pH>9.0), but it was sustained throughout the pH range between 5.0 and 9.0. The active
substance was partially sensitive to proteinase treatments. These suggested that it was highly possible
for the antagonisitic substances to be both proteinaceous and non-proteinaceous molecules.
[Conclusion] The marine actinobacterium strain of S26 isolated in this study showed strong
inhibitory effects to the spores germination and hypha growth of Saprolegnia sp., and the compounds
with the antagonistic activity were resistant to some extent against temperature, pH and proteinase
treatments. These suggested that S26 was a promising microbial strain to control saprolegniasis
occurred in aquatic animals. The study implies marine actinobacteria will play an important role in
biocontrol of aquatic animal diseases.
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0.5uL, 5# 27F (10 pmol/L) 0.5 uL, 3|4 1492R
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(& 1),

1 826 MKBHIFEHIER

Figure 1 The antagonistic effect of S26 on Saprolegnia
sp. hyphal growth

T A: S26 XKREA W BIMGHIMEN; B: X MAUKFEIER
Ak

Note: A: Saprolegnia sp. hyphal growth was inhibited by S26; B:
The hyphal grew well in the control group.
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T 826 A RKad R I A TE A
ZAHIE RS B IR IR R AR G W AR 1 TC e
BRI TIZ L RAR R HA/NF 11 mm P05
B, 900 R Ao /IR s e S R A A e 1 DRI
AHIEFE P TG R TR i SE 5 R 5 ik
ARWHAT

2 S26 REERXIKBIF AR E KHHIFIHR
Figure 2 Inhibitory effect of S26 fermentation broth on
Saprolegnia spores germination

e A WA BB R ZEME; B X ARG T
IERBRAEK

Note: A: Inhibition zone of S26 fermentation broth against
Saprolegnia spores germination; B: Spores germinated and grew
well in the control group.

3 5 FIRGETE K B R XK B 22 Y4 RUR
Figure 3 Inhibitory effect of the 5 times concentrated S26
cell-free culture broth on Saprolegnia sp. hyphal growth

e Ax 5 AEWRATRN KB 22 W BAHIEA; B: XIRA
KEpIEFEAK.

Note: A: Hyphal growth inhibited by 5 times concentrated S26
cell-free culture broth; B: The hyphal grew well in the control

group.

232 KERBNEMYRNREEMEMR: hEE
S26 BAREFT = HE BT K B IE M i AR e T, ASE
508 S26 KT S FARAE WA AN RIS, K
WP TEE . WA 4 BF7s, 40 °C AbHAE & 5 %)
FEM HEAE RS HOK B 6k B B E PR 5. T4 60,
80 F1 100 °C ZbHJ5 , i A B 5 1 J R AIR
1 HL, 50T BEAH EE ) 336 M 2 S B TR A9 T v T 2
Wik, R 100 °C B IRAC B RS BT %
PERRAE 7T 35.85%, (HJEAEF-HR A B SE 56 H 47

= 45 BTemperature treatment ®Control

a a
b b

=
(=}
T

35t
30t
25+t
20+
15+
10+

5t

0

Diameter of inhibited zone (m

40 60 80 100
Temperature (°C)

El4 REIHEEMERSIE
Figure 4 Temperature-sensitivity test of the antifungal
molecule(s)

T AT ERRRERARE, A ARRF YRR
F=5 18 35 (P<0.05).
Note: The lower-case letters above the bars indicate significant

differences (P<0.05) between different letters or no significant
differences (P>0.05) between the same letters.
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T HAAN 25.50 mm=0.05 mm IV E B, BI5%
A AR B0 I 1, 1R 2 R B K BRSPS
W v A R T A2

233 EBBREMNE: 5 k%S EBRAEA
it} K (PK) S JR 5 i (Trypsin) 2b B, 7K 240 il
BRI 16.35% 1% 4.40%F078.55 (8 5), DLBHK

BEREPUIG I A 2 o) 2 11 B 0B

234 BRWHFREMEME: HIE 6 ATH1, 2 FHd L
R (FLAE 8 mm), 5 fEWAR K BERAE pH N 7.0

Trypsin Control

[ (9% + w
=] (=] (=] (=}
T T T 1

(=}
T

Diameter of inhibited zone (mm)

(=]

5 EBBMNEFEEFE

Figure 5 Effect of proteases on antimicrobial activity

e ARA MR RN ERNBE, AR TR RS
225 18 3 (P<0.05).

Note:The lower-case letters above the bars indicate significant

differences (P<0.05) between different letters or no significant
differences (P>0.05) between the same letters.

N W W s s
S L © W © W
T T T T T 1

[>n

L d

€ € ﬂ ﬂ
3.0 4.0 5.0 60 7.0 80 9.0 100 110
pH

Diameter of inhibited zone (mm)
o

[ —
S L © W
T

El 6 pHEXNEEFLERIFE

Figure 6 Effect of pH on antifungal activity

T AR ERRRZERARE, A AR RFEFRR
=5 W3 (P<0.05).

Note: The lower-case letters above the bars indicate significant

differences (P<0.05) between different letters or no significant
differences (P>0.05) between the same letters.
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IR EFAFHIE K, T ARS8 0 TS SR (B 7)o
FFLL, 3.125% #OA NI 5 R AR I L iE X7
W A U0 o P e AR B 1 93 B
2.5 16S rRNA EEF5 24

A5 S 4 1 446 bp 1Y 16S rRNA LA
%1)(GenBank & 55 & KP792283), - H:7E Eztaxon
Lol Bt e R AT R L, S5 R BOR S26 Rk
X5 5% B 41 )& (Sreptomyces) k= BEAH DG, B S26
JB& T AT b 155 75 1 A (Streptomyces) . & 4R
$27:(Neighbor-Joining, N-J JOMHERGE X B,
S26 bk 5 & A EH (S violaceus)B H—%,
TN RE SE S R (K 8)

B7 FAREKELZEGLELENKERTFIELZENE
Figure 7 Inhibitory effects of double diluted S26 cell-free
culture supernatants on the germination of Saprolegnia
spores

TE: 1,203, 4.5, 6. 7 8 3 HIMRRIMETE A 5 £k
ARIETER) 100% . 50%. 25%. 12.5%. 6.25%. 3.125%.

1.562 5% 0.781 25%HH BT

Note: 1-8 was added with the diluted S26 cell-free culture
supernatants, covering 100%, 50%, 25%, 12.5%, 6.25%, 3.125%,
1.562 5% and 0.781 25% of the inhibitory activities of the 5
times concentrated supernatants, respectively.
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g5 i:Streptomyces humiferus DSM 43030" (AF503491.1)

Streptomyces violaceolatus DSM 40438" (AF503497.1)
87 _:Streptwnyces violaceoruber NBRC 12826' (AB184174.1)
93 61 Streptomyces tricolor NBRC 15461 (AB184687)

Streptomyces rubrogriseus LMG 20318" (AJ781373)
Streptomyces lienomycini LMG 20091" (AJ781353)

_70|:Strept0myces sp. S26

Streptomyces violaceus NBRC 13103" (AB184315)

60 _:Szreptomyces enissocaesilis NRRL B-16365" (DQ026641)
99

Streptomyces rochei NBRC 12908" (AB184237)
| Streptomyces ambofaciens ATCC 23877" (M27245)

78 Streptomyces violaceochromogenes NBRC 13100" (AB184312)
\—WEStreptomyces griseoflavus LMG 19344" (AJ781322)
92

Streptomyces griseorubens NBRC 12780" (AB184139)

8 ET 16S rRNA EEFHIHEREK S26 RELBEW
Figure 8 Phylogenetic Neighbour-Joining tree based on the 16S rRNA gene sequences
e 3SR BB RS RGN 1000 (RTHEN TR BGZ T S T 0 555 A IR 16S rRNA ZE 5 4U7E GenBank H1

Exs.

Note: Numbers at the branch nodes are bootstrap values, expressed as percentages of 1 000 replicates. Numbers in parentheses represent
the accession numbers in the GenBank for the 16S rRNA gene sequences of those type strains.

3 g

A 5T TRV T2 TR 0 8 /K B 5 B B vk o T
TR S = 25 24, ThagER:, I JLAER
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Wb U= BT HoiR iE vE  iFoT_E AEX Z s T
HA S VRS AR AR ST 20 W P il 4 T X K B R L
VEFR T 5 3 AT AH GG , (R ARV R TR S BT
FLA T A M AT SE a8, W1 Ambavane %1
WFGE T —Fh o 28 BV PR B P B AL A vk
% E A (Caerulomycin A), ZLEYNT EEAH R
SRHTME; Arasu SEPPFSE T IR AP-123
ARG P v SR AL A5 B LR T 1 X BRI 5 4
TEAR UL BH TV il 2 A A B L B T A AR A
PE, ASCHUFSE TiX— a5,

ARWETE ST B S26 BB K B A K AT R AT 1Y
PSR (B 1-3), H 5 Rk e & o0 K 8 i 22
AR I HIE S 100 mg/L FLAE A&7 A i 3 ]
RORAR Y, 7 S BR R 2 R P LA ek A RO 24
He g 0.1-0.2 mg/LPY,  py e AHEIARG R B2 1) S26 B
PR R BB A 7 TP A A B IR K B RO, N
FHHTEE R . 28 16S rRNA BL R FF 47 Fo o) 5256 7] %01
S26 J& T-4% %5 14 )& (Sreptomyces, & 8), TMi%J@ &

PR UL 7= 08 PR R A R, 4 B R 47 51 43
Bras i won, JLF R —bReE R WA A = B
Fh . Z2 2R RSP A s 11222 i Ll
$E 8 DA P X S 0 D A A 7 2 AN [ (R RS B v
PEYIBT. AN Seipke 559 4l — PR ICEIL A HE R T
A A 77 4% 4 % (Candicidin) . $175 Z (Antimycin)
L2 R BT IS R P A 5 ok P A
PR S26 114 & e T TG M B 20 o i B A i 1 it %7
P, TR FUERR 2 UK (B 4-5), DL AR Ui
S26 ST =K B HUIE MR 5 2 /0 2 RAEE 2 K
PR R AR o BRTHELE AR LA FR s Ak,
FUEMEYRAE pH 6.0-8.0 [X 1] 76 Bl N A BL 4T
MREPCRE 6). AU /R, WAKIRFE IR
FEAR AL X ] R 0-34.6 °CPY, pH A5 4k X [A] Hy
6.8-8.5%7), S26 JOIH & MWL IR AN pH FeE v )y
THT PR AR e BEARC 365 N 7K 7 SR B I PR B AR A, SRR
FHRTR R B 4h, S26 K& EER G b i) K 1
T R ISR (B 2), SRR B A X%
PEYI T HLACAUR , AT DA R A K B A i
BENFFIRKER I EH . REAE S26 kK™
FEBEY N M, AR TR Ak B2 E AT K B B
TR R AE PRI B G M R A 4 | $R Al A b
ST .
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