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Plant disease caused by root-knot nematode is a major problem in crop production. Using of chemical
pesticides, one of the most efficient methods to control nematodes, have raised issues in toxicity to
humans and animals and environmental pollution. In this study, to select actinomycete strains that
have potential to serve as a microbial agent for control of nematodes, we investigated nematicidal
activity of culture broth from 670 Streptomyces isolates. A culture filtrate of KRA15-528 isolate that was
identified as S. flavogriseus on the basis of 16S rRNA sequence analysis, showed strong nematicidal
activity against second stage of juveniles of Meloidogyne incognita and inhibited egg hatching;
exposure to 10% of culture filtrate resulted in 71% juvenile mortality at 48 hours afters treatment and
suppressed egg hatching by 54% at 9 days after treatment. When the KRA15-528 culture filtrate was
partitioned with ethyl acetate and butanol, ethyl acetate layer exclusively showed strong activity;
91%, 53%, 30% of mortality at 1,000, 500, 250 pg/ml, respectively. Additionally, the culture filtrate
suppressed gall formation on cucumber plant by M. incognita with no phytotoxicity. These results
suggest that S. flavogriseus KRA15-528 has potential to serve as a microbial nematicide for the control
of root-knot nematode disease.
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o717l gz AAFez S STz
5+ 1 thH(Kim 5, 2011, 2014; Trudgill 2} Blok, 2001). ¥-2]
Aol o AHE AEA S Beol= A S0 §

o, o] 2 Q8 A EAl= B FFEY S v
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F AN E F7HE AS G Haks A A0S 2 et
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cm 7)1 2 A5tith EntE 7} 0.5% Aot gk
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(Southey, 1986).
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=3} #2519 chWilliams £} Davies, 1967).

2 #579 165 RNA F-AA G7 A ES HIF o2 &
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& A ¥H-3-2 Ex Taq polymerase (Takara, Ohtsu, Japan) S A&-5}
o] 94°C 55 13],94°C 30%, 58°C 30%, 72°C 3029 A] 343], 72°C
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&3} 5HA 2 Z AR THO, 0%; 1, 1%-25%; 2, 26%-50%; 3,
51%-75%; 4, 76%—100%) (Taylor2} Sasser, 1978).

EARM, SAS Z=ZI3(SAS Institute Inc, Cary, NC, USA)
& o] &3] U9 Hj ] (one-way) ANOVA B4 & 3¢ 2
o, 2 2] F#7F B2 E $J35}9] Duncan’s multiple range test
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20 A .
O' T T T T

KRA15-528 KRA15-528 KRA15-528 KRA15-528 Abamectin
10% 5% 2.5% 1.25%

o] HFA o ulj F o] Y-S o] 83} 96-well tissue culture plate
oA A3 Y& FYsSTh oF 67071 9] WA 5 KRAT5-
5280] 7P & AME B AL FFE AUE T
KRA15-528 5 415 Aol A 2] &, 4847t A of] 2
A2 wf 10% A ] F-ol| A& 71%, 5% A & 65%, 2.5%°]
e 61% 2 HAFES vl 5= &2 2
B BHoAFAT EF 1.25% A 2 Fol| A = 19%2] &4
LFEF THFig. 1A). B o] ) X 2] &, 724 7F W 96 A1 717 9
A E 48X 7HA] B-2FeE AL 2= E ) 8] &3 A ZE LS U
Etfjo] A &2 ¢ A4S BAS EdS & 4 U S8itHdata
not shown). Jang 5-(2015)- S. netropsis AN10065 o5+ 2] Hlj 9F
N 2ZEZ A5 5% =2 AT A 7247 3 20% o] 5}
o] A FE°] UE AL B 15 o1, Kim 5-(2011)2 S,
sampsonii KK1024 v} FH-S 10% == 2 2 23S o 21%2)
AAFES Bt ik SHARE 2 A o) A= KRA15-
528 w79 Hj ko] H 10% Xifq /\l 71%9 =2 A4S 24
= g8t thFig. 1A). B2 5 A E A 23 9 Zpol &
Zeketthar st 2t ShA A Aol v wsto] 2 A E o
A8 Streptomyces sp. KRA15-528 =7} in vitroof| A -t
HHFEL HATT 9SS L5 AT

e g FIa2 AR A 74/ E FA 2 2+
ofo] Zpo] & Ho|7| Al &35} tHFig. 1B). 53], Al 4] 2] &
oUdA FESIFS ], FA T & F3}a2 48%< o ¥t
3fl, 10%2} 5% A 2] ol A o] & F-3h&-2 22%2 28% X T
5, v ko] 10%2t 5% A 2= FA -9 H] L sho] of

B

60 1 mm Non-treatment

[ KRA15-528 10%
50 4 1 KRA15-528 5%

Bl KRA15-528 2.5%
Abamectin ab

40

Egg hatching rate (%)

Time (day)

Fig. 1. Effects of culture filtrates of Streptomyces flavogriseus KRA15-528 on J2 mortality (A) and egg hatching (B) of Meloidogyne incog-
nita. Values are meanzstandard deviation of three replicates. Means with the same letter are not significantly different (P<0.05) accord-
ing to Duncan’s multiple range test. Abamectin (ug/pl) was used as a control. (A) The number of dead nematodes were counted 48 hours
after treatment. Mortality rates (M) were corrected using Abbott’s formula: M=[(Mt-Mc)/(100-Mc)]x100, where Mt means mortality per-
centage in treatment and Mc means mortality percentage in control. (B) The number of hatched eggs were counted 3, 7, and 9 days after
treatment. Egg hatch rate (EH) was calculated as follows: EH=[J/(E+J)]x100, where J and E mean the juveniles and eggs of M. incognita,

respectively.
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54%2} 41%2] A5 & F3}F A &2 o 53 thFig. 1B). ©]
o} 7o MF & K3l A &= KRA15-528 5771 &3
UAAZA L 7 2 9S et = 252 A7
=ik

KRA15-528 #Zo| JEistH |4 H HS
M, KRA15-528 5+ Bennett's gH vl x| of] =Za}
o AR e FAHE B4 9 RS un, FAHA D
FEEE SN EASETER EEEE EEREED
SZZ7L B2E 9 THFig. 2A). ZALe] 27)= ¢k 07-1 um L Th
(Fig. 2A). 165 rRNA -84} 9171 4 2 & o] -3 34} #1551
£ A3}, S flavogriseus ATCC 333313} 99.86%, S. tanashiensis
NBRC 129192} 98.49%, S. najiriensis CSSP678T}+= 96.83%2] &
71 B fFAH=E 2 HThHFig. 2B). o] o 710l A 22| &
£ S.flavogriseus KR15-528 2 ™4 T 5} % Tt

4>
= e HE

0

O
a8

o
~

A

FEE AFAA w2 A4S B4l YERATHFg. 3).
21,000 pg/ml =2 X ] A] AHAE

1007 B 1,000 pg/ml
1 500 pg/ml
80 - 250 pg/ml

Mortality (%)

EtOAC BuOH Water

Fig. 3. Nematicidal activity of two organic layers and aqueous
layer from culture filtrate of Streptomyces flavogriseus KRA15-528.
The number of dead nematodes were counted 48 hours after
treatment. Mortality rate (M) was calculated as follows: M=[(Mt-
Mc)/(100-Mc)1x100, where Mt means mortality percentage in
treatment and Mc means mortality percentage in control. Values
are meanzxstandard deviation of three replicates. Means with the
same letter are not significantly different (P<0.05) according to
Duncan’s multiple range test. Abamectin (ug/pl) was used as a
control.

KRA15-528
Streptomyces flavogriseus ATCC 333317 (CP002475)
Streptomyces flavogriseus CBS 101.347 (AJ494864)

Fig. 2. Morphological feature and phyloge-
netic analysis of Streptomyces flavogriseus
KRA15-528. (A) Left picture shows a culture

99

63 Streptomyces flavogriseus NBRC 130407 (AB184271)
Streptomyces tanashiensis NBRC 129197 (AB184245)
Streptomyces nojiriensis CSSP678T (AY999814)

Streptomyces drozdowiczii M7a" (AF529199)

Streptomyces capoamus NBRC 134117 (AB184385)
Streptomyces amakusaensis CSSP534T (AY999781)

Streptomyces chrysomallus subsp. fumigatus CSSP687T (AY999823)

Streptomyces griseocarneus NBRC 127767 (AB184135)
Streptomyces anthocyanicus CSSP698T (AY999833)

Streptomyces albus subsp. pathocidicus CSSP6717 (AY999806)
Streptomyces roseiscleroticus NBRC 133637 (AB184353)
Streptomyces gancidicus NRRL B-1872T (AY999919)
Streptomyces mayteni YIM 604757 (EU200683)
Streptomyces sedi YIM 651887 (EU925562)

93

Actinokineospora soli YIM 759487 (JNO05785)

94

Sporichthya polymorpha DSM 430427 (AB025317)
[ Nonomuraea rosea GW 126877 (FN356742)

0.005

100L|: Streptosporangium nanhuense NEAU-NH11T (KF146932)
45 Streptosporangium sandarakinum GW-120287 (JX977118)

plate of KRA15-528 grown on Bennett’s
agar medium 28°C for 10 days. Middle
and right pictures are scanning electron
micrograph images of hyphae and spore
surface of KRA15-528, respectively. (B) Phy-
logenetic analysis was performed based
on 165 rRNA gene sequence of KRA15-528
and 21 species of the genus Streptomyces.
Neighbor-joining method was used for
this analysis, and numbers at nodes in-
dicate levels of bootstrap support (%) by
1,000 resampled datasets. National Center
for Biotechnology Information accession
numbers of each sequence are in paren-
theses. Bar, 5 substitution per 1,000 nt.
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E90] Z+7} 4%2} 8% = - Wk TthFig. 3). ol 2 otAlE| o] E
ZZE 0] 7L 250,500, 1,000 pg/ml 2 2] Lol A 22} 30%,
53%, 91%%] 5= &2 AHFTES BT thFig. 3).
T3 72417 W 964 7F T A& H Q] A S aAE H

o] ¢ tHdata not shown). ]S Z3}2 v}Ero 2 o€ o} A
Ho|E &&= KRA15-528 771 Aot A e &

X o] EgElol gloeiet Ae e, F ANF BA

C

Galling index (0-4)
o N N w IN
I - -
<2 o
o

E4 9 5 gt A7t 2 a5t

AR P E:ZH A AHAFAZ Bl =1 9l abamectin
2 avermectins B,,2} B,, 8] A oY, o] EHELZS.
avermitilis®] | A AME 2 &E A Q) th(Lasota®} Dybas,
1991; Roberts2}+ Hutson, 1999). T3t KRA15-528 #F2 =<
%21 S. flavogriseus+= protease, polycyclic xanthone#] 2] A3
E2 21 SIA-C2191A%} SIA-C2191B 52 O] A AMES AY

Control

KRA15-528
(1/3 dilution)

KRA15-528
(1/10 dilution)

Sunchungtan

Fig. 4. Inhibition activity of Streptomyces flavogriseus KRA15-528 to gall formation on cucumber roots. (A) At two weeks after infection of
root-knot nematodes, the galling index was assessed according to a 0-4 galling scale; 0=0%, 1=1%-25%, 2=26%-50%, 3=51%-75%, and
4=76%-100% (Taylor and Sasser, 1978). Each value represents the meanzstandard deviation of five replications. The experiment was
performed twice with similar results (data from a representative experiment are shown). Means with the same letter are not significantly
different (P<0.05) according to Duncan’s multiple range test. (B) Galling formation was suppressed by treatment of culture filtrate of
KRA15-528. Photographs were taken 2 weeks after inoculation of Meloidogyne incognita. Left panel is magnified pictures of right panel,

and red arrows indicate galls formed at roots.
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Abstth= B 3171 Q1 e, S, flavogriseus ACTK2 w5+ 2] F-EHS
FE 82 Staphylococcus aureus, Bacillus subtilis, Enterococcus
aerogenes, Fusarium proliferatum 5ol t3lo] 424 7}
Att= AF+Z2 77 HaiE o] Qlth(Dezfully2} Ramanayaka,
2015; Ghorbel 5, 2014; Zhao 5, 2003). & Ao A AdkE s,
flavogriseus KRA15-528 w5+ ¥ QX F Lol E49, E0tE A
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= 74] AZzW =23 A28 S =2 Ys 5 Utk @47
IEH P s AitE= AL EEE AEE
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2] A Q1thBurg 5, 1979; Lacey &, 1995; Nonaka 5, 2000).
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