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Abstract Thirty-two actinomycetes isolates from Korean forest soil were screened for their nematicidal and
reproduction suppression activity against pine wood nematode (PWN) which is widely spread in Korea.
Culture filterates of 21 isolates showed more than 90% mortality at 2-fold concentration. Among them,
AM210, SG16, YDI116 and YD315 were more effective than others on reproduction of PWN. The YDI116
isolate was identified as Streptomyces atratus by morphological and 16S rDNA analyses. Hydrazine hydrate,
similar to hydrazidomycin which has cytotoxicity among substances from S. atratus against PWN, was tested
for its nematicidal activity. Ten ppm of the hydrate showed 60.8% mortality. Additional studies are needed
for practical use of the S. atratus YD116 isolate.
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Table 1. Actinomycetes isolates used in experiments

Collection site Number of isolates
Anmyondo, Chungnam (AM) 2
Mungyeong, Gyeongbuk (MG) 1
Gapjang Mt. Sangju, Gyeongbuk (SG) 19
Moseo, Sangju, Gyeongbuk (MS) 6
Yeongdong, Chungbuk (YD)

Total number of isolates 32




Nematicidal and Reproduction Supression Activity of Actinomyces against Pine Wood Nematode 143

L2LUEME0 et MRl MAMES 2Y AHH

Ao e @98 @A flste] 12 well cell
culture plate (85.4 x 127.6 mm, SPL)°l| AUFAAZF St
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A2k PDA (potato dextrose agar, Difco™)H ¥ vjx]o] HE
% 202 5<F 24°CS] Wj%7] (HB-303DH-0, Hanbaek Scientific
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A% A3}= Tukey's HSD test2 A 2|7t 2Fol & £4F
23519 tHAnalytic software, 2003). A= H+ HFH

A2 718kt

SG7, SG8, SG16, SG17 #5-9] HAZAEE°] 100%E et
yoom Aaldoez BAGAEES] 90% o3l Al e

2170 K33, 102, F=82.1, P<0.0001). °|& #+F
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Table 2. Effect of Actinomycetes on mortality of Bursa-
phelenchus xylophilus after 48h exposure in 2 fold aquatic
suspension

Number of nematodes alive Corrected mortality

Isolates” (Mean £ SD) %)
AM27 2.8+13fg" 97.1
AM210 1.0+ 1.4g 99.0
MGS827 03+0.5¢g 99.7
MS11 23.3+7.6d 75.7
MS44 0.8+ 1.0g 99.2
MS46 8.5 £ 3.4defg 91.1
MS48 19.8 £3.4de 79.3
MS412 13+1.0g 98.7
MS415 0.5+1.0g 99.5
SGl1 59.8 £ 15.3bc 374
SG2 50.0+15.3¢ 47.6
SG3 18.0 £4.2def 81.2
SG4 0.0+£0.0g 100.0
SG5 15.0 £ 4.9defg 84.3
SG6 03+0.5¢g 99.7
SG7 0.0+£0.0g 100.0
SG8 0.0 £0.0g 100.0
SG9 0.5+1.0g 99.5
SGI10 67.5+17.6b 293
SGl1 19.5 £ 3.5de 79.6
SGI12 16.0 + 5.7defg 83.2
SG13 6.0 +2.4efg 93.7
SG14 2.0+ 1.8fg 97.9
SG15 23+0.5fg 97.6
SGl16 0.0+£0.0g 100.0
SG17 0.0 £0.0g 100.0
SGI19 5.8 +2.2efg 94.0
SG20 7.5 + 6.2defg 92.1
YD3-1-7 66.0 +13.7bc™ 309
YDI116 10.5 £ 2.4defg 89.0
YD315 03+0.5¢g 99.7
YD419 1.8+ 1.7fe 982
YM broth 89.5+3.4a 6.3
Control 95.5+2.1a -

“Refer to Table 1.
“"Means followed by same letters within the column are significantly
different (Tukey HDS Test, P<0.05).

l‘N

YDI116 75 v g oAl apeadge] S4 =
AFgt A= Table 59 23k}, 20 Ao A= F2]0] g o
Foix|A] &% 108] YA 10008 H7HA] = F24]
FojH ot FAE] ] SA A& 98.7% oo R
A YRS THdf=s, 12, F=1.3, P<0.005).
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Table 3. Effect of Actinomycetes on mortality of Bursaphelenchus xylophilus after 48h exposure in 4 and 10 fold aquatic suspension

4-fold suspension 10-fold suspension

Isolates’ Number of alive nematode Corrected mortality Number of alive nematode Corrected mortality

(Mean £ SD) (%) (Mean £ SD) (%)
AM27 243+25¢ 73.6 63.0 + 7.3bed”™ 333
AM210 248+ 1.9c 73.1 55.5 +2.6bcde 413
MGS827 29.0+£6.2¢ 68.5 61.0 + 5.9bcd 354
MS44 193+2.9¢ 79.1 65.0 £4.8bc 31.2
MS412 19.3+4.3c¢ 79.1 52.8+8.1cde 442
MS415 31.3+1.5¢ 66.0 41.8£5.6e 55.8
SG4 55.5+6.8b 39.7 67.8+9.2bc™ 28.3
SG6 60.8 £3.5b 34.0 58.8+5.7bcd 37.8
SG7 20.0 £ 16.8¢c 78.3 62.3 +6.7bcd 34.1
SG8 23.5+1.0c 74.5 59.5 +7.3bed 37.0
SG9 78.5+7.0a 14.7 67.0+£6.7bc 29.1
SGl16 17.3+£3.9¢ 81.3 53.3+9.9de 43.7
SG17 26.5%3.1c 71.2 57.8 £ 7.1bcde 38.9
YD315 23.8+59¢c 74.2 60.5 +9.7bcd 36.0
YD419 26.8 +4.8¢c 70.9 71.0+4.8b 24.9
Control 92.0+22a - 94.5+44a -

“Treatment was refer to Table 2.
“"Means followed by same letters within the column are significantly different (Tukey HDS Test, P<0.05).

Table 4. Effect of Actinomycetes isolates on reproduction of Bursaphelenchus xylophilus in 20 fold aquatic suspension

Corrected reproduction rate Corrected reproduction rate

Isolates” (%, Mean + SD) Isolates (%, Mean + SD)
AM27 108.7 £21.8cdef™ SG9 148.7 + 107 .8cdef
AM210 0.4 +0.3f SG10 174.4 + 17.8cdef
MG827 83.0 £9.2def SG11 29.0+0.2f
MSI11 114.4 £+ 47 4cdef SG12 280.1 + 0.6¢cde
MS44 64.0 £ 39.9ef SG13 24.0 £2.3f
MS46 203 £2.7f SG14 223+ 11.6f
MS48 189+ 8.1f SG15 217.6 + 85.6¢cdef
MS412 16.8 +2.1f SG16 0.6 +0.2f
MS415 46.1 + 6.8¢ef SG17 693.7+124.8a
SG1 176.9 £+ 147 4cdef SG19 82.1 +19.4def
SG2 146.2 + 42 .8cdef SG20 143.6 + 4.4cdef
SG3 120.5 + 4.4cdef YD3-1-7 674.5+199.5a
SG4 564.1 £192.5ab YDI116 94 +1.7f

SG5 153.8 £ 78.1cdef YD315 3.1+23f

SG6 161.5 +33.5cdef YD419 3125+ 115.7cd
SG7 341.0 £ 68.9bc YM broth 209.2 + 137.1cdef
SG8 115.4 + 88.7cdef - -

“Treatment was refer to Table 2.
“"Means followed by same letters within the column are significantly different (Tukey HDS Test, P<0.05).
Reproduction was check 15 to 30 days after inoculation.

dMz S 719 ¥8E E45te] BLASTN Z213S o]8-3lo] GENE-
=2 A 37} Hojt YD116 &FE 16S rDNAS] ¢ BANKS} RDP (RNA database project)2] ribosomal RNA
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Table 5. Effect of YD116 isolate on mortality of Bursaphelenchus xylophilus after 48 h exposure of aquatic suspension and
reproduction of B. xylophilus in Petri dish

Mortality Reproduction
Treatment Con. (fold)  Number of alive Corrected mortality Number of alive Correlated mortality
nematode (Mean £ SD) (%) nematodes (Mean + SD) (%)
2 0.0 £0.0¢" 100.0 0.0 = 0.0b" 100.0
10 54.6 £ 12.6b 38.8 32.0+35.6b 99.1
YDI116 20 91.0+5.9a 0.0 32.0+16.6b 99.1
100 88.0x3.1a 1.3 16.0+1.7b 99.6
1000 81.6 +7.5a 8.5 48.7 +29.0b 98.7
Control - 89.2+44a - 3714.3 £2372.9a -

*Means followed by the same letters within a column are significantly different (Tukey HDS Test, P<0.05).

4 getcaggacgaacgetggeggegtgettaacacatgeaagtecgaacgatgaageectteg 63
64 gggtggattagtggcgaacgggigagtaacacgtgggcaaletgeecttcactetgggac 123
124  aagccctggaaacggggtctaataccggataacactetgteccgeatgggacgggettga 183
184 aagctccggeggtgaaggatgageccgeggectatcagettgttggtgegggtgatggeet 243
244  accaaggcgacgacgggtageecggectgagagggegaccggecacactgggactgagaca 303
304 cggcccagactectacgggaggeageagtggggaatattgecacaatgggegaaageetga 363
364 tgcagcegacgecgegtgageggatgacggecttcgggttgtaaacctetttcageagggaa 423
424 gaagcgagagtgacggtacctgcagaagaagegecggctaactacgtgecageageegeg 483
484 gtaatacgtagggcgeaagegttgtccggaattattgggegtaaagagetegtaggegge 543
544 ttgttgcgtegettgtgaaageccgggecttaaccecgggtetgeagtecgatacgggeag 603
604 gctagagtgtggtagggegagatcggaaticetggtgtageggtgaaatgegeagatateca 663
664 ggaggaacaccggtggegaaggeggatetetgggecattactgacgetgaggagegaaag 723
724 cgtggggagcgaacaggattagataccetggtagteccacgecegtaaacgttgggaactag 783
784 gtettggegacattccacgtegteggtgccgeagetaacgeattaagttcecccgeetggg 843
844 gagtacggccgcaaggctaaaactcaaaggaattgacgggggcccgecacaageageggag 903
904 catgtggcttaattcgacgcaacgegaagaaccttaccaaggettgacatacaccggaaa 963
964 gcatcagagatggtgcccccocttgtggteggtgtacaggtggtgeatgectgtegtecage 1023
1204 tegtgtegtgagatgtigggttaagtceccgeaacgagegeaaceettgttetgtgttgee 1083
1084 agcatgcccticgggetgatgggeactcacaggagactgccgegggtcaacteggaggaag 1143
1144 gtgggeacegacgtcaagtcateatgeceettatgtettggegetgcacacgtgetacaatg 1203
1204 gccggtacaatgagetgegatge 1226

Fig. 1. 16S rDNA sequences of Actinomycetes YD116 isolate. This isolate was identified as Streptomyces atratus based on the 100%
similarity to the species.

sequencingZ} BlWSt A3}, Streptomyces atratus strain 23 S, atratus$te] FENA EA I} FAFSIATE
NRRL B-16927% 100%°] ‘45785 EA2™ S. sanglieri
strain NBRC 10078491 99%2] 4549 HIITHFig. 1).
olo| we} Aute FF= S arratus YD1162-2 Hr8 1t}

YD116 w52 |8 542 Yeast Mold A oA
Z7ole Ao FRg 7|15HARE Fsit) o] % 8
Aol 715 dARE FAEIAAL, 7% A FAE 0.7 um

2UEMS0 8t Streptomyces atratus22| FAEE
hydrazine hydrate2| &4 ZH

WA g A F AR S 9Al 2t
= YDU6S A A% S. atratus YD11622 57
HA=H S aratusoll M= THFS 2250 ERlEo] AUt

Uolg ARt IdAHE dEle B9 A4S thFig
2A). AR dAR=E 0.7 um W92 B3tE]o] A5 4
39 thFig. 2B). ©|&3F 54L& Shibata et al. (1962)°] X

ol T AESEE 7= AR 4 hydrazidomycin
3} 213t hydrazine hydrateE ©]-8-3}0] FEHZ AUSEA|
AFe] S G4ES 7S A Table 63 Zo] w28

o 1-=
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Table 6. Effect of hydarzine hydrate on mortality of Bursaphelenchus xylophilus after 48 h exposure of aquatic suspension and

reproduction of B. xylophilus in Petri dish

. Mortality
Treatment Concentration Number ofali 3 C 3 F Number of reproduce nematode
(ppm) umber of alive nematode orrected mortality (Mean + SD)
(Mean + SD) (%)

1 732 +13.20° 26.4 1429.7 £ 1207.2a"
Hydrazine 10 39.0+19.9¢ 60.8 1402.7 +2422.6a
hydrate 100 12.0 £4.0d 87.9 1124.0 + 1942.5a

1000 22+1.3d 97.8 0.0 £0.0a

Control - 99.4+9.0a - 15485.7 £ 13196.9a

*Means followed by the same letters within a column are significantly different (Tukey HDS Test, P<0.05).

vV Magn WD F——+1

kv 10000x 48

agn WD
0000x 48

Fig. 2. FE-SEM(Field emission scanning electron microscope)
images of Streptomyces atratus YD116. A; Some aerial
mycelium were formed loop or open loop form. B; Spore was
made from aerial mycelium devide.

2 2}o]Z HAET 100 ppm oolA 87.9% o] BA
AEE-S BITHdF4, 20, F=62.4, P<0.0001).

Hydrazine hydrateZ ©]-838to] LUFAAF S2]ol v|x]
E 935 #4HF A3 Table 633 720] 1000 ppmoll A&
S2o] dojuA] kot BAIE Fede siithdr4,
10, F=3.43, P<0.0518).

SFAAFES dA v AbelA 7P Sl
3 e How AEHAQ WAl Aol = B8kl 1988

Z7¥8k Atk(Shin, 2008; KFS,
2013). 2FAAFH ol 93t 4L A AAFez A 10
o]$ AL g FAE L Jth(Hajime et al., 2001). wj&o] &
WA WAIE 917 s WSl A7EL e
o F2 AFARAS AAE R sk A7 v
AREE wiNES R she A7 e Ao AF
e olgske d7E0l olFolAaL rk(Kamata, 2008
Nose and Shiraishi, 2008; Shimazu, 2008).

ol T AUTFANSTE o R st A7e F &
S 7THRE sk Autolu} o]8-(Takai et al., 2000; Lee
et al.,, 2009), ZUFAIAZ Ol AAS B 7= A=A
o] ezl {2529 2] (Kong et al., 2006; Kang et al.,
2013), AX= A m &2 E(Kwon et al., 2007; Lee
et al., 2008a; Park et al., 2008) 5ol #3F JFEo] =t
Streptomyces avermitilis|X 2] ¥ abamectind} 7Fo]
(Tomlin, 2006) -85} 7-5-= w4 A &H2{Q1 Aot}

AT e AR AE it A8 AR g
aFwa H Aol Holakso] eHgstE o] 54 alF WA
£ tides o sk AAE FUE A A A
EiAle] theFet odds w4 Slvh(Siemann et al.,
2004). wERA v B A& 0E AR < gle A7
Ae 7129 sheHA HAIE AT e 1834
A Wyl gk thFet A7 ALH 0w dasitt

WAL 19639 Micromonospora®: 2 Z5-E] gentamicin
o] BFAH o] (Weinstein et al., 1963) A= LA A4
¥ =2 YR o853 Jlrk(Porter and Fox,
1993). o]&{3t WAFEL F8 EYOoRRE HEu 9)
=Hl(Lim et al,, 2007) ZUFAAZ] et A% 24
WS Park et al. (2010)°] 9J3le] B E n} gty 2
QFANE T A8 LAY AFEFo Z e

s dElste] LubrAld el tig Al e 4

-

o%

O
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AA S A 28 T wiek of oA LA
A58 100% A7 0] #75 ER1E = Ao
90% ool HHIZIE Kol #Fe AA Ad #F9
65.6%21 217 @Ak 3, 107 FFolA] BAHoR
Fost SA94 aE BT AHF T3F ZoHA
94 23t e SR WAHE AF(AM210 59t
SG16, YD315, YD116 w7 )= T4 thiH] o4 Ay
AT SHEC] 10% ol8t2 wi¢ 2Tt o] #5 F
YDI116 455 57438 A3} S. atratus YD1162Z 1=}
o} o] #5= Mg A 2ol A= R el g
A o] 100%S B ZAYAE 100%S B3
O} 10uf ol M= EAJo] HojH T

S. atratuse 19623 Shibata et al.ol 2la] FH AT
o]5°] ilamycing ARSI o]Q]o = LG Aol &4
< 7KAE rufomycin A%} BE AAtsks 202 8t &=
3k, Ueberschaar et al. (2011)9] ¢J8] HE=ZAS 7=
hydrazidomycin A®} B, C7} &<1% u} o}, 22} o]
o] AAFE Ao et AFE A =39 nf glo] B o
T A= o] o] Aitsl= £ 5 hydrazidomycind} -FA}F
SHHA o] Boldt FAREZR] hydrazine hydrateE ©]-&
= 1,000 ppmollME AAE AFF5A A a3t
EUOH 1ppm oA e AHF o] AT Hast
At

Hydrazine2 ‘§<Folu} Z2|H, 9okE, d8 5o
%=H| hydrazine hydrate= A 7=42] GAv
EAA A FYA R ARSEEE fEAE okEely
A AA 502 AREE I rk(Schmidt, 1984; Meyer
et al., 2013). £3] hydrazine RH-5948°|1} RH-5992, RH-
03458} 72 BlZH|Eo|=A] AUAHEo|lE A3 2
T3 2L HATER gy dosle =289 )
Ul AtjiH 2ol = FEAd Aeste] ArjiH o= &
2R A=A S f715t siFHAA R 287
o] & oz dEA = EZolthKlowden, 2009).

B Ao AUEAAS] AAFE FAo] e AR

H

Of

& A 275 YA ol 3 U @70l B8 7bs
He BAY 5 AQed AU A WolA o5 )

of e &4 ofF 5 AdF & eZEd i

F7}2 s Eolol & Ao AzH

re -d
2 e
%,

rlo of
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'SP, AR, ST AU A S A SRR, A At

2 o U] AuFEed BdEo] e Al i A 9S4 2SSV AHRE
Fo e el g WAHEE ol &sted Ttk felvEl AR EGIA el 8 309 Wit 4FE S 200
0] 2ulf wjFoi el A pEA o] gk BRSOl 90% ol/dS UERSITE WAHE T AM210, SGl6,
YDI116, YD315 w7¢] WaAo] 7P #8kom YDI16 w5+ TAMESH, dejd] 54 AR Streptomyces
atratus® SREAT. S arams=5E R 7] B4 2dAEC] dElA oM a5 F AESAS 7=
hydrazidomycin?} f-AFg+ hydrazine hydrateE ©]-8-ste] ALpFA|d ol tigh 24% 2498 A48t 10 ppm &
%=9] hydrazine hydrate= &~UFAIA S0l sk 60.8%2] RAAESES B S atratus YD116 452] 24315
Ak F7HER1 A7 o Aol

Moo b, AR, 8733181 WAl Streptomyces atratus




