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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, YDI16 and YD315 were more effective than others on reproduction of PWN. The YDI16
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. Actinomyecetes 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
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AHE 0.5 mP¥ At FAYE AHrAdS dE
A 0.5migt Bt SHF 0.5mIE M8tk A 5 A
2ol 48A17F W] - S| FE R 7 (SMZ800, Nikon)o =
Mol AA}F RS ZARIGITE 5] XA s He
2 AT S v wkeo] fle AL 5 Aoz 734
on, 2 A 43] uHE AT

AN A pollA a7t EXE #F 191E Adsiy 2,
33 AEe AFsTh A 13k 5 1o
o WA wjek oJallo] F S 2xo M 26, 3l M E
sejdo g sAe & 27t 0.5 mi¥y A2 st AuEAlA
= g4 0.5mlF 100712]9] F=2 0.5 mb 225k
o FAEE Bd SHFF 0.5midt 2UFAAE dE
0.5 miE A ek, Mgl & o)A 4827 WA & &
FEnAOR HAFo AAL AR5 AL OH, 2, 33 4
3 BT 43] vHE AgEe

YMZ0| ALEIM S S0 0|X= P&

WA S0 mAE dRS gotry] Q)] 77t
conical tube (50 ml, SPL)Jll Z2vHEA A% &gl (200m}]/
Imly 5mi¥ E5 § W g oA 100 34l
Sml (AT WY A 0.5ml+ Bt SFF 4.5ml A
et FA e AbrAldS A8 smik B S/
T Smis Ak AE F A2olA 4847 WA &
1 mP¥ 3l B. cineria’} %3] k2t PDA (potato dextrose
agar, Difco™)3& wjxlo] HE T 159004 30d B<t
24°C2] 8]%¥7]1(HB-303DH-0, Hanbaek scientific Co.)oll X
Heleh, A Ee S 75 gotry] flste] 2
7o R AUFAAES WARSY EEste] aFdng
o7 AT # AE 33 vHE AAlEdc

Iy

—Hi Ab

YDI116 252 =¥ A4ME M 2 ZA0 0/X = HE
WA W S o] et AUFAAF 52 IA| AE
NA g7} ¢35 #FE F YDII6 AT 7452 o)

o

sto] FEHEE AUFAAE SA9A 245 ARSI
RS B AEe 719 conical tube (50 ml, SPL)Y 4
WA A E gkl 2007k /1 ml)yS S mby B33 5 kAl
T 7 YDI116 v A4S s, 5, 10, 50, 5004}
sz smi¥ XSt FAEe AUFEALSE dE
o smi¢t i FHF SmiE Aok A T AL
A 48N WA F ImlE Fste] Sl F-ER] 7 (SMZ800,
Nikon)atelA] A5-0] XA} 7S ZALSIAH A2 5 v
Ho2 3ot

Z2ol| wjxe JIFS WA Fo] AEAAFe] F24]0)
3= 9 A} FA3 Aoz St on wYf o
o] = Yalst 510, 50, 5008 A O Z B FeYEHY
31, 53] wkEo 2 ATt
SHME 53

2UFA ] tigh AXE a3t 29" YD116 &

°] 16S 1DNAS @7IMLES AT Al 45
chromosomal DNAE 2|8t ¥ primer 518F (5'-CCAGCA
GCCGCGGTAATACG-3")%} 800R (5-TACCAGGGTATCTA
ATCC-3") primerg ARE-3}] 94°CellA 187+ denaturation,
60°CollA 187F annealing, 72°CollA] 13 30% 5<F poly-
merizationA| 7] = 271914 PCRZ S-Z319t} 5% % PCR
AIES 0.8% agarose gel electrophoresisE -3¢ & &
2] A3le] ABI PRISM 3700 DNA AnalyzerS ©]&-3}]
H7IMEE EAsETh 2AE 9714 ¥ BLASTN 22
T3-S o]831¢] GENEBANK®| RDP (RNA database project)
-g-ato] LA &t

Y 58S 915t YM agar (YM broth 21 g+ agar
powder 15g+ 375 100 24°C #]%¥7](HB-303DH-0,
Hanbaek Scientific Co.)ollA 15=47F 8¢St YD116 o5
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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+ 1.3fg" 97.1
AM210 1.0+ 1.4¢g 99.0
MG3827 0.3+0.5¢ 99.7
MSI11 233+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 1.3+1.0g 98.7
MS415 0.5+1.0g 99.5
SG1 59.8 £ 15.3bc 37.4
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 0.3+0.5¢ 99.7
SG7 0.0 £0.0g 100.0
SG8 0.0 £0.0g 100.0
SG9 0.5+1.0g 99.5
SG10 67.5+17.6b 29.3
SGI11 19.5 +3.5de 79.6
SG12 16.0 + 5.7defg 83.2
SG13 6.0 £ 2.4efg 93.7
SGl14 2.0+ 1.8fg 97.9
SG15 2.3+ 0.5fg 97.6
SG16 0.0 £0.0g 100.0
SG17 0.0 £0.0g 100.0
SG19 5.8 +£2.2efg 94.0
SG20 7.5 £6.2defg 92.1
YD3-1-7 66.0 +13.7bc™ 30.9
YDI116 10.5 +2.4defg 89.0
YD315 0.3£0.5¢ 99.7
YD419 1.8+ 1.71g 98.2
YM broth 89.5+34a 6.3
Control 955+2.1a -

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

YD116 o5 #j%F oA oA pia]al 59 %ﬁ =
Aet A= Table 59 729kt Ao M = F2l0] #5
FoIR|A] ¥k om 10ufH A 10006H°“77}7<]L Zz2xe
FoR oy FAE o] FAAAEL 98.7% o=
Al YRS THdES, 12, F=7.3, 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 +2.5¢" 73.6 63.0 +7.3bed™ 333
AM210 248+1.9c 73.1 55.5+2.6bcde 413
MG827 29.0+£6.2¢ 68.5 61.0 +5.9bcd 354
MS44 19.3+£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+7.3bcd 37.0
SG9 78.5+7.0a 14.7 67.0 £ 6.7bc 29.1
SG16 17.3£3.9¢c 81.3 53.3+9.9de 43.7
SG17 26.5+3.1¢c 71.2 57.8 +7.1bcde 38.9
YD315 23.8+59c 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+£2.2a - 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 04 +0.3f SG10 174.4 + 17.8cdef
MGR827 83.0 +9.2def SGl11 29.0 £0.2f
MSI11 114.4 + 47 4cdef SG12 280.1 +0.6cde
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 £6.8ef 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

SGS5 153.8 £ 78.1cdef YD315 3.1+23f

SG6 161.5 £ 33.5¢cdef YD419 3125+ 115.7¢cd
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.
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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 £0.0c’ 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+£59a 0.0 32.0+ 16.6b 99.1
100 88.0+3.1a 1.3 16.0£1.7b 99.6
1000 81.6+7.5a 8.5 48.7£29.0b 98.7
Control - 89.2+4.4a - 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 cgtggggagegaacaggattagataceetggtagtccacgecgtaaacgttgggaactag 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.

sequencing?} V]St A3}, Streptomyces atratus strain 33 S atratus<te] FElA £ FALSI
NRRL B-16927# 100%°] “&-578S EA2™ S. sanglieri
strain NBRC 1007849F= 99%9] 78448 EAthHFig. 1). A2LRYME0| LSt Streptomyces atratusEe| FAIER

olof W} Aute #FE S arratus YD1162-2 319t hydrazine hydrate2| &4 A

YDI116 &—?91 el 54> Yeast Mold HiA] "}01]"1 WA g A T ATl S oA 2t
z7)olle Aol T ?:f_ 715dAE FAsI o] =3 YDI1165 54 A3 S, atratus YD11622 54
Mol 7% 4A]~ P, 715 dAk] FA= 0.7 um EA&%H} S. atratusS|H= THFs EASo] 3olx]o] Qi)
ez dF7t ZYAH Ue‘j/]“‘\f RS FAsTh(Fig ol T AEFEE 7= AR 43l hydrazidomycin

2A). A% A 0.7 um WOlZ B8} TAE BY 3 HAIE hydrazine hydrate® o] 8-3o] FEEE A
SHiTHFig. 2B). ©le# 54 Shibata et al. (1962)0) B 9] 43 B4 7HE 23} Table 63} Zo] F=
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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

Mortalit
Treatment Concentration - Y - Number of reproduce nematode
(ppm) Number of alive nematode Corrected mortality (Mean + SD)
(Mean + SD) (%)

1 732+ 13.2b° 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).

y v Magn WD |—|
4 100KV 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 Zol5 =Y 100 ppm ©idolA 87.9% o] A
AEES BITHdF4, 20, F=62.4, P<0.0001).

Hydrazine hydrateg ©|-8§-3to AUFANZ F2]el 1] %]
E 9L 1A A= Table 634 7] 1000 ppmol| A=
Aol dojubA] edgkont BAA foide fllTHd4,
10, F=3.43, P<0.0518).

LA
AUEAAEHE A4 e AddA 7P 913o]

B3 Qs HoE AEAQ AR Eekal 1988
olgf mid sl 7kt Ark(Shin, 2008; KFS,
2013). PRl o gk &4 H AAIRCR < 10
A$ H=Z FAME S Joh(Hajime et al., 2001). W&ol &
WA BAIE g s W Ee] A7EHL e
o F2 2UFANE A E R ste A9 b
S mlES o she AT T Aol A7)
A& ol&dte ATEel o]FoXAL rh(Kamata, 2008;
Nose and Shiraishi, 2008; Shimazu, 2008).

ol T AUTAINETS FOR ks dte s &
qE 7T E sl ko) o8 (Takai et al., 2000; Lee
et al., 2009), LA S0l A2 A4S TR 22
o] g3t §-8-549] ¥2](Kong et al., 2006; Kang et al.,
2013), A% &4 mAES B4(Kwon et al., 2007; Lee
et al., 2008a; Park et al., 2008) 5ol #3F A5 =t
Streptomyces avermitiliso)A] #2] ¥ abamectin?} 7]
(Tomlin, 2006) 283} -9 w9~ #1491 Ao,

AT 22 AR A dit s9AE ARk g
sl A Holxkze] Mg stElo] B4 &% WA
2 go vl 518y WAAE B8 A4S Ak Al
EjAle] ookt ogEke mE AtH(Siemann et al.,
2004). WebA B2 PR AgH 0 A8 5 g AT

Az 7129 e BAE AT F A= M A W
Al Aol gk okt A7 ASH R F g sttt

WS 19639 Micromonospora®: 2 258 gentamicin
o] ¥AE o] (Weinstein et al., 1963) AE AA2F A
ket 254 gAYo 2 o853 Ith(Porter and Fox,
1993). ol2|gt WAHES FE EYOENH Ze= 3
=H(Lim et al,, 2007) &AUFAAS] dist AH5 24
HWAFE Park et al. (2010)0] 9]3te] B E n} Qluh, 2
AFANE M= A A A AHEFSZTE W
g FElste] aprAldso] st Aads g3 32

/\ [e}

O:
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A A= 20 FE0 wig o oA A

&2 100% AAA71= 5712 &—r,—é— gl
90% ol’el WA7HE P_olf T+ aﬂiﬂ AY dFe
65.6%21 2171 ATt HES
frolgt 494 29E H?«i‘:}. "EL’“F 347} FOTA
94 23t e oHe WA FF(AM210 59t
8G16, YD315, YD116 @5 )= F#2] tiy] A /\‘/}‘7*
NS SAEC] 10% olst= wlg- WUt o] o5
YD116 55 4% A3 S atratus YD1162.2 & Q,\;\
o} o] = W A e ol A= LA el ths
A BAo] 100%E EAom T A 100%S 23
o1} 1ouf A= EAo] "ot

S. atratusi= 1962 Shibata et alol] 2]3 FH=A=w
o]5°| ilamycing AYAtstaL o]elo g Aol 24
S 7]'7<] rufomycin A%} BE AAkshk= 2102 kit &

, Ueberschaar et al. (2011)°l] 23] MESAHS 7=
hydra21d0myc1n A9} B, C7} 8RRl vl Qlt}, 28y o]
o] A5 240l gt °4?* A8 FE v glo] & A
TFoX= o] #o] AitskeE &4 F hydrazidomycin Tr/\}
SHHA o] goldt FAREZQI hydrazine hydrateE ©]&
at=d 1,000 ppmellA= AT HF552 A ZA7t
EUOH 1ppm FEolX e AXF &Aoo AR st

A},

Hydrazine& Fofo|u} Zgiv, oJ¢kE, dg 502 &8
%<4 hydrazine hydrate= H#AY FAF42] AU £
EAA Al FLAZ AR FrAe ekFolv Ae
A AAA oz AREE L ATHSchmidt, 1984; Meyer
et al., 2013). 53] hydrazine RH-5948°|1} RH-5992, RH-
03458} 72 BlAH Rl EA] AriHRo|lE 3| 2
23} 778 AR FEF o g o= TER J
el ditj 2| 2ol 8Aol Agtste] drjiHZolE &
2R A=A S f718t slTHAARe] &87Fs4
o] A& 2R A Sle Edolrk(Klowden, 2009).
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FoRRE e 3 WS olgsle] T sVl A EGIA el € 3] WAl #FE S 200
w2 v wjFe oA A Aol tigk BAAEEC] 90% oldS YIS WaldE F AM210 SG16,
YDI116, YD315 #5-2] WHXdo] 7P =%ke™ YDI16 #5+ %ZV@EW* FeA 54 =AM Streptomyces
atratusZ FRAEA. S atransZHE 2 7R 4 EFEO] dEA JoH 1‘: T NESHES /K=
hydrazidomycin3} -AF8} hydrazine hydrate—% ol g-ale] AYFA S T8t AXE FAS 7:-476 3t} 10 ppm &
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Ak 7RI A e 74"]‘:}
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