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Streptomyces sampsonii KK1024 having strong chitinolytic activity was isolated from crab-shell rich soil at
Muan, Jeolanamdo. The KK1024 produced chitinase, protease, gelatinase and lipase. When 50% of KK1024
culture broth was treated to juveniles and eggs of root-knot nematode, juvenile mortality at 3 days was 81.67%
and egg hatch rate at S days was 2.00% When 183.7 ug mL" of crude enzyme produced by KK1024 was
treated, juvenile mortality at 3 days was 96.00% and egg hatch rate at 5 days was 5.33%. At 1% of butanol
extract from KK1024, juvenile mortality was highest with 90.00% and egg hatch rate was lowest with 0%. The
comparison of the effect of KK1024 culture broth with only medium, synthetic fertilizer, and commercial
nematicide on tomato growth and nematode infection was examined in pot trials. KK1024 culture broth
showed lower number of egg mass and gall in plant, and population of juveniles in soil compared with only
medium and synthetic fertilizer treatment, but not in commercial nematicide. However, the highest shoot
weight and length was discovered in KK1024 culture broth. These results suggest that Streptomyces sampsonii
KK1024 producing lytic enzymes and nematicidal compounds can be one of candidates for biocontrol agents
against root-knot nematodes.
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1,000—, Treo] 2418 HRIAZ] T 9l Fl%o|t} (Oka et 9], BEutE 5o g2 vs|E o HelaAlFel dsA A
. 2000; Sasser., 1980) %qu/}e}q 7.0 A AR o A HE A2 volels, FFo] 59 23 Yol e,
O:]X]'OE ol3ll Bok = A% wrlo] Zr)ela usoly} o 8Efo] A A4S} (Choi, 1982; Kwon et al, 1998).
3 AREo] BhjjE| T SilE} (Lee, 2003). olggt M| g Ao uB|E WAlsh] st 2 A4

ZA|15 ARSI Qh BFR|RE ARAEA| 9] YRS Ba] S A
20| AL 7]9q1, QA U zFAgAof S3lst EAAE

ME7|AFQ BelS S (Meloidogyne spp.)< 27

Z4 12011, 11, 16 522] : 2011, 12, 8 & oF7] AJ7]AL 9l (Atkins et al., 2003). RHH =7
& Al1AR A 2 g an 55 o83 A wAet mjif
*A2bx A} : Phone: +82625302138 T} o AZA v 9] thokst B Ho] AR 9o

E-mail: kimkil@jnu, ac kr



Streptomyces sampsonii KK10245 ©]-&3}

QEERREES

U (Zhu et al., 2005) H]E- 3 AJ7F 52
ARg-E AFHH o]},

ohas) e v ES ol 89t a4l %“Pxﬂ‘:@ml
AL why ik tjEF o2 otE R AEHkA| n|YE

Pseudomonas < (Abo—Elyousr et al,, 2010)
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, Bacillus <,
Clostridium <, Desulfovibrio <, Serratia <, Streptomyces
& 5o] Qlt} (Siddiqui and Mahmood, 1999). ©]&|gt u]AY
=5of s #els Aol AAlE= 717 2A| wella
o AT 22 27 Ak ol &Rt Aor Hial
Z]a1 9} (Dufour et al., 2003). Sela et al, (1998)] &J5}
W Bacillus cereus’} AJAYgE protease®]| 23 M javanica
o] a7} B3fE1oH, Li et al, (2002)2 B ambitaria®)
vfjofFol 19 proteaseﬂ- chitinaseoﬂ 9—]6]] oF H3olel 6=
o] AAEH U=
o] AYAFSt fusaric acid= 7"?* *“Hz Sko] Q= Ao 7
d A Ut (Kwon et al,, 2007).
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Streptomyces Zof| gjst Alo] 1
S HhA o] Ao g BREVA OB Actinomyces
ol doh 1402 5007) ol 49 ol el Ut
(Euzéby, 2008; Kimpfer, 2006), E9F U &HH o2 A o}
I Bk $EEE Bkl Ay o
A s AR HlEo] A
o} (Lim et al,, 2007).
2 dAFteis EGoRRY 7]didllso] FHold vy
228 Basle] nAE HHOC}@L ujgEo| AASE 2F AL}
718 FEE2EEY 75 AAE & 78 Ao wA=
Qe AL, T werel 2] A A A% 22

AASA matol] tiste] 2AskalAt dh.

Qit}. Streptomyces

KK10242] H2| & S8 Ay 7<% slbrloll A
A AHo] FHE B Aslel F Helg AR A
skich A3 Alm BYF 10 g& 575 90 mLof| A=t
o] AL 107711 ZRAE B4 T chitin agar}]
(0.5% colloidal chitin, 0,2% NasHPO,, 0.1% KHyPO4, 0,5%
NaCl, 0,1% NH4Cl, 0.05% MgSO4* TH20O, 0.05% CaCly*2H.0,
0.05% yeast extract, 2% agar % pH 7)o =43t & &
& Bgste s Eejstol 54 sklh 4L (A
wefo] j=jelo] 165 rRNARAS ool S}

WASME FA U
=

& ool RAGHF sl 4 Bl RIS A
@} 218 BEulE (Lycopersicon esculentum) B of 7

o HI

gt B2l ZF (Root—knot nematode) ] AJESHE] HA| 1151

AA Aol ARSI AS Eele Asel dEd Bt

E Walg 52 2o & HlojA] 1 em 37|22} 0.5%
NaOClo] 5°1%)= "ol YL AlAl &= F 45 um A€} 25
um AE 202 719] o7]o] Y] 4% 2 mol e
ARgslitt, ESE HEE BearmanWS ©]-83sto] a3t
k2 25 um Aol & 5 HohAA SAet 2% EE A
o AR&-sHATE

KK10249| A M KK10249] chitinase, protease,
gelatinase ¥ lipase @A &A3}7] YA chitin agar
HJA], skim milk agar HJ*] (10% skim milk, 15% agar),
gelatin agar BJA] (1% gelatin, 0,05% KHsPO4, 0.05%
KoHPO;, 0,1% NaCl, 0,15% NH,NOs, 0,04% MgSO4-TH;0,
0.02% KCl, 0,02% yeast extract, 15% agar & pH 7.0) 9
lipid agar H}A| (2.5% Luria—Bertani, 1% Tween—80)&
121Co)|A] 1587 B#st & Z+Zb petri—dishol] £33
T} KK10242 7}zFo] wjz|of &AL St 30 CoA] 3
7t vjoFsted chitin W skim milk agardlj X0 43 &
A BHE 31915}0] chitinase ¥ gelatinase A4S 3T
Gelatinase 42 gelatin H|X|o]| 30% trichloroacetic acid
£ 3 mL Z7lele] BE JA4 52 Helelal, lipase
T8 Tween—80 agar HA|o] S2UY A S5-Z s}
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KK1024 H{oHo| 2|SME [FSot ol olxl=
I KK1024F 7|€l/d2H viA] (0.1% AEE w4, 0.1%
Aabel Bk 0.3% B3| E (N:P:K;21:17:17), 0.3% A5
0.003% Yeast extract @ 0.003% FeCls-6H,0)0] HE3}o]
30Cofl A 5UzF Aok (170 rpm)3t & 2Hzh §-% 2001}
2], & 400717} U= ZF 24—well plateo] v]AYE vjFHS
50%, 30%, 20% L 10% === 3|4 B Ag|sle] & Hole
3 950 HAES EABIT, R0 2L Hlx] 50% 5
T A71el &5 ARgSlelt o RekeE 29 5Y F
Y AAREE 193 3 Fof] Z47F AAIANA (SZX 16,
Olympus, Japan)© & 2513t
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+E ARgRIGITh o Roked 2y} 5Y & {59 XAt
£ 1943} 3UBof ZkzF AAEAu| (SZX 16, Olympus,
Japan) 02 21T
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ol

0

HElg 2E20| WAEME 5T} oj lxls
KKI0247} AAYEH 27 AHE ] 528 918 522
2 2 o] Wkl LARE] (7,000 rpm, 1583 T
9% QAR pH 27} B 2L, o] A
& (butanol)Z} 1:1 (v/v)2 s 3 BEojd {7]80f 5=
et 31A%==7] (Biichi Rotavapor R—114, Switzerland)S
olg3to] 70T F=3tth 55H 7] S5 vgt
2 (methanol) 2 =0 20% (w/v)2 ZASFGC o|AS &
2 900mte], & 400747} 2+ S0l 24—well p1ate0ﬂ Z
7¥ehaL WS Fr R 3lA6ke] 0.1, 1.0%7F HA &
o) AL o HHRS S ottt o HEHee 2013}
59 ¥, 759 ArREE 6, 12, 24A17F $0f 2}z AAE ]

73 (SZX 16, Olympus, Japan) o2 A5}
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KK1024 BQlol 2|7} ALS AR o WalSME of
Mol o|xl= g FSAFol tigt ndE s
o|ET} 2ALE
x15 cm)ol 4> & BOOUHJ 51k 2,00001709) L&

FoRLE AF HF F 0, 1, 2, 357Al nAd= wigy
o WA9LE 22t 50 LA Helohe), mbAE =)
350k el 242t 50 mLA ASkc) of o, vz Ae)

L 23| (N:PK, 21:17:17) 3g L '9} 9 4H]5 148 ¢
L& 3 Boll ol A2lskar, soF He]Te =)
(Mocap, Bioscience Co, Korea) 1.44 g L™, B3M|=2 3 g L™,
[4H]E 148 g LS 4]0] 8ol 0] 23t /2] 53
_?I)‘_ Z]L ;q;q:[Ltﬂi M% AHX]— ZA}ELEO] x]MH 710] X]APH
FA, B FALE A oA A Al Sl S
W 4 B ) 95 48 2,

EARM o] A3 Az
ARESto] 5%
it

= SAS 2773 9 1 HZ (2006)
Z=Z20]| A Turkey's Studentized Range Test
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Bopon e sleluseol
435 Halalga, Be]do 168 rRNA §7|4Y B
I} Streptomyces sampsonii®F 99%2] A4S H
Streptomyces sampsonii KK1024% *H35}o] NCBI &
23] FEIAUCT (GHHE: IN180846),

Fig. 1. Visible enzyme activities of S. sampsonii KK1024 on
each agar medium. The bacterium was grown on chitin agar
medium (chitinase, a), gelatin agar medium (gelatiase, b),
protease agar medium (protease, ¢) and lipid agar medium
(lipase, d) at 30°C for 3 days.

KK10249| A &M S samsonii KK10249] chitinase,
protease, gelatinase U lipase ZAS =417 Yl z+2z+
o] Aeul| x| 7} ARR-EIQUC) Protease 84S skim milk agar
"z o]l A, chitinase A2 chitin agar BjA| oA &4t
o] Z¥z} I 0 & S SIS Gelatinase T/
gelatin agar HJX]]] 30% trichloroacetic acidS A7}3F &

Erslo] }2E]o] gelatinase S ERISIITE Lipase
/-2 Tween—800] 71 viAl oA F2Y (colony)E
gsto] el et (Fig. 1.

KK1024 HiQFHO| B2|SME [RF0t Lol 0|Xl=
KK1024 v Fieof u& AAF 2 o 3} o
/HO 7\A]—5]-ﬁ4_} o Hg],go ZA} 5 2]

83%, HiA| 50%= 67% 4 =2] Foka-& Helch Hido] uf
OFN 10%-2 63%, HJOFN 20%= 56%, HiFN 30%= 30%, Hl
FH 50%0] o Hokg-2 12%2 et AoH o= iz
ool s} AL Falkgo] wWom Aol = uid
o AYlerrt w25 A5Y ¢ FIed Aokt
(Fig. 2a). 2% F35 ﬂi Ho%u A 244E 39A
59 AMES Bt 1%, WA 50%= 15% U
ERRLaz, HhHo| uieFl 10%0ll 4= 21%, HH%‘EO—‘.* 20%+= 47%,
HjoFol 30%= 67%, HljFH 50%2] 5= XAREL 81%% U
B 194 Aol -2 S et (Fig. 2b). ]9k f+
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Fig. 2. Effect of culture filtrate from S. sampsonii KK1024
on egg hatch (a) of root-knot nematode at 26°C for 2 and 5
days, and juvenile mortality (b) at 26°C for 1 and 3 days.
SDW, sterile distilled water; BMFE, bacterial medium filtrate
without a bacterium; BCE, bacterial culture filtrate. Different
letters indicate significant difference at P<0.05 of Tukey's
HSD multiple comparison test.

ARel A3t2 Khan et al, (2008)2 P polymyxa GBR—12]
HF oAl o7} old s o] Hole-o Wobx|al
20| AAREL ol Hustgth o]#st Axk= )
AE g & Eoigle IEH, 54 23 k=
S A 5ol o] Balel f50] AES oAl B ez A
23t} (Jung et al., 2002; Rosado and Seldi, 1993). o|=
Bacillus firmus BjoFl He]7} Aeko] Xslo} o8 o=
o] =S oA FIth= Mendoza et al, (2008)2] H 119} &
A8}k, ERL, Olubnmi and Rajani (2004)= M incognita
o Trichoderma ¥ oY Ao &Jgt 100%2] 5 A
ARe-S Baslgieh

By
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Fig. 3. Effect of crude enzyme from S. sampsonii KK1024
culture on egg hatch (a) of root-knot nematode at 26C for
2 and 5 days, and juvenile mortality (b) at 26'C for 1 and
3 days. SDW, sterile distilled water; CE, crude enzyme.
Different letters indicate significant difference at P <0.05 of
Tukey’s HSD multiple comparison test.

T5F5E 13%S YERNQLaL, WhHo] =& 4 18,3 ug mL
] ol M= 57%, 91.5 ug mL~ 2] T-= 31%, 183.7 ug
mlL ' A2 TE 5% HES e o] AdoA majEo]
St aao oSN AFe] & Bt dAES &
AT (Fig. 3a). ol 4152 & AR thilz 50%2 7€l
30%= FAE]o]9JojA (Bird and Bird, 1991) u]AiEo] A}
A3t Jaof o5 o AHo] myEug o Bl oA g
RS Aoz AlmHnt, o|3fgt A= B chlamydosporium
o] AYALSE chitinase?} serine proteased] W&s = T8
of ofs A FHO| 27} &A= AL (Tikhonov et al.,
2002), P illinoisensis KJA—4247} AJAFSt chitinaseo] ¢
3l drdo] BalElo] AupHog Halrt oAlE Agel A
2 (Jung et al., 2002) S & &= 9ok Ed {52
3UA AARES HusHe A e %5 UYERY S,
ubHo] 18,3 ug mL~ 2]l A= 16%, 91.5 pg mL #|2]
T 49%, 183.7 ug mL | AT 96%= UERTE o]
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ARONE ulRe] AT Ko7l §59 ANEL =
AL & 4= 9t (Fig. 3b), Costi et al, (2002)0] w2
Enterococcus faecalis®] A2tEl BaAs HIA|7|H
Caenorhabditis elegans®| X ARE&0] A Qckal ®Hi1s}H
Fc}, ol= S sampsonii KK10247} HH]gE G447} He|s
AF ool 9= 7= Ae= Almd

3 Aol 547 & Feke FdTRaolA 129%5
ERH WHH, FERS: 0,19 2]t 17%9] Baleo] 24w ¢
f. Ze BEk 1.0% A2 TFollAs g5 Bkt wi
7] okt (Fig. 4a). AP AT Hebe 2280 527t &

4% U3 50 6 2 9FS FE AS L+ A

EZE, 24X 75 AAREO] BtSRa AT TolAe
8%= VFER QL FEhe 0.1% A 2|7 20%, FEHe 1.0%
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Fig. 4. Effect of butanol extract from S. sampsonii KK1024
culture on egg hatch (a) of root-knot nematode at 26°C for 2
and 5 days, and juvenile mortality (b) at 26°C for 1 and 3
days. SDW, sterile distilled water. Different letters indicate
significant difference at P <0.05 of Tukey’s HSD multiple
comparison test.

A et 90%2] A Akee UERATE (Fig. 4b). ol2]gt A}
Y Paecilomyces lilacinus BJoFol © 2 HE] of|dolA|g|o]|E
(ethylacetate) 2 =3 E2lo] Bu|S A= (Meloidogyne
AA|GFE = Siddiqui et al, (2005)2] Hi1e}
A3l T3 Khan et al, (2008)2 P polymyxa GBR—1

< HljoFst A5l Q] Chloroform &5 #|2] =7} =013
of et go) HaloA|ef -5 XAkee| SrFskalkaL Har
SHIEE o7& FERh nlAEe] 7R Qe of| Edo)
oF Boee W@, 4% A Bvke AS ougt

o % 5 PAE AN BYe 24T et 9k

javanica)S

|
L

0O

KK1024 HiQfH X2|7} AlSMZEnt Ba|g5ME AN
ol OIxl= F& B4 55 & 2t A ¥ BEulE 24
X T (shoot weight)E =4t A1} n|AYE vjjoFol )
A, H|&, FoF Ao Z42F 28.04 g, 24.15 g, 24.18 g,
21,15 g& eIt} EulE XA o] (shoot length)=
n = v, viR|, vl&, oF A2fqtel|A] ZH2} 83,87 cm,
30.00 cm, 31,43 cm, 29,10 cmE YERAICE o|ggh Aak=
u| A wjeFl ol S0 Sli= B9} njgEo] ATt o
2 22} AR o] EnbE Aol kS vlxl A o= A7t
=T}, Broadbent et al, (1977)9] w2 u| YEo] a3 A
29 AES AARBAAY A2 =4S FHRTeEHN

AlEo] ARt A og Hustqlet, wof Ao Auprt 7t
A2 o] 9 ofsf wjEel A 08 eIt} (Fig, 5a and 5b),

EubE 32| FA (root weight)= MAE B, i,
v g, soF Hz|qofA 242+ 3,97 g, 2.76 g, 5.51 g, 2.53 g
= Yetileh BEntE Bie] 54| S04 vlm X247t
7P =& o= BESAS A HojA Al BEntE
o] 2wl AR AlsEY (Fig, 5¢). "= vl
o, iR, Hl&=, FoF A7t BelS A4Sl A= Jk
ZARSFALE ZF Al W2 527), 2137Y, 5807H, 1974
B2 A W 7 P A2 At sk A2t
Oﬂxl‘j} n s wjere) Aeltz wiA] 9 HE A2tk
5 HERT o] A n|lE ujefeo] By
Al Ao &7} QS Hof Rt} s
HijoFl, wijx], w]E, 5oF 14?4—?01]*1 2}z 2827,
68671, 1,1227H, 44707} ZAF=| i), BE)E = g 529
TR R FoF Ael3t7t 71 A AL vl v
Aelt7E wjA] W ovlE Ae|tEoh Ao e 7 vk
Z]Qlth (Fig. 6a and 6b). ©]+=
Ae|7t EnpELf 150 WA e HA] M incognita]
o3t Wg|3 47} ZAEQokal B 113k Chen et al, (2000)
I} Dicklow et al, (1993)%] A¥}e} F-Alsict,

EG U 559 = vdE wig, six A2, vlg A,
FOF AEltoll A Z}2t 2,483ute], 6,6751f], 10,3880},
301mte]7F =] Qi o] AY Ak BelsAS W
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Streptomyces costaricanus



o8t

Streptomyces sampsonii KK10245

@
a
28 A
8 96
5
K]
2 24
2
2
S 22 A b
20
18 T
Treatments
(b)
35
33 A
£
-
gﬂ 31 A
5
4
=
2 29 1
7
27 A
25 :
BM CN
Treatments
(© s
5
o0
-
!
s 4
=
-
=3
=l
~
3 4
2 T T
BM
Treatments

Fig. 5. Changes in fresh shoot weight (a) and length (b), and
fresh root weight (c) of tomato plants as influenced by
bacterial culture (BC), bacterial medium (BM), synthetic
fertilizer (SF), and commercial nematicide (CN) at 5, 6 and
7 weeks after infection of root-knot nematodes. Different
letters indicate significant difference at P<0.05 of Tukey’s
HSD multiple comparison test.
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L Gautam (1995)0]| Bacillus subtilis B9

.
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Fig. 6. Changes of egg mass (a) and gall (b) number in
tomato plants, and J2 population (c) in 100 g soil as influenced
by bacterial culture (BC), bacterial medium (BM), synthetic
fertilizer (SF), and commercial nematicide (CN) at 5, 6 and
7 weeks after infection of root-knot nematodes. Different
letters indicate significant difference at P <0.05 of Tukey’s
HSD multiple comparison test.

He A otalS o g et oS 7 S Hargk
vle} 2t} w3} Jayakumar (2009)= ERlEES AAE &
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BSAE BAAEAY 8-S e A
¢k e F EFO =Y chitin Y gelatin w3&/d0] Sl=
Streptomyces sampsonii KK10245 E2]35}3th KK1024+=
Aepa s, SR, deteiaas U (AR
Slaie ol kgl ZAEIRL, KKI0249] Bel 5
$% A4 W o 2} ofA] IS ZARe 2, vjepel 0%
Al Al 5 Aol 3UA 81%, o F3leo] 5UA 2%=
UrebsiT ek, 284 1837 pgml ' 7] Al 45 AAkE
o] 3UA 96%, & F3l&o| 5UA 5%E Lt Fe
FEE4 12 A Al 39A] 75 AARE0] 90%, & FEks
o] 0%= UEpstth, s wjekdo] AZ Hjsff ALt A&
Aol v A= ke =AM 2 Ay}, AE AR 7 "
A7)ollA nBE v Hejtrh uiA], BlE, SR et
Hep A vepgtty, A gsf Aol loiA vl uie
N A7t g 4, BElE o ES W G5 oA woF
AT Hobs A UERAEE v 2Bl Zeat Ho
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