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Twenty-two strains of nematophagous fungi were isolated from 100 soil samples. Nematophagous
fungi were classified into three categories; 3-dimensional adhesive nets (A group), 2-dimensional
adhesive nets (B group) and constricting ring (C group). Nine strains were selected and identified
on the basis of morphological characteristics (hypha, conidiophore, form and size of conidia, num-
ber of conidia, node of conidophore, number and location of septa, size and color of chlamy-
dospore) and ITS (internal transcribed spacer) region of rDNA sequences. As the results, the
isolates were identified as belonging to the species of Monacrosporium thaumasium (Kan-2, Kan-4,
Kan-11), Arthrobotrys oligospora (Kan-9, Kan-13, Kan-20, Kan-21), A. musiformis (Kan-12), and A.

dactyloides (Kan-22).
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%3250l (Nematophagous fungiy= A&7 HHAAS
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EH F EFS HE8A¢ Wol Wi, A4Y WA A T AR FARE —70°C] FHA F 54 Az

4°Colx 8% iﬁo}ﬁit}. stk Aol 500 uiel Saline-EDTA buffer(0.15M NaCl, 10
ASEHFFol9] Ji'-il Eélw*‘ﬂa Eeal7] 98l € mM EDTA, pH 8.0)% %] washingdt & As}4FrHS &

& ARE A7 A= @H’q E%E Soprunove] HHED&
w2} 2% water agar(WA) 8] £e] %9,;}‘:}. 2% WA HJX]o
Baermann ZHj7|H'0% o] &-3te] EoX E|dt RIS
(root-knot nematodesyS F712 ol FAUTL 2% WA HIXE
25°Col|A H°b3}t’1 AA AR RS o] g3t FASIATE Sl
DHE X5 HEsl 2AFR(rapyt FEIL FAE A
Bloq H*gi/"}‘ﬂ—o— PAsL BAZAE F4E XOERE X
22 £ EelEidn sgEFs A ol 3 viRE 23
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Tz e, BAXA I FAxAe] BYgn 27, BAEAL
Aol #of TAXA FA N, BAER A 947], 4
2} wit](node)e] B4, FHEAS] 47 =7] & A Folrt
DNAY F& % 757!]] Chromosomal DNA®] #8]= Kim
79 WA DNAFEHS HFstd Faiart. oA o
& PDB(potato dextrose broth, Difco) BiA|SX dFU7E 3

# 718l mixer(Motor cordless, Kontes., Co, USA)S A&
sted 287 AEF A ZolAnh 50 wel 10% sodium
dodecyl sulfate(SDSYE 71 & 60°CollA 5~1087F wheA)I7
5 ARG AFAE NEE wbeE K713 200 pe]
phenok* A7k 3 ARSI} A4S 50wl chloroform
= ¥ol 23] d4YETNeH HTHoR AL FF A
800 p/ WEHEFE 99% ethanots H713F T —20°CollM FAIZH
ol’d Alst DNAE FxAZ T FHE DNAE 4°ColA
15,000 pmo 2 1587 RS the JFAZMicro Vac
MV-100, TOMMY)3ISith. HEHo= 50 p/e] BF S/HTE
713l DNAE FE31 2171%9%5 (Mupid-21, Cosmo bio)e
2 RISkt
PCR rDNA €312 X 18S DNAS} 285 tDNA Alo]d
U ITS FHE 5F5k7] 93] Susan 5] AAIS ITS 1
(5-TCA GCT TGA ATG CTA ATG TG-3"3 ITS 4(5-CTA
CCT CAT TTG AGA TCC TTT GA-3) primerS ARE3FA
th PCRE $I8F 7} whge] 2=27e the3) 72} 94°CollA]
287+ Whe-%h U2 DNAQ] denaturations {13l 94°ColA 40%,
primer®] annealing® 913 56°Co4] 50%, DNA strand®] 33
S 38 72°ColA 28 S 3538 wESla, 72°ColM 627
final extensione AAISIATE Thermal cyclers Perkin Elmer
(GeneAmp PCR system 9700; Applied BiosystemsyS ©]-4-3}
Atk MAHELS 1% agarose gel, 0.5x TBE buffer(0.045 M
Tris-borate, 0.001 M EDTA)IA] 100V, 25 mAZ 30% 719
%5-5}a] EtBr(ethidium bromide)ell 1587} G283le] UVslolA]

Table 1. Morphological characteristics of nematophagous fungi isolated from soil samples

A group A’ group B group C group

Organs Kan-2%, Kan-4" Kan-9%, Kan-13% b ;
> > 3 2 _190 220

Kan-11 Kan-20%, Kan-219 Kan-12 Kan-22

Diameter (um) 43~109 22~109 2.2~89 4.3~6.5
Hypha Turf wool-like wool-like wool-like web-like
Color whitish whitish whitish whitish

Shape branched nodular branched upright

Length (um) 141.1~388.1 185.2~493.9 335.2~6439 289.1~468.2
Conidiophore Diameter Base 4.3~6.5 5.4~10.9 6.5~10.9 4.8~6.2
(pm) Tip 22~43 2.2~6.5 2.2~43 2.0~3.8
Sterigmata blunt swollen coral
Shane fusiform or obovate or curved curved
P spindle pyriform elongate-ellipsoid elongate-ellipsoid
Size (um)
Conidia (width x length) 19.6 x 36.5 12.4x24.9 9.6 x32.8 7.9x422
Septum 0~3, main 3 1 1 1
Septum location 5%, 12%, 85% 33% 50% 50%
Number 3~8 6~29 3~13 2~10
Chlamy dospore Size (um) 13.0~21.7 o 13.0~21.7 o)

3-dimensional

Form of predaceous organ adhesive nets

2-dimensional
adhesive nets

3-dimensional

i nstricting rin
adhesive nets constricting ring

a) Monacrosporium thaumasium, b) M. thaumasium, ¢) M. thaumasium, d) Arthrobotrys oligospora, €) A. oligospora, f) A. oligospora, g) A. oligospora, h)

A. musiformis, 1) A. dactyloides, j) No formation
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EQ13}32, Qiagen PCR Purification Kit(Qiagen Inc.,)= A3}
Atk

ITS W7 1M 84 2 ASSE 4. BAF ITSE F32=2
ABI PRISM BigDye Terminator Cycle Sequencing Ready
Reaction Kit(Applied Biosystems)E AH&-3l] F714ES A%
3}dt}. Sequencing PCR-2 Big-Dye 13w/, 5x Sequencing
buffer 3.4/, 20mM ITS I(5-TCA GCT TGA ATG CTA
ATG TG-3") primer 1w/, ITS rDNA sample 1 p/(90ng)ll &
o] 20wt HEE HFE 3% 5F5E sequencing PCR
tubedl] ¥ 2 E33F F v} 7o Wt cycle sequencing
Hke-S AAFATE 96°CAA 30%, 43°ColA 30% ZEX
60°ColM 42 8L 258] WhEsllth PCR kel W¥E HE
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A7¥8 & 15,000 rpmollA 2587 AAAIFTE 250 wel 70%
ethanolZ. A &3le] 71ZAIZ1 3 HiDi Formamide 20 /& 7}
3lo] 95°CollA] 28 59t denaturation 3+ 3 G-3-9JollA WzHA
Zth. ABI PRISM 310 Genetic Analyser(Applied Biosystens)
& AHestd A" ITS 2 ¥714€9 homology= DDBJ/
NCBI/GenBank database®] Blast programs ©]-&-8}f H| 238}
t}. 7 471 E9] alignment= Clustal X algorithms- ©]8-5}
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32p473 Az 2E-Z(3-dimensional adhesive nets)E
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glom, ZAEe] HAAL 43~65um, WeHEe] AAFL 22~
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AE st 7zt 7R e EAEARE FA S

Fig. 1. Morphological characteristics of nematophagous fungi. A. Strain Kan-4 belonging in A group. Al: Conidia, A2: Conidiophore and
conidia, A3: 3-dimensional adhesive nets, A4: Two branched conidiophore. A'. Strain Kan-13 belonging in A' group. A'l: Conidia, A'2:
Conidiophore, A'3: 3-dimensional adhesive nets, A'4: Node of conidiophore. B. Strain Kan-12 belonging in B group. B1: Conidia, B2: Conidiophore,
B3: 2-dimensional adhesive nets, B4: Two branched conidiophore. C. Strain Kan-22 belonging in C group. Cl: Conidia, C2: Constricting ring, C3:

Captured nematode by constricting ring, C4: Conidiophore.
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Monacrosporium %2] A XY 54L& eI
FAEAE GuF(fusiform) FE W5 (spindle) ZFE =
717F 19.6 x 36.5 pme ™ 0~3782] A=g 7R EH T2 3779
Zuo] PA Y 7HRe] 27)), el e Aug FAst
Ak AT e 3~ A (Fig. 1A). °15 4F
o] uiekRle] AFL Fol 3P 124 gt 3xMAA HIA
229 trape] FAAHAUL. 531, V8 Juice Agar WA A 5

HiF 17.7~186 mme) "¢ whE JAE=E UeRiIZ B
IS FAsIETE E3F o] wixelM FHEAL AREE ¢

T AR

T 3393 A2 2E7-Z(3-dimensional adhesive nets)
2 FAde A 259 ) FF(Kan9, Kan-13, Kan-20,
Kan21)ye 53] A4&Ewrt wEx dNo) FARE FUEGS
HAdshs 548 Uesien, #Ate] HAEL2 2.2~10.9 umel
Aok EREA S iz el Hzte® FAEHIL HSHFeE
620718 e BATAE FAshs 54 velle] JFHAY
Arthroborrys %9 Fejsky 54L& VeIt EAEA
Aol 185.2~493.9 yme) L 714 F-2] A7o] 54~109 um, &

=

71

G A Ao] 22-65umo| L B EAY 9] Bk P
(swollen)=|®] it} BAFAE AFLEZE (obovate) v MY

Hl(pyriform) E%o|3 F717t 12.4 x24.9 pme|™ shte] A%
< 7RlEd Hue o7 $EE9) A oligospora®] HES}
o fAket 548 VERNITHEFg. 1A).

2231978 A2 1EFZ(2-dimensional adhesive nets)E U}
Bl oF(Kan-12y= 43e] ot =gw M9 FAIE F
ALe) AL 22-8.9 umel ATk BAZAEE wiA] oA HFo
2 PAEen, FAEA nitls A SRAR BAE
A 24 Feis vehich BAZAY dole 3352~
6439 umol L 71AF 7ol 6.5~109um, L A Ao
2243 um=B BRI} A3 (coral) 02 B XA} AFEHA
o 2AEAE 213H B3 (curved elongate-ellipsoid) 2 =
3~13717F BAE ) drihroborrys 432 FEisHy 54E& dEhd
A, BAZAel F7)E 9.6%x32.8 umeiem, g sjle] Hut
S 7K Zie® UEITHFig. 1B).

24 3¢ (constricting ring) 725 U= #5(Kan-22)

Aol o7t g M) FAIR FASIAL FAR] AL

L.
i

-Monacrosporium eudermatum (U51975)
Monacrosporium thaumasium (US1972)

Monacrosporium microscaphoides (EF059816)

Monacrosporium megalosporum (AB114475)

Strain Kan-2

Strain Kan-4

Strain Kan-11

Monacrosporium psychrophilum (U51977)

100 |:Ar'th robotrys janus (AY773459)
Arthrobotrys pseudoclavata (AY773446)

—{:‘Strain Kan-12
100 Arthrobotrys musiformis (U51948)

Strain Kan-13

Strain Kan-21

Strain Kan-9

Strain Kan-20

Arthrobotrys oligospora (AY773462)

£0 -Arthrobotrys conoides (AF106534)
mu_r_"::—mhmzmnys hertziana (AF106519)
-Arthrobotrys amerospora (AF106533)

-Arthrobotrys javanica (U51947)

Monacrosporium shuzhengense (AY965752)

66

97

100

-Monacrosporium doedycoides (U51969)
-Arthrobotrys anchonia (AY965753)

-Arthrobotrys gephyropaga (U51974)
Monacrosporium cionopagum (U51968)

Monacrosporium sichuanense (AY902795)
__EMo;;ospormm ellipsosporum (US1971)
% -Arthrobotrys haptospora (U51946)

—_—__{:_zwonacrosporium asthenopagum (U51962)
100 Monacrosporium multiseptatum (AY965751)

-Arthrobotrys foliicola (U51954)

Saccharomypeopsts fivanensis (DQ3I61058)

Fig. 2. Phylogenetic tree based on ITS sequences showing the position of strain Kan-2, Kan-4, Kan-11, Kan-9, Kan-12, Kan-13, Kan-20,
Kan-21 and related fungal taxa. Numbers at branches are bootstrap values, derived only for the nodes supported by greater than 50%(1,000
replicates). Bar, 0.02 substitutions per site.
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4.3~6.5 pumo]Ath. BAAEA S viA| oA AHo g PAHEIS
o, BAEA e A BTt Trap 371S @Y Alx
2 AR den, ¥ T HAFol fl=E ¥ 2
7¢ wEA BAREe] A5 ot Tdke wo 5HE v
Uich o)ate] AFERE Kan-22 #5< 4. dactyloides®
SHEIQITE =3 whisoly G 7S AFE ek es B
ukSo] ot kS Folle Ag FHIRE HEoWHA oe
EAE 73 18- assithFig. 10).

AFZ2A3Pole] AZTERYE 5. 7] d7elM A=
2Fgole] BFe gujsky] Ao 7|Z3 2oz olF 7t ¥
HERZY AR RS ERist] fst] g€ AF
EAFFole] DNA ITS FH& PCRE FFsl d7INEE
A8k 338 HEAA 2BFRE 25 Monacrosporium
o) AYPH) FAEAPY 2 FAEA FuHE UEAE A
89 £3k= #5(Kan-2, Kan4, Kan-11)9] ITS €71MES
BAE A3} o8 BeldF = Monacrosporium &9l &3 M

thaumasium, M. microscaphoides, M. eudermatum 2 M.

)

megalosporum= ETSH= Monacrosporium 42 Al 5
sion o5 7z ATEIE 986~99.08%2 2 S U
ERflo} ITS 999] F7IMEY T3 ZEalslt) o8 e
FF+= Saccardo system,*” Cooke & Godfrey, Haard, Barron
9 Rifai & Cooked] FAHMI WE M thaumasium®] =
Mzl Z7] 2D e, wape] Fel 2]y FHER}]| =79}
H)dle] Aol AXSIUL}. WEA olE oS M thaumasium
o2 FAsAL 3AYE JAFAY 2EFRE I 4
oligospora®] ¥} 9 FAEZL FHE EPUE A 5]
23 #3(Kan-9, Kan-13, Kan-20, Kan21)¢] ITS G714d
& B3 A3 A oligospora®t 99.26~99.73%2] ‘ds3e
Elle] A oligosporaZ FREIACE g 234914 HERAY 2F
25 Je s 5 Kan- 12 A musiformis?t 99.53%] 7
B3-S Ve A musiformis2 5 A THFig. 2).

AFZAFHFlE 105 F 15050 A Aok 4
oligospora= TS AFXAFFo Kt} wE JAETE Yehd|
W AR A3t 2} dlelel] Qo] AEFgE | ol iR
gF oz} eFeMe 7Y E5] HhEE Folvh A
I2ES ke AFEATEele A Al g8 wEsa
Ao ole HAY JEXH] EYF M H5-S Edsl=
ol 7P Z&2R1 Welgke A& AR

ol FU Tkt EYCZRE FRE ASEA
gk 54 9 ATEREE 548 vhEez 53
712 F2 wAUST P sl g o
|3 FHEARe] A AdFEAgEelst A% s 7
E4d) olgt x3 3] o] AF ATE AEHOE 47
gt A AR NS A3 ZI2FEE 5 Agott

P
Ju

) Ot BEPAEERE] S AFEAFR0] 9 #FE
Aursidth, ol AEEaEgels XATH HE
w2} 32193 HZA 2EF-ZG-dimensional adhesive nets)E

Uehlle A5EaFge)A 25), 22144 A3 25720-
dimensional adhesive nets)s UEhle AFFAFE0|(B IF)
9} $24 78 FZ(constricting ringyS VERE HAFF2AFH
ol(C 2H )2 ZA PN Fel2FoE EREATY o5 74 2
Foll &3hs AF2AFHlY FAH|, XA, FAEA
2okt 7], BAEA FA e, 2AEA vk (node), EAEE
A} Ante] 9} Aol 9Ix), FHEAR] I =27 £ 4
T Feigk 543 AFEAEFolel DNA ITS ¥4< PCR
2 FE3 G7INES £43 A3 BEE ZAEdole
Monacrosporium  thaumasium(Kan-2, Kan4, Kan-11), Arthrobotrys
oligospora(Kan-9, Kan-13, Kan-20, Kan-21), 4. musiformis

(Kan-12), A. dactyloides(Kan-22)Z 53Ut}
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