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Nematode-trapping funguArthrobotry musiformis forms adhesive nets during
trapping nematodes. However, the trapping netslbsent in mycelia unless induced
by the nematodes preys. Attempt to clarify generesgon and regulation iA.
musiformis during trapping and penetration of victim, expesits were initiated and
approached via construction of subtracted cDNAalifar The selected clones were
sequenced and annotated by blasting genomic dataimasNCBI and relevant
bioinformatics websites. Totally 770 predicted gemere accessed in the subtracted
cDNA library of A. musiformis with RNA from traps deducting RNA without traps
(T-NT subtracted cDNA library). Additionally, 245rqricted genes were found in
NT-T subtracted cDNA library. In the T-NT subtradteDNA libray, there were 255
predicted genes with E value lower than -5. Amdmgsé 255 genes, 106 predicted
genes were homologous to manganese superoxide tdsenand represented ca.
13.7% to total genes. A full-length cDNA of 827 bpsuperoxide dismutase (SOD)
was obtained by rapid amplification of cDNA endadahe sequence also showed
high homologous to manganese superoxide dismutdsefunction of SOD will be
verified through gene disruption and bioassay ef thutants created. Additionally,
several Fosmid clones exhibited positive signal doyony hybridization towards
labeled putative lectin, fimbrin5 -1, 3-glucanase and proteaome genes were selected
and further verified by PCR. The identity and fuotof genes in those clones will be
analyzed further by sequencing of the construdtedgsin library.

Keywor ds. nematode-trapping funghrthrobotry musiformis, subtracted cDNA
library, fosmid library, gene cloning, manganespesaxide dismutase
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Rapid amplification of cDNA ends (RACE)

f1* GeneRace( Invitrogen) - SMART RACE cDNA Amplification Kit (BD )
%2 Advantage 2 PCR KitBD ) ix i¢ #* £ p #7it » & B & & 5-RACE 2 3 -RACE
#7% cDNA » £ 2 kit #7%¢ universal primer mix % i clone 4-8 » % 7|#71p 7
% 2+ e antisense primer 5 -AAGGAGCCGTATTCCTTTTCGATGGGense primer
5-CCAAGCATCACGCAACATACATTGCG: i {7 PCR F & -i# 3 t§ CDNA =
Mo kK it A w4e™ ¢ 5-RACE: 94C 2 4~ 48 ~5cycles(94C 30%)~72C 1
KL ) 5cyc|es(94C 304, ~70C 1~ 482 )~ 25cycles(94C 30%; ~ 60C
304 ~72C 1~4* )~72C 10~ 48 ; 3-RACE: 94C 4 » 48 ~ 25 cycles(94
C 304 ~ 68C 305/ ~T2C 344 )T72C 7 4~ 48 -
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Reversetranscription PCR (RT-PCR)
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ml/ cm membrane #HXFZH100ml ) ZFEx30 48 £ 2%~ 3 alkaline
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A # %5~ & (Colony PCR)

A 2_ o ehFosmid library 2 & & & ¢ - fimbrin, lectin, -1, 3-glucanase,
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Subtracted cDNA library

TR EAef A1 TNT %5 7706 4 71 ~NT-T £ § 2456 B 5% & A 7|
L S L_T-NT ¢ > E-value ]+ le- 205 Y4 15.46%: 4 > 1e-10~1e-20ﬁf ¢
7.14% 4 >+ 1e-5~1e-10k £ ¢ 10.52%> E-value + »t 1e-5"§ £ & 66.88%; m A
NT-T ¢ > E-value-]- ** 1e 205 Y 16.74% 4% 1e-10~1e-20*4 ¢ 12.24%:
fi %+ le-5~1e- 103“ 9.39%- E-value+ ** le- 5% H ¢ 61. 63%(F|g ot 5B
TR A2 'LM_P AR FRPEL AT NCBI 2 AFIFTHEY 357 3k iRE
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i@ %.E@?f F 23 0% 0 4o AMT (Agrobacterium-mediated transformatipng = f&
ek A2 REFKR L4 H ztU? 1| (genotype # % 1.4 (phenotype 2 #
B~ /»\%‘rﬁf-}éﬁﬁb R T2 # i o ks contigs™ @ o T-NT ¥ 4 = 91 B contigs
2 20 BHER 7 > & NT-T EIJ” & = 49 % contigs* 101 i ¥ if & 7| (Fig.1) -

i Carlssonz Stenlid 2003)#rit - E-value-|- *+-19 % high significant E-value
i »+-5~-9 % moderately significanE-value/ *+-2~-4 % weakly significantE-value
+ *+-2 % non-significant & 4§ % ¢ - T-N & 7| 5t 4 {s E-value’] >t-5 eh i 7
£ 3 255 i% (Table 1) # ¢ 3 58 i¥ /7|5 manganese superoxide dismutase
precursor * E-values - 3% & 2E-55= +.» # & & manganese superoxide dismutase
(Mn SOD) -  48i% - E-value+ & -7 3% & 1E-9(Table 2) & @ 5 » ¥ SOD
WA s 78 F E-value<-55 7| 147, 1% 2 B 7| #,k 13.7% £7 class Il chitinase
A FF EAp e 720 E-valuesz ¥ < 3t-5 (43 0.0009% 52 ) edcp 7*
7 993 > N-methyl D-aspartate receptor 2B%)4p iz B 7[R 5 28 i (E-valuefi
*+ 0.0008% 1.4z [ ) photosystem Il protein DIk F 3 f<4p 02 0/ 7| Rl 5 62 78
(E-value /i »* 3.00E-5% 1.2z & » # ¢ 13i% ]+ 9, OOE-05) o b By B T AR
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hypothetical proteingd NI A RAFF > H 1 SOD B 1 a B > pb F A F TR
2.4 T gy T RE ARG o ph b d I f2 A 47 A 2 fF 2% subtracted cDNAZ F]
(Fig.2 > 3) » ** cellular, binding, catalytic activity, transcriptioregulation, cellular
process, physicogical process® & & # 4f i 4 3 7 2 copy number 75 {
44 (Table 1, Fig.3 4) ot e Rdp et AT B TR A
BHFAZLARAF 2T - T2Fafodfte
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hybridizationsz2 & 7 4f e pr £ E < 8 » e 2 ¥ - £4p i A 7 - clone 4-8
¥~ B 7> ie 7 RACEIZ 45 8122 SOD4p 1 & 7 ehmRNA > £ - # & 5°-2 3-RACE



6 ¢ EEE R 5 827bpircDNA A 7| > NCBI Wt 4f 7% 2251 &2 Mn SOD £ & 3 4p
i} (Table 3) Fang% + %= 3 ¢ (2002) > % 3 Colletotrichum graminicola 2.
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Fosmid library

EH LR BRI A F] 0 4o lectin, fimbrin, -1, 3-glucanase,
proteasomee© £ .2 Fosmid libraryie i3 §2. & » o % S 42 % 7
(clones)(Table.4) 1zt % £ % - 122 513 i 7 PCRA 1R -+ #F 7 2
Fosmid clonesg® 7 7 &4 A& ¥](Fig.5) iz & clones® i = shotgun library. = 1 »
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-1, 3-glucanase, fimbrié & F]7* 5 4~ F# 2. By f# > (s #-% fosmid clonef# & {5 %
FHEHA BFPFRE S BFLAVFTRPENRFELAATE 255 o

240

Ahman, J., B. EK, L. Rask and A. Tunlid 1996. Sauee analysis and regulation of
a cuticle degrading serine protease from the ngohatgous fungurthrobotrys
ologospora. Microbiology 142: 1605-1616.

Ahman, J.m T. Johansson, M. Olsson, P. J. Pung.@elel.J.J. van den Hondel, and
A. Tunlid. 2002. Improving the pathogenicity ohematode-trapping fungus by
genetic engineering of asubtilion with nematotaativity. Appl. Environ.



Microbiol. 68: 3408-3415.

Balogh, J., A. Tunlid, and S. Rosen 2003. Deletiba lection gene does not affect
the phonotrpe of the nematode-trapping funiubkrobotrys oligospora. Fungal
Gen Biol 39: 128-135.

Bird, J., and R.P. Herd. 1995. In vitro assessroétwo species of nematophagous
fungi (Arthobtrys oligospora andArthrobotrys flagrans) to control the
development of infective cyathostome larvae froruraly infected horses.
Veterinary Parasitology 56: 181-187

Chen, J.L., T.L. Huang and S.S. Tzean. 1998actylella huisuniana, a new
nematode-trapping fungus from Taiwan. Mycologicak&arch 102: 1269-1273.

Chen, T.H., C.S. Hsu, P.J. Tsali, Y.F. Ho, and Ni%.2001. Heterotrimeric
G-protein and signal transduction in the nemateodpging fungusArthrobutrys
dectyloides. Planta 212: 858-863.

Dijksterhuis, J., Veenhuis, M., Harder, W., and dwimng-Hertz, B. 1994.
Nematophagous fungi: physiological aspects andtstre-function relationships.
Adv. Microb. Physiol. 36: 112-143.

Fang, G.-C., Hanau, R. M., and Vaillancourt, L.2D02. TheSOD2 gene, encoding a
manganese-type superoxide dismutase, is up-redutateng conidiogenesis in
the plant-pathogenic funguSollectotrichum graminicola. Fungal Genetics and
Biology 36: 155-165

Flores-Crespo, J., P. Mendoxa de Gives, E. Lieldexmandez, V.M. Vazquez-prats,
M.E. Lopez-Arelano. 2003. The predatory capaboityhree nematophagous
fungi in the control oHahmanchus contortus infective larrae in ovine faeces. J.
Helminthology 77: 297-303.

Hay, F.S., J.H. Nizen, C. Miller, L. Bateson, andRBbertson, 1997. Infestion of
sheep dung by nematophagous fungi and implicatothe control of free-living
stages of gastro-intestinal nematodes. Veterinarggttology 70: 247-254.

Liou, J.Y., and S.S. Tzean. 1992. Stephanocyseamtode-trapping and infecting
propagules. Mycologia 84: 786-790.

Liou, GY., and S.S. Tzean. 1997. Phylogenymahrobotrys and allied nematode
trapping fungi based on rDNA sequences. Mycol8§a876-884.

10



Liou, J.Y., J. Y. Shih and S.S. Tzean. 199&steya, a new genus of nematophagous
fungus from Taiwan, attacking, pinewood nematBdesaphel enchus xylophilus.
Mycological Research 103: 242-248.

Liou, J.Y., GY. Liou and S.S. Tzean. 199®actylella formosana, a new
nematode-trapping fungus from Taiwan. Mycologicat&arch 99: 751-755.

Nordbring-Hertz, B., and Stalhammar-Carlemalm, BI74. Capture of nematodes by
Arthrobotrys oligospora, an electron microscope study. Can. J. Bot. 56:
1297-1307.

Persmark, L., and N. Nordbring-Hertz. 1997. Caalithap formation of
nematode-trapping fungi in soil and soil extraBEMS Microbiology Ecology 22:
313-323.

Rosen, S., M. Kata, Y. Persoon, P. H. Lipniunas\Wkstorm, C.A. M.J.J. Van
Hondel, J.M. van den Brink, L. Rask, L-O. Heden Andunlid 1996.
Molecular characterization of a saline-solubleitefrtom a parsitic fungus
extensive sequence similarities between fungahe&ur. J. Brochem 23:
822-829.

Tikhnov, V. E., L. V. Lopez-Llorca, J. Salinas addB. Jansson. 2002. Purification
and characterization of chitinases from the nentaeigpus gungverticillium
chlamydosporium andV. suchlasporium, Fungal Genetics and Biology 35: 67-78.

Tsai, P.J., Jenn Ju, and T.H. Chen. 2002. CloofirgCa2+/ calmoduln-dependent
protein kinase from the filamentous funghrshrobotrys dectyloides. FEMS
Microbiology letters 212: 7-13.

Tunlid, A., J. Ahman and R.P. Oliver. 1999. Tramsfation of the
nematode-trapping fungus Arthrobotrys ologospoEMB Microbiology Letters.
173: 111-116.

Tunlid, A., S. Rosen, E. Bo and L. Rask. 1994. ifféation and characterization of
on extracellular serine protease from the nemat@igping fungus Arthrobotrys
oligospora. Microbiology 140: 1687-1895.

Tunid, A., Johansson, T., and Nordbring-Hertz, B91. Surface polymers of the
nematode-trapping funguérthrobotrys oligospora. J. Gen. Microbiol 137:
1231-1240.

Tzean, S. S., and Estey, R. H. 1979. Transmisslectiren microscopy of fungal

11



nematode-trapping devices. Can. J. Plant Sci. §8:7B5.

Tzean, S.S., J.S. Liou, G.S. Liou, and Yuan, ®@B71 Atlas of Nematophogous
Fungi from Taiwan. Food Industry Rsearch & Revelepirinstitute Mycological
Monograph No. 12. 55pp

Tzean, S.S., and S.S. Tzean. 1993. Nematophogsupinate basidiomycetes fungi.
Phytopathology 83: 1015-1020.

Veenhuis, M., Wijk, C. V., Wyss, U., Nordbring-HerB., and Harder, W. 1989.
Significance of electron dense microbodies in tals of the nematophagous
fungusArthrobotrys oligospora. Antonie Van Leeuwenhoek 56: 251-262.

Zhao, M. G., M. Mo, and K. zhang. 2004. Charaztdion of a neutral serine
protease and its full-length cDNA from the nematt@gping fungus
Arthrobotrys oligespora. Mycolia 96: 16-22.

12



80.00%

70.00%
60.00%
12 50.00%
R 40.00% BTN
M 25 g WN-T
20.00%
10.00%
0.00%
<20 1020 510 =5
E-value
E-value <-20 -10~-20 -5~-10 >-5 KN
T-NT 119 55 81 515 770
NT-T 41 30 23 151 245

Fig.1. T-NT 2. subtracted cDNA library. E-value#icie * ] -

44%

B molecular_function

Ebiological_process

Ocellular_component
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45%

Fig.3. Relative percentage of gene products anedta¢low gene ontology.

ON-T ET-N

Fig.4. Prevalence annotated gene of nematode-trgfpngus Arthrobotrys
musiformis subtracted cDNA library with adhesive tiap minus without adhesive
net trap (T-N) or vice cersa (Nx.T
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Fig 5. Electrophoresis of polymerase chain reacffp@R) amplified DNA products
from lectin, fimbrin,-1,3-glucanase and proteasome Southern blot pediismid
clones by using specific primers, respectively. & 1Kb marker; Lane 1. Lectin
positive control; Lane 2: ddi negative control; Lane 3~7: Fosmid clones
amf02013A10, amf02001J15, amf02001G18, amf020091&2#02003K24; Lane 9:
Proteasome positive control; Lane 10: d@Hnegative control; Lane 11:
amf02019M17; Lane 14: Fimbrin positive control; kab5: ddHO negative control;
Lane 16~22: Fosmid clones amf02009003, amf02017L&1hf02015A10,
amf02004D01, amf02016G22, amf02013B12, amf02019BlLane 23:
B-1,3-glucanase positive control; Lane 24: d@Hnegative control; Lane 25~28:
Fosmid clones amf02002E05, amf02008E05, amf02001HK®&f02007M11.
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Table.1. Annotation of nematode-trapping funguthrobotrys musiformis gene
derived subtracted cDNA library with adhesive maptminus without adhesive net
trap (T-N) or vice cersa (NJT

o Number of genes
Category Characteristitics
N-T T-N
cellular 29 74
Cellular component
extracellular 3 0
binding 29 91
catalytic activity 14 57
chaperone activity 2 0
) motor activity 4 6
molecular function _ o
signal transducer activity 0 1
structural molecule activity 2 5
transcription regulator activity 2 14
transporter activity 9 1
cellular process 9 20
) _ development 6 1
Biological process
physiological process 76 167
regulation of biological process 2 16
Total 187 453
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Table.2. The annotated putative gene of nemat@ghgpitng fungug\rthrobotrys
musiformis with E value less than < -5 derived from subtrdef@NA library (T-NT).

Putative gene

manganese superoxide dismutase precursor

manganese-superoxide dismutase

hypothetical protein

putative reverse transcriptase

isopentenyl-diphosphate delta-isomerase

mannose phospho-dolichol synthase

conserved hypothetical protein

similar to ubiquitin-conjugating enzyme e2-32k

suppressor of the cold-sensitive snrnp biogenestamhbrrl-1; sub2p

unknown

gamma-aminobutyric acid transaminase

ubiquitin conjugating enzyme (ubc-3)

probable proteasome subunit alpha type 2 emb|c#&894]7

rla0_neucr 60s acidic ribosomal protein p00

secretion related gtpase (srgb)

ensangp00000017519

glutamine synthetase

ubiquitin / ribosomal protein s27a - potato (fragme

60s ribosomal protein 115

PlrlrRr| PP

nubm_neucr nadh-ubiquinone oxidoreductase 51 kiolargt) mitochondrial precursor

anthranilate synthase component ii

rs9_podan 40s ribosomal protein s9 (s7)

trimethyllysine dioxygenase

chaperonin containing tcp-1 (58.4 kd) (cct-4)

similar to dead/h (asp-glu-ala-asp/his) box polyjukpl6

unnamed protein product [homo sapiens]

u6 snrna-associated sm-like protein, putative

cg8031-pa

nir_emeni nitrite reductase

muscle protein 684

N N
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Table.3. The partial full-length cDNA of managanseaperoxidese dismutase of
nematode-trapping funguésthrobotrys musiformis.

241

301

361

421

481

CCGGCCTCAACGCGGCGGAGGAGAGCTACGCCAAGGCGCCCTCGCCCAAGGAGCGGATTC
GLNAAEES SYAIKAPSZPIKTEIT RTIL-

TCCTTCAGCCCGCGCTCAAATTCAATGGCGGAGGTCACATCAATCACTCGCTCTTCTGGA
LQPALI KT FNGGGHINHSTLTFWK

AGAACCTTGCGCCCCAGTCGCAGGGTGGCGGCCAGCTCGCTGCGGGTCCCTTCAAAGATG
NLAPQSQGGGOQLAAGTPT FI KD A-

CAGTAGATGCTGACTTCGGCGGTGTCGATGGCTTGAAGAAGAAATTGAACGCGGCGACAG
VDADTFGGVYVDGLI KI KI KTLNAATA:

CTGCCATCCAGGGCTCCGGTTGGGGCTGGCTTGGATACAATCCGACCACTAAAAAGCTTG
AT OQGSGWGWULGYNZPTTIZKI KTL E:
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Table 4. Verification of lectin, fimbrif}-1,3-glucanase and proteasome Southern blot
positive fosmid clones of nematode-trapping fungttrobotrys musiformis by
specific primers using polymerase chain reactid®@RR, respectively.

i Putative genes
Fosmid clones

Lectin Fimbrin B-glucanase  Proteasome
amf02013A10 +
amf02001J15 +
amf02001G18 +
amf02009K24 +
amf02003K24 -
amf02009003
amf02017L01
amf02015A10
amf02004D01 -
amf02016G22 -
amf02013B12
amf02019B12
amf02002E05
amf02008E05
amf02001106 -
amf02007M11 +
amf02019M17 -

I+ I+

* +: positive reaction; -: negative reactidnpositive reaction but amplified DNA
size larger than expected.
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G S

1X MOPS running buffer
2 DEPC-treated ddHz20 ﬁ%‘%IOX MOPS running buffer

10X MOPS running buffer
0.2 M MOPS( Sigma)

50 mM Sodium acetatéSigma)
10 mM EDTA (ethylenediamine tetraacetic agid( Sigma)
PH7.0 « 3 5% 83 B 5

10% (w/v) Blocking reagent
»5 g =Blocking reagent Roche) - +4c » Buffe
(ifd— ) 250ml - 538 % B FF334C

10 mg/ml RNase A

#2~10 mg RNase A¥ % (BD bioscienceg - i3 **1mlddHO # - & ¥ v

Fok#10 24012 “,% Va7 2DNase @ 2 (6T ¥ @ % & % 330-20C o
20X SSPE

3M NaCl( Sigma)

200 mM NaHPOQ: ( Sigma)

200 mM EDTA( Sigma)

pH 7.4

Buffer |
0.1 M Maleic acid( Sigma)

0.15 M NacCl
pH 7.5

Buffer Il
10 ml 10% blocking
90 ml Buffer |

Buffer 111
100 mM NaOH( Sigma)
10 mM EDTA ]
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0.1% (w/v) SDS (Sodium dodecyl sulfate ( Amersco)

DEPC-treated dd¥D
fie @ 0.1% DEPC(Sigma ) ki3 & &3 8 8 B= 7

Formaldehyde loading buffer
1mM EDTA
50% (v/v) Glycerol (Riedel-de Haén

Formaldehyde loading Dye
1mM EDTA
50% (v/v) Glycerol
0.25%(w/v) Bromophenol blug Sigma)
0.25%(wl/v) Xylene cyanole FR Sigma)

TE Buffer
10 mM Tris-HCI
0.1 mM EDTA
pH 7.8

Solution |:
50 mM Glucos€ Sigma)
25 mM Tris-HCI

10 mM EDTA
pH 8.0 (i® [Fis 15 >4C)

Solution Il :
0.2 M NaOH
1% (w/v) SDS
&R TLFe > #F A NaOH sz § ¢ enCOz @ s % pH & i Flysis »c% % i

Solution Il :
3.0 M Potassium acetateSigma)

11.5 ml Galacical acetic acid
4eddHO z 100 ml

TRR
Kodafix solution( Kodak) : ddHO= 1:3
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Kodak Developef Kodak) : ddHO= 1:2

A solution: acrylamide/bis-acrylamide (30%/0.8%,w/v
B solution: 1.5 M Tris-HCI,

pH8.8
0.4% SDS
C solution: 0.5 M Tris-HCl,
pH 6.8
0.4% SDS
20% (w/v) ammonium persulfate (APS 4+ # 3fe » T R %33 24C+ * &% 5 X )
10x PAGE running buffer: 30.3g Tris-base
144 g Glycine
10g SDS
Add ddHO to 1
L
5x sample buffer:
0.5M Tris-HCI (pH6.8) 2.5 ml

B-mercaptoethanol 1ml
Glycerol5 ml SDS 19
Bromophenol blue 0.005¢g
Add ddHO to 10 ml
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