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Effect of chitinases produced by Pochonia chlamydosporia on
egg-hatching of Meloidogyne incognita

ZHANG Cheng-min, WU Xia, CAI Xiu-hua

(College of Agronomy and Plant Protection, Qingdao Agricultural University, Qingdao 266109, Shandong)

Abstract: [Objective] Chitinases produced by egg-parasitic fungus Pochonia chlamydosporia have been suggested to play an
important role in digestion of root knot and cyst nematode eggshells. The egg-parasitic fungi with chitinase activity is one of the most
important biochemical characters in suppression of egg hatching, and can be used for evaluation of the biocontrol potential of those
fungi. [Method] The chitinolytic systems and exochitinase produced by 7 isolates of P. chlamydosporia were measured by means
of NAG(N-acetyglucosamine) and pNP(p-nitrophenol) respectively. [Result] The results showed that all the isolates hade different
levels of exochitinase activity, however only the isolates QNAV97-2, NRRL13094, CFCC84964 and CFCC80919 had activity of
chitinolytic systems. On SDS-PAGE analysis with 0.01% glycol chitin, two and four protein bands with chitinase activity were
detected, the chitinases of 38.9kDa and 39.8kDa produced by CFCC80964 and QNAV97-2 were believed to be the CHI43 purified in
early studies. Inhibitory rates to egg hatching of Meloidogyne incognita by 4 isolates with chitinolytic activity were ranged from
40.32% to 55.15%, however, those by 3 isolates without chitinolytic activity were lower than 20%. Microscopy observations
demonstrated that the eggshells of M. incognita was deformed and destroyed in the treatment of culture filtrates from P.
chlamydosporia. [Conclusion] Tt is concluded that the chitinases produced by P. chlamydosporia causes lysis of the eggshell of M.
incognita, especially immature eggs at early embryonic development stage, and result in egg hatching inhibition and/or egg kill. The
digestion of the eggshell by chitinase activity plays an important role in the control of M. incognita. Difference in chitinase activity
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levels produced by P. chlamydosporia may result in their difference in nematicidal activity to nematodes.

Key words: Pochonia chlamydosporia; Meloidogyne incognita; chitinases; egg-hatching
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Fig. 1 Chitinolytic activity in culture filtrates from 4 isolates

of Pochonia chlamydosporia
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Fig. 2 Exochitinase activity in culture filtrates from 4 isolates

of Pochonia chlamydosporia

2.3 LT REGTEMEE

KT 0.01%M 540 JL T ik R 1f) SDS-PAGE
VKT G RN 4 b JREYE AT JE B AR LT R A
By ARG, RS ER)LT R TR (E 3D .
CFCC84964 11 4 45 LT Il 15415, 4>+ il A
17, 19.1, 22.9 11 26.3 kD; CFCC80919 47 2 4 JL | J%
WG Ve Ay, R 27.5 Al 389 kD
QNAV97-2 11 2 %)L T gt afy, o= anlh
39.8 F1150.1 kD; NRRLI13094 45 2 4L 1 ol v 1%
W, S RN 81.3 Al 97.7kD.
2.4 LT REGXT RS A AR5 2k B IR E 4L HD

V4 PR IE 25 JE 0 R LT R A I 12k o U 341
(IR FE DRI AR 45 4kt N B A T 28°C T Ry g%, Ml
TE 4 TR ARAS [RIA JE RE TR D8RO0 HR 45 28 e 9R i A0 f4
HIVER, 4 AR IR IO HIR 25 2 K 1 5 57 AL A 1)
i o () PR 0 T 3 o R — PR RS SR VERAE 5%
10%- 15%- 20%F1 25%FBEEEALFETN, 76 15%.
20%H1 25% K5 FRUEARREIR LR, 7 d ORI Ak A %

38.9 kD

A: QNAV97-2; B: NRRL13094; C: CFCC84964; D: CFCC80919

3 AMEBEELHRIE/LT REEERE LTI
Fig. 3 Analysis of chitinase activity from 4 isolates of Pochonia

chlamydosporia using native polyacrylamide gels
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Fig. 4 Effects of the culture filtrates of 4 isolates from

Pochonia chlamydosporia at the concentration of 25%

on the hatching of eggs of Meloidogyne incognita
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A3, B3: M.incognita eggs on the seventh day. The scale bar is 100 pm
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Fig. 5 Effects of the culture filtrates of 2 isolates from Pochonia

chlamydosporia on development of Meloidogyne

incognita eggs

T AR AN 2y AR

JELTE A EF JE P RN AR 45 4k R RS BT A AN RN
VER 5 X2 FE RO A A . T A & AR SRRt
P22 AR B U, A 4 d sl B B4, 2 8 4 HL v o
ANFGWAR Y, T He5 B 75 2L DR TH R 45 48 R VTR 5
SR 2R T PR g5 A DR, Ay AR R A 1
JU T ORI R BT R 45 2 e O 5 Y e FE AR
T [ At A L A T R A DR e B R AL T R,
S8 5N e 0 2B N AT . £ I O ST A HC AR 1 4
TUEEMR G A BRI =0 h LT T R B 1
(1) B 7 AF B B0 AR 45 4 e BN A AR B AL A B A EK
(A= i U

Tikhonov 251135 B PG BT 4 5 4 I W7 K 45 o 9
Zk it (Heterodera avenae) B[] /54 ¥4y JE WU B kK,
IR R AR LT B AR R R T M e IR AE 18~
20 d, JUT 4B e LA 25 d, SREURIAl
e 1 Bk 43 kD )L T R . AT ST B
E /R Y IR R T
QNAV97-2 (24 d) . CFCC84964 (24 d) 1 NRRL13094
(28 d) X QNAVI7-2 LT b I 55 28 Tk 2 iy g,
g B 5 Tikhonov 2 AW R &G E R AW S .
CFCC80919 JL T J Al R G P myle (12 d) HHIL A
T HAh 3 ANE &R CFCC84964 . NRRL13094 il
CFCC80919 JL'T Btah Il i Itk s b 73 sl HHIRAE 64 6
Al 14 d, W] 55T Tikhonov 2RI (145 5 . P ix L
TR 2R [R5 RSB0 B 7 W 45 2t O B AL 1) 2 SR 0
FERIRFRLE, 1B B R AL T AR Bl R SIS
P v 0 LD BT 15 O A 00 1 2 R B SRR
FHOGHE: i AR LT BEREE ) 3 AN bk 22 57
A 5

JU T Jot B 35 P B €4 4 B, CFCCR0919 Al
QNAV97-2 43l 7= A= 1) 38.9 1 39.8 kD JL T S
WA B Anaifb it CHI43 JLT J5ilf. Tikhonov 4!
TR ) JEHE Ay Je W = AR CHI43 JLTT i (43
kD) &4l A KA S o i AT S Y,
SRR T A S P, RS H —EMmZE.
LB A R LT Bl ARt e e R, A Tk —
ST ARISN & JLT B o 7 i I T —
Lo AT, WTREE TR IR A TSR,
CFCC84964 LIRS AT AN LT ol .

4 i

FEAERT S, AR B R AN ) 17 2R B i VA4




3514 th & L BE O 0%

P05 2 5, BT AN AT R P T 3 R T (R 5 R IR
FEAAEE . BRI R A ), R
B SR T 2 WA LT 5 35 7K T g 6 i S i 2 2
(H. schachtii) 800 M aE A5,

ARWFI LG L], JE L 7 W R AL
TR e Y AR S R R A R R O, R
RRT AR B WY (5 1 WahHD i BE iR Ak B R AR
oy, AAEZF AN R A iR EIL T
SR O R 445 £ e v 2 A I TR PR 1) S R bR 2

o

i s 20 S AT I WD % e PN IR o RN 28
RO 2k N K HOR R R ], P RO LT
JoRIE I) O 2 T 4 AR 5 e R T 1) TR, A
TR 902 7 R S PR M

References

(11 ¥b 64, BE, O2EE, BT, RIHE, B3R, Ea2 ¥

R Sl BT GEUEONS T 7T ARG LR KIS EA . AR A% TR AR,
2007, 8(3): 340-342.
Shen D, Li X X, Feng L X, Wang H P, Song J P, Yang C R, Gong H Z.
Evaluation of on resistance of cucurbitaceae germplasm resources to
root-knot nematode. Journal of Plant Genetic Resources, 2007, 8(3):
340-342. (in Chinese)

[2] EiEdg, BEF, EHBL §1 %, Maria Lodovica Gullino. Hiii4h

S Rl A M AR A R RN . B 2R, 2007, 34(5):
1305-1308.
Dong D F, Cao Z P, Wang X H, Hu J, Maria Lodovica Gullino. Effect
of nematode resistant rootstocks on growth characteristics and yields
of tomato. Acta Horticulturae Sinica, 2007, 34(5): 1305-1308. (in
Chinese)

31 #/NWL 4R B, T O, SKIBEHE. N T A R TT AR & Lk gk
R4 52 SUPY. TE 2249, 2008, 35(10): 1461-1466.

Xu X M, Xu K, Yu Q, Zhang X Y. Screening and evaluation of
eggplant rootstock for resistance to Meloidogyne incognita. Acta
Horticulturae Sinica, 2008, 35(10): 1461-1466. (in Chinese)

[4] Esmenjaud D, Voisin R, Van Ghelder C, Bosselut N, Lafargue B, Di
Vito M, Dirlewanger E, Poéssel J L, Kleinhentz M. Genetic dissection
of resistance to root-knot nematodes Meloidogyne spp. in plum, peach,
almond, and apricot from various segregating interspecific Prunus
progenies. Tree Genetics & Genomes, 2009, 5: 279-289.

[5] Dube B, Smart G C. Biological control of Meloidogyne incognita by
Paecilomyces lilacinus and Pasteuria penetrans. Journal of

Nematology, 1987, 19(2): 222-227.

[6] Jatala P. Biological control of plant parasitic nematodes. Annual
Review of Phytopathology, 1986, 24: 453-489.

[71 Kerry B R. An assessment of progress toward microbial control of
plant parasitic nematode. Journal of Nematology, 1990, 22(4S):
621-631.

[8] Atkins S D, Hidalgo-Diaz L, Kalisz H, Mauchline T H, Hirsch P R,
Kerry B R. Development of a new management strategy for the
control of root-knot nematodes(Meloidogyne spp) in organic vegetable
production. Pest Management Science, 2003, 59: 183-189.

[91 Morton C O, Hirsch P R, Kerry B R. Infection of plant-parasitic
nematodes by nematophagous fungi-a review of the application of
molecular biology to understand infection process and to improve
biological control. Nematology, 2004, 6(2): 161-170.

[10] Stirling G R. Biological control of plant parasitic nematodes: progress,
problems and prospects. Wallingford: CABI, 1991: 106-108.

[11] Gams W A. Contribution to the knowledge of nematophagous species
of Verticillium. Netherlands Journal of Plant Pathology, 1988, 94:
123-148.

[12] Zare R, Gams W, Evans H C. A revision of Verticillium section
Prostrata. V. The genus Pochonia, with notes on Rotiferophthora.
Nova Hedwigia, 2001, 73: 51-86.

[13] Irving F, Kerry B R. Variation between strains of the nematophagous
fungus Verticillium chlamydosporium Goddard, II. factors affecting
parasitism of cyst nematode eggs. Nematologica, 1986, 32: 474-485.

[14] Wharton D A. Nematode egg-shells. Parasitology, 1980, 81: 447-463.

[15] Tikhonov V E, Lopez-Llorca L V, Salinas J, Jansson H B. Purification
and characterization chitinases from the Nematophagous fungi
Verticillium chlamydosporium and V. suchlasporium. Fungal Genetics
and Biology, 2002, 35: 67-78.

[16] Khan A, Williams K, Molloy M P, Nevalainen H. Purification and
characterization of a serine protease and chitinases from Paecilomyces
lilacinus and detection of chitinase activity on 2D gels. Protein
Expression & Purification, 2003, 32: 210-220.

[17] Lopez-Llorca L V, Duncan G H. Effects of fungal parasites on cereal
cyst nematodes (Heterodera avenae Woll. ) from naturally infested
soil-a scanning electron microscopy study. Canadian Journal of
Microbiology, 1991, 37: 218-225.

[18] Dackman C, Chet I, Nordbring-Hertz B. Fungal parasitism of the cyst
nematode Heterodera schachtii: Infection and enzymatic activity.
FEMS Microbiology Letters, 1989, 62: 201-208.

[19] Trudel J, Asselin A. Detection of chitinase activity after
polyacrylaimide gel electrophoresis. Analytical Biochemistry, 1989,

178: 362-366.



10 341 kRS JE4E 1 %5 JE W4 Pochonia chlamydosporia 742 i LT i X B 5 R 25 4 01 57 A P 2 T 3515

[20] Guthrie J L, Khalif S, Castle A J. An improved method for detection Phytopathology, 1998, 88(5): 465-471.
and quantification of chitinase activities. Canadian Journal of [24] Sorribas F J, Ornat C, Galeano M, Lucas S V. Evaluation of a native
Microbiology, 2005, 51: 491-495. and introduced isolate of Pochonia chlamydosporia against
[21] Zou X H, Nonogaki H, Welbaum G E. A gel diffusion assay for Meloidogyne javanica. Biocontrol Science and Technology, 2003,
visualization and quantification of chitinase activity. Molecular 13(8): 707-714.
Biotechnology, 2002, 22: 19-23. [25] Meyer S L F, Massoud S I, Chitwood D J, Robert D P. Evaluation of
[22] Cayrol J C, Djian C, Pijarowski L. Study of the nematocidal properties Trichoderma virens and Burkholderia cepacia for antagonistic activity
of the culture filtrate of the nematophagous fungus Paecilomyces against root-knot nematode, Meloidogyne incognita. Nematology,
lilacinus. Revue Nématology, 1989, 12(4): 331-336. 2000, 2(8): 871-879.

[23] Kim D G, Riggs R G, Correll J C. Isolation, characterization and

distribution of a biocontrol fungus from cysts of Heterodera glycines. (GefEomsE S, &= #D

(LAl =4 )

LA 24 ) —— A SO0 T, 98 E CAB U PEBGRIA T, b ERNES S8R e (CSCD) W T,
T E B AZ O B E AT OB PGS FIIPIRAT SRR RS, (LR 2007 4EHLK
MRk 2ik 2668 A, S ATAE 10 ASE SR, AN NBEE 73 ATAE 22 AN ZORBIX . 534 2008 4F H [ 22 AR T €545 5 IR
JEHAS, LA ZAR) 5 AEEma A E] 0.770, AbTLRGILEA 0.93. T Hr VLA HEE 4 B SN TSI 7], 3k
A [EF5 AN T AL AS 075 3 T2

EHARH T, K16 A, HEEOMRAL, &R H 25 HHR. ERSTEMm 8.00 i, 44 6 1148.00 i, TR S
I <A AR AR TIBECAAELT” AT, ) K B A E RN AR IR PSR iS5 1B, Hihik: 300385 R
TR B RS 17 SBESMETT RSB, il (022) 23973378, 23692479; E-mail: LHZD@public.tpt.tj.cn; 7 2LEk
BT H, ol B AT R4S e R ek A B . WAk www.LHZD.com, Xl B, &% “HiI 87 7. JWir
T E ST G IR .

M. (0571) 86404157 (AT ; 1£E: (0571) 86404055; E-mail: zjnyxb@126.com; http://www.zjnyxb.cn

ke HUMNAHF R 198 SHITA AL RZBE (310021)

TEPERAT: BUMTTRAT B % 23 AL

MK e WL RMERFE B AR R R 5 A5 R BT

312-015301040007606-55



