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Studies on correlation between cellulase activity of
Bursaphelenchus mucronatus and its pathogenicity

XUE Meijing”, LI Ying", ZHANG Jing, GAO Zewen, WU Wentao, WANG Yang" , YU Shengfu
College of Plant Protection , Yunnan Agriculture University, Kunming, Yunnan 650201, China

Abstract: [ Aim] To study whether Bursaphelenchus mucronatus secretes cellulase and whether this cellulase is related to its patho-

genicity is not clear. [ Method] We measured the cellulase activity of the protein extraction and secretion of two pathogenic species,

B. mucronatus and B. xylophilus, and compared the differences in the isoforms of cellulose isozymes between the populations. [ Re-

sult] Both the protein extraction and secretion of B. mucronatus contained cellulase. And there were some relativity between the cel-

lulose activity and the pathogenicity of B. mucronatus,the stronger the pathogenicity, the stronger the cellulase activity. [ Conclu-

sion] Cellulase activity is an important reason for the difference in pathogenicity between different populations of B. mucronatus,

which is of great significance for comprehensive understanding of the pathogenic mechanism of pine wilt disease.
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SO0 MRS YA B VNN UES €7 BT 95 RNk ST /A v 2
HU, 75 23 B RIS A8 bR DX A B T UL A 2k
e HE IR ES AL AR (FFE,
2005) o {HIURABE e R B0 71 55 TR 2 i 212
— ) E RS R, RS A e HURT
FAE R BOR PE 22 5, 0 T4 A U AR 2k U2 35
P B HL A B3 S

5 HOGT R 1 B0 1 S R BAE 2 AT —
TR M AER Y N BN 5 AR P i HLA 15
TR GE B TR ACRE ) A0 R Y T R A )
PR A A A O 2k R TE IR 2 I P BiA
AR OB R SCHE N R, A0 B o B
WK E A, TR — Bk B A 1, 045 T
TK AR (21 4 28 B R B | A 1 AR B R i
) o BEHOAN AN HUR I EZEEOR A 7,
HAES SRR A M AE T B S e RSP
IR, FEAAGZEAET (R = M, 2018) . X
ST A Ao 21 VRS TR AN (] 95 A I B AN () £ iR
Hh 5 22 03], 6 AR A0 L R P ) B e A A
LA R T4 B ELE 58 30 (Davis et al.,2000;
Hussey,1989) , ZF 425 Mg 2 A7 73 fiff 21 4k 25 11 g
RERCIPART 1Y) 40 B | A A AR PN P K 0 TC VAR i
M EAR AL T (135, 2016) , A BEFEUEW],
2 HURLIE R 3 W5 14 2T 2 3R T AE AR 45 2 U 4 42
HAgR AFNE S IR SRR b T O A
(Chen et al.,2005; Davis et al.,2004; Vanholme et

al. ,2004) , FARFEE BB TS HUAR S W £F
A Z WG PEA OE (Kojima et al. ,1994) , FEAT A F1
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PR | 2T 24 22 Wi 0 MU

PRS2t TS0 IR LT 4 g , LA S 27 4k K il
S5HEUE W R GHXESMARERE, EARE
HHLLRA A 28 U 3545 22 FE I R T A B 28 L (AR 1
28 HORBLRA b1 22 HUI B0 7 5 b 2 R 3ok 4% B
B 2 AT SR A B ZR (I, 2013 ), 3t A] 32
FEOAUIAA A4 £ OB g 25 53 02 ol HoAth PR i
S I, AR SCFE RSO A £t b B S0 0 2 17
FERH L, LARARA LR g %o BE G ELAT A ) 809 1 40
B A LR HORRE AT 2 2 28 B M D0, DA kg UL
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X5 A 4 AEA AR R EOR IR IS HET N YLX ( 5 F
FPE) >CY (SR 52BH) >YES (= rg ik 1) >YSL( =
MAM)SYLP (= F % ) >YIC( = FIL)I) >YXP
(= EBF) (ZPH,2005) o
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Table 1 Tested nematodes and sources

{5 Codes i Nematode species

SR Sources 77 Hosts

YJC B. mucronatus
YXP B. mucronatus
YES B. mucronatus
YLP B. mucronatus
YLX B. mucronatus
YSL B. mucronatus
GY B. mucronatus
YWD B. xylophilus

B L)1 Jiangchuan, Yunnan
Z B F Xinping, Yunnan
Z~H %111 Eshan, Yunnan
= % F Luoping, Yunnan
YUY Luxi, Yunnan

Z B A K Shilin, Yunnan
FeM 52 FH Guiyang, Guizhou
Z HWiN] Wanding, Yunnan

Pinus yunanensis
P. yunanensis
P. yunanensis
P. armandii

P. yunanensis
P. yunanensis
P. massoniana

P. kesiya var. langbianensis

1.2 % MR E B RER R 2 i & i &
W 1 b 8 DAL AL S MR AR
MM EA (1997) 19 J5 V5 TE K i % 461 Botrytis cinera
Pers. F P RUAH , Wl e AR H R b sk, )i
VRAF I 10° SRR BUSTRIR, B T MO TR MK 77 5%
H1,25 CHEFR 5 h e, F MO WA B I B vl 3 4K

A 2R BURIF R 2 6. — OV 2 mL (9
OEH L IIA 1T mL MO AR 37, LA -80 °C UKAH
HRLE AR EE S b SR R TR T8 7 h
Ry, /4 0.01 mol - L' pH7.2 HIREIR $h 2%
MW (55 0.15 mol - L™ GALAEN) R B LA, 2
FWAE 12000 1+ min~' T EL 15 min, FIHR RN
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PR . PN BE L 2T 4 SR 1 5 B M R - 183 -

BRI ; 55— R R B IR 1 mL M9
WA TR, BT 35 9% 48 h J57E 12000 r -
min~' N B 15 min, PR BN, Bk dk
B PR BUR AT IR A T -20 CUKAEN & H .
1.3 HFHEZEFENE
131 ZHBRBERLSBRDEHEERESEN T

FH A3 66 BE T S P A 28 He B A8L b b £ o 4
YB3 WA VR AE I 1 280 nm &b 1 6 %5 B (8, MR 48
2 A M A o fih 2 o e o 7 B 2 (7 2, i
BAS & F Bihn i th 4 5
1.3.2 Y #hEhh R A E LB EYLE  KIE Ma-
teos et al. (1992) [ 7735 0.2% 092 H FL 47 4 R
(CMC) 1% P IERE FIBERR EE 2% thR 6l K29 7 mm
JEER R REMR , 15 S AR H1 S R AT FL BT BLAR M 9
mm [ 5 AL, -G 5 F2 007 I A K [R) 28 (R )
PEIOR AT BY 1000 5% 3% HL, 8 ) WAl A 28 C
TG ORI RN 48 b G SRR, T 0.19% ISR
21.(80% A L BEFE 1) %2 €2 6 min, F 1 mol + L™ A&
FEARTEEYE 30 min, A8 FLAS &= B K/, BB 512
FEA, W% B L 27 41 25 43 ff ik ) ks, BV &F 4k 35 i
TEPE R (TR TR 5 ,2004) .
1.3.3  DNS Zll & 4 4 Z B iE e ARG R XM 55
(2004) W75, LA 1% 52 H L 21 4 2 AR IR P 2
I B-1,4- I R WERG ( Cx i) B9GP, IS 35 F Ay
R 2% Pk (pH {8 5.6,0.2 mol - L7) B i, B I i&
JEY 0.2 mL & 0.01 mL JE4), 7E 45 C AR
1 hJ&, A DNS &5 0.2 mL, 57 BRI 7E ik 7K v
85 min, JLKEH, HBEEAE 2.5 mL, T 490
nm AL D {E, AN PR E AT 3 Uk, AR s R
PASEES 254 B AR (55) (A2 B[R] (min)
PR S5 7 A 1 ) ik OB (A 4 W) i (mg) 157 Cx
Filg 5 B . Cx = R ZHE 5 2 (mg) /2 HUEE (5% ) <IN
] (h) .
14 HEZEHBRITIESH

G LA e o e ) R R T AR IO A
W45 100 25 A% A R4l Ao iy R B B O, SR
IRV IO g 45 ¢ T B AR P PR IR AT 41 4 R [R) Tl
Mr (5% FRIZ I, 43 B 10% , & 0.29% $2 H 3k 21 4
%) (Rosso et al.,1999) , HLUKHIFLZ LR 80 V
BRI 150 V, SRJE R IECA 30 C 1A
PRIRIE 7 h, FEH 0.19% R RIRLT (2588 FoK e i)
e, 30 min(FAYLIERIG EH ,1995) , 55 H 1 mol

- LA B ER R (5 208 Y HA
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21 ZHHERER.SDEFERHEENE
BE ¥ 8% & Rz

FE RIS HR 1A 2 L B LR A 2 e IR R
PEEUR 20 WA A 1000 2% 28 Ha A 5 J8) Bl ks 81 i
R N7 375 BH L, LA R IR 2 (&
1), 28 2 Pl e A AER & A7 21 2 R W IF: 1l (R S0 53
Wh. W BN, BB £k L AR R LR O 4T I )
FAARE A S T B0 19 35 T B b AUIAS A £ S 43 38 40 11
BB K, HEAG 3 22 5, UL W A [R] B A R
FARAERE HU (YWD ) HUPRER 1145 ORI 53 D6 1 £F
AER PG VER T Z R 7 DA RIECwE R4
PAMA LR e e (A HE P BRI | 431 0 ) R T AL o 3
(14325 B VBl R /Nt A7 A 22 5, TRV B0I6 01 e i i 1)
YLX F 9375 WY B i 25K T LA AP A S s A e
o 1 B 55 YXP R A s TR /N (3R 2) .
22 ZHAHAEARINA.SDYALEEREENE
# DNS ;£ EENE

HUAH [V 2 P 5 2 2 14 2 o AR R 1 R O
WA 2 %R H R 4R e R 0 U0 T 1, A5 SR I 2
FiR, WAPFER SR FEE YWD () B R (4R UK 2
WA I 2T 2 3R T A 340 328 R X L T 4 LA
A2 HURRE s - 40UPA A 2 U RS 1) 21 24 2R i 0% 1 22
SRR, T ARSI L AR AR SR AR O T AF
Y 3R I 5 P 1 5 559 U KR YLX > GY > YES >
YSL>YLP>YJC>YXP | Ho Eom v fe it 1 2 A0
MR IFPRE YLX FREERT GY FhEELE LA BF 26 R
FEIU H o iR 1) 2T 2 S 1, BUW 1 B 5 YXP
TR 2T 24 22 TG 1k A 551
23 HEEMETIESN

FARE 4% HL (YWD) FHLAA #1268 HL (GY | YLX,
YXP) HUPRER PR B 53 10 Y 1) T 4 2% T ] 1)
HLUKZE SR Bon 2 Pk A 3 S0 B R TA 135
7 C1,C2 Al C3, HoAf Py [R] T 78—, 17 o ] DU
B 25 AL HUR) C2 1547 58 T A AT 42 il
(B 3) . WASIR] H A5 0 25 4k 25 () TG 20 B ok 3R, #
A4 HORIBIA 4 2 HL %) s H N &)y ) 35 2 30—
EATER (] 3B) , 2B 2 FhLk 4T 4k Z L 1
FIRTCBBLVE 2 57 AR LR B AL R R 38 25 AR
b .



- 184 - W E 244 Journal of Biosafety 528 &

|

B =l D
1 IRREY AR ME L R HEREE N

Fig.1 Determination of nematode cellulase activity by means of agar diffusion
A B A[FIZE B E SR (AR B , JErR AL B1 W KB H AN IR, A2 A3 A4 A5 B2, B3.B4 Fil BS 43N YES YWD YLX .GY.YIC,
YLP YXP FI YSL FiE; C D N RIZ S RES- B4, Ko C4 D4 S IRAIATIX R C1.C2.C3.C5.D1.D2.D3 D5 435124 YES YSL,
YWD YJC.YLX YLP YXP Fl YSL R E F: AR RIZ A 1000 2536 B, Horh E5 (F5 A 00 B,
El .E2 E3 E4 F1 .F2.F3 fil F4 5324 YXP YES YWD ,YJC.YLP YLX YSL #l GY #i#if,

A, B: Worm protein extracts of different nematode populations, in which Al, Bl are B. cinerea controls, A2, A3, A4, AS, B2, B3, B4 and B5
are YES, YWD, YLX, GY, YJC, YLP, YXP and YSL populations; C, D: Secretions of different nematode populations, in which C4, D4
are B. cinerea control, C1, C2, C3, C5, D1, D2, D3, DS are YES, YSL, YWD, YJC, YLX, YLP, YXP and YSL populations;

E, F. Different nematode populations of 1000 live nematodes, in which ES, F5 are B. cinerea controls, E1, E2, E3,

E4, F1, F2, F3 and F4 are YXP, YES, YWD, YJC, YLP, YLX, YSL and GY populations.

&2 IRBENEYHUR BN AN B B 1 Lk BB S B A i A B K/

Table 2 Determination of the transparent circle size of agarose diffusion reaction on different pathogenic nematode populations

2 th Rk i#EWE B 42 Diameter of the transparent circle/cm

Nematode populations AB Cc.D E.F
X R Control 0.00 0.00 0.00
YWD 2.87+0.06a 2.30+0.10a 2.70+0.10a
YLX 2.60+0.10b 2.07+0.06b 2.33+0.15b
GY 2.37+0.06¢cd 2.00+0.10bc 2.17+0.06¢d
YES 2.53+0.06bc 1.70+0.10e 2.23+0.06bc
YIJC 2.20+0.10d 1.77+0.06de 2.03+0.06de
YLP 2.27+0.25d 1.90+0.10cd 2.07+0.06d
YSL 2.40+0.10bed 1.93+0.12bc 2.30+0.10be
YXP 1.90+0.10e 1.67+0.06e 1.90+0.10e

[AF B CEE bR DR ) JEAR R NE FREE FORTE 5%KF 1225 B3 . A B AR R SUA S FHHR Y C D AR 4 e f e
SIS E F AN HURIRE 1000 4507 He
The data (means+SD) in the same column with the different letters indicate significant differences at 5% level. A, B; Worm protein extracts of

different nematode populations; C, D: Secretions of different nematode populations; E, F. Different nematode populations of 1000 live nematodes.

3 it S FHTIARS 1_F 3R 4 T G AR B 28 o3 A ) 4 b 3
AN A 85 2 15T, Odani et al. (1985) & 4 Py BERS T EONA 7 A AL IR 35 25 0 B IR 5 Koji-
SEMHAAEER th ] D ST e 2 S0 i b s maet al. (1994) s % BN B2k 5 B PR R B 2T

PR B AR AR e R e g RO E LS SOREE R M. #RE L
GEUES: M RSN S T DL gy SETPRACRITUBIEI )y HECR IR L
B LA B R R R i ey 2 IORETR RS, RS 5 RS
FU ST 1997) s FEHLHLR 1 VE Sk % 46 (2005 ) 4y AT RETAR SR ML AULRA b 2t B0 2 7 ) £ 1
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TR IR E D25 (1995 ) H 4T 4E 2R ) Bk
TR T T 1) 7 RGN, 25 SRR B A A 4
HURE LY Z T, IF 0 RSN 53 W 5 $UFA b4 28 AN 55
LR YE R, HAS AR A 53 00 , BRI TA Sk T AR A6
2 2 RGP 0 7 18 DX 20 B b 4 R RTINS A 2
L, TTEKAT A (2006 ) XA AL HL A3 WA 1Y) £F 2 2R il
BT T sy alifl, Il 4 T HAR S P E AT e
PE 2T IR I 2T 2 2 I A 7 RN R B R AR T A
g FURAT 20 A £ 4 3R B RE 5 M BT LA b1
2 A AFAE— B A8 X, Hoe S i 5 ik — 25
UESE

AR SCE A X FUURA B 2 L 1) A R AR Y

~ 0.16 A

< 014 -
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HEREEEE

Cellulase activity/ (mg
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WABFN 1000 251 HL A% 21 4t 3R g B AR 97 1 s 9, ik
SAUAMF LR HORUR N Zrh & 2R 4R R g, T L
[ (A3 5 TR IR, JEUAA B £ He AR 2 1 48 3B A
Or AR £T Ak ZX W DNS 3% E R E B BRI
FAER B £ HE R MR RS SO PE R BLIEARSCE R
BRIV P8 5 1) SDUR B 2k R R L 2T 2 2 I 1
LB PR T LA S e A 2 L — B, 27 R
WEH T LR EOR S e, il IR E LT
i 2R R AN B 2R HURIDUAN B 2 e 32 2 5 BO A 5
BB, 2 S EUN 35

m HAAERBUKE Extrations
B K4 WAV Secretions

A

YIC GY YS

YWD YLX YES

L YLP YXP

B FE Nematode population
B 2 DNS EilEL B RERNR . iR E R TEEE
Fig.2 Determination of cellulase activity in nematode extractions and secretions by DNS
YWD YLX.YES YJC GY YSL,YLP Fl YXP 435|378 5 WEHT 5 w3 9 04 = w11 = )1 ST 52 R
ZE AN 2 F P TRz BT I 2 R S
YWD, YLX, YES, YJC, GY, YSL, YLP, and YXP represent the nematode collection sites in Yunnan Wanding, Yunnan Luxi, Yunnan Eshan,

Yunnan Jiangchuan, Guizhou Guiyang, Yunnan Shilin, Yunnan Luoping and Yunnan Xinping.

1 2 3 45 6 7 8 910 1 2

N Pl
e 0P

’ BT #

by - 5 4

A

3456 7 8 910

s _ C2—

—C3—

B C D

B3 kR RINAFTL T4 R EE TEgR K
Fig.3 Electrophoresis of cellulase isoenzymes of B. xylophilus and B. mucronatus
AR [RI R SRR s R B AR GRS MA R DK P, FE T 1~10 43500 YWD $2I08 YWD I GY $2IURK . GY I YLX 3 WA |
YLX SR YXP SR YXP 30 A6 518K s B AR S s bk %, b 1~10 435105 YWD LR YWD 4l |
GY BUE \GY Z#L YLX JH YLX G f YXP 8 YXP 45 SRR 800K 5 C A2 BT 24 3R [R] T i Pl ok
Pl 7R T 1L 5 D« JVPA S 4 T 2T 4 3% () T i e Dk P s

A Electrophoretogram of the protein extraction and secretion of different nematode populations, 1 to 10 of which are YWD extractions, YWD secretions

GY extractions, GY secretions, YLX extractions, YLX secretions, YXP extractions, YXP secretions, B.cinerea, distilled water;

B: Electrophoretogram of different nematode stages, 1 to 10 of which are YWD adults, YWD larvae, GY adults, GY larvae,
YLX adults, YLX larvae, YXP adults, YXP larvae, B. cinerea, distilled water; C: Electrophoretogram of

cellulose isoenzymes of B. xylophilus; D: Electrophoretogram of cellulose isoenzymes of B. mucronatus.
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DL 1 N TEPE B N VD-B- 1, 4- 71 SR I, ELAH G SE [
B 259 3] 3 B F 5 [ (Smant et al. ,1998; Wang et
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