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FAMF e AU it — P MNP T, R AR REAE " HIRR S, XS RA R
() £ 303 T 5, B IR0 R S FA B & L (Bur saphel enchus xylophilus) , ‘& &t 46 H
Fhe . AR ARVUAER. JE HRNE A3 S5 VF 2 8 S R AL o, R TF
ZEF RN S, EREET R F Y, R T (H2
ke RS 1 59 U B £ Ht (Bursaphelenchus mucronatus) 7 & & F 8l 4
L, MBS EXELLX 3, JEIRARRE gl gy, SRS 2 sk g Ay v i ok 1 4R
KT HE o T A A0 T AR e S R I 3 AR AN R A% G 8 5 7 L LT 5%
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Abstract

Pine wilt disease is one of the most important pine tree diseases, and its causal
agent is Bursaphelenchus xylophilus, which is a great threat to the pine forestry in
many countries such as China Japan, Korea, the US, Canada, Mexico, and Nigeria, etc.
It is one of the most important quarantine organisms, and aso listed on A2 in China,
which lead to imponderable loss every year. However, it is difficult to differentiate
isolates of B. xylophilus from the closely related species Bursaphel enchus mucronatus,
which is not pathogenic to pine trees, especialy the juveniles. It makes the quarantine
and prevention very difficult to carry on. Presently, technologies of detecting B.
xylophilus are merely limited in traditional morphological, serology and PCR
molecular identification. Research in mechanism of pathology is just limited in tissue
pathology. However, few researches in differential proteomics have been reported.
Therefore, it is of great significantly to investigate exact identification and
pathological mechanism of B. xylophilus by utilizing method of differentia
proteomics.

In this study, we extracted the total proteins of the two nematodes, and applied
two-dimensional electrophoresis and mass spectrometry to study the proteomics of the
two nematodes. Through analyzing differential proteomics of the two nematodes, we
found an approach to identify the two nematodes exactly. Furthermore, an advanced
research of thiswill uncover the pathological mechanism of B. xylophilus.

In equal conditions, we extracted the total proteins of the two nematodes, and
applied two-dimensiona electrophoresis to analyze the differences between the two
nematodes. As a result, we have obtained 50 differentiate proteins,25 of which were
from B. xylophilus and others were from B. mucronatus.45 proteins were determined
by matrix-assisted laser desorption/ ionization-time of flight mass spectrometry
(MALDI-TOF-MS),and identified protein database matching (PMF),22 of which were
from B. xylophilus and others were from B. mucronatus. Further analysis of these 45
proteins showed them involved in differentiate metabolism pathway and signal

transduction, including metabolism associated proteins, signal pathway proteins and
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protein synthesis associated proteins. It is supposed that these different proteins
participate in different metabolism pathways and signal transduction pathways, and
these discriminations are related to B. xylophilus' capability to infect while B.
mucronatus low capability to infect. Most of these different proteins are protein
enzymes, which provide evidences to “the theory of enzyme” which consider that it is
enzymes from B. xylophilus cause atrophy of cell wall and cell membrane from
parenchyma cells.

It is shown that, there are something different in metabolism pathways of
carbohydrate and signal transductions pathways between the two nematodes. This
discovering support the point of view that B. xylophilus is the exclusive pathogeny of
pine wilt disease, and “the theory of enzyme”.

Identifying the differentiate proteins between the two nematodes will enable us to
identify the two nematodes rapidly and accurately. Integrating the differentiate
proteins and other data between the two nematodes will assist us to reveal the
virulence of B. xylophilus and search for proteins and genes which is related to pine
wilt disease.

Key words. Bursaphelenchus xylophilus, Bursaphelenchus mucronatus; Differential

proteomics
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1.1 ¥A%¥1 & R A

111 & BEEURS S

AR 2 . (Bursaphelenchus xylophilus) 71 A1 2k i 25 30 2 & —fh &
JESBOR AR R AR MR T, B R AR IR« 20000 7o RAMF e d TSl S KA JE AR
MR RIAD J U TR A Ky A KA T A, 16 T 4™ TR B A2 T A R A
MRRA, I HAT PR ARTET R AL IR SRR L B VA AR R IR A AR
FBAAZHG, et 40 R A-AT R AT K28, 3—5 APt fli oA I RH SBEMR (1) S0 1 9 57
DR A A AR 2 EL93 1D 1) AN S 5 i [ 1 2R 25 224, T HL O Ay 5 Tt 5 22 355 52 5 1)
FHpEz .

3 1 T PR 71 R RSy b ) e R T 52 81t 25 I PR E AL, A 4 g 1) 4 5 [
Rrexn %, fERREE T g0 5. il fa 302 AR, MEANEHL . F A2,
KA B AT A il I o 78 IR B FH AR . A BiEkiA . HA
T A IAMEAEEAEEA . FIA . HATR L bt I BFA M et 7R3
BOLEQ0FIAAM . 2RI RN 2BhTEIHAA R VR A2 b I BIRA K £ s, E BN
FRGRRERRA . AR BRINZRAL . KRR . MRS, 78 3R BN F AL SRFA
TR HERERA . KBRS BRI

FAMF e UL 20 (2 30 “RACUBAESE [ 1h Steiner A1 Buhrer #)iE, EL% 60
SEARKAE H AR AP RG2S 1 1 ATE S iz e A, SR
SR sk, BPGER. A WA RHAWSE A, AR,
INEE AN VG BF = AN SR 52T 1 AR, AE I AR 3 )™ T 16 T
AR, AL dg DR TRARII ST, JUHRH A, MM& o H
OrAm, IR EAR .

Fe [ M 1982 FEAE R R LB KU IX R AL B R B M & dUs, BlfEC
RIEBNTIN WL, 228 WL R, Bifg, &, GV55%H, REEFEE
FAFI LG AN, ARWBEILA RPN EX, 20 Bk 0y Z A R fa ke,
RAECRIEA AL G, . H 1982 E LK, 7 lFESE 6 4 117 M s Al 5V b X (1)
F o ML FARK,  AHZERARY 2000 22 J5HK, 0 FRIE BRAMRTEIR,  H ARSI
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B T E A . HET, AR TEIR WD 2B )T ARSA X,
HIHAR T 135/, #k 2501470, JFHOKHEBW 24 51242 miibk
FE S BN RS2 2 Kt A EIX | 5 B AR SO I8 ™= R i AR S IX
BRI A B

AR HUR ARG, ARERIEAR I R I R T 23 S DUAN B B OAMILIE
W7 b el g 1, &I AE ] R B @FH TR (0, PR 75, A RE
i W0 ¢ B R AR sl Y HUR TR DRI R S s RES A EHmt A sy (. 2535,
AP 38 Y R i s O AR AR D B 1, TR AR T, (AT A
SN b —FeA U 7 O s o DRI B e SR AR el oA, el T e U
(254, AP RIS K,
1.1.2 ¥a#F 2k B SRR s iR

FAM 2 Bt Bursaphelenchus xylophilus J& T2k h47) 1] (Nemathelminthes), £k
H12¥(Nematoda), #7) H (Tylenchida), ¥ 7]} (Aphelenchoididae), 18 7]4k Hi)&
(Bursaphelenchus). #a#42k di i 5. f 36 5 2= Steiner Fil Buhrer T~ 1934 471 3% [H
P8 S W 22 M — AN )R 22 AR A KR (Pinus palustins) [F A 1 2 B 2K, kg A
Aphelenchoides xylophilus. i AR B S AR ZET A . 1970 4 Nickle ¥
HIBAE 4= 7] J& T (Bursaphelenchus Fucsh). 1972 4F Mamiya 25 A\ iF 524k H & 5
TR ZE ISR A IR, I3E 4 Bursaphelenchus ligincolus!®. 1981 4E£¢ Nickle
s NY%5E, #iiA B. ligincolus /& B.xylophilus H 1A X fire M, A4k difty %4
H1 B. ligincolus £ 24 B.xylophilus™ . k%4 2k du A8 3 sk w43 Sy SR A 4 S A 4 301,
FH IR A AR, ELBER NI, 1-4 W4 (31, 2, 33, W) M
e SR I AR B AR ARBR AL R, A48 4l Bl e s, HA K
=8 ) B (L) DU 8 2 U (L) PR TE A SRR AE B A AL B AR T HE A i, JFR
DURFBRDIRE o SR BT, B A Py e ORI a2 1) 0z v e (1 Ik 1 B2 FSORY =8 %))
UG LA B G, AR NS, AR 2RIRANI, Rl AT T
YLEeS), WREPT TIRAMIRSF A RINEE, AL dUrRIRE B Lulid B2 )5 B
J o DY gl R, R FR Ol deverlarvae(DL), HIRFAMESNIR. Ly BA4EiHARL
R, BRABUBEE SN, B HE, fiERA, syl N SRR R M AT
W5 DA R AE R 78 2 R PR R . Lo BRI BT, 36 T B R A4,
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TEMD S i, & T B AL £ 18 0 A B8 1 20 34 i (Rhadinaphelenchus
cocophilus) FIFAf 2k th 25505 . CHRIE IR L il H Bk, HAH IURR A4
A DLHE AT RA R 2 o, AR S B AR R o A T AN U R IAAR R 2 . HAR 2
I B AR R 75-100%6 IIRARE R AR5 G T RaM gt RSP 35F Ly
1500 4%, I ik 230000 450 TEAAME R 4 B4 U A FIAL i 101 0] (4 = R ),
FARF LR AU Ly AT 10 R AP AR s 7R R, R TR A 3 PN TRDRA A 6 T Ll
WA Lye —BERAPME, L UEE 2 AR R IR A Bl ke, K240 Ly
PR3 T R T N AT R A4 B R o RAR R AR RN Ly s T BUd s R
AEAEAR R RN 708 SRR S AR b= BN BT e R N . LR
I B e SEBLE I R A TNV E R R AR, EIC I R RRAR, i
JE M B, BARA B ARG 1

FURA A £ HRUORIARA B4 2 e — A )& <31 7) J (Bursaphelenchus Fucsh) (1711«
1979 4 Mamiya 55 N AFEZERAR E R T o 30w PR 59 (1 2k d——30a 4
Zi i, 5 44 Bursaphelenchus mucronatus ™, 2k ik Akt 2 iR Ak al
B IR AR b, P TR ARARAL, BOHEX 77, AR SO PRI W R 2 5.
FAME LR BOFANG RSRAR 22355005, (AR DX 20 X P Rl o, - T-FAbA 2 doi 11 By
I R ) R BT L o WA A RX R e AT T RS 0
T, H AR BEXOEIUAA 2e dU e JUR AT RS o FUURA M £ Uy e ORI 4)) R A
R IFRIES, AMIAM &R RIS, (AT 2um, BRI KIL 35
um LA R RA R . (EOX — R E B AR T, SR 2 W A B L R
“M” BIRARFE L, R dOn] SRR U A A JE AR, (RN BE S AURA AT £
ORAE, Wb TR R L, IR AR Ze URRAAE o M ANZ: 2 X 53
A T RO PSR 2k BUBEAT T BIFST, 45 SRR IR N IR SULRA 4 2 Hi I w] LU 4 25
JURAS, XCATLARUAA M 4 dRAE, i T —Fhrb a8y, BEAE RG2S 7 FFIAEAL
B AR N S R e BOFIRURA A 2 LRI, B 22 (RIS a AR B, AR 2k
FUFURA A L8 LRl (LRI PN A7 22 Sk, (R IR) 22 S KRy 22 57, DAG s T
ANBSTI . Beckenbach 2] PCR A M 2k dUFIUAA R 28 d sy 25 e ], #id
P35 A 2 FOREIn] 43 2 = K E: JBSERI H AR M 2R, H AR (1 RIFA B4 25 HURn
RN RIFAAA BE 2 i
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1.2 3% 2% R BV HEN B KR Rt R
121 E2SH

X PR LU TR AR SR I PR AR b, P TS IRARAL, B 4y o %
SE R R AURARA 2 LNy, e LR S AAMA Z UK IX G5 o AT %8 0 1R D W i ik
AL, MTIEAWZRREE MM B A1 5, TR AT 5
R AER R HEAT S 8 I, M AR B AE AL o 2R T4 B (R A3 2 AR A5 20 4
[ T AR, TR A 42 HORTLIRA B 2 A AL Py e e A 5 SR g i i X FTE A 9117
i P AN FE SRR, T LA P ME (g AN ] SR 28 Rl el A A e TR A Ay 68 Ak Al
O, AR bl dUR W B AR, Rt S, KRR IR, AW SRR
Ko MedAT LGN RTE, AT 5 5 SRR BA 2 bl M e R ORI 4 e Jre 5 0 S
Y, Runieik, AWRRIRK . MR EHR, bl F#. Mamiya#l Enda
AR 1 R RN &)y Eh ) R 2 DX A AA A 2 R RIRA P e s I R i 5 MR e 2
TE LA AR 58 K X AU L £k ERATRARE 2 I, Nickle 2545 H m] e s R B IX
DU, ARAG THE, WREHFEENIEAER AR, WG S E
%l
122 HFERSHKER ZISH

ARG 52 BIRAA L TR T LU, AR IR0 2% oy A AR A4, o R RIEEARE (1) £ ik
RS B BT, T H pH EARAAR M, TR AR A pH )
AN, FHFRR I 3R AEAR, BT T FA WU RIS T B s LA AL
PR FARE 2 AR FIEEA pH i 1 2 510171
1.2.3 FEYE A EISHR

AR TGS RIE S T 0 W) AR R AR L A 3dh b 1R 22 5, HEATAA A 42 U L 1)
AT 55 5, XN 5 TSR S I A R, R LA DK KA A 16 24 ) B Ji e
WESB IR AR H), 42 m i, 5 RN MYy, A S s AR
TRk,

124 ML ZEF LIS
1.2.4.1 B

[ L B BeA IS — T2 W Bt AL AR 5 . ARG PR s E
PREETT M A EOR . 80 EAUR, WA AMAE ST R X SRR 4
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R L bk R AEAT T IR T 2 S0 0. Guiran 251K PSR AT A4 Ik e v A
UK MR BRI R AL B RA RS, HAR IR L AORA RS 2 ORISR A1 £ L1 )L
Toft ) S AL, 3 /MR 2R ) R AR S SRR i S Bl ) Pl 22 5 5, EAR i il
W AR Sy M e AT DX PR o LS PO o i AR xSk L HAR
P ESONNEFRESSE ) /iDL vy BB AR I Pk Vi S sty e (R N S e el Lo
Bt LR Mg S ME— R DX PURR R HUK I o I8 LA P A 28— PR AR B0 S
A ZAIRGENE, Al T Aabs 2 RAUAA A 2 N HTD B AR e o (HARATTXTRA S
24 RS PR L £ HU IR MM EA T 0 BT 1) 5 SR W IR i O RS PPN BRAR,  [R]—FR
AR _ERTR)E A2 X BE S REAS 5 5 52 AN A A AT QiR IRk L)
FATQRERELSERE) O RE SR A AT« 0T ik e e shoAS By Bl
U AT B BUaAE RSB BU AN [R] (R AR BRGS0 R M Oc. DAL, BBk
FERE VIR PR 0] PR EFA e B ORST P, (el T R RIS, AT sk o Ar e iR
1 5 2 045 R IIAFE M DR A iR B3 M 3 e )R AR R IR A AT B B
(2 de, DU 2 . Kojima®(1994) X AN £k HL IR /3 e AT 1 vk o

Gk TR WA A £ U430 PR 41 4 25 W 1215 2R AL 5 U AA M 2t ) 1 4 R A ]
T HAA A 25 H 53 WA 1K) 4T 4 22 ids HL AT o0 i 45 i 4T 4 R 1K g
1.2.4.2 &%

ML BRI O B 7 Rl SRS 0 2R T By, et e 2
Wr - B ATy B A LG 2 AR kAT R 5, Hri iR e
b, DSE &5 FA AL 52 )22 1) A= BRI 51 R0 & 1R RS M), 17 HL B 7 A5 IS TA) Y
PO SE R AEAR R 2 s % T T A SCIR0E D, 1993 Lawler 256129 (1993) K A Ifi.
T PR T8 FAM 2 HORURA R S L, A ATT AR A4 26 HORHHBLAA 4 2 HL 2 Sl S /N
I RIS BTG (22 se BEPUAA), FHBRIBE G2 R B A I BER  (ELISA)MIER H EIIZEAR
(Western blots)f Arfufa, 7145 FK WIAAT 2 IS A 22 1) 22 v B i m)
F Western 24584 P9 X 43 FFk, FHBREIBG G e W BNVREAS 2 P 8 X 40, 3K 13t
B ERCOR IR S 158 W B AT 2 AR (EL I SA) I BBURBEFE vy, AR ] X 43 BE FF AN, IX BN
2 T BEPUARIR A 22 R (B A R 3R 1 2 e B BUAR I BRI . H AN 6
(RS2 0y B 5 I K5 B AR R SR G o R Tk .
1.2.4.3 #%&
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Riga F1 Webster® (1992)iff 783 1, FAMA L sl b5 AR % = A2 (kA1 i 32
AT e, BIAA A 2 d sl DA b 22 i A 25 1 (RME A IR 5 125 15 R . 1) e
Hu, T HME RO SR S TS R SO o BRI T R R 5 R MR SR X 23 P
o
1.25 3 FHEWF LK

H 20 20 80 AR K F 90 AFARHT E AR 22 27 FH UGN O T AW 2 HoR 5 I
FARA L PRI . Bolla 256129 5 AN S0 B (R A 26 HRn— Nk b4
2k R LI DNA BEITZ4A0, 259507 T DNA (KR ) AR py 22 52 . Tares S %1%
1 Abad ZEPH [IER S DNA BETRIIAARE 2 s 2 1, i [ Y50
S DNA FREF AN BRI HE 10X 3 AR Ze HORIFURABA 26 e, i HLE BRI IR T-AN
[Fil s PR RS AR RN LA ). 1993 4F Harmey 25 A2 KA S £k b I bl A v 45 5]
—> 1190bp ¥ DNA J B¢, FiZ v BUE I #RE e AE P 47K 11X 43 Bursaphelenchus
spp.. Tares S% \1%91904 45 I H A FFARF £ b2 85 T B Rl e v 1 1L
DNA MOZWrtREr, AZIRET BEXT BN S ORI f ELAEEAT I e, I R PodivEAff b
MR B S JL AN HE D Ji e I ——FAd4 2t RAPD $AR 2 Williams T~ 1990 41 £
AL LA 10 AN SERRL TR A BN 1A 73 FARidHoR . HBNZEOR O lith e £
bk 25 A 2k R ORI 9 rp A SR IO, 4 [ i Braasch 25U v 7 RIINRA B 25
JeARSRI RAPD-PCR A%, IR & (115 | REIX 20 IRk R . B2 i 14
e HOMUAA AL 2 1K) RAPD 70t 4 R Box, 514 P253 A AEAA B S HUMAUARA 4
2 b A B RS e e A BE. I TS (Internal transcribed spacer)-PCR-RFLP
I3 BT AR AT A A Jre S A B RIS B ey B — b A AR K X 3 i g
SEHIE ) 7 0. Iwahori P85 ) %4 AR T FA R 25 SR SURA B 25 i) L e %
S T FA A 2 BORIAA M 28 U5 4T ITS 15.8 SIDNA Fl I TS2 X 5k [ A% 4 43k
DR B34, 3k43 7 872bp M B, FHH Hinf | Bigfg, ARPEmEAE b B 22 57,
AR IR dL, KL PVSARIEAA A 2k dL (DNA JE B 81, iRt
B RO T, v T — AR 5140, 38 PCR 771, S99 H—4% 301bp
(RIRF SR, SEEL T B4R SRR . VP PP A th ] PCR 5ttt T %
RESEPES |4, I 5 M REAR I L X AN AA B 28 BURBURARE 2R 1R 3K P25 15003 44
M2t 7 AR R MU A 2 T 2 MR R I ZS KR DNA HEAT T BEALY 15 2 & PR

10
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W, S5 SRWIR, FARE S dRADRA A £ H o [R] LA SDURA A 46 By #3 IR HH AR
(178 S, LR ) B S K T N 1008 e, I FL SRR AR S cURDUAA b 2 s 1)
AR o 20 B MU M bk R (VE E MR FIH AR R) Z [
AFABMEL AR A 206 T35 B 3R T RO AH AR AR A T, DA Ry 3K AN 2R IR A e g ol Ay A
S N IAJE T AN TR Z ORISR AT 2 dU3 R PIASTIEE, FARF 2 d g3 P
M, AR HAHRRIR R, — AR ALEM CGEEFnE ) AR
(KR 2R o BB ) PCR-RFLP AT DNA S AR T FARE 22 R RA b1 28
P ITS X o JE XS FARF 2 ONUFAFA 2 I ITS 1 5.8 sSTDNA FI ITS2 [X I (1)
R AR R B3, 4R45 7 900bp 19 7 B, 15 5 B I Bl DR T 40 #7 s
HREE) B 22 5, IR KR il . V2 21038 99 90 AW O TR EA T
ARSI . 28?52 985 PCR BARRHAM 2 s BbAT TR . ¥F 24
(038,38, 90, 4182 g 33 7 T A TR M SRS o
1.3 ERRAFREBEREAR
131 FREQHEMREX

[ 21 (Proteome) W 55 i HH NP 27 % Wilkins FT Williams T~ 1994 4F
M, R AN S (Genome) Bk — NI A1 ZRFRIA (A AR R
(Protein), RIJE—ANAR. 2577 2B o Jk DR 40 G ) 1) 4l a2 1 IR Ik i o
LA E A0 AN ] e [ FH 2 0] _F R FE Th BB VR 5 9 8 AL EA TS, T
H A B EERZAE IR DhREBLEL ., 5 142 LU B 1 B2 R 9 B AH L
P NI A IR RIS T o5 BEBIET . 25000k . B 24 . BT BRAR I I ARl 5 A 4R
PEB IR AR AL o BETRIZH 7 LTI R 4 i rh 8 2 e 26, — AN AT —
AJEDIA, [, AR R AR AR R, R ANBER T A1, 522 AN,
A 2 B AS I, RAE A MR R & FIAEBRIRES, o A RIE AN R AR
. TMiH, 5 DNA FI RNA A, 80 s B, H—Z g 2
23 [A) G AL 3 AN I o S REAN RS A3 8 3 A ORI AT AR VT 2 IRME, PR gl
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