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Relationships between nitric oxide response signal and external factors during the early
interaction between Pinus thunbergii and Bursaphelenchus xylophilus. YU Lu-zhen, WU Xiao-
qin, YE Jian-ren, ZHANG Sai-nan ( College of Forest Resources and Environment, Nanjing Forest-
ry University, Jinangsu Province Key Laboratory for Prevention and Management of Invasive Species ,

Nanjing 210037, China). -Chin. J. Appl. Ecol. ,2013,24(3) . 646-652.

Abstract; In the interaction between Pinus thunbergii and Bursaphelenchus xylophilus, nitric oxide
(NO) is an important signaling molecule involving in the early response of P. thunbergii to the in-
vasion of B. xylophilus. However, it is unclear that whether the NO production by P. thunbergii is
triggered by the invaded B. xylophilus or its secreted metabolites. In the present study, the P.
thunbergii was inoculated with living B. xylophilus, its secretion, and the suspension of grinded B.
xylophilus , respectively, and the nitric oxide synthase (NOS) activity and NO content in the P.
thunbergii were detected at the early stage. In all treatments, the inoculated P. thunbergii appeared
disease symptoms, and the NOS activity and NO content in the P. thunbergii inoculated with B. xy-
lophilus secretion and grinded B. xylophilus suspension increased, suggesting that besides living B.
xylophilus, its contents or secretion could also trigger the expression of NO response signal in P.
thunbergii , inducing the downstream response and causing the disease development of P. thunberg:.
With the increasing temperature at 15-25 “C, both the NOS activity and the NO content in inocula-
ted P. thunbergii increased, and the disease symptoms appeared earlier. The same patierns of NOS
activity, NO content, and disease symptoms were also observed under increasing drought stress. It
was suggested that within a definite range, increased temperature and drought stress could enhance
the NO signal expression in inoculated P. thunbergii and accelerate its disease development, and
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thus, the disease development of inoculated P. thunbergii under high temperature and drought con-

dition could be related to the enhancement of the NO response signal in the host.

Key words: Bursaphelenchus xylophilus ; nitric oxide synthase ; nitric oxide; secretion of nematode ;

environmental factor.

FARA L2 Hu g R AR ) BBCK M . FRE B 1982
AR R R BLZR LR, HRTE Y R B 214
3 6 3 FE MR A= 3 BT R R O R AR
b EE 2 —" AR R A B, — AR
(nitric oxide,NO) EAEYIANEZEWE 50T, 25
PR AR KT SR, IR R AR
025 S T RS 2 B A Y R B2 B M 4R
( Bursaphelenchus xylophilus ) 1= 4& J& , ¥ B4 Py 25 7=
A RKEM NO, H NO A EZE WG S0 15 5iRHE
B R BRI LA SO (A, NO & il
(nitric oxide synthase, NOS) J& PR ¥ AR A NO 7=
A R E B C. ME A AR R A R R A1
FEPIA T — 2 AR 2N R, 3 LA 45 5 —
T TE B A Y 23 DN A S 200 e 3k T I
(PR . FERM RSB B 2 ol A B0, R P b 28 o
TERR N IR SEREAE T, I R A MF 2 HU) 53 8 4)
SRR S K T A NO WA RS, BETM AT
TR, il T B R SR A R TR
HURIY KA FGATS L R, TR A RS S A
EFRAN NOS 1 M NO 15540 F AL B4 K th
AR,

ABIFE O P A 2 o B I 114 R AR ( Pinus
thunbergii) A HE R FHRARF L HUE A 2 i) |
HOPRHIF P W 557 53 ] 42 o RS, B SR RS S5 A o 2 ol
HARRGRAMAN NOS 1 NO F A2 fk, I BRI
ZERM AT AR, LA S IE FAMF e AR | 27 44
W NO WA 5 Al BEw s & B9 A 5. R, BIFFEAN ]
B TS A T AR R AAMA N NOS T NO %
i Y24k, R TR BT A AR 1 TR A B 4 i
KA RS 2 FRAARIN NO 155 022 1 AH S .
PO FIRA T M FA R -FAF 26 d B AR PR BA 2
2% L.

1 #MREFZ%

1.1 A0k

HEIAAR L 17 5 AR 70 B B VL0 2 s Ik
s R DRAT T S ROl 27 BRI S 6 5.

2 R AR 4% < R DR 2 S 1 A B A K
%78 ( Botrytis cinerea) I #li15FEARAF I FAMS 26 L, Kt

PAFIIZE AU 0. 1% B FREE RS R R I S min,
FHTCH K YESE 3 WK, BLE A% 3000 4%+ mL' (LR &
TR, B R 2 s s A

2 R A £ < oy BS i 3R AR AR B 2y,
0. 1% MR R 2R R MIHE 5 min, FHICHKBE
B3 WKL E A 1. 0x10°4% - mL™ ORI,
SRIGEE ANTCRK IR 3G 5%, 5597 5541 25 °C 200
r+min"'.72 h J5 4000 r + min™' B.0> 15 min, B FIE
WL 0.22 wm f AT U8, BIAR £ 2k 45 10 ) R 42
?ﬁ[m—ll] .

2 AU I Y ) 25 < 0 S i R ARAT IO P A R
PERTFRIZE U 0. 1% MR IR EE B R LW % 5
min, FTCRIZK PR 3 UK, BLE AL 3000 4% - mL™' 4R
BRI IR K VK B | 4531 3000 4% - mLL!
5 T R S
1.2 kit

RFH 2.5 AP AR PR B AR HEA T A M A T AR
LU 2 BB R | 2 R T A+ A W ) A B
5, 5 HGE B AN N NOS 6 P NO 757 i [ 52 ).
BB EIRE N K, HFEYEE N 28 C. RH
N TRz 8205 K P pr 46 UG 1R (B8 3000 2% ) (Z& i
I (BERR 3 mL,BET7 d A1 W, FEER N6 k) |
2R AP (3000 52 HUAFEE L/ B ) (2 TR A4+ 43
W (FFAR 3000 2596 L, HAE 7 d BN 1 IREE Loy
W, LA 6 W) B B B AR . AT R
B, A6 P40 28 C &R, e ib 3 24 b 5,
PEAAMAPY NOS 151k NO P ik B, Hohf 2 $74
J& 24 h ORFE CRAEE I T I0E . R AT A b 2R
AIRAFEAE DR IR (CK) . BRAL BRI 5 D EA.

FEAS[R] I B2 036 b B g0 v e R 5 AR A {E R
HA RN, BT BCHLAT KRB R ( HA229 0.4 em) A
R TR B RK BB E 78 d vh B 35 B4 R4k
B RN B R K B B T 15 .25 .35 C R SR TP R g
1 d J& RN TR ik e P b 48 | $2h i h 1
PR 2000 45, FEHEFIPARTEE UG Y 24 h, SRS
T . R R T A 8 42 Ak LA 1 5 A4
fEHN CK. HAbHS% 5 A~ EA.

TEAS TR T S a0 b BERAMALS b, 288 5 4
fa5E H A A, BYHCHLAN KSR ( EA229 0.7 em)



648 H 4

A

PN
PO

L
2

% 24 &

FIAAEE , 73 B A2 0% PEG( CHMA) 20% PEG
(F24F -0. 63 MPa BiEH, hoi & T 2 i) |
30% PEG( 4T —1.13 MPa B iEH, i & T 2 i
SERRSTI VR EEAE e tbv X W7 N [l R 1 STER L N VN
B IRR R LTl 1A 0% PEG 15 W55 37 19 Ak 2
W CK. B A& A FR RN B AR S T 25 C 54
WA dJa RN TR R s b 42 e it
JEERE 2000 S5 TEARFAAAZ RS 1Y 24 h RARE
T, R S N ER.

B LIS | SN G RN TN IR E AR, 58
VELES
1.3 Wk

NOS i 1% 1% F NOS 3050 & il z ). 45 Ak
H0.5¢g R A Tris-HCI(pH 7.4) ZZMR 2.5 mL
ARSI, 4 CR R E 0> (10000 r » min~') 15
min, FVEWAEFEE ), 22 100 G Ul W0 4T e
(iR & [ R o R W TR ST ) . B i TR
100 WL, iMA 600 wL SN (& L-KS 2R AT R |
BEEZE DU A3 P A S AL ) TR AR, AR
o 2B, M2 A530 fH.

NO & HEI 2E SR FH — %A A U I (i 792 30 it il
20 R &k W F e ot A ) TR . RS
Qb FER AR Y R AAET 43 IR 0.5 ¢, FH 0.1 mol - L™
AR vPIR (pH 7. 4) AR EE 513K 4 CRIRE
L>(10000 r + min™') 15 min, B FIE K, #2 IR &
FeE R 2 B R TR 100 pL, 4K A
NADPH 5 pL.FAD 10 pL NR 5 uL,iB4)5 37 CIig
H 15 min, A LDH ZZ W% 10 pL . LDH 10 uL, iR
21J5 37 CY¥E 5 min, FH A Griess i51 150 pL.
Griess i1 I 50 pL,IRA)5 , EiRMEE 10 min, W&
A540 1H.
1.4 HdEabag

BT AT B0 352k H SPSS 15. 0 84k 47 B R
2201 (@=0.05).

2 HR52H
2.1 FRMPEHU AR BRAR R A NOS 35 1 A1l

NO & 5 52

R FHPA M LR HUIE A 2 HU5 A | SR AP R 55
Iy AL SRR ZE AR I AR T 24 h 5, HURTTES R
AR BEFAMA Y NOS TEME R s, B E T AL dg
ALY 20% 5 26 14 AL BRI , BRAA RN NOS
M52 BT AR AL BRSO, & TR AR B CK
2)50% ,{H5 CK Lk 25 5okl 31 i 2 /KF. 2l

PR+ WA A ) DA AR Y NOS M2 1) 1 Pl 2
FPLk dOTE A 28 Ui A B (0 25 5 KR 31 B K
(K1),

Xof 4% b B AMA N NO & B R I, A AT 2k
HUAAR AL B , PEAA R Y NO & i 548 s
PRADSAE Y, ) 0 3 = T CKG R AU b 3 LA
P NO 5K, (EA & T CK 2 50% . 2k i 4+
SRIPIAL RS | BEAAA Y NO it fe i, T B
Fek BTG A 28 U i A B, e rp S5 28 s 2 i Ak
PHTA] Y 22 58 5 K (B ).

X B PR A A 28 HUTE AR A1, SR Y e AR S Y Ak
R[5S BANMAP NOS IEPE NO & ke T, B
X EAMAN NOS i% P NO F A SIEHERS
2 AUTE VAR AD B G AR 24 R FH £ HLUA3 0 ) Ak B X SR A
&R NOS 5P NO & it A —& if Ve, (B AE
FHAS K A4 BF 8 9 ) . 4% Ab BB FA NOS 37 7
L AR NO i g, iF — B BHIE T NOS &
PEAAMAN NO 7= A= 1) 5B
2.2 FAPAER AR A BT A ) S e TR

Xof 4% A B SRS AR SE R SR K IR, B 2
Oy W AT S AL BR S | SRS 2 BT AR K

8_

— b
2
a
b 6 b
% %D ab ab
2 L
gz *
R
s 2 T
% m
0 . )
200
:g 160
Ig’ 7 be
g 120 be
41 8§
o2
4 g 80 ab
§ "l ’—I_‘ a
o
: ﬁ
0 . . . . )
LS L S G CK
4b P Treatment
B1 ARFEAFBEMAN NOS iEHEF NO &AL

Fig.1 NOS activity and NO content in Pinus thunbergii under
different treatments.

LS : A PA 4% TG 4+ 50 W) Living B. xylophilus and its secretion; L;4%
HEAR Living B. xylophilus ; S. 2k 1WA Secretion of B. xylophilus ;
G. 4k BB W Suspension of grinded B. xylophilus ; CK: X} B8 Control.
ARNG FRE RN AL E] 22 7 5.3 (P<0.05) Different small letters
meant significant difference among treatments at 0. 05 level. [ The

same below.
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Table 1 Disease rate of Pinus thunbergii under different
inoculation treatments ( % )

FRA S5 0[] LS L S G
Time after

inoculation (d)

10 0 0 0 0

15 40 20 0 20

30 60 20 0 60

45 60 60 40 80

LS. FARF R HUTE AR + 50 W) Living B. wylophilus and its secretion; L%k
LERGEEN Living B. xylophilus; S:2¢ M 434 Secretion of B. xylophilus;
G 2k HLAFBE U Suspension of grinded B. xylophilus; CK %} Control.
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Fig.2 NOS activity and NO content in Pinus thunbergii under
different temperature treatments.
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F2 AEEBELETEMEMNEZRE
Table 2 Disease rate of Pinus thunbergii under different
temperature treatments ( % )

et IR] W Temperature ( °C)
Time after

inoculation (d) 15 25 35
10 0 0 0
15 0 0 66
20 0 0 100
30 0 66 100
35 0 100 100
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Fig.3 NOS activity and NO content in Pinus thunbergii under
different drought stresses.

[1:0% PEG; 1I:20% PEG; I: 30% PEG; CK:%f & Control.
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Table 3 Disease rate of Pinus thunbergii under different
drought stresses ( % )

FZ R B ] T 240 B Drought stress
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5 0 0 0
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15 40 100 100

20 100 100 100
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