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Effects of low temperature and ascarosides on the sleep-induction
in Bursaphelenchus xylophilus
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Abstract: [ Aim] As an important ecological factor, temperature profoundly affects the distribution of Bursaphelenchus xylophilus.
We studied the response of B. xylophilus to low temperature and the mechanism of its ecological adaption. [ Method] In this study,
fraction quiescent, free sugars, polyols and ascarosides contents were measured after the B. xylophilus had been treated at 25 °C and
4 °C for 48 hours. We also investigated the effects of ascarosides on fraction quiescent at 25 °C. [ Result] The fractions of quiescence
of all ages, including L,, L,, L, and adult worms of B. xylophilus, significantly increased at 4 °C compared to the control at 25 °C.
Trehalose content was 2.32 times than the control, while sorbitol, glucose and glycerol did not significantly differ from the control.
The analysis of ascarosides showed that the contents of C5, C6 and AC6 decreased, C7 and AC9 secretion ceased, while C9 began
to secrete at 4 °C. Simultaneously, hioassay showed that crude extracts containing C6, C7 and C9 significantly increased the fraction
of quiescence at 25 °C.. [ Conclusion] Several ascarosides were involved in the regulation of stress-induced sleep at low temperature
in B. xylophilus.
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S JE | K T AR AE FE A AR (Wingfield et al., 1982,
1984) , BLE A 40 Z A [ 52 14 1 W A6 2 Xk 42
(Dwinell , 1997 ; Rautapaa,1986; Smith,1985) ,

i, XoF BE R AL T A 9% S 22 4R vh T 75 Bl Bab T
28 L Caenorhabditis elegans( Raizen et al. ,2008) , #H
RMFFE A I, 75 0 BT HL A i AT A A4 I D e
MR AR < 1A ST O L I I (P 1y R o 8
e IR <540 2E B | P20 I b R 4 Y R B fl
BEARSE (Nelson & Raizen,2013) . 75 i fa T2k B2 11
AT 93 AP B B B R ( developmental
sleep, DTS) FlJE 11175 F B A ( stress-induced sleep,
SIS) ( Trojanowski & Raizen,2016) , H:H, 5IAZ 4}
IO ) B 05 PR 3R m] DA i SIS, A 5 BRI, J%
Yo YLk FEEWY 4 (Los et al.,2013; Jones &
Candido, 1999; Raizen et al., 2008; You et al.,
2008 ) , LRz I g 9] ths B R T A J5 DR 2R A i
(Hill ez al.,2014) . 75 W BEFT-42 HOAE XS BREE 1
JEFIE BB daver i 5 % BRIt 2, SIS X 28
TE N R ST AR B EE (Fry et al.,2016) , 24l
(R P RA 4 i B A T8 RTR B sk = A
T2 P2 AR 25 A I, 2398 1 LIV 75 2
A CRAFTHE ,2007) , RSN YRR 1T,
AL B BA R BRI T 53— b {RAE” Smg | T
WG BFEL D

I (ascarosides) J&—RHEEH){FE ZE (Von e
al.,2012) , AT 55 dauer JE TR M 28 HUR B &2
FCAFHAN S 24T R, BTSN, 75 I B AT 2 dusd T
DL A S 8 T 0 45 AN [ bR 285 e 8 ) )
2 VR B FIUAN [ o 255 il K L 48] A AR K X3 ( Kaplan
et al.,2011; Park et al., 2012), Butcher et al.
(2007 ) BIFFE A BR, 75 i BFF 28 PR AS AL IRLEE T
e ) e AN [] O ] 5 S A ) B9 A7 Ry B il K
TEF5 IR L rh i e i 2

R AR | L AU A AN o T BT
VR 50 Bk B RIORAE SR BT FE CRA 30, G e it bl
R B —25 (Ash et al.,1986; Grewal et al.,
2002) . SR, 384 A 1k A G B 7EAA A 2 Ha rh iy
e fE AU 548 28 K4 Monochamus alternatus
Hope H.AF Y /0 438 ( Zhao et al., 2014, 2016)
T EEAE Sy A2 S R EE ) H B 2H R 1, TR 2 52 Wi WA
2R A AR 2SS A, Qe 0] Bl 2 58 T R R
FETMTIE A ( Zhao et al.,2007 ) , 2k HUR B R 5 Al

SER TR 2 Al S SR X AR W 3e 4 P, Eh 4% 3
JE AL B Ditylenchus destructor VA4 IE A 1 1
A (PRI, 1999 ) | T B8 M 25 A1 1 2 0 R
P AR LR BRI 2B 4E (Ash et al.,1986; Grewal et
al.,2002) , ARBFFEHET T AR B ST T
FAE R EAT R WSS A A RN £k i ) 1
TP RS i i 284, WFSE T AN [R) RS | 32 0 i X
XPAARA R R EAT I ROVE T, DU S ot — 20 1 W
A BURh N EAE AL 5 2 T L SR BERE R
1 #MR5FEE
1.1 bk BskiR 5157 75 %

PR Y I WL As & BT B i
o MRS I 3k 5 ( Baermann , 1917 ) 73 B 2k i1, IR 7F
Hh R B sl W E S BT Al B B 55 R BT 5T
) ¢ L S 0 = ol P o A S B B A AR ((potato
dextrose agar,PDA ) 5537 R 4L Fl K i 2 018 Botrytis
cinerea FF-HE— L KIEFE

[F) A A BB R 2 e ot o) 5 - R ) 2 P TR
1 90 mm PDA $iFRHEm] 42 ARG B 2o, B
F 25 CHRZMRFE 4~5 do R 15 mL B R
Vi 2% M ( phosphate buffered solution , PBST) 1k
PDA 5353 2~ 3 i, AR A W AR Ze dUBM, JF
KT 90 mm BEIGIE RN HE 4~6 h, R
2 M GRRGBIEE RS TR L b 4 5 A b 4 o i A8 M
Z:3JF M PBST Zevhigt i At 2~ 3 U, HGE i
PBST & il T2 LN, LKA AT 3 mm 4
B, 24 h J5,3000 r + min~' B0 2 min BIF5 3 [E] 4
o2 @4 (L,) o 35 R4 L, 2 JUE T K
Ziffl PDA Bi3RAEIESR 1.2.3 d, R UK @ 3]0k
WCHE T B0 B 2 [R5 Ak 3 4l dy (L) 4 gl il
(L,) FIs
1.2 ZHyiERME &

fH 1 50 mL HEJE IR RS2 55 77 k42 o R 7 2 10
BB AL R 17 d e SR A 28 UBGR 200 L,
25 CANTAMAERFF 8~10 d, Wi KRR dfE
FIHEIEIRE I, FH 30 mL 28I /KL R vh S #
VBV W 4R B 15 mL B0 A P, R 13300
r e min~' B0 15 min, WEE FIERTHT 15 mL &0
b IS 28 RAORAE 275 T, A 1 mL L
¥, 306 13300 ¢ - min™' B0 15 min, R BT
0.22 wm 433 e £ (millipore ) 33 385, -80 °C {4
.
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1.3 KBB4 IE

PBST &M e R4 L, (L, L, R H3~4
5, 3 B A 4R R 100 Sk B T4 3 mL PBST
2 WK ARG SR (142 35 mm) |, IFHE 4 C AT
AR AR A A A 5 ERORH () Ak B 1Y) 4% 0% 1A £k
HCE 25 C N TAMRSE AR AR IRAL, &4 10 K
HAE, P48 h 5 TR T WAL,
DP72 5840 BRIk
14 MHMERBERSTESENE

25« SR FH RS 7 Y 8 2 o 7 8 6 A
() PDA $5 357 bt A A 4 2 e 5 FL A 24 Ty 28
J&i (Freckman et al. ,1975) IR%), 530 3 4y, Hip 1
1 FAERE 2R RAGE TG PR T 8, HoAx 2 430l
VERARIR I8 AL BRI IR, A2 5 A, Ab
PH 48 h J5,3000 r « min~' B0 1 min YL T 2
mL BLOAE T, H BB AUBE 90 s, In A g4 i
fE 700 pL 5, 0 = % 30 s, A 80 pL 2
mg - mL™ BB AR S R0 R 60 5,70 C KR
20 min Ji5, 11000 r » min~' B0 15 min; X 3 150
pL & T 1.5 mL 208 e 78 RAGZE T A
40 pL methoxyamination reagent (20 mg » mL™',
Sigma-Aldrich) ,37 C 120 r - min” ' $EJKE% 3 h,
FHMA 70 wL =3 LBERE,37 C (120 r - min™ FEIR
M 1.5 h, RS S T A4k S, Im A 300 pL
ddH,0, 500 pL &% 4l b, ;R v fa B O,
B VW TE K B R B 8 s B RE SO, - 80
C A

LS I R AR 3 S (GC; Aglient
6890N, MSD: 5973) 17 M &, Hik 5%
B BN, MERE N 1 mL - min™'; 5%
(B HP-5,60 mx0.25 mm,0.25 wm) H ShkkE 7
Fes 1 wl, oo b AE  E R FOREE 230 C. FHR
FERF N 70 CAR4F 5 min,5 C + min”' THE E 310
C,PR%F 12 min, PREFEIR 2 70 CE1R%F 5 min,
1.5 MHZ&mmRESENE

PS5 1.4 TP, SR FH RERE B IR IRV Uk
LM JE IR, 518 3 Oy, Ho 1 0y P e i 78 AN
FIGFRE T3, HoAy 2 150 BIAE R AR T ol a6 Ak 3
FGE IR (L ddH, 0 X PBST 22 i) . 4b3H 48 h
J5,3000 r + min”' B0 2 min, W BT 1.5 mL
BOE T SR e 2 RAGET S, A 700 pL
ksl 2 BEFE Y -80 C ARAER&H,

ALK I . BE 5S4 ZORBAX _SB-Aq ¥ AH (4
FEAE (2.1 mmx100 mm, 3.5 wm) 2385, # A LTQ
Orbitrap RGHT, HEMHTECREAE T AV RS B 2
8% ~100% H B ( 73 —HH R 2% H I .0.1% H R ) Uk
J 15 min, PEMGHEFE K 250 L - min™', FRIESHL
— % Orbitrap i yE FJZ& 90~400 m - 27!, —
2% JRiE FL R 141,155 153,169 197 195 m - z ' #
T 95035 LTQ-CID #ilf 15 455 5K, Bk v £k filf 48 i 1
50% , 154k g 1 0.25 75 AEAF1E] 10 ms,

1.6 “E9NE

TE 25 C&AE R, LA 700 pL 1% 35 (agar) N
AR B iR C5.C6.AC6.C7.C9 Fl ACY
BWIRT agar BARE W, 5 G5 R T EINAZ) 50 3k
FARE R Rl H | [T DAZEAB K VR 4K 1% agar VEXT IR
Wi C5.C6 ,AC6,C7.C9 Fl ACO ¥ B 4351l 100,
10.1 nmol + L™, 10 pmol -+ L™ .10 fmol - L' 1 10
amol « L7' B 3 NEE , WWALE 18 h J5 &
TR RS N4, 1 H DP72 e 5%,

1.7 HEE

B R SPSS 19.0 AL AT GE 1140 #T, 2R H

Turkey 28 HEGLIEAT 25 57 W E MR TD

2 HRESW
2.1 RiEXTIAM & HERE EANZ I

3 3 A IR 45 1 T A T) % 300 1 A A £ oL
BRI R ER, 525 CHIMLE, 4 C &4
T,L, Ly L, MBS # R KRR T, Bk R
i s> SEE IR JEAS R COR Rl
REFEACAE . Hor ) Ly WP TR B ok fOR, AR IR AL 2R )5
HT B R E IR F] 73.70% 1 L, F1 H G Ay
TURE R L, 1%, 205100 53.43% 1 55.80% 3 HS2: , 1,
HFE 25 CHRMFILEARBH 8 BRE, Hik S
X HRAIAH b, B H i i B e AR 2 S e K, Sl X R
30.09 fi, 1fii L, \L, L, ZEH WA A D E#E
WS, T LA X B 25 S 50, 4 3 ok i B 5.29
5.67.8.73 %5 (E 1),
2.2 RIEXRHERENTE EESEHNEIT

g 2 iR AR M A B RE I S F b 2R e
VA AL, HO R S R R E T 25 CHIRAL
BRL, 2900 BRI 2.32 A 5 107 L B0 P 3 2 A A
W SR R ER
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2.3 RiBXHA 2 R E 5 i B9 20
WL E 6 Rl E (€5, C6.,AC6,CT.CO F
ACO) FEH IR T (25 C) W 7r WA X e AE 4 °C IR
KMo AR e, Z5H R, C5.C6 ,AC6.CT
CO 1 AC9 v, C5 & & fix i, W& B 3K #] 371. 14
nmol + L™ - mg™, C6,C7 Il AC6 F B Z, N
77.21.16.45 8.10 nmol + L' - mg™", AC9 Ikl
/B AR 0.31 nmol - L'+ mg™", CO IR T JLFAS
W ARIRAE T, B €9 Ab, oAk 1) 5 £ 3 KR
TR, Hodr, cs A c6 4 Xt R Y 4.36% I
15.30% , {HA3 R HSE,AC6 .CT F1 ACO 7 i i
STER < Ol N [ /5 s g [ Y& 1 UL |
JUTRE AR S 1 CO ZEARIER N IR 4R 43006, 1T RS54
MR MR TR EH XL (E 3),
2.4 FARYITREREREENTME
WNE 4 iR, FLAR P AL BR S , P b1 48 A 0 8
RIE 6~9 h B GRGETF R, 72 9 h B 8 i

WL 2N 100% ; Z )5 76 9 ~ 12 h s B R Y 1E
100% 7547 ;29 3 h Z )5, # 8RB Wi F R, 76 27 h
NSRBI AR, ALK 1.10% . R T R TS L4 0
HER DRI 9k U RZ ), FRATTER 27 h B —3
Oy HIPR A 2 R B A TR A B, 25 R o, H
HERTE 1 h T B E KA, (AU PI O £ 9
ARy —2F KB T 50.15%, 2, HEARE E m
101, P 2 R B R I () AE AR LR A, AR
I AYCT A TR A 2 AL 14 A 26 6 TR K A2 1 R Sk 1Y
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