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Comparison of Cuticular Hydrocarbons of the Pine Sawyer (Monochamus
saltuarius), Japanese Pine Sawyer (Monochamus alternatus) and Qak
Longicom Beetle (Moechotypa diphysis)
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ABSTRACT: Cauticular hydrocarbons (CHCs) of the pine sawyer (Monochamus saltuarius), Japanese pine sawyer (M.
alternatus) and oak longicom beetle (Moechotypa diphysis) were analyzed by GC, GC-MS and compared. Monochamus
beetles are typical vectors of pine wilt disease but Moechotypa diphysis, which belongs to the same family, is not.
They possess different CHCs in carbon number: 23-25 in M. saltuarius, 25-32 in M. alternatus, and 23-29 in M.
diphysis. In comparison to inter-species, these three species of adult beetles have different numbers and chains of
constiments of CHCs. In comparison between male and female in intra-species, the quantities of CHCs show the
difference but constituents are not. Major constituent of M. saltuarius were analyzed as n-pentacosane > n-nonacosane
> n-heptacosane; those of M. alternatus were n-nonacosene > a-pentacosane > n-nonacosane; and those of M. diphysis
were n-heptacosane > 13-methylheptacosane > 3-methylheptacosane. From the body surface, most saturated carbohydrates
of 3 species beetles are composed of n-alkane (40.2 - 65.7%) and followed by olefines > monomethylalkanes that one or two

double bonds in M. saltuarius and M. alternatus. Otherwise, M. diphysis have the difference in order of monomethylalkanes >
olefins.

Key words: Cuticular hydrocarbons, Monochamus saltuarius, Monochamus alternatus, Moechotypa diphysis, Pine wilt
disease, Vector
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212 Comparison of cuticular hydrocarbons of three beetle species

2R BE3, O £AJAE-L long-chain linear alkanes,
alkenes, mono-/di-/tri-methyl-branched atkanes¥} Z-& &
Sl o) SIRHER LA E|o] it} (Howard, 1993; Nelson,
1993). oleidt Eujstslhal 2o 7|5ma ope),
sfetal SHAE A7t wol o]Fol ATt (Gamboa et
al., 1996; Lorenzi et al., 2004).

239 Hosieat JBHe) ot EugoRy
¥ Eu|so] 9127 mlo] o] e}, olja e 2}
%9 A& Fubch 1 48T o] Soldos e
sfa ppao2A ol BRt ohel, risHons
o|ojAtel 4] (Barbour ef al, 2007; Kim et al, 2006)°JLF
HZE E= HZE ATAIZAQ 7)%(Jurenka and
Subchev, 2000; Fan et al, 2008), £3] Si7/luv} Wy} Zhe.
AL2A I5ollx 2 A7t Y=L =) (Liebig
et al., 2000; Gamboa, 2004; Lucas et al., 2005), TF= colony,
A, TS9AE B A8 <14, olelR9] (Kaib e
al, 2004; Nunes ez al, 2009; Smith et al, 2009)2] 7]%5E52
itz 2o g

HESlpa = 80 R QP o]1, Fdgo] ¥o
o, 7 20 TR FF9 Ao vlof] 53 3k
A 25 2-831e] ArATE 7134 Sch(Blomquist
et al., 1987). 3}3H8) QAL 49 5FS SISk
aggregation pheromones¥} ©]A4]Q] 22 80|31 sex
o2 etlel ARE Mgt =gzl
(Drosophila melanogaster)= R E3keAE 24 v)2x}
A T HF2E A3l FEst=718HH(Cobb and
Jallon, 1990; Coyne et al., 1994; Buckley et al., 1997,
Coyne and Charlesworth, 1997), W& AZ&A Eujeks}
T TR} o] Wik AR W uEYITH(Everaerts
et al., 2010). Xylotrechus colonus=

pheromones 5

contact pheromones 2
FA] n-pentacosane, 9-methylpentacosane, 3-methylpentacosane
£ A3 |= SHHGinzel ef al, 2003). 7], &, vl=
JEH el THOE o)SL BE 54 HeE Lol
ofs) & BT ANAAS 2=, Said er al. 005)
2 Periplaneia %) ¥3150] 22 §50) Eolghelbo]
o3 #3o] AT AL 2935191, Lucas ef al.
(2005)= Pachycondyla villosath= £\ A, Torres et al.,
(2007)= Linepithem& humile®}= £9] 7)o)7} A7) -ATGE
QU4Jshed| Bojsh Engtsiaae) g &) a7
stk

oY BB F ol o2 Yeh ki Bemier

et al., 1998; Said et al., 2005; Akino, 2006), 5% 7to|=
23, dgdo) e} th24] Vel (Nelson & Charlet, 2003;
Boroczky et al., 2008), 31}e] A ANA % ¢, o
£ Bojo] wa} T ZAIE g SE 9IriBoroczky
e al,, 2008). ETE EFole}t GA2tE o] e} e

ZR0] BEeA B Tee] JolS 1Y 4 3lrkBown
et al., 1997, 2000; Akino, 2006). Ev|Etdlpae] TYJE
7} ko] Apolof et 18kA BRHe] 283 4 e,
=39 Fe7 EF A "2 AGF £/ S
Uet7] wiZoll o] F501% B4 ol8std F Ee

A #FEE T %= rKCarlson and Brenner, 1988).
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AZAA AT FEE AASIT 2 3L 3 mle] HPLC
grade hexane (J.T. Baker, USA)e]| 39 FE319 1, 357
hexane &3-S glass wool (Sigma, St. Louis, MO), sodium
sulfate (Junsei chemical, Tokyo, Japan), silica gel (Merck,
Darmstadt, Germany)2 ZZX%E glass Pasteur pipette
(Poulten & Graf, Barking, UK) ZA¥o] &8 AAg &,
sEaiqh doldl 2izke]) BIRrEeaS T 1 mig
hexaneo]] %o} gas-chromatographer(GC), gas chromato-
grapher-mass spectrometer(GC-MS) 2 242 314t 2+
shsael Bulelsless] BAS JukRo R Saslglt
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EulEslea 24

GC £42 FID (flame ionization detector)7} A2+l
Agilent Technologies 6890N7]7] (Agilent Technologies,
Santa Clara, CA)E AME3l93, DB-1 (J&W, 30mx0.25
mm IDx0.25 pm film thickness) A#-S ARE-314tE Oven
2L 27] 150Col 1087 S8 3, 2 5CH 4%
AA 310C7HA] geiFglon 1087 fA8kc 29+
9 HE7] 2=t 4725002 300C 2 HAeaL, o
HeE 292 mlo AAE EFUT GOMS B4
Agilent Technologies 7890A/5975C (Agilent Technologies,
Santa Clara, CA) 7]7]S AF3FA, HP-SMS (J&W, 30
mx0.25 mm IDx0.25 pm film thickness) A@-L AM3H%
th 7} RERAL GCEAT SUSH) Agelsion, ofF
oz WES AgHACh

1 ml®] Hexaneo]| 1591 22} Zojeisleaol B2
I pl¥ FAAA BAsger, 3&2E8d2 ARgE
nCy-nCy Z3ESAE Sigma (St Louis, MO)o A} ¢
afo] ARgstSiTE

2n % o8

FGieao] $7 AolE 0|83 HARTL Sglol
We dAFoA A= k. Said et al. (2005)
Periplaneta 42 4% ¥1AE v|ngt Al P. americanaS}
P. fuliginosa, P. australasiae, P. brunnea7} Z¥zZ}¢ 237,
257, 1970, 21709] BSlRATE G Ao Belslo] £
2polE BRISHAIL, Akino (2000)% F Z2| Aul, Formica
Japonica®} F. truncorum®) HHejX = B3lpAE |15}
£ Woo] Aold Aol USE BAGTE
A Helpo] F7e} gago] QoA steafis &
RS FAA B SolFel 23 Aol sk 359
steh - Bgdsies, S5dotl, SRS
o+ U 43e BURERAL GO GOMSE
olgele] Baalol Eulusieae] 243 HaFo] Hols
Y| 231, n-Cps B DiMe-Cy7hA] & 3579 B2
FASIAC} (Table 1). 71 A3}, Baeslpad] AL Byt
FHHEANA Cuss, EFASFarE CunZ FAEIL,
£o] T2 HEAUSHEAE Cund] B3l4anEE 74
ol 5 RIS @FEAuEEAE Gy o|FEE
HAEHA gkt Monochamus 4 2%2] RujgelA0E
A Aol B} 2E 2o AR Bclsiga

o Hdsrss
Table 2).

FHeSpa o] ojM e BRkpdshead 7
I o] Z42F 22, 237), &sheae 18, 1970, @A
HleheAL 12, 4702 1 24 & 2}o|E B} (Fig.
1, Table 2). 3% s}=47F RuEE40 42| 2jo|&
A EH, Cs, Cyy, Co2F methyl-alkane©]1} methyl-alkene
A2e g3l 2 FFA R EAs 1 FRko
E9kA)TH (Peak No.: 5, 9, 11, 18, 19), U E13}d=A(Peak
No.: 8, 14, 16, 20A, 21, 22Ay= Monochamus <09k ZA3}
1, YH= dFARSHEATE EA81%(Peak No.: 2, 12B,
15, 20B), 7 240] T & SBHHT} (Table 2). oFS
242 35710) TBH OB ZABKE FaRYe oy
F BolHoz ZASks XHO2 35T AolE TRE
4 glom sl BR2 Hgo] 7N Ao sl
SRl 24 elelz FAHOR ojfe dakg Sl
5, Al Aolt ¥ aiseEle] Aok QT oo}
A A=A Aol & 4 gk ek Enese B
FET0| EdsteaY BgslEaolA ity
oAl A2 o] Hgke B g vl 9} (Kim ef al, 1992;
2006).

Zzte] wiskeso] el 2AARS ulwa 23k SUt
retention timeol| A H&H ©3lpdo] A= F7F 2o
£ BHc} (Fig. 1, Table 1 - Peak 12A, B; Peak 20A,
B; Peak 22A, B; Peak 27A, B). Peak 12 (RI; 2734)9]| A,
Ao gahs Al Bk oW EX 11¥o] -methylo] $J%/3)
3 BAgFo] 379.591 9-11-MeCr 2 EIE QT (Fig.
A). WHH, 5EAH|SHEAE B 139 -methylo] $]X]
Qa1 BAFFo] 379.59) 13-MeCpy 2 HEE| T} (Table
Fig. 2B). o4&, 5 retention timeo|x] AR 720
Y T Aol AR 2] &5, Peak 20004 % S
oA}t £4EssdE 11-MeCpZ e, 85
AB|SFzAE 9-;11-13-15-MeCp 2 LVFERT) Peak 229
A= EHrgshsadt S4Hsteas (9.x)-and/or(11,x)-
diMeCr@ UERF o), BEAHsHs AL 9,13-:9,15-:11,
15-diMeCrp = BRI =], Monochamuss: sl E%X7
Hjshsas 7F XpolE EEtt W, Peak 132 Exfedsts
49} SEAUF LT} 3-MeCrol GO, S4B A
= 3-5-MeCpola, Peak 272 EWpHsis4v)
11,13-diMeCso0 | oL, &588laar 7,9,11,13,15-MeCy,
£ Elfo] £71 2ol B4tk Bemier et al. (1998)%

Zll= HA 2jolE B} (Fig. 1,
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Table 1. Components identified by GC/MS in M. saltuarius, M. alternatus and M. diphysis

Peak No Compound RI? CN? Diagnostic MS ions[m/z]

1 n-Cy 2300 23 324

2 3-MeCy; 2374 24 281, 309, 338

3 n-Cos 2400 24 338

4 9-Cas.1 2473 25 41, 55, 69, 83, 97, 350

5 n-Css 2500 25 352

6 3-MeCas 2573 26 71, 337, 380

7 n-Cas 2600 26 366

8 20r4-MeCye 2661 27 337, 365, 309, 380

9 n-Cyr2 2674 27 376

10 n-Car 2680 27 378 -

11 n-Cy; 2700 27 380

12A 9-;11-MeCy; 2734 28 141, 169, 197, 225, 253, 281, 379

12B 13-MeCyy 2734 28 197, 225, 379

13 3-MeCyy 2775 28 337, 365, 394

14 n-Cag:i 2800 28 406

15 13-MeCss 2832 29 211, 239, 398

16 3-;9-MeCys 2859 29 151, 279, 365, 402

17 4-MeCyg 2865 29 71, 366, 408

18 n-Caon 2879 29 41, 55, 69, 83, 97, 406

19 n-Cao 2900 29 408
20A 11-MeCyo 2931 30 169, 281, 407
20B 9-;11-;13-;15-MeCy 2931 30 141, 169, 197, 225, 281, 283, 309, 407
21 5-MeCy 2950 30 85, 365, 407
22A (9,x)-,and/or(11,x)-diMeCyy 2975 31 57, 71, 169, 181, 211, 295, 323, 351, 393, 421
22B 9,13-;9,15-;11,15-diMeCx 2975 31 141, 169, 197, 225, 239, 295, 351, 267; 421
23 n-Csp 3000 30 407

24 Me-Cso 3065 31 57, 71, 85, 127, 197, 351, 434

25 n-Csy. 3080 31 436

26 n-Cs 3100 31 436
27A 11,13-diMeCsp 3133 32 43, 57, 71, 85, 169, 197, 281, 309, 435
27B 7,9,11,13,15-MeC;3 3133 32 113, 141, 197, 225, 281, 337, 365, 435
28 5-;7-;9-MeCs; 3151 32 85, 113, 141, 337, 365, 393, 447

29 3-MeCs; 3171 32 43, 57, 71, 421, 435

30 DiMe-Cs; 3335 35 207, 281, 435, 477

“Retention index; “Carbon number.

2-g¢} vlsglt AuE R UGtk 0|9} ZHo| methyl-

branched alkanes2 T2 A2 +E317] 913 Fa3
IRME Fo) PR BuE3 Q) (Dani et al, 2001).
ol Y At uehd peakzt itz Fof wet
e 285 243 3024 FHFHo R ER/IL o
ol 88 4= 9laL, BAE B fAF0E HIde

o] vl AR ok 4 e WY Aot

TR FolA EepSlpae] vlgo] FA YEhte.
o FFH LR vlSSlA EA8e 2ol A= AF
o lojA 2 RolE KTt (Tables 1 and 2). FU| 47t
oFZte] Atol= AR B HstELg B Cos >
Cy > Cy7 (n-pentacosane > n-nonacosane > n-heptacosane)
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Table 2. Relative distributions of cuticular hydrocarbon fractions from M. saltuarius, M. alternatus, and M. diphysis

Peak M. saltuarius M. alternatus M. diphysis
No. d Q d Q d Q
1 0.54 3.05 0.77
2 1.13 1.77
3 0.30 0.39
4 0.92
5 17.89 23.58 14.35 19.11 8.32 7.29
6 1.26 0.60 2.28
7 0.98 1.83 091 494 4.67
8 1.80 3.54 4.51 3.25
9 10.87 4.99 223 1.46 5.00 3.78
10 2.08 1.92
11 8.51 21.35 10.99 9.99 31.80 26.95
12A 0.25
12B 15.21 17.90
13 2.05 3.08 1.43 1.67 11.27 13.71
14 1.57 1.47 1.17 1.48
15 1.60 2.01
16 1.49 1.14 5.27 4.29
17 6.30 4.78
18 10.33 5.02 21.18 20.21 8.32 5.90
19 23.41 17.57 15.25 16.18 1.52 1.77
20A 1.72 4.04 2.42 2.07
20B 7.84 9.87
21 1.47 1.32 0.58
22A 4.99 3.79 3.28 5.78
22B 1.33
23 1.07 0.46
24 0.58 3.45 1.79
25 3.14 3.29 1.77
26 225 1.61 1.47 1.47
27A 1.33 2.52
27B 1.04
28 0.51
29 1.00 0.40 0.75 0.83
30 1.07
Total (%) 100 100 100 100 100 100

O 2 A AT W, £5AskEl Coun > Cs > & &4skead] 29 FGER HISSH e e,

Ca (n-nonacosene > n-pentacosane > n-nonacosane), g5 dEAvshEAE 1T 24T Tl doA B AolE
Ab|ehEde Cyr > 13-MeCyy > 3-MeCy; (n-heptacosane X KTables 1 and 2).
> 13-methylheptacosane > 3-methylheptacosane)2) 0|31 Z¥z2}yo] BlEko]| Qlol A, Cose] 739 Monochamus 452

3L Coo9} Cos®) TS Ak oA 3, Efegshea HEARSEART 3] 2~34H) Fo] EABIAL, Con
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Fig. 1. Gas chromatograms of cuticular hydrocarbons
fractions of M. saltuarius, M. alternatus, and M. diphysis.
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3.2 §55F0) 2Jo|E Kol7|& Bt} Brown et al,, 1997,
2000; Akino, 2006).
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Fig. 2. El Mass spectra of methyl-branched alkanes from M.
saltuarius, M. alternatus, and M. diphysis. This mass spectra
shown are: (GC Peak 12A) 9-;11-methylheptacosane, and
(GC Peak 12B) 13-methylheptacosane.
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AIZ)71% 8te, TR ggRte 2 38H BiUt ol#e
AoR Holrt o= ¥ §3Avt & AR o] oy
ot 2739 Aol wher O 249 ol ¥igk] HEel
Ao 2 Pt AAE, FsTA ol uet kol ¥y
T s, 2R S48 wet gl W)= FrkSledge
et al., 2004; Nunes et al, 2009).

BBkAe) THHES TP BRI A3 35 B
9] JEE-L palkane (402 ~ 65.7 %)Q] Esjeslpi R
olFolA UYTHFig 3). 2 theo 2, Bedskaadt
Seddlsde it B T Y o5 EEE 2= olefins
> monomethylalkanes <=0 2 Uelgtth 0|9} &g, d%7
"534~ monomethylalkanes > olefins 202 £7}o]
gF AJolE Rk 3% 34 B dimethylalkanes2
AA e Aoz et (13 ~ 74 %).

o213t HujetshrAio] 312 BEAOZ Page et al.
(1997)= Grandicollis o139} 43 pine engraver beetle
& EuEisas SRILEE W1 Urech ef al. (2005)&
Haematobia &9 H. exigua®} H. irritonsE 11-Cy 3t
7-Coa, (2)9-and (2)-5-Cr1 8] XO|2 BI3HY HE2 590,
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