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Effects of plant volatile compounds on honeybee queen pheromone: A

quantum chemistry study

LIU Jing" SHI Rong-Wei ( Hefei Institutes of Physical Science Chinese Academy of Sciences Hefei
230031 China)

Abstract: Plant secondary compounds are able to affect the activities of some insect pheromones but the
underlying mechanisms remain unclear. In this study we use quantum chemistry theory to assay whether
the two plant volatiles engenol and citronellyl acetate that are ubiquitous in floral nectar and pollen react
with homovanillyl alcohol ( HVA) a volatile component of the Apis mellifera bee queen pheromone.
Geometry optimization transition state searching and frequency calculations by Gaussian 09 show that
engenol and HVA can readily react with OH respectively. The two reaction intermediates can induce a
polymerization reaction through the radical-radical pathway ( the energy barrier and rate constant for the
pathway are 0.613077 kcal/mol and 9.559953 x 10" cm’/molecule/s respectively) — but unlikely
through the radical-molecule pathway ( the energy barrier and rate constant for the pathway are
31. 792769 kcal /mol and 4.268854 x 10" cm’/molecule/s respectively) . Similarly after citronellyl
acetate and HVA react with OH respectively their reaction productions would polymerize through radical-
radical pathway ( the energy barrier and rate constant for the pathway are 2. 086469 kcal/mol are and
2.328216 x 10" c¢m’/molecule/s respectively)  but unlikely through the radical-molecule pathway ( the
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energy barrier and rate constant for the pathway are 25. 881002 kcal /mol and 1. 513828 x 10 ~* ¢m’ /molecule /s

respectively) .

queen pheromone less resistant against plant volatiles

honeybees.

Our study suggests that abundant OH radical due to climate change may make honeybee

thereby disturbing chemical communication in
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global change
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Fig. 1 Reaction mechanism of OH radical with plant volatile unsaturated compounds

OH

a Reaction of OH radical and Eugenol; b Reaction of OH radical and Citronellyl acetate.
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Fig.2  Reaction mechanisms of Eugenol and Homovanillyl alcohol
a - b -
- a radical — molecule reaction; b radical — radical

reaction.
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Table 1 Total and relative energies partition function and rate constant of all stationary points on the potential energy

surface of OH radical addition and radical-radical or radical-molecule reaction of Eugenol and Homovanillyl alcohol

E, AE k
( Hartree) ( keal /mol) f ( em’ /molecule/s)
OH OH radical addition
Reactant - 614. 390812 0 0. 564438 x 10 -
[ Transition State [ —614. 390854 -0. 026355 0. 145273 x 10* 1. 67176 x 10"
Intermediate —614. 411847 -13.199662  0.100019 x 10 -
Il Transition State I[ -614. 399614 -5.523390 0. 149804 x 10 2. 17446 x 10’
Product - 614. 452296 -38.581794  0.176961 x 10* -

- Radical - radical reaction

Reactant -1034. 620329 0 0.255845 x 10% -
Transition State - 1034. 619352 0. 613077 0.110898 x 10* 9.559953 x 10"
Product -1034. 631598 -7.071405 0. 127893 x 10 -

- Radical — molecule reaction

Reactant —1074. 528495 0 0.319191 x 10* -
Transition State - 1074. 477830 31. 792769 0.461793 x10*  4.268854 x10 "
Product —-1074. 511898 10. 414775 0. 449017 x 10* -
2.3 HVA -
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Fig. 3 Reaction mechanisms of Citronellyl acetate

and Homovanillyl alcohol
a - ) -
o a radical — molecule reaction; b radical —

radical reaction.
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Table 2 Total and relative energies partition function and rate constant of all stationary points on the potential energy surface

of OH radical addition and radical-radical or radical-molecule reaction of Citronellyl acetate and Homovanillyl alcohol

E, AE k
( Hartree) ( keal /mol) 4 ( em® /molecule/s)
OH OH radical addition
Reactant -696. 567746 0 0. 150461 x 10* -
Transition State - 696. 568267 -0. 326932 0. 408964 x 10* 2.933371 x 10"
Product - 696. 602183 -21.609545  0.543265 x 10** -
- Radical+adical reaction
Reactant —1224. 547563 0 0. 191326 x 10 -
Transition State —1224. 544238 2. 086469 0.243319 x 10 2.328216 x 10"
Product - 1224. 569823 -13.968361  0.453694 x 10 -
- Radical-molecule reaction
Reactant - 1272. 386330 0 0.771735 x 10* -
Transition State - 1272. 345086 25. 881002 0. 182274 x 10* 1.513828 x 10 ~*
Product - 1272.372186 8. 875494 0. 376435 x 10” -
( Sonntag et al. 1997) .
3 HVA
3.1 HVA
OH
( Secondary organic aerosols SOA)
HVA OH ( Hoffmann et al. 1997; Ng et al. 2006)
- 0 90%  SOA ( Szidat
OH et al. 2006) SOA
( Michaud
(NO) . (0,) . (0,) et al. 2009; Yao et al. 2009) .
( Atkinson and Arey 2003) HVA
Hoffmann (2007) OH 3.2
o ( Tan and Nishida 2012)
OH
0, ( Adler

2000) .
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