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secretions showed a trinervitene distribution characteristic 
of the field-collected Voi minor  soldiers. These prel iminary 
data suggest genetic patterning of the enzymes responsible 
for trinervitene biosynthesis. Furthermore,  the discovery of 
the new trinervitene II lends support to a hypothetical 
biosynthesis from intramolecular  cyclization of cembrene- 
like precursors followed by specific hydroxylation at C-2, 
C-3, C-9, C- 13, 2'~ anaf Or C- 172,b. 

1 These studies were initiated (1975-76) with partial financial 
support by the International Centre of Insect Physiology and 
Ecology, Nairobi, Kenya and NIH Postdoctoral Fellowship AI- 
05076. Support by the Department of Chemistry of the State 
University of New York at Stony Brook and the technical 
assistance of Mr J. Engstrom allowed completion of this investi- 
gation. 

2 a G.D. Prestwich, S.P. Tanis, J.P. Springer and J. Clardy, J. 
Am. chem. Soc. 98, 6061 (1976); b G.D. Prestwich, S.P. Tanis 
F. Pilkiewicz, I. Miura and K. Nakanishi, J. Am. chem. Soc. 98, 

Experientia 34/6 

6062 (1976); c G.D. Prestwich, B.A. Solheim, J. Clardy, F.G. 
Pilkiewicz, I. Miura, S.P. Tanis and K. Nakanishi, J. Am. chem. 
Soc. 99, 8082 (1977); d J. Vrko~, K. Ubik, L. Dolejg and I. Hrd~, 
Acta ent. bohemoslov. 70, 74 (1973); e J. Vrko~, M. Bud~ginsk~r 
J. Kferek and I. Hrd~r Proc. Int. Congr. IUSSI, 8, 320 (1977);f 
J. Vrko~, M. Budrginsk~, and P. Sedmera, Colin. Czech. chem. 
Commun, in press (1978). 

3 G.D. Prestwich, Insect Biochem. 7, 91 (1977). 
4 a T. Eisner, I. Kriston and D. Aneshansley, Behav. Ecol. 

Sociobiol. 1, 83 (1976); b W.L. Nutting, M.S. Blum and H.M. 
Fales, Psyche 81, 167 (1974); c J. Vrko~, J. K~e~ek and I. 
Hrd~,, Acta ent. bohemoslov., in press (1978); d I. Hrd~, 
J. K~e~ek and J. Vrko~, Proc. Int. Congr. IUSSI, 8, 303 (1977). 

5 I thank Mr P. Chang and Dr. C. lden (Stony Brook) for the 
mass-spectra of compounds I and II. 

6 Fourier transform NMR-spectra were obtained in deuteriochlo- 
roform solutions on Varian CFT-20 spectrometers operating at 
80 MHz for lH and 20 MHz for 13C. Data are given in ppm 
downfield from (CH3)4Si= 0. 

7 B.L. Shapiro, J.R. Hlubu~ek, G.R. Sullivan and L.F. Johnson, 
J. Am. chem. Soc. 93, 3281 (1971). 

The scent scale substances of male Pieris butterflies (Pieris melete and Pieris napi) 

N. Hayashi, Y. Kuwahara  1,2 and H. Komae 

Study of Environmental Science, Faculty of Integrated Arts and Sciences, Hiroshima University, Hiroshima 730 (Japan), 
27 October 1977 

Summary. 7 monoterpenes,  a-pinene,  fl-pinene, myrcene, p-cymene, l imonene,  neral and geranial, were identified together 
with n-undecane  in the scent scales of P. melete, and also, together with considerable amounts  of linalool, in the scent 
scales of P. napi. Content  ratio of neral to geranial in P. melete ranged from 0.77 to 1.04, and that in P. napi from 1.84 to 
2.43. The present chemotaxonomic approach shows the 2 species of Pieris to be distinct. 

Some studies on the chemical structure and physiological 
functions of  scent scale substances of male but ter f ies  have 
been reported: e.g. the presence of neral, geranial and 
geraniol in the scent scales of P. napi found by Bergstrrm et 
al. 3, and the presence of nonan-1-al ,  hexadecan-1-ol, hexa- 
decan-l-ol  acetate and muurol  (or amorphol) in the scent 
scales of Lycalides argyrognomone observed by Lundgren 
et al. 4. It was said that these substances function as an 
aphrodisiac 3, like the hair pencil secretions of Danoid 
butterflies 5-8. The scent scale 9 substances of 2 species (Pieris 
melete M6n6trirs and Pieris napi japonica Shirrzu) of 
Pieridae in Japan are investigated in this paper, a) 
Material and method. The butterflies were collected in the 
mountainous district in Hiroshima Prefecture. The wings of 
3 male adults were extracted with n-pentane (5 ml) at room 
temperature. The extracts were concentrated to 10 gl under  
nitrogen stream at room temperature. 2 ~tl of each sample 
were injected into gas chromatograph-mass spectrometer. 
The JGC-20KP gas chromatograph equipped with columns 
was coupled with the JMS-D 100 mass spectrometer (JEOL 
Co. Ltd., Japan) and was operated under  the following ' 
conditions: column, 3% OV-1 gas-chrom Q (100-200 mesh) 0 
glass column (1 m x 3  mm);  column temperature pro- 
grammed 50-150~ (5~  injection temperature 
200 ~ ionizing voltage 20 and 70 eV. From each of the 
mass spectra determined, the mass units and intensity of 3 
abundant  ions, base (H0,  2-highest (H2), and 3-highest (H3) 
ions, together with molecular ion (M+), were obtained 
(table). Based on agreement of these spectral patterns with 
authentic ones, identification was carried out. For  quantita- 
tive analysis of geranial and neral, the Hitachi 063 type gas , 
chromatograph equipped with flame ionization detector 0 
was used. The gas chromatograph was operated at 120 ~ 
using PEGS (polyethylene glycol succinate on chromosorb 
W AW (60-80 mesh) 15%) column (2 m •  mm).  The 
relative percentage of individual  constituents were deter- 

mined by integration and summat ion o f  peak area with 
electric digital integrator. The individual variation of the 
content ratio of neral to geranial was obtained from 12 
heads ofP .  melete and 9 heads ofP.  napi. 
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Gas chromatogram of the scent scale substances of p. napi (a) and 
P.melete (b). 1. Unknown, 2. a-pinene, 3. fl-pinene, 4. myrcene, 
5. p-cymene, 6. limonene, 7. linalool, 8. n-undecane, 9. neral, 10. 
geranial. 
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Mass spectra of the scent scale substances of P. melete and P. napi 
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Peak Component Rt M + H 1 H 2 H 3 P. melete P, napi 
No. (%) (%) 

1 Unknown 0.60 104 104 78 43 5.0 2.1 
2 a-Pinene 1.00 136 93 77 41 8.7 5.4 
3 fl-Pinene 1.28 136 93 41 69 4.0 3.0 
4 Myrcene 1.44 136 41 93 69 4.3 4.2 
5 p-Cymene 1.72 134 119 134 91 3.7 4.3 
6 Limonene 1.87 136 68 93 67 3.6 3.6 
7 Linalool 2.88 154 71 41 93 - 8.8 
8 n-Undecane 3.11 156 57 43 71 4.0 1.1 
9 Neral 5.27 152 69 41 94 35.4 44.3 

10 Geranial 5.72 152 69 41 84 31.1 23.2 

Rt: a-pinene= 1.00, M+; molecular ion, HI; base ion, H2; 2nd-highest 

Results. The  results are shown in the table and  the figure. 7 
mono te rpenes  (a-p inene ,  f l -pinene,  myrcene,  p-cymene,  
l imonene ,  neral  and  geranial)  were ident i f ied together  with  
n -undecane  f rom the scent scales of  P. melete, while  these 7 
and  considerable  amoun t s  of  l inalool  were ident i f ied in the 
scent scales of  P. napi (figure). Con ten t  rat io of  nera l  to 
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Summary. The  conductances  of  aqueous  solutions of  the calcium salt of N ace ty l -neuraminic  acid ( N A N A )  an i m p o r t a n t  
const i tuent  of  glycolipids and  glycoproteins have been  measured  over a range of  tempera ture .  The  data  are consis tent  
with the format ion  of  the Ca ( N A N A )  + ion-pair .  Dissociat ion constants  and l h e r m o d y n a m i c  pa ramete r s  for the ion-pa i r  
have been  derived. 

N-ace ty l -neuraminic  acid ( N A N A )  is an impor tan t  
const i tuent  of  m e m b r a n e  glycolipids and glycoproteins and 
it has been  shown to be responsible  for a large propor t ion  
of  the surface charge of  erythrocytes!. The  in teract ion of  
calcium ions with N A N A  has been  implicated in a variety 
of  physiological  and  biochemical  processes z4. Behr  and  
Lehn 5 invest igated the interact ion between alkali  and 
a lkal ine-ear th  cations using ion selective electrodes and the 
b inding of  calcium ions at high concentra t ions  (0.1-4 M) 
to N A N A  and its derivat ives has been  s tudied using 13C 
NMR6, 7. 
In this communica t ion  a conduct imetr ic  study of  the 
calcium salt of  N A N A  in aqueous solution over  a range of  
t empera ture  is reported.  Conduct iv i ty  measurement s  afford 

a sensitive means  of  detect ing ion-pair  fo rmat ion  at 
physiological Ca 2+ ion concentrat ions.  The  data show that  
there are considerable  deviat ions f rom the Onsager  l imit ing 
law for conductivity.  The  results can be in terpre ted  in terms 
of  the fo rmat ion  of  the Ca ( N A N A )  + ion-pair  for which the 
dissociation constant  and  t h e r m o d y n a m i c  pa ramete r s  are 
derived. 
Synthetic 'pure '  N A N A  was ob ta ined  from Koch-Ligh t  
Laborator ies  Ltd., and  was used as supplied.  Aqueous  
solutions of  the calcium salt were prepared  by conduct i -  
metric t i t rat ions of  s tandard ized  calcium hydroxide  
solutions (nomina l ly  6 m M )  with N A N A  solutions 
(nominal ly  12 lnM).  The  conductivi t ies  were measu red  
in the range 0.1-2.5 m M  using specially constructed 

Table 1. Calculation of dissociation constants for the Ca(NANA) + ion-pair from conductance measurements at 25 ~ 

Molarity Ae [Ca(NANA) +] x 103 I x 103 1 "~ Kdiss • 10 3 
(moles/l) x 103 (cm 2 f2 1 equiv-l) (moles/l) (moles/l) 

2.768 70.65 1.157 5.99 0.6944 4.241 
2.666 70.71 1.118 5.76 0.6994 4.076 
1.596 79.57 0.4975 3.79 0.7482 4.452 
0.9108 87.48 0.1988 2.33 0.7964 4.628 
0.9072 87.80 0.1937 2.33 0.7964 4.754 
0.4112 94.84 0.06063 1.11 0.8550 3.718 
0.4088 94.16 0.05668 1.12 0.8541 4.092 
0.2316 98.51 0.02304 0.65 0.8869 3.536 

Calculated from logf+ = - 4•  0.5115~. 


