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T h e  trai l  and  a l a r m  p h e r o m o n e s  of the  ant ,  P r i s t o m y r m e x  p u n g e n s  M a y r  1 
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(Japan), 13 September 1976 

Summary. T h e  t ra i l  and  a l a r m  p h e r o m o n e s  of P. p u n g e n s  were inves t iga ted .  The  n ine  f a t t y  acids (C14:0, C16:0, Cle:l, 
Cls:0, Cls:l, Cls:2, Cls:a , C20:4, C~0:5 ) were t h e  c o m p o n e n t s  of t he  t r a i l  p h e r o m o n e ,  while  t he  a l a r m  p h e r o m o n e  was found  
to  be  t he  m i x t u r e  of 4 m o n o t e r p e n e  h y d r o c a r b o n s  (~-pinene, c a m p h e n e ,  fl-pinene, l imonene) .  

I n  t he  r ecen t  years ,  t he  n a t u r e  of p h e r o m o n e  a n d  o t h e r  
cons iderab le  chemica l  release used b y  insec ts  ha s  a roused  
cons ide rab le  in te res t .  A wide v a r i e t y  of a n t  species are 
k n o w n  to ut i l ize  t ra i l  and  a l a r m  p h e r o m o n e s  ~ as a m e a n s  
of o r i e n t a t i o n  a n d  c o m m u n i c a t i o n .  T he  chemica l  in- 
v e s t i g a t i o n  of t he  g roups  of n a t u r a l  p r o d u c t s  is s t i l l  in  i ts  
in i t i a l  s tage.  The  f i rs t  i sola t ion a n d  iden t i f i ca t ion  of t he  
t ra i l  p h e r o m o n e  was ach ieved  b y  T u m l i n s o n  e t  al. 8, who  
r epo r t ed  t he  m a j o r  vola t i le  c o m p o n e n t  of t he  t ra i l  phero-  
m o n e  p r o d u c e d  b y  A t t a  t a x a n a  to be  m e t h y l - 4 - m e t h y l  
py r ro le -2 -ca rboxy la t e .  R e c e n t l y  H u w y l e r  et  al. 4 de- 
m o n s t r a t e d  t he  t ra i l  p h e r o m o n e  of t he  an t ,  Las ius  fuli- 
g inosus  to be  t he  m i x t u r e  of 6 f a t t y  acids  (hexanoic  acid, 
h e p t a n o i c  acid, oc tanoic  acid, n o n a n o i c  acid, decanoic  
acid,  dodecano ic  acid). A n u m b e r  of a l a r m  p h e r o m o n e  
of a n t  species h a v e  been  r epo r t ed  2 such  as d imethy lsu l f ide ,  
a l ipha t i c  ke tones ,  a lkanes ,  t e rpene  a ldehydes  a n d  formic  

acid. R e c e n t l y  Whee le r  e t  al. 5 r epo r t ed  t he  presence  of 
7 py raz ine  de r iva t i ve s  in  t he  a l a r m  p h e r o m o n e  of P o n e r i n e  
a n t s :  2 , 6 - d i m e t h y l - 3 - n - p e n t y l  pyryz ine ,  2 ,6 -d imethy l -3 -  
n - b u t y l  pyraz ine ,  2, 6 -d ime thy l -3 -n -p ropy l  pyraz ine ,  2, 6- 
d i m e t h y l - 3 - e t h y l  pyraz ine ,  2, 5 -d ime thy l -3 - i sopen ty l  py-  
razine,  2 ,5 -d ime thy l -3 -e thy l  pyraz ine .  I n  th i s  p r e l i m i n a r y  
c o m m u n i c a t i o n  t he  ana lys i s  of t h e  t ra i l  a n d  a l a r m  phero-  
mones  is r epor ted .  
Material and method. The  whole  bodies  of worker  an t s  
(63 g), P r i s t o m y r m e x  p u n g e n s  Mayr ,  ob t a ined  f rom 
Hi rosh ima ,  were m a c e r a t e d  in n - p e n t a n e .  Af ter  e v a p o r a t -  
ing t he  so lvent ,  an  oily m a t t e r  (446 rag) was ob ta ined .  
The  t ra i l  a n d  a l a r m  responses  of t he  m i n o r  workers  f rom 
the  l a b o r a t o r y  co lony was used to  m o n i t o r  th i s  a n d  all  
s u b s e q u e n t  i so la t ion  step.  The  oily m a t t e r  was f r ac t i ona t ed  
b y  p r e p a r a t i v e  h igh  speed l iquid  c h r o m a t o g r a p h y  
(HSLC) in to  3 f rac t ions  as shown  in t he  tab le .  The  

Isolation and identification of trail and alarm pheromones 

1. Preparative HSLC of total extracts of the ants 

Fraction Retention volume (ml) Composition 1~ Compound Activity 

1 26.3 20.1 Pigment - 
2 28.8 23.1 Fatty acid Trail 
3 35.4 56.8 Hydrocarbon Alarm 

2. Composition of trail pheromone (fraction 2 in HSLC) 

Fatty acid Composition 1Q Identification I~ 
GC-MS GC 
E1 (M +) CI (QM +) 

C14 : o 0.1 242 243 GC 
C18: o 0.2 C1vH3402 270.2564 271 GC 
Cle: 1 0.2 268 269 GC 
Cls: o 2.1 C19HasO~ 298.2860 299 GC 
C18:1 13.8 CI~Ha60 s 296.2663 297 GC 
Cls: 2 3.3 C19H3402 294.2529 295 GC 
ClS : .~ 0.1 292 293 GC 
C20:4 0.6 C21H3402 318.2510 319 GC 
C2o: 5 0.6 316 317 - 

3. Composition of alarm pheromone (fraction 3 in HSLC) 

Peak No. Alarm pheromone Composition 1~ Identification 

1 m-Pinene 9.1 IR, GC 
2 Camphene 9.4 IR, GC 
3 fl-Pinene 33.0 IR, GC 
4 Limonene 5.3 IR, GC 
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H S L C  was pe r fo rmed  b y  means  of a W a t e r s  Ass. Model  
ALC 202 l iquid  c h r o m a t o g r a p h  w i th  M6000 p u m p i n g  
s y s t e m  a n d  de t ec t ed  w i t h  a W a t e r s  Ass. Model  R401 re- 
f rac t ive  i ndex  de tec tor .  2 Shodex  GPC co lumns  (A801 • !, 
A802 • 3, po rous  po l ym er  of s ty rene  d iv iny lbenzene)  was 
used. For  ana lys i s  of t ra i l  phe romone ,  the  m e t h y l a t i o n  
of t he  f a t t y  acids ( f ract ion 2 in HSLC) was car r ied  ou t  
us ing  d i a z o m e t h a n e  and  t h e n  ana lyzed  b y  gas c h r o m a t o -  
g r a p h y - m a s s  s p e c t r o m e t e r  (GC-MS)". T he  i n s t r u m e n t  
used consis ts  of J G C - 2 0 K P  gas c h r o m a t o g r a p h y  ( J E O L  

C o .  Ltd ,  J a p a n )  equ ipped  w i th  t he  c o l u m n  which  was 
coupled  to a JMS-D100  mass  s p e c t r o m e t e r  ( J E O L  Co. 
L td ,  J a p a n )  h a v i n g  e lec t ron  i m p a c t  (EI) and  chemica l  
ion iza t ion  (CI) c o m b i n a t i o n  sources and  m e a s u r e d  the  
folowing cond i t ions :  column,  1 0 % - D E G S  G a s c h r o m  Q 
(100-200 mesh) glass co lumn  (3 m • 3 m m ) ;  co lumn  
t e m p e r a t u r e  p r o g r a m m e d  150 ~ to 200~ (5~ in- 
j ec t ion  t e m p e r a t u r e  300~ car r ie r  gas He 2.1 kg / cm" ;  
ion iza t ion  vo l tage  23eV. W h e n  the  CI source was used, 
i so -bu tane  was used for t he  r e a c t a n t  gas. The  i nd iv idua l  
c o m p o n e n t s  showing  a l a r m  response  of f rac t ion  3 in H S L C  
were isola ted b y  p r e p a r a t i v e  gas c h r o m a t o g r a p h y  (GC), 
and  t h e n  ident i f ied  b y  I R - s p e c t r a  on compar i son  w i th  
those  of a u t h e n t i c  specimens.  The  S-assay  descr ibed  b y  
H a n g a r t n e r  7 a n d  O-assay  b y  T u m l i n s o n  a were employed  
to check the  biological  a c t i v i t y  of the  t ra i l  phe romone .  
Whi le  the  a l a r m  a c t i v i t y  was t es ted  b y  the  B l u m ' s  
m e t h o d  s. 
Results and discussion. The  t ra i l  p h e r o n o m e " .  The  bio- 
logical a c t i v i t y  of the  t ra i l  p h e r o m o n e  was de t ec t ed  in 
f rac t ion  2 wh ich  was o b t a i n e d  f rom p r e p a r a t i v e  HSLC.  
The  t h r e sho ld  of de t ec t ion  of the  t ra i l  p h e r o m o n e  was 
10 -4 to 10 -7 g/ml.  The  I R - s p e c t r u m  of the  f r ac t ion  
showed  the  a b s o r p t i o n  b a n d  a t  1700 cm ~ due  to c a r b o n y l  
g roup  (showing the  presence  of the  acid). The  acid f r ac t ion  
was reac ted  w i t h  d i a z o m e t h a n e  and  s u b m i t t e d  to GC-MS 
analysis .  Some of the  m e t h y l  ester  of the  f a t t y  acids 
showed  no molecu la r  ion (e.g. C20:5 ) in MS us ing  E I  
source, so the  CI source was used ins t ead  of E I  in case of 
C20:5 acid. The  9 f a t t y  acids (C14:0, C16:0, C16:1 , C19:0 , 

C18:1 , C18:2 , C18:3 , Cio:4 , C20:5 ) w e r e  i d e n t i f i e d  b y  G C - M S  
as t he  c o m p o n e n t s  of the  t ra i l  phe romene .  Tile i n d i v i d u a l  
f a t t y  acids were f u r t h e r  ident i f ied  b y  GC. The  i so la t ion  
and  iden t i f i ca t ion  of t ra i l  and  a l a r m  p h e r o m o n e s  are 
shown  in the  table .  
A l a r m  phe romone .  The  a n t s  were i r r i t a t ed  and  t h e n  t h e y  
secreted the  a l a r m  p h e r o m o n e  in t e s t  t ube .  Af te r  ex-  
t r a c t i n g  t he  a n t s  w i t h  n - p e n t a n e ,  a n  odorous  oil was  ob-  
t a ined .  The  gas c h r o m a t o g r a m  of t he  oil showed  4 peaks  
which  were v e r y  s imi lar  to  those  of the  f r ac t ion  3 in 
HSLC.  The  ind iv idua l  c o m p o n e n t s  were f u r t h e r  i so la ted  
b y  p r e p a r a t i v e  GC and  ident i f ied  b y  I R - s p e c t r a  on t he  
compar i son  w i th  those  of a u t h e n t i c  specimens.  F u r t h e r  
iden t i f i ca t ion  was pe r fo rmed  b y  GC. The  m a i n  con-  
. s t i tuents  of a l a r m  p h e r o m o n e  were fl-pinene t o g e t h e r  
w i t h  l imone,  ~-pinene and  c a m p h e n e .  I t  is of i n t e r e s t  t h a t  
t he  m o n o t e r p e n e  h y d r o c a r b o n s  were de t ec t ed  as t he  
a l a r m  p h e r o m o n e  in P. pungens  as well  as N a s u t i t e r m e s  
exi t iosus  (Hill) 11. 
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Summary. An increased  release of acid p h o s p h a t a s e  f rom the  lysosomes of U V L  i r r ad ia ted  hai r less  mouse  ep idermis  
is d e m o n s t r a t e d .  The  resu l t s  ind ica te  t h a t  lysosomal  m e m b r a n e  s t ab i l i t y  is decreased  w h e n  t he  hai r less  mouse  is ex- 
posed to e i the r  acute  or chronic  UVL.  

The  lysosomes are single m e m b r a n e ,  subce l lu la r  o rgan-  
elles which  c o n t a i n  m a n y  acid hydro lases  2, 3. U l t r a v i o l e t  
l igh t  (UVL) is capab le  of lysing isola ted r a t  l iver  lyso- 
somes 4-6 caus ing  release of t he i r  ca t a ly t i c  enzymes.  
J o h n s o n  7 us ing  mice, and  F a n d  6 us ing  hai r less  mice, ra t s  
a n d  h u m a n  foreskin  found  t h a t  the  acid p h o s p h a t a s e  
a c t i v i t y  in skin exposed to  10 t imes  the  m i n i m a l  e r y t h e m a  
dose (MED) of U V L  was  lower t h a n  the  a c t i v i t y  f rom 
skin  i r r ad ia t ed  t h r o u g h  window glass 7 or w h e n  t he  skin 
was p ro t ec t ed  w i t h  a sunsc reen  s. H i s t o c h e m i c a l  s tud ies  
of h u m a n  skin, b y  J o h n s o n  and  Danie ls  s, i nd ica t ed  t h a t  
the  lysosomes of h u m a n  skin  exposed to 10 t imes  t he  
M E D  of U V L  began  s ign i f ican t  lysis a f te r  1 h pos t  irra-  
d i a t i on  and  increased  to a peak  a t  6 -8  h pos t  exposure .  
L i t t l e  effect  of U V L  was observed  on  m i t o c h o n d r i a l  
' m a r k e r '  enzymes  7-9, i nd i ca t i ng  an  acce le ra ted  leakage  of 
acid p h o s p h a t a s e  f rom the  lysosomes.  No a t t e m p t  was 
m a d e  to d e t e r m i n e  the  u l t i m a t e  fa te  of t he  enzyme.  

1 Acknowledgments. The authors would like to thank Miss Gail 
Brown for technical assistance. This research was supported in 
part by the Morrison Trust, San Antonio, Texas, and USPHS, 
grant CA-13464-04, from the NCI. 

2 A . J .  Barret, ill: Lysosomes in Biology and Pathology, vol. 2, 
p. 245. American Elsevier Publishing Co., Inc., New York, N. Y. 
1969. 

3 A .L .  Tappel, in: Lysosomes in Biology and Pathology, vol. 2, 
p. 207. American Elsevier Publishing Co,, Inc., New York, N. Y. 
1969. 

4 J . D .  Desai, P. L. Sawant and A. L. Tappel, Biochem. biophys. 
Acta 86, 277 (1964). 

5 G. Weissmann and J. Dingle, Exp. Cell Res. 25, 207 {1961}. 
6 C. de Duve, R. Wat teaux and M. Wibo, Biochem. Pharmac. 8, 

30 (1961). 
7 B . E .  Jolmson, Nature 219, 1258 (1968). 
8 I. Fand, Dermatologiea 7dd, 237 (1972). 

9 B . E .  Johnson and F. Daniels, Jr, J. Invest. Dermatol. 53, 85 
(1969). 


