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D a s  A u f t r e t e n  v o n  K o p r o p o r p h y r i n  in K u l t u r e n  y o n  Poteriochromonas stipitata n a c h  I n k u b a t i o n  m i t  
3 - A m i n o - 1 , 2 , 4 - t r i a z o l  ( A m i t r o l )  

Bei  U n t e r s u c h u n g e n  fiber den  Einf luss  yon  A m i t r o l  auf  
die P i g m e n t b i l d u n g  in der  einzel l igen Alge Poterio- 
chromonas stipitata 1, 2 wurde  b e o b a c h t e t ,  dass  sich die 
K u l t u r e n  n a c h  Zusa tz  yon  m e h r  als 2.10-32Vf Amit ro l ,  
paral le l  zur  A b n a h m e  des Chlorophyl lgehal tes ,  zu-  
n e h m e n d  ro s t ro t  ver f / i rb ten .  
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Fig. 1. Absorptionsspektrum des aus amitrolbehandelten iKulturen 
yon P. stipitata isolierten Porphyrins. , in Chloroform; 
. . . .  , in 25%iger HC1. Fiir die Messung des Absorptionsspektrums 
im Bereieh von 450-650 nm wurde eine Porphyrinl6sung benutzt, 
die 10-20inal so konzentriert war wie die im Bereieh yon 370- 
440 nm verwendete. 

Der  ro te  F a r b s t o f f  k o n n t e  m i t  A thy l ace t a t -E i s e s s ig  
(3:1) sowohl  aus  den  Algenzel len  als auch  aus  d e m  
N ~ h r m e d i u m  e x t r a h i e r t  werden.  Sein Abso rp t ions -  
s p e k t r u m  e n t s p r a c h  d e m  eines P o r p h y r i n s  v o m  A t i o t y p  
(Figur  1). I n  Chloroform lagen die A b s o r p t i o n s m a x i m a  
bei  403, 501, 536, 539 sowie 622 i lm u n d  in 25% iger HC1 
bei  409, 553, 573 sowie 596 rim. Die  d i i n n s c h i c h t c h r o m a -  
t og raph i sche  Iden t i f i z i e rung  des P o r p h y r i n s  be re i t e t e  zu- 
n~Lchst gewisse Schwier igkei ten ,  da  es sich auf  t ib l iche 
Weise  a n i c h t  m e t h y l i e r e n  liess. E r s t  n a c h  vo rhe r ige r  
Hydro ly se  m i t  m e t h a n o l i s c h e r  K O H  war  das  E r g e b n i s  
der  Me thy l i e rung  zufr iedens te l lend.  Als m6gl icher  G r u n d  
hierf t i r  wurde  eine Mask ie rung  der  C a r b o x y l g r u p p e n  an-  
g e n o m m e n .  Auf  Kiese lge l -G-Sch ich ten  m i t  Benzol -  
A t h y l a c e t a t - E i s e s s i g  (85: 13: 2) als L a u f m i t t e l  4 h a t t e  das  
m e t h y l i e r t e  P o r p h y r i n  den  gle ichen R f - W e r t  wie Kopro-  
p o r p h y r i n t e t r a m e t h y l e s t e r  (Figur  2). 

Der  Nachweis  yon  K o p r o p o r p h y r i n  in  den  m i t  Ami t ro l  
i n k u b i e r t e n  P.-stipitata-Kulturen t i be r rasch te  insofern,  
als b i she r  weder  in a m i t r o l b e h a n d e l t e n  P f l anzen  noch  in 
a m i t r o l b e h a n d e t t e n  Algen das  V o r k o m m e n  yon  P o r p h y -  
r inen  besch r i eben  wurde.  Dieser  B e f u n d  d e u t e t  an, dass  
die d u r c h  Ami t ro l  bed ing t e  H e m m u n g  der  Chlorophyl l -  
syn these  in P. stipitaIa ausser  in der  ges t6 r t en  Chloro- 
p l a s t e n e n t w i e k l u n g  5 m6gl icherweise  auch  in einer  Beein-  
f lussung der  P o r p h y r i n s y n t h e s e  zu suchen  ist. 
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Fig. 2. Dfinnschichtchromatographische Identifizierung des Por- 
phyrins. Sehieht: Kieselgel G. Laufmitteh Benzol-Athylacetat- 
Eisessig (85:13:2). Laufzeit: ca. 45 Min ftir 12,5 em. Aufgetragen: 
1. Methylester des Porphyrins aus amintrolbehandelten Algen- 
kulturen; 2. Methylester der Porphyrine aus dem Ham eines 
Patienten mit Porphyria cutanea tarda; C = Anzahl der Carboxyl- 
gruppen. 

Summary. I n  t he  presence  of more  t h a n  2 •  10-32t! r 
ami t ro le ,  a red  p i g m e n t  was  syn thes ized  in t he  unice l lu lar  
alga Poteriochromonas stipitata, t3y m e a n s  of TLC i t  was  
conf i rmed  t h a t  i t  consis ts  m a i n l y  of coproporphyr ine .  
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H u m a n  S k i n - S u r f a c e  L i p i d  F a t t y  A c i d s  - M o s q u i t o  R e p e l l e n t s  

H u m a n  sk in-sur face  l ipids  h a v e  been  found  to  c o n t a i n  
c o m p o n e n t s  r epe l l en t  to  female  Aedes aegypti mosqu i toes  
w h e n  e v a l u a t e d  in a d u a l p o r t  o l f ac tome te r  1. The  hydro -  
c a r b o n  f r ac t ion  of these  l ipids  was isola ted a n d  found  to 
c o n t a i n  weak ly  r epe l l en t  u n s a t u r a t e d  h y d r o c a r b o n s  2. The  
m a j o r  r epe l l en t  compounds ,  however ,  were  p r e s en t  in  t h e  
more  polar  f ract ions .  W e  h a v e  now  iso la ted  t he  free f a t t y  
acid f r ac t ion  f rom skin-sur face  l ipids t h a t  were o b t a i n e d  
f rom e the r  wash ings  of t he  e lbows of a n u m b e r  of ind iv id-  

uals. Th i s  f r ac t ion  was i so la ted  f rom pooled l ipids  b y  
s h o r t - p a t h  v a c u u m  dis t i l l a t ion  a t  100 ~ m m  Hg, fol- 
lowed b y  sepa ra t i on  on  silica gel G F  t h i n - l a y e r  c h r o m a t o -  
g r a p h y  (TLC) us ing  benzene  as t h e  deve lop ing  so lvent .  
The  spo t  a t  Rf,  0.7 (42 rag), cons i s ted  of m i x e d  f a t t y  
acids. F u r t h e r  f r a c t i o n a t i o n  of these  f a t t y  acids was ob-  
t a i n e d  b y  t he  use of gas- l iquid  c h r o m a t o g r a p h y  (GLC) as 
shown  ill t h e  Figure.  R e p e a t e d  in j ec t ion  in to  t h e  GLC a n d  
c o n d e n s a t i o n  of t he  e lua tes  y ie lded t he  4 f rac t ions  re- 
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p o r t e d  in Tab le  I. F r a c t i o n  I I I  cons i s ted  p r i m a r i l y  of n- 
C14 f a t t y  acid as ev idenced  b y  c o m p a r i s o n  of t he  IR-  
s p e c t r u m  a n d  GLC b e h a v i o r  w i t h  those  of an  a u t h e n t i c  
sample .  F r a c t i o n  I I  was  iden t i f i ed  b y  GLC, N M R -  a n d  
m a s s - s p e c t r o m e t r y  as i so t e t r adecano ic  acid.  F r a c t i o n  I V  
cons is ted  of 2 peaks,  wh ich  were ident i f ied  b y  compar i son  
of GLC b e h a v i o r  w i t h  t h a t  of a u t h e n t i c  samples  of n-  
p e n t a d e c a n o i c  acid (15 rain), a n d  n - hexadecano i c  acid 
(20 min) .  I t  was  recognized  t h a t  a n y  u n s a t u r a t e d  f a t t y  
acids p r e sen t  in  these  f rac t ions  a t  low c o n c e n t r a t i o n s  
would  be  bu r i ed  u n d e r  t he  la rger  peaks  of t h e  s a t u r a t e d  
f a t t y  acids t h a t  are  p r e s en t  in  larger  a m o u n t s .  

I n  o rder  to  d e t e r m i n e  w h e t h e r  s a t u r a t e d  f a t t y  acids 
were respons ib le  for t he  repe l lency  of these  f ract ions ,  a 
series of a u t h e n t i c  f a t t y  acids were e v a l u a t e d  in t h e  dual-  
po r t  o l fac tomete r ,  us ing  t he  p rev ious ly  descr ibed  proce-  
du reL  These  resu l t s  are seen in Tab le  I f .  I t  can  be  seen 
t h a t  t he  peaks  of f r ac t ion  IV, cons i s t ing  m a i n l y  of n- 
p e n t a d e c a n o i c  and  n - hexadecano i c  acids could no t  a c c o u n t  
for t he  repe l lency  n o t e d  (Table  I) in  t h a t  f rac t ion.  Also, 
t he  repe l lency  of i so t e t r adecano ic  acid c a n n o t  a ccoun t  for 
t he  repe l lency  of f r ac t ion  I I .  

The  m i x t u r e  of f a t t y  acids (Rf, 0.7) i so la ted  f rom TLC 
was c o n v e r t e d  to  m e t h y l  es ters  b y  t r e a t m e n t  w i t h  diazo- 
m e t h a n e ,  a n d  t h e  m e t h y l  es ters  were c h r o m a t o g r a p h e d  on  
TLC (silica gel G - 1 5 %  AgNO3) a n d  deve loped  w i t h  ben-  
z e n e : e t h e r  (2:1).  This  resu l ted  in s epa ra t i on  in to  3 spots  
wh ich  could be  de t ec t ed  b y  H~SO 4 sp ray  (Rf, 0.68, 0.43 
and  0.00). The  a m o u n t s  recovered  f rom 20 m g  of or ig inal  
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VPC separation of TLC fraction (Rf, 0.7) of vacuum-distilled skin- 
surface lipids. 

mixed  m e t h y l  es ters  were 7.0 rag, 4.0 m g  a n d  2.0 mg. A 
p o r t i o n  of t h e  leas t  po la r  f r ac t ion  (RI, 0.68) was  in jec ted  
in to  t h e  GLC a n d  gave  a p a t t e r n  of peaks  s imi la r  to  t h a t  
in  t h e  Figure.  The  N M R - s p e c t r u m  of th i s  f r ac t i on  showed  
i t  to  be  a m i x t u r e  of m e t h y l  es ters  of s a t u r a t e d  f a t t y  
acids. Hydro lys i s  of th i s  f r ac t ion  to  recover  t he  free acids  
a n d  e v a l u a t i o n  in t h e  d u a l - p o r t  o l f ac tome te r  for repel-  
lency to female  Aedes aegypti i nd i ca t ed  i t  to  be  on ly  
weak ly  r epe l l en t  ( IR  = 7). 

Since no t  enough  of t he  u n s a t u r a t e d  f r ac t ions  (RI, 0.43 
a n d  0.00) were ava i l ab le  for hydro lys i s  a n d  e v a l u a t i o n  in 
t he  o l fac tomete r ,  a po r t i on  of molecu la r i ly  dis t i l led  skin-  
surface  l ipids was dissolved in e the r  a n d  e x t r a c t e d  w i t h  
1% N a O H  to r e m o v e  acidic componen t s .  Th i s  e x t r a c t  was  
t h e n  acidif ied w i t h  hydroch lo r i c  acid a n d  e x t r a c t e d  w i t h  
e the r  to  isolate  t h e  free f a t t y  acid mix tu re .  E v a l u a t i o n  in 
the  dua l -po r t  o l f ac tome te r  showed  a n  ave rage  of 5.9 mos-  
qu i toes  on  t he  sample  side o u t  of a t o t a l  of 20. Th i s  
repe l l en t  f r ac t ion  was es ter i f ied a n d  c h r o m a t o g r a p h e d  
us ing  TLC (silica gel G - 1 5 %  AgNOa) and  e lu ted  w i t h  
b e n z e n e - e t h e r  (2 : 1). Three  f r ac t ions  were  de t ec t ed  a t  1Rf, 
0.73, 0.54 and  0.00. N M R  showed t he  f i rs t  f r ac t ion  to be  
s a t u r a t e d  f a t t y  acid es ters  and  t h e  second and  t h i r d  to  be  
u n s a t u r a t e d  f a t t y  acid esters.  Af te r  bas ic  hydro lys i s ,  
these  3 f rac t ions  were e v a l u a t e d  as free acids in  t h e  dual -  
por t  o l fac tomete r .  The  s a t u r a t e d  po r t i on  was n o t  signifi- 
c a n t l y  repe l l en t  whi le  t h e  u n s a t u r a t e d  po r t i ons  showed  
2.5 and  5.0 mosqu i toes  on  t he  sample  side ou t  of a t o t a l  of 
20 mosqu i toes  in  t he  cage. 

A series of a u t h e n t i c  u n s a t u r a t e d  f a t t y  acids t h e n  were  
e v a l u a t e d  as repe l len t s  to  female  A edes aegypti in t h e  dual -  
po r t  o l f ac tome te r ;  t he  resu l t s  are seen in Tab le  I I I .  

The  l i t e r a tu re  on  h u m a n  sk in-sur face  l ip id  free f a t t y  
acids ind ica tes  t h a t  s t r a i g h t - c h a i n  m e m b e r s  of b o t h  odd  
a n d  even  c a r b o n  n u m b e r s  are p r e sen t  a n d  t h a t  t h e  pre-  
d o m i n a n t  pos i t ion  of t h e  doub le  b o n d  of t h e  monoenes  is 
b e t w e e n  t h e  6 th  a n d  7 th  c a r b o n  a t o m s  f rom the  c a r b o x y l  
g roup  ~. NICOLAIDES 4 i n v e s t i g a t e d  t he  free f a t t y  acids in  
h u m a n  scalp l ipids a n d  conc luded  t h a t  t he  double  b o n d s  

1 W.A.  SKINNER, H. TONG, H. MAIBACH, A. A. KHAN and T. PEAR- 
SON, Science 7"-19, 3681 (1965). 
W. A. SKINNER, H. C. TONG, T. R. PEARSON and H. MAIBACH, 
J. econ. EntomoI. 60, 927 (1957). 
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Biochem. Biophys. 105, 634 (1964). 

Table I. Characteristics of vapor phase chromatographic components of TLC fractions (Rf 0.7) of vacuum-distilled skin-surface lipids 

Fraction I Fraction II Fraction III Fraction IV 

VPC Components, Wts (mg) 4.5 2.1 6.5 2.6 
VPC Retention time (min) 1-5 8 13, 14 15, 20 
Repellency data b 6.9 6.1 8.6 4.1 
IR, ~NaCl era-1. OH 3400 

bonded OH 3600-2500 3700-2500 3700-2400 
C=O 1640 1720 1700 1700 

other 1110 720 1290, 720 720 

a Skin-surface lipids were vacuum-distilled first by short-path and then through the Vigreux column, b Number of mosquitoes on sample 
side out of a total of 20 mosquitoes. 
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Table II. Repelleney of saturated fat ty  acids to female Aedes aegypti mosquitoes in a dual-port olfactometer 

EXPERIENTIA 26/7 

Fa t ty  acid No. of carbon atoms Repellency data~ 
(100 mg/sample) IR Average IR 

Pentanoie 5 55, 30 43 
Hexanoie 6 44, 23, 78, 48, 54 59 
Heptanoic 7 34, 53, 80, 77 61 
Octanoie 8 40, 38, 55, 62 49 
Nonanoic 9 80, 39, 76, 69, 59, 57 63 
Deeanoie 10 30, 55, 49 45 
Undecanoic 11 41, 68, 67, 43, 41 52 
Dodeeanoic 12 9, 19, 46, 67, 30, 39 35 
Tridecanoie 13 20, 43, 32 32 
Tetradecanoic 14 --3, 3, --5,  --11, 20, --18 - -2  
Isotetradecanoic 14 2, --4,  25, 5 7 
Pentadeeanoic 15 14, 23, 27, 31 24 
Anteisopentadeeanoic 15 35, --9,  46, 13 21 
Hexadeeanoic 16 19, --1,  --12, 8 4 
Isohexadecanoic 16 --1,  --8,  2, 9, - -8  - -1  
Heptadecanoie 17 6, 39, 16, 31 23 
Anteisoheptadeeanoic 17 ~ 6 ,  7, 1, 7, 7 3 
Octadeeanoic 18 1, 3, 14, 17 9 

, Repeat experiments were conducted on different days and with different groups of mosquitoes. IR = (No. of mosquitoes on control side-No. 
of mosquitoes on sample side]Total No. of mosquitoes) • 100. 

Table III. Repellency of unsaturated fat ty  acids to female Aedes aegypti mosquitoes in a dual-port olfactometer 

Fa t ty  acid No. of C=C No. of Repelleney data~ 
(100 mg/sample) carbon atoms IR Average IR 

2-Nonenoie 1 9 51, 50, 70, 59 57 
2-Deeenoie 1 10 52, 75, 76, 53 64 
10-Undecenoic 1 11 46, 53, 58, 60 54 
2-Dodeeenoic 1 12 54, 58, 59, 49, 29 49 
9-Tetradeeenoie(cis) 1 14 4, 17, 33, 28 20 
9-Hexadeeenoie(eis) 1 16 --1,  16, 29 15 
9-Hexadeeenoic(trans) 1 16 13, 7, 10, 0 10 
9-0ctadeeenoic 1 18 40, 12, 52, 12, 35 30 
13-Docosenoic(eis) 1 22 66, 20, 19, 23 32 
15-Tetraeosenoic(cis) 1 24 59, 43, 23 42 
9,12-Oetadecadienoic 2 18 31, 30, 31, 26 30 
9,12,15-Oetadecatrienoie 3 18 41, 79, 72, 89, 84, 62 71 
5, 8,11,14-Eicosatetraenoic 4 20 71, 39, 59 56 

Repeated experiments were carried out on different days with different groups of mosquitoes. IR = (No. of mosquitoes on control side-No. 
of mosquitoes on sample side/Total No. of mosquitoes) • 100. 

o f  a l l  t h e  f a t t y  ac ids ,  i n c l u d i n g  s t r a i g h t  as  wel l  a s  b r a n c h e d  
c h a i n e d  m e m b e r s  a r e  l o c a t e d  e i t h e r  in  t h e  6, 7 p o s i t i o n  o r  
a r e  r e m o v e d  f r o m  t h i s  p o s i t i o n  b y  a n  i n t e g r a l  n u m b e r  o f  
C~ u n i t s ,  w i t h  t h e  o n e  e x c e p t i o n  of  oleic ac id .  D i e n e s  in  
c h a i n  l e n g t h s  f r o m  Cls t o  C24 ( a b o u t  3 %  of  t h e  t o t a l  f ree  
f a t t y  ac ids )  a s  wel l  a s  t r a c e  a m o u n t s  o f  t r i e n e s  a n d  
t e t r a e n e s  5, w e r e  a l so  p r e s e n t .  B r a n c h e d  u n s a t u r a t e d  f a t t y  
a c i d s  m a k e  u p  a b o u t  4 %  of  t h e  t o t a l  f ree  a c i d s  p r e s e n t .  
I n  t h e  c a s e  of  t h e  m o n o e n e s ,  t h e  l o w e s t  c a r b o n  c h a i n  de -  
t e c t e d  w a s  C14 a n d  w i t h  t h e  s a t u r a t e d  f a t t y  a c i d s  n o n e  
w e r e  d e t e c t e d  w i t h  c a r b o n  c h a i n  l e n g t h s  b e l o w  C18. A 
s u r v e y  o f  t h e  d a t a  in  T a b l e s  I I  a n d  I I I  w o u l d  i n d i c a t e  
t h a t  t h e  r e p e l l e n c y  o f  t h e  f ree  f a t t y  a c i d  f r a c t i o n  p r e s e n t  
in  s k i n - s u r f a c e  l i p ids  m u s t  b e  a c c o u n t e d  for  o n  t h e  b a s i s  
o f  t h e  u n s a t u r a t e d  a c i d s  p r e s e n t .  

I n  f u t u r e  s t u d i e s ,  e f f o r t s  wi l l  be  m a d e  t o  r e d u c e  t h e  
a t t r a c t i o n  of  a n i m a l s  t o  m o s q u i t o e s  b y  i n c r e a s i n g  t h e  
a m o u n t s  of  u n s a t u r a t e d  f a t t y  a c i d s  p r e s e n t  in  t h e i r  s k i n  
l i p id s  ~. 

Rdsumd. O n  a d 6 c o u v e r t  q u e  les l i p i de s  de  l ' 6 p i d e r m e  
h u m a i n  s o n t  r @ u l s i f s  p o u r  la  f e m e l l e  d'Aedes aegypti. Cet  

e f f e t  e s t  dfi e n  p a r t i e  ~ la  p r 6 s e n c e  d ' a c i d e s  g r a s  n o n  
s a t u r 6 s .  L e s  a c i d e s  g r a s  s a t u r 6 s  n e  c o n t r i b u e n t  p a s  A c e t t e  
a c t i o n .  
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