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The  inc remen t s ,  e i t he r  in  oxygen  c o n s u m p t i o n  or in glu- 
cose o x i d a t i o n  are of t he  same order  of m a g n i t u d e .  The  
s u b m a y i l l a r y  g land  cells, w h e n  c u l t i v a t e d  in v i t ro  are able  
to  ca r ry  ou t  aerobic  glycolysis,  whereas  t i ssue  slices do 
no t  show th i s  capac i tyK The  a p p e a r a n c e  of aerobic  gly- 
colysis is a genera l  b iochemica l  cha rac t e r i s t i c  of cu l tu red  
cells, b u t  i t  m u s t  be  e m p h a s i z e d  t h a t  the  female  der ived  
cells show an  aerobic  p r o d u c t i o n  of lact ic  acid twice  t h a t  
of ma le  cells. Never the less ,  in spi te  of h ighe r  oxygen  con-  
s u m p t i o n  a n d  h igher  A T P  p r o d u c t i o n  ( tables  1 and  3), 
t he  P a s t e u r  effect  in  female  ceils is lower. To exp la in  th i s  
p h e n o m e n o n ,  i t  is necessa ry  to  keep in m i n d  t h a t  we are  
dea l ing  w i t h  h i g h l y  s t r u c t u r e d  sys t em composed  of cells 
in wh ich  glycolysis  a n d  r e sp i r a t ion  are s t r i c t ly  cor re la ted  
a n d  each p a t h w a y  h a s  a p r o f o u n d  effect  on t he  o ther .  I n  
t h e  presence  of m i t o c h o n d r i a ,  r e g u l a t o r y  fac tors  of gly- 
colysis are changed  because  t h e y  m a y  s t i m u l a t e  t he  gly- 
colysis b y  m e a n s  of all  r eac t ions  t h a t  p roduce  A D P  and  
inorgan ic  p h o s p h a t e  a n d  th i s  aux i l i a ry  e n z y m e  s y s t e m  
m a y  be refer red  to as ' A T P - a s e  in  the  b r o a d e s t  sense '  10 

Moreover ,  i t  has  been  d e m o n s t r a t e d  t h a t  t he  P a s t e u r  
effect  depends  essent ia l ly  on  t he  a l los ter ic  p roper t i e s  of 
p h o s p h o f r u c t o k i n a s e  11-1~, i. e. i t  is increased b y  c o m p o u n d s  
wh ich  i n h i b i t  t h i s  enzyme  a n d  decreased  b y  those  wh ich  
enhance  i ts  ac t iv i ty .  The  p h o s p h o f r u c t o k i n a s e  of female  
cells ha s  a g rea t e r  a f f in i ty  for t he  s u b s t r a t e  t h a n  t h a t  of 
male  cells 14. I t  is, therefore ,  conce ivab le  t h a t  in sub-  
m a x i l l a r y  g l and  cells in  v i t ro  b o t h  m e c h a n i s m s  are  
work ing  and  t h a t  t he  lower  P a s t e u r  effect  of female  
der ived  cells is a t t r i b u a b l e  m a i n l y  to d i f fe ren t  phos -  
p h o f r u c t o k i n a s e  sens i t iv i ty .  

10 E. Racker, Mechanisms in Bioeuergetics, p. 202. Academic 
Press, 1965. 

11 S. V. Passoneau and O. H. Lowry, Biochem. biophys. Res. 
Commun. 237, 629 (1962). 

12 S.V.  Passonneau and O. H. Lowry, Adv. Enzyme Regul. 2, 
265 (1972). 

13 H.A. Krebs, Essay Biocheln. 8, 1 (1972). 
14 A. Floridi, Maria L. Marcante and M. Benassi, It. J. Biochem. 

25, 357 (1976). 

Alterations in the phospholipid composi t ion of Nocardia polychromogenes during growth 1 

G. K. Khu l l e r  and  A. K. T r a n a  

Department o/ Biochemistry, Postgraduate Institute o I Medical Education and Research, Chandigarh 160012 (India), 
21 January 1977 

Summary. The  maj  or phospho l ip id  classes of Nocardia polychromogenes were  q u a n t i t a t e d  a t  d i f f e ren t  s tages  of t he  g r o w t h  
cycle. S ign i f ican t  differences  were obse rved  b o t h  in t he  t o t a l  l ipid p h o s p h o r u s  per  g (dry weight )  of cells, and  in t h e  
re la t ive  pe rcen tages  of i n d i v i d u a l  phosphol ip ids .  The  t o t a l  a m o u n t  of l i p id -phosphorus  increased  t h r o u g h o u t  t he  
g r o w t h  cycle. Cardio l ip in  a n d  phospho inos i t ides  c o n t e n t s  increased  w i t h  s ign i f ican t  decrease  in p h o s p h a t i d y l  e t hano -  
l amine  a n d  u n k n o w n  phosphol ip ids .  

Phospho l ip ids  in  b a c t e r i a  are a l m o s t  exclus ive ly  localized 
in t h e i r  m e m b r a n e s  and  these  s t r u c t u r e s  are t he  si te  of a 
n u m b e r  of enzymes  i nvo lved  in phospho l ip id  b io syn thes i s  K 
Cardiol ipin,  p h o s p h a t i d y l  e t h a n o l a m i n e  a n d  p h o s p h a t i d y l  
i nos i t omannos ides  are t h e  m a j o r  phospho l ip ids  of No- 
cardia3-K The  effects  of cu l tu re  age are i m p o r t a n t , b e -  
cause  cells in  e x p o n e n t i a l  p h a s e  of g r o w t h  are physio log-  
ical ly  more  ac t ive  as c o m p a r e d  w i t h  t he  s t a t i o n a r y  phase  
w h e n  t he  g r ea t e s t  mass  is ob ta ined .  As a p r e l i m i n a r y  to  
a b e t t e r  u n d e r s t a n d i n g  of phospho l ip id  b iosyn thes i s ,  
m e t a b o l i s m  a n d  i ts  r egu la t i on  in Nocardia, we h a v e  unde r -  
t a k e n  a s t u d y  to i n v e s t i g a t e  t he  effects of cu l tu re  age 
on  t he  phospho l ip ids  of Nocardia polychromogenes. To our  
knowledge,  a l t e r a t i ons  of phospho l ip ids  d u r i n g  g r o w t h  

h a v e  no t  been  i n v e s t i g a t e d  in Nocardia, a l t h o u g h  s tudies  
w i t h  o t h e r  mic roo rgan i sms  h a v e  been  r epo r t ed  ~. 

Materials and methods. Large  q u a n t i t i e s  of Nocardia poly- 
chromogenes were g rown a t  27~ as descr ibed  earl ier  5 for 
v a r y i n g  i n t e rva l s  of t ime.  E x t r a c t i o n  a n d  pur i f i ca t ion  
of l ipids were as descr ibed  e lsewhere  7. The  separa t ion ,  
isolat ion,  c h a r a c t e r i z a t i o n  a n d  q u a n t i t a t i o n  of phospho -  
l ipids were  as de ta i l ed  in p r ev ious  pub l i ca t i ons  ~, 8. 

Results and discussion. The  t o t a l  l i p id -phosphorus  pe r  g 
(dry weight)  of Nocardia polychromogenes dur ing  g r o w t h  
is shown  in t he  figure.  The  changes  in t he  re la t ive  per-  
cen tages  of each  of the  m a j o r  phospho lop id  f rac t ions  of 
Nocardia polychromogenes w i t h  respec t  to  age  of the  cul- 

u 

" O  

E 

._ca_ 

10 f 
5 10 15 i0 days 

Age of bacterial culture 

Quantitation of total lipid phosphorus during growth of Nocardia 
polychromogenes. 

Distribution of phospholipids of Nocarda polychromogenes during 
growth 

Phospholipid Age of the bacterial culture (days) 
4(4) 8(4) 16(4) 

Phosphoinositides 35.7 :z 2.9 45.0 :J: 3.3 44.0 4- 3.7 
Phosphatidyl ethanolamine 20.7 z 1.4 12.8 • 0.7 10.7 :[: 1.8 
Cardiolipin 33.5 :]: 2.2 38.7 :E 2.3 40.2 • 2.5 
Unknown phospholipids 13.5 ~ 0.5 3.3 :t: 0.8 4.9 • 3.8 

Distribution of total lipid phosphorus (%, mean =[= SD). 
The number in parentheses represent the number of different batches 
analyzed. 
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ture  is p resen ted  in the  table.  I t  is ev iden t  f rom these  
d a t a  t h a t  the  major  phosphol ip id  classes of N.  poly- 
chromogenes r ep resen t  dynamic  chemical  cons t i tuen t s  of 
t he  bac ter ia l  cell. They  change  i n d e p e n d e n t l y  in re la t ive 
propor t ions ,  as well as in the i r  ac tua l  pe rcen tage  of the  
to ta l  cell mass,  as a func t ion  of the  g rowth  stage. Quan-  
t i t a t ive ly ,  ma jor  phosphol ip ids  of N.  polychromogenes 
behave  qui te  d i f fe rent ly  dur ing  growth.  Phosphol ip ids  
accumula te  as the  cul ture  ages (figure) similar to t h a t  
of E. coli when  grown at  27 ~ 11. P h o s p h a t i d y l  e thanola-  
mine  has  been  shown to decrease wi th  age in myco-  
bac te r ia  s, Streptomyces griseus 9 and  E. coli-B ~~ as seen 
in N.  polychromogenes. We have  now observed  an increase 
in Cardiol ipin wi th  age ident ical  to E. coli lo, whereas  a 
decrease  was observed  in mycobacter iaS  and S. griseusg. 
The increase in phosphoinos i t ides  is in accordance  wi th  
our  earl ier  observa t ions  s,9 wi th  o ther  microorganisms  
con ta in ing  these  phosphol ip ids .  To w h a t  e x t e n t  these  
changes  in phosphol ip ids  are re la ted  to the  synthes is  of 

specific enzymes  is a t  p r e sen t  unknown.  More evidence  
is requi red  at  t he  enzyme  level to i n t e rp re t  these  changes  
in lipid metabol i sm.  
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Summary .  Field s tudies  have  shown t h a t  a combina t ion  of (Z)-9- te t radecenol  wi th  (Z)-9- te t radecenyl  ace ta te  is an 
effect ive a t t r a c t a n t  for male Sesamia cretica Led.,  a pes t  of so rghum crops. These s tudies  also ind ica ted  t h a t  the  mos t  
effect ive compos i t ion  is 75 : 25 (alcohol: acetate) .  

Dur ing  a field s t u d y  of c o m p o u n d s  syn the t i zed  ~ to at-  
t r a c t  insect  species of Sudan  co t ton  crops, expe r imen t s  
were carr ied out  to  screen 22 c o m p o u n d s  (mainly un- 
s a t u r a t e d  long-chain  alkyl ace ta tes  and the i r  pa r en t  
alcohols re la ted  to  known insect  sex -a t t r ac tan t s ) .  
In i t ia l  eva lua t ion  indica ted  t h a t  among  all compounds  
t e s t ed  (Z)-9- te t radecen- l -o l  (Z-9-TDOL) and (Z)-9-tetra- 
decenyl  ace ta te  (Z-9-TDA) a t t r a c t e d  males of a single 
insect  species, the  dura  s t em-bore r  Sesamia cretica Led. 
The range of d i s t r ibu t ion  of th is  pes t  ex t ends  f rom 
Morocco in t he  wes t  to  n o r t h e r n  Algeria, Libya,  U.A.R.  
(Egypt)  and the  Near  Eas t .  I t  is also found  in sou the rn  
I ta ly ,  Corsica, Yugoslavia,  Bulgar ia  and Greece. In  E a s t  
Africa S. cretica is recorded f rom Eth iop ia ,  Somalia  and 
the  Sudan.  The pes t  main ly  a t t acks  sorghum,  b u t  also 
infests  maize, sugarcane,  w h e a t  and  p innise tum.  

Catches  of S. cretica were so unusual ly  high t h a t  we felt  
our  t r a p p i n g  resul ts  would be of in teres t ,  pa r t i cu la r ly  
since Z-9-TDA is known  to  be the  na tu ra l  s ex -pheromone  
or one of its c o m p o n e n t s  for m a n y  lep idopte ran  species 
such as A doxophyes orana s, A .  [asciata 4, Clepsis spectrana 5, 
Cadra cautella ~, Spodoptera eridania 7 and  S. littoralis 8. 
As far  as we know, Z-9-TDOL has  never  been  involved 
in the  s ex -phe romone  sys tems  of Lep idopte ra .  
Z-9-TDOL and Z-9-TDA were 97% isomerical ly  pure,  the  
r emain ing  3% consis t ing of the  opposi te  isomer (by GLC 
analysis  on 25 m glass capi l lary co lumn packed  wi th  
Ucon 50 H B  5100). 
Newly  des igned insect  t r aps  were used in all tes ts .  They  
are m a d e  of wea the rp roo f  cardboard ,  l ined w i t h  an 
adhes ive  subs tance ,  21 cm long x 23 cm wide x c a .  11 cm 
high  (figure). Traps  were charged  wi th  t e s t  chemicals  
p laced on rubber  sep ta  (5 x 9 m m  rubber - s toppers ,  sleeve- 
type ,  Angelo Ascenso, Milano). They  were hung  approxi -  
ma t e l y  1-1.5 m above  the  ground  and  d i s t r ibu ted  upwind  
wi th in  the  pe r iphe ry  of co t ton  fields near  so rghum and 
sugar-cane  crops, a t  a dens i ty  of 2 t r aps  per  hectar .  

A baited trap. 
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