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In  s imilar  exper iments  in which over  30 C. cautella 
were examined ,  t empe ra tu r e  gradients  ranging f rom 
abou t  17-32°C were used wi thou t  food present  in the  
channel  appara tus .  Adul ts  (females) were 1-3 days  old 
and had  been bred a t  25°C and 65-70% R.H.  Observa-  
t ions were t aken  a t  5 min  in tervals  for abou t  6 days.  
Represen ta t ive  d a t a  is g iven in F igure  1C where i t  can 
be seen t h a t  the  female  adu l t  spent  a l te rna te  periods in 
the  cool region of the  g rad ien t  in terspersed wi th  periods, 
of a m u c h  shor ter  dura t ion ,  in a wa rmer  region. Ovi-  
posi t ion occurred in t he  w a r m  region of the  grad ien t  
where  the  adu l t  was also re la t ive ly  more  act ive.  

A l though  the  exper iments  repor ted  above  can  only  be 
considered as explora tory ,  i t  is in te res t ing  to note  t h a t  
GRAHAM 5 inferred f rom his popula t ion  g rad ien t  s tudies 
t h a t  some fo rm of cyclic behav iour  was p resen t  in T. 
castaneum. Cyclic behav iour  has  also been observed  in 
Pseudophonus pubescens for example ,  where  dai ly  and  
seasonal  periodici t ies  were  present  e. There  appears  to  be 
no ev idence  in t he  l i t e ra ture  suggest ing cyclic behav iour  
of C. cautella on a t e m p e r a t u r e  gradient .  F u r t h e r  work  is 
p lanned  to  inves t iga te  t he  na tu re  of this  cyclic behav iour  
and  i t  is also proposed  to  examine  o ther  stages in t he  life 
cycle, such as t he  la rva l  stage, to  de te rmine  if a s imilar  
phenomenon  exis tsL 

Rdsumd. Des observat ions  faites en labora to i re  sur le 
c o m p o r t e m e n t  d ' ind iv idus  adul tes  de Tribolium casta- 
neum et  Cadra cautella dans des zones de t emp6ra tu res  
diff6rentes m o n t r e n t  que ces insectes ne se t r o u v e n t  pas 
ind6f in iment  dans  la m6me zone, mais  on t  la t endance  de 
s6journer a l t e rna t i vemen t  dans une zone chaude  et  une 
zone froide. Ces d6placements  semblent  avoi r  un carac- 
t~re ry thmique .  
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Electrophoret ic  Mobil i t ies  of Malate Dehydrogenases  f r o m  Barley Seedl ings  

W e  have  recent ly  repor ted  1 the  occurrence in young  
bar ley  seedlings of 2 ma la t e  dehydrogenases  ( t -ma la te :  
N A D  oxidoreductase ,  1.1.1.37), one being associated 
wi th  the  cy top lasmic  f rac t ion and the  o ther  a par t icula te ,  
p r e sumab ly  mi tochondr ia l ,  f rac t ion  of the  cell. The  2 
enzymes  h a v e  been  shown to differ in ch romatograph ic  
behav iour  on d ie thy laminoe thy l  (DEAE)  cellulose and in 
thei r  subs t ra te  aff ini t ies 1. Similar  corre la t ion be tween  
in t racel lu lar  origin and ch romatograph ic  behav iour  of 
ma la t e  dehydrogenases  has also been repor ted  for o ther  
p l an t  t issues 2. I n  the  p resen t  s tudy ,  the  2 enzymes  have  
been compared  as regards  the i r  e lec t rophore t ic  mobi l i ty  
wi th  a v iew to fu r the r  charac ter iz ing  thei r  phys ica l  
proper t ies .  E lec t rophores is  of the  2 subcel lular  f ract ions 
of  ba r ley  seedlings on po lyac ry lamide  gel, followed by  
de tec t ion  of t he  e n z y m e  a c t i v i t y  by  t e t r azo l ium staining,  
revea led  t h a t  t h e  2 m a l a t e  dehydrogenases  are  electro-  
phore t ica l ly  heterogeneous.  

The  cy top lasmic  and mi tochondr ia l  f ract ions  of young  
ba r l ey  (Hordeum sativum) seedlings were p repared  as 
p rev ious ly  described 1. Elec t rophores is  3 of t he  fract ions 
on po lyac ry l amide  gel was carr ied ou t  a t  4 °C. Al iquots  of 
samples  conta in ing  20-200/zg protein,  de te rmined  by  the  
s t anda rd  KJELDAHL procedure* af ter  p rec ip i ta t ion  wi th  
t r ichloroacet ic  acid, were each layered on top  of the  
spacer  gel pr ior  to  electrophoresis.  Good resolut ions of 
the  enzymes  were  ob ta ined  by  employ ing  a cur ren t  of 
2 m A  per  co lumn for 15 min  and  then  5 m A  for 30 rain 
in Tris-glycine buffer, p H  8.6. Malate  dehydrogenase  
ac t i v i t y  was de tec ted  by  the  t e t razo l ium technique  ~. The  
react ion mix tu r e  conta ined  1 vol  1 .0M sodium mala te ;  
1 vol  2 m g / m l  phenazine  me thosu lpha te ;  1 vol  5 mg /ml  
ni t ro  blue t e t r azo l ium,  1 vol  0.1 M sodium cyanide ; 
4 vol  0.75 m g / m l  n ico t inamide  adenine dinucleot ide;  and 
2 vol  0 . 1 M  phospha te  buffer,  p H  6.0. 

I t  is clear f rom the  F igure  t h a t  the  cy top lasmic  and 
mi tochondr ia l  ma la te  dehydrogenases ,  the  ac t i v i t y  of 
which being de tec ted  by  the  purple  fo rmazan  bands  a and 
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Eleetrophoresis patterns of malate dehydrogenases from barley 
seedlings. (A) Mitochondrial fraction. (B) Cytoplasnfic fraction. 
These gels were simultaneously subjected to eleetrophoresis and 
incubated in the reaction mixture for the same period of time. 
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b fo rmed  r e spec t ive ly  d u r i n g  i n c u b a t i o n ,  dif fer  signifi-  
c a n t l y  in  t h e i r  mobi l i ty .  T h e  cy t op l a s m i c  e n z y m e  carr ies  
more  n e g a t i v e  c h a r g e  a n d  m i g r a t e s  f a r t h e r  t o w a r d s  t h e  
anode  d u r i n g  e lec t rophores is .  Th i s  is c o n s i s t e n t  w i t h  t h e  
ear l ier  f ind ings  1,2 t h a t  t h e  cy t op l a s m i c  e n z y m e  is more  
s t rong ly  a d s o r b e d  on  D E A L  cellulose t h a n  t he  mi to -  
chondr i a l  enzyme.  T h e  w e a k  f o r m a z a n  b a n d  b ' ,  w h i c h  
a p p e a r e d  in t h e  cy top l a s m i c  f r ac t ion  a n d  w h i c h  cor- 
r e s p o n d e d  in e l ec t rophore t i c  pos i t ion  w i t h  b a n d  b in t he  
m i t o c h o n d r i a l  f rac t ion ,  m a y  be  i n t e r p r e t e d  as t h e  e n z y m e  
a c t i v i t y  of m i t o c h o n d r i a l  origin.  T h e r e  is ev idence  t h a t  t he  
m i t o c h o n d r i a l  e n z y m e  is eas i ly  l eached  in to  t he  so luble  
phase  d u r i n g  isola t ion  s . An  a d d i t i o n a l  b a n d  of e n z y m e  
a c t i v i t y  c, however ,  was  also de t ec t ed  nea r  t h e  or ig in  in 
t h e  m i t o c h o n d r i a l  f r ac t ion ;  th i s  a c t i v i t y  was  s h o w n  to  be  
s u b s t r a t e - d e p e n d e n t .  I t  would  t h u s  a p p e a r  t h a t  t h e  mi to -  
chondr i a l  f r ac t i on  of ba r l ey  c o n t a i n s  2 m a l a t e  d e h y d r o -  
genase  ac t iv i t ies .  Never the less ,  t h e  p r e s e n t  i n v e s t i g a t i o n  
c lear ly  d e m o n s t r a t e s  t h a t  t h e  cy t op l a s m i c  a n d  mi to -  
c h o n d r i a l  e n z y m e s  are e l ec t rophore t i ca l ly  d i s t inc t ,  as 
well as s u p p l e m e n t i n g  t he  ear l ier  o b s e r v a t i o n s  1,2 t h a t  t he  
2 e n z y m e s  differ  in c h r o m a t o g r a p h i c  b e h a v i o u r .  T h e  f ind-  
ings also sugges t  t h a t  the  m i t o c h o n d r i a l  m a l a t e  d e h y d r o -  
genase  in ba r l ey  in i tself  is e l ec t rophore t i ca l l y  he t e ro -  
geneous,  a l t h o u g h  t he  poss ib i l i ty  exis ts  t h a t  th i s  addi -  
t i ona l  a c t i v i t y  is fo rmed  as a resu l t  of e x t r a c t i o n  a n d  

sepa ra t i on .  S imi la r  e l ec t rophore t i c  p a t t e r n  of t h e  m a l a t e  
d e h y d r o g e n a s e  on  s t a r c h  gel h a s  also been  r ecen t l y  
r epo r t ed  in ma ize  *,7. 

Zusammen/assung. M a l a t d e h y d r o g e n a s e  aus  der  Mito-  
c h o n d r i e n f r a k t i o n  v o n  G e r s t e n k e i m l i n g e n  verhi~lt  s ich 
e l e k t r o p h o r e t i s c h  ve r s ch i eden  v o n d e r  M a l a t d e h y d r o g e -  
nase  aus  de r  C y t o p l a s m a f r a k t i o n .  
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Aggregation of German Cockroach (Blattella germanica)  N y m p h s  

Y o u n g  n y m p h s  of t he  G e r m a n  cockroach  Blattella 
germanica L. are  k n o w n  to  be  gregar ious  a n d  t h e i r  aggre-  
ga t ion  is be l ieved  to d e p e n d  largely  on  a n  o l fac to ry  re- 
sponse  to  chemica l  s u b s t a n c e s  p roduced  b y  t he  cockroaches  
themselves1,% W h e n  y o u n g  n y m p h s  are i n t r o d u c e d  in to  
a c lean glass con ta ine r ,  t h e y  aggrega te  in one  area.  T h e y  
leave th i s  a rea  to  sea rch  for  food a n d  w a t e r  b u t  r e t u r n  to  
i t  aga in  a f t e r  feed ing  or d r ink ing .  Th i s  gregar ious  be- 
h a v i o u r  is s h o w n  bes t  b y  f i rs t  a n d  second  i n s t a r  n y m p h s  
a n d  a p p e a r s  to  be  i m p o r t a n t  in  t he  b io logy  of t he  species. 
As p rev ious ly  r e p o r t e d  b y  WILLIS e t  a l )  t h e  g r o w t h  r a t e  
of y o u n g  n y m p h s  r ea red  i n d i v i d u a l l y  is s lower  t h a n  t h a t  
of n y m p h s  r ea red  in groups .  W e  also con f i rmed  t h a t  t h e  
g r o w t h  r a t e  is inc reased  w h e n  t h e  n y m p h s  a re  a l lowed to  
fo rm aggrega t ions .  T h e  gregar ious  b e h a v i o u r  of cock-  
roaches  ha s  b e e n  c o m p r e h e n s i v e l y  rev iewed b y  ROTH a n d  
WILLIS 4. The  p r e sen t  c o m m u n i c a t i o n  descr ibes  exper i -  
m e n t s  des igned  to d e t e r m i n e  t h e  s i te  of secre t ion  of t he  
ac t ive  mater la l ( s )  respons ib le  for t he  aggrega t ion .  

A c t i v e  m a t e r i a l  was  s h o w n  to  be  p r e s e n t  in t h e  faeces. 
A g roup  of G e r m a n  cockroaches  was a l lowed to  she l t e r  
in a smal l  piece of f i l ter  p a p e r  (3.5 x 7.3 cm) folded in 4, 
d u r i n g  wh ich  t i m e  t h e  p a p e r  b e c a m e  cond i t i oned  b y  
c o n t a m i n a t i o n  w i th  faeces. Some  30-60 f i rs t  i n s t a r  n y m p h s  
were i n t r o d u c e d  in to  a c lean  glass c o n t a i n e r  (11 cm in 
d i a m e t e r  a n d  6.5 c m  in he igh t )  c o n t a i n i n g  t h e  cond i t i oned  
f i l ter  p a p e r  a n d  2 c lean  pieces of t h e  s ame  size as  t h e  
cond i t i oned  piece. T h e  a g g r e g a t i o n  b e h a v i o u r  of t h e  
n y m p h s  was  obse rved .  As s h o w n  in  t h e  Figure ,  m o s t  of 
t he  n y m p h s  h a d  a g g r e g a t e d  in c o n t a c t  w i t h  t h e  condi-  
t ioned  p a p e r  a f t e r  a b o u t  40 min.  S imi lar  resu l t s  were 
o b t a i n e d  w i t h  f i l ter  p a p e r  to  wh ich  faecal  pe l le ts  h a d  been  
aff ixed w i t h  c a r b o x y m e t h y l  cellulose. Aggrega t ions  of B.  
germanica also occur red  to  some e x t e n t  in  response  to  t h e  

faeces of t he  o t h e r  species of cockroaches  such  as Peri- 
planeta americana L. a n d  P. fuliginosa (Serville) b u t  n o t  
to  those  of t h e  l a rvae  of t h e  s i lkworm,  Bombyx mori L. 

Aggrega t ions  also occur red  in response  to  e t h e r  wash-  
ings of t he  b o d y  surface.  W h e n  surface  wash ings  of head ,  
wings,  legs, t h o r a x  a n d  a b d o m e n  were  t e s t e d  for ac t iv i ty ,  
those  of t he  a b d o m e n  were found  to  h a v e  t h e  h ighes t  
a c t i v i t y  to  el ici t  t h e  agg rega t i on  response.  T h e  poss ib i l i ty  
t h a t  t he  ac t ive  m a t e r i a l  m a y  h a v e  been  e x t r a c t e d  f rom 
the  cu t  a n t e r i o r  end  of t h e  a b d o m e n  was  exc luded  b y  t h e  
f ind ing  of a c t i v i t y  in  wash ings  f r o m  a b d o m e n s  w h i c h  h a d  
h a d  t h e  a n t e r i o r  e n d  sealed b y  l iga t ion  before  b e i n g  
excised f rom t h e  t h o r a x .  W h e n  t h e  a b d o m e n  was  d iv ided  
i n to  2 p a r t s  b y  a t r a n s v e r s e  cu t  m a d e  b e t w e e n  t h e  s i x t h  
a n d  e i g h t h  segments ,  t h e  e t h e r  w a s h i n g  of t h e  pos te r io r  
p o r t i o n  was  found  to  be  more  ac t ive  t h a n  t h e  a n t e r i o r  one. 

The  colon, r e c t u m  a n d  ana l  region were sec t ioned  a n d  
s t a ined  w i t h  hema toxy l in - eos in ,  p a r a l d e h y d e - f u c h s i n  a n d  
c h r o m e  a l u m  h e m a t o x y l i n - p h l o x i n  in a n  a t t e m p t  to  
i den t i fy  t h e  si te  of p r o d u c t i o n  of t h e  p h e r o m o n e .  T h e  
colon  a n d  ana l  reg ion  seem to  be  devo id  of s ec re to ry  cells 
b u t  t h e  r e c t u m  possess  6 t h i c k  p a d s  m a d e  u p  a s ingle 
l ayer  of cells w i t h  large  nucle i  a n d  h a v i n g  a n  a p p e a r a n c e  
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