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diff icul t  because  t he  po in t s  of inse r t ion  of t he  recep tors  
on to  t he  shell  are inaccessible.  

Dif f rac t ion  also ha s  t h e  a d v a n t a g e  t h a t  s t r a in s  in RM1, 
R M  2 and,  for t h a t  ma t t e r ,  in n e a r b y  ex t enso r  muscles  can  
be m o n i t o r e d  s imul taneous ly ,  p rov ided  one has  a suff ic ient  
n u m b e r  of laser  beams.  I t  c an  also be  po in t ed  ou t  t h a t  
unl ike  m e c h a n i c a l  means ,  d i f f rac t ion  p a t t e r n  can  follow 
t h e  s t r u c t u r a l  changes  in  t he  f ibres  w i t h  negl igible  t ime lag  
a n d  hysteres is ,  t h e  on ly  l im i t a t i ons  t h u s  be ing  imposed  b y  
t he  s y s t e m  used to  p ick  i t  up.  

A f u r t h e r  a d v a n t a g e  of us ing  d i f f rac t ion  to m o n i t o r  
s t r a i n  is t h a t  i t  c an  easi ly  be  c o n v e r t e d  in to  e lectr ical  

s ignals  wh ich  can  be  a u t o m a t i c a l l y  an d  r ap i d l y  measured .  
Fo r  ins tance ,  b y  pass ing  t h e  2 f i r s t  order  f r inges  t h r o u g h  
a mechan ica l  ch o p p e r  a n d  t h e n  on  to two pho tod iodes ,  
t h e  t i m e  i n t e r v a l  T b e t w een  t h e  r e su l t i ng  pulses measures  
t h e  sa rcomere  length .  W e  h a v e  se t  up  such  a sys tem,  in 
w h i c h  t h e  t i m e  i n t e r v a l  T is t r a n s m i t t e d  v ia  in t e r f ac ing  
to a con t ro l  compute r ,  H e w l e t t - P a c k a r d  2100 S, w h i c h  can  
also be used to  a p p l y  s t re tches ,  m o n i t o r  ac t ion  p o t e n t i a l s  
a n d  record  force. Since a r e so lu t ion  t i m e  of t h e  o rder  of 
1 msec  is easi ly  achieved ,  n o t  on ly  can  slow pos tu r a l  ad-  
j u s t m e n t s  be m o n i t o r e d  b u t  also f a s t  f lexions of t h e  cray-  
f ish ta i l  c an  be  followed. 
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Summary. Corre la t ions  ex i s t  b e t w e e n  u l t r a s t r u c t u r a l  cha rac te r i s t i c s  in  t h e  s t i m u l u s - t r a n s m i t t i n g  a p p a r a t u s  of t h e  
t r i c h o b o t h r i a  on t h e  4 th  a b d o m i n a l  s e g m e n t  of t h e  b u g  Pyrrhocoris apterus (L.) a n d  t h e  f u n c t i o n a l  cha rac t e r i s t i c s  of 
these  sensilla.  

I n  severa l  i nves t iga t ions  of sensory  o rgans  - work  done  
on  t he  c rayf i sh  recep tor  o rgan  2 a n d  on  t h e  Pac in i an  
corpuscleS, 4 for  example  - i t  could  be  p roved  t h a t  t h e  
p roper t i e s  of t he  s t r u c t u r e s  wh ich  p rov ide  t h e  coupl ing  
b e t w e e n  t he  s t imulus  and  t h e  r ecep to r  cells can  cause  a 
decl ine of t h e  s t imu lus  effect  w i t h  t ime,  or can  f i l ter  
a w a y  ce r t a in  c o m p o n e n t s  of t he  s t imulus ,  even  pr ior  to  
t r a n s m i s s i o n  to t h e  exc i t ab le  s t ruc tures .  

On t h e  v e n t r a l  side of t h e  4 t h  a b d o m i n a l  s eg men t  of 
t h e  bugs  Pyrrhocoris apterus (L.) a n d  Dysdercus inter- 
medius (Dist.), g roups  of 3 t r i c h o b o t h r i a  are s i t ua t ed  
la teral ly ,  one a t  each  side. I n  t~yrrhocoris these  t r i cho-  
b o t h r i a  differ  in  t h e i r  f unc t iona l  p roper t i e s  5. A p a r t  f rom 
differences in  t h e i r  size a n d  t h e  l e n g t h  of t he i r  ha i r  
shaf ts ,  all t r i c h o b o t h r i a  d i sp lay  t h e  same ex t e rna l  con- 
s t r u c t i o n  (Figure 1). 

Fig. 1. a) Group of three tricho- 
bothria (T1-3/4) on the 4th ab- 
dominal segment of Pyrrhocoris 
apterus. Caudal direction is indicat- 
ed by arrow. (Courtesy of B. BEY 
alld G. TreEs, Regensburg.) • 750. 
b) T1/4 trichobothrium. • 2900. 
c) T3/4 trichobothrium, x 2000. 
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Thi s  i nves t iga t ion  is r e s t r i c t ed  to  t he  t r i c h o b o t h r i a  
w i t h  t h e  longes t  h a i r  sha f t s  ( type  T1/4)5 a n d  w i t h  t h e  
sho r t e s t  h a i r  sha f t s  ( type T3/4) 5 whose  i n t e r n a l  cons t ruc -  
t i on  is iden t i ca l  in b o t h  animals .  B y  sec t ion ing  t h e m  in 
series, a t t e m p t s  h a v e  been  m a d e  to  f ind  u l t r a s t r u c t u r a l  
cor re la t ions  for t h e i r  f u n c t i o n a l  charac te r i s t ics .  The  
m o v a b l e  a r t i cu l a t i on  of t he  ha i r  sha f t s  (hs) b y  a j o i n t  
m e m b r a n e  ( j m ) a n d  b y  suspens ion  f ibres (sf) is t he  same 
in  b o t h  h a i r  t y p e s  (Figure  2). F u r t h e r m o r e ,  b o t h  are in-  
n e r v a t e d  b y  a single sensory  cell, t h e  d i s ta l  process  o f  
wh ich  con t a in s  a t u b u l a r  b o d y  (tb) a t  t h e  t ip  (Figure 2). 
W h e r e a s  t h e  t u b u l a r  bodies  h a v e  t h e  same  d i a m e t e r s  
(0.5 ~m), t h e y  differ  in  l e n g t h  (T1/4 = 2.5 ~m;  T3/4  = 
1.5 ~m). The  c o n s t r u c t i o n  of these  t u b u l a r  bodies  is 
s imi la r  to  t h a t  descr ibed  in t he  a n t e n n a l  tac t i le  ha i r s  of 
Dysdercus 6. 

The  socke t  s ep t a  (ss) wh ich  c o n n e c t  t h e  socke t  (s) a n d  
t h e  t u b u l a r  b o d y  show cons iderab le  differences in these  
two  types  of t r i chobo th r i a .  The  f la t  socket  s e p t u m  in 
t y p e  T1/4,  wh ich  ha s  t h e  fo rm of a 90 ~ sec tor  (Figure 2c),  

ex t en d s  h o r i z o n t a l l y  ( th ickness :  600-1000 A). A s t ick-  
l ike cu t i cu la r  s t r u c t u r e  (cs, basa l  d i a m e t e r :  ca. 0.2 tLm), 
w h i c h  usua l ly  t a p e r s  dis ta l ly ,  inse r t s  p e rp en d i cu l a r l y  a t  
t h e  t ip  of t h i s  q u a d r a n t  (Figures 2 a a n d  b). The  cu t i cu la r  
s t i ck  is closely a t t a c h e d  to  t h e  dendr i t i c  s h e a t h  (ds), b u t  
t e r m i n a t e s  before  t h e  dendr i t i c  s h e a t h  en te r s  t h e  ha i r  
shaf t .  The  c o n s t r u c t i o n  o f  t h e  socke t  s e p t u m  in t y p e  
T3/4  var ies  cons iderably .  One t ime  i t  was  seen as a n e t w o r k  
of p o o r l y  c o n t r a s t e d  e l emen t s  w h i c h  inc luded  cav i t ies  
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Fig. 2. Except (Ic) = lymph 
cavity abbreviations are explained 
in the text. a) Oblique iongitudinai 
section of type T114 trichobo- 
thrium of Pyrrhocoris apterus. Cau- 
dal direction is indicated by arrow. 
• 16,500. b) Longitudinal section 
of the cutieular stick (es) in T1/4 
trichobothrium of Dysdercus inter- 
medius. • 18,000. e) Oblique cross 
section of type T1/4 trichobo- 
thrium of Dysdercus on the level 
of the socket septum (ss). • 18,000. 
d) and e) Longitudinal sections 
of type  T3/4 trichobothria of 
Pyrrhocoris. d) • e) • 
24,000. 
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ou t l ined  b y  m e m b r a n e - l i k e  s t ruc tu re s  (Figure 2d). A t  
o t h e r  t imes  only  i r regular ly  d i s t r i bu t ed  m e m b r a n e - l i k e  
s t ruc tu res  were found  be t w een  t h e  socket  a n d  t h e  t u b u l a r  
b o d y  (Figure 2 @  

The  t y p e  T1/4  t r i c h o b o t h r i a  r e spond  m a x i m a l l y  to  
def lect ions in  cauda l  d i rec t ion  5. T h e y  d isp lay  a d i s t i nc t  
d i rec t iona l  s ens i t i v i ty  wh ich  here,  as well as in  some 
o the r  t ac t i l e  sensory  ha i r s  of insects  7, seems to be  in-  
f luenced  a m o n g  o t h e r  t h i n g s  b y  t he  polar  cons t r uc t i on  
of t h e  socke t  sep tum.  Only  def lec t ions  of t h e  ha i r  shaf t ,  
w h i c h  press t he  t u b u l a r  b o d y  aga ins t  t he  socket  s e p t u m  
and  cu t i cu la r  st ick,  can  re su l t  in a compress ion  of t he  
t u b u l a r  b o d y  ( =  a d e q u a t e  s t imulus  S) . This  h y p o t h e t i c a l  
idea  of s t imulus  t r an s m i s s i on  pos tu l a t e s  t h a t  t he  socket  
sep ta  be long  to  t he  s t imulus  t r a n s m i t t i n g  a p p a r a t u s  
wh ich  inf luences  t he  t r a n s f o r m a t i o n  of t he  i n p u t  s t imulus  
in to  t he  ef fec t ive  s t imulus  9. T h e  process  of t r a n s f o r m a -  
t ion  depends  on  t h e  phys ica l  p roper t i e s  of t he  s t imulus  
t r a n s m i t t i n g  a p p a r a t u s  2-4, 9. A l t h o u g h  i t  is p l a in ly  im- 
possible  to  see special  phys ica l  p roper t i e s  of t he  socke t  
sep ta  in  p ic tures  m a d e  b y  t h e  e lec t ron  microscope,  i t  is 
possible  to  say, based  on  t he  obse rved  differences in  
cons t ruc t ion ,  t h a t  t h e  socket  s e p t u m  in t y p e  T3/4  ha s  
d i f fe ren t  p roper t i e s  ( p robab ly  less s tabi l i ty)  t h a n  t h e  
socket  s e p t u m  in t y p e  T1/4.  Therefore  in  T3/4  t r i cho-  
b o t h r i a  a d i f fe rent  res i s tance  (p robab ly  a lesser one or a 

more  r ap id ly  decl in ing one) wil l  be  offered to  t he  l a t e ra l  
d i sp l acemen t s  (caused b y  t h e  lever  effect  of t h e  h a i r  
shaf t )  of the  t u b u l a r  body.  A l t h o u g h  t h e  i n p u t  s t imu lus  
(def lect ion of t h e  ha i r  sha f t  t h r o u g h  a def in i te  angle) is 
t he  same  in b o t h  cases, d i f fe ren t  effect ive  s t imul i  would  
ac t  upon  t he  t u b u l a r  bodies.  The  d i f fe ren t  p a t t e r n s  of 
response  (T1/4 phas ic - ton ic ;  T3/4  phasic)  5 s u p p o r t  t h i s  
a s sumpt ion .  Ou t  of a t  leas t  5 f u n d a m e n t a l l y  d i f fe ren t  
processes wh ich  poss ib ly  cause  t he  decay  of exc i t a t ion  in  
sensory  cells", in t he  T3/4  t r i c h o b o t h r i a  in compar i son  
w i t h  T1/4  t r i chobo th r i a ,  a n  increased  ' d y n a m i c a l  decay  
of s t imu lus '  9 -n  should  be  t a k e n  in to  cons idera t ion .  
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Reizminderungl~ Eine durch die dynamischen Eigensehaften des 
reizleitenden Apparates bedingte zeitliehe Abnahme des vom reiz- 
leitenden Apparat zu den sensiblen Endstrukturen geleiteten 
Reizes. 
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Summary. Addi t i ons  of ci t r ic  acid a n d  lac t ic  acid to  whole  w h e a t  b r e a d  suppress  t he  f o r m a t i o n  of a f l a tox ins  b y  
Aspergillus parasitieus (0.5% ci tr ic  acid, 0 .75% lac t ic  acid) a n d  t h a t  of s t e r i g m a t o c y s t i n  b y  A. versicolor (0.25 a n d  
0.5% respect ively) .  

The  b iosyn thes i s  of a f l a tox ins  is k n o w n  to be  i n h i b i t e d  
b y  severa l  o rganic  acids as  c a r b o n  sources,  e.g. b y  shiki -  
mic,  pyruv ic ,  a -ke toglu tar ic ,  succinic  a n d  ci t r ic  acids ~-4. 
N o t h i n g  is k n o w n  w h e t h e r  or no t  these  acids are also 
inh ib i to r s  of t he  f o r m a t i o n  of o the r  myco tox ins ,  such  as 
s t e r i g m a t o c y s t i n  a n d  pa tu l in .  AflatoxinsS,  6 s t e r igma to -  
cys t in  7 a n d  p a t u l i n  5, s can  be  fo rmed  b y  mou lds  in  bread .  
P rev ious  s tud ies  on t he  inf luence  of p r e se rva t i ve s  in  
b r e a d  on  t h e  f o r m a t i o n  of m y c o t o x i n s "  revea led  t h a t  a n  
ac id i fy ing  s u b s t a n c e  for dough,  c o n t a i n i n g  ci t r ic  a n d  
lact ic  acids, suppresses  the  f o r m a t i o n  of a f l a tox ins  and  
s t e r igma tocys t i n .  Th i s  s t u d y  was c o n t i n u e d  w i t h  pure  
subs t ances  a n d  t h e  resu l t s  are descr ibed  here.  

Methods. W h o l e  w h e a t  b r e a d  ( G r a h a m b r o t )  was  pre-  
pa red  w i t h  add i t ions  of ci t r ic  acid {DAB 7) and  lact ic  acid 
(DAB 7) in  levels  of 0.25, 0.5 a n d  0 .75% (re la t ive  to 
whole  wheat ) .  Packages  of 3 slices were p a c k e d  in to  a 
cellulose foil ( G E B  300; Kalle,  Wiesbaden ,  B R D )  a n d  
s ter i l ized in ho~ s team.  The  t o t a l  acid c o n t e n t  ( 'S~ure-  
grad ' )  was  d e t e r m i n e d  accord ing  to t h e  m e t h o d  of 
Schu le rud  5. The  packages  were inocu la ted  w i t h  spores 
of one of t he  fol lowing mou lds :  Aspergillus parasiticus 
( former ly  A./ lavus,  s t r a i n  89717;  C o m m o n w e a l t h  Mycolo- 
gical I n s t i t u t e ,  Kew, Surrey,  Eng land) ,  Aspergillus vers$- 
color (s t ra in  519; Dr.  R. Or th ,  Kar l s ruhe ,  B R D ) a n d  Peni- 
cillium expansum (s t ra in  D 19; I n s t i t u t  fiir Spezielle t30- 
t an ik ,  Universi t /~t  Mainz,  B R D ) .  T he  i n c u b a t i o n  t e m p e -  

r a t u r e  was 22~ The  s e m i q u a n t i t a t i v e  d e t e r m i n a t i o n s  
of t h e  tox ins  were  pe r fo rmed  as descr ibed  ear l ier  (af la tox-  
ills 5, s t e r i g m a t o c y s t i n  v, 10, p a t u l i n  8,11). The  funga l  g r o w t h  
was d e t e r m i n e d  b y  m e a s u r i n g  t h e  rad ius  of t he  colonies 
eve ry  24 h. 

Results and discussion, a) Af la toxins .  Add i t i ons  of 
ci t r ic  a n d  lac t ic  acids of up  to  0 .5% do n o t  m a r k e d l y  
inf luence  t h e  g rowth  of A. parasitieus, whereas  t he  h ighes t  
c o n c e n t r a t i o n s  of b o t h  acids (0.75%) h a v e  a s l igh t  
g rowth - r educ ing  effect. The  p r o d u c t i o n  of t h e  a f l a tox ins  
B x a n d  G1, however ,  is g r ea t l y  i n h i b i t e d  b y  low levels  of 
ci t r ic  acid a n d  b y  h ighe r  c o n c e n t r a t i o n s  of lac t ic  acid 
(Table).  A compar i son  of these  resu l t s  w i t h  t h e  d a t a  of 
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