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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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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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Total acid content Mycotoxins ([zg/g) 
('SAuregrad') 

Aflatoxin Bi Aflatoxin G i Sterigmatocystin 

No additions 3.4 0.006-0.008 0.01-0.02 
Citric acid 

0.25% 5.4 < 0.001 < 0.001 
0.5% 6.6 -- -- 
0.75% 7.6 -- -- 

Lactic acid 
0.25% 4.7 < 0.001 < 0.002 
0.5% 6.0 < 0.001 < 0.002 
0.75% 6.7 -- -- 

0.06-0.08 

_ a  

no growth 
no growth 

0.06-0.08 

no growth 

No toxin detected (detection limits for aflatoxin Bi: 0.001 [xg/g; aflatoxin Gi: 0.001 [zg/g; sterigmatoevstin: 0.02 ~xg/g). 

t he  o p t i m a l  e n v i r o n m e n t a l  cond i t ions  for  t he  a f l a tox in  
f o r m a t i o n  in whole  w h e a t  b r e a d  5, show t h a t  t he  inf luence  
of ci t r ic  a n d  lac t ic  acids is no t  t h e  r e su l t  of mere ly  ra is ing  
t he  ac id i t y  of t h e  s u b s t r a t e .  

b) S t e r i gma tocys t i n ,  The  d e v e l o p m e n t  of A. versicolor 
is more  s t rong ly  in f luenced  t h a n  t h a t  of A. parasiticus. 
No g r o w t h  occurs  u n d e r  t he  inf luence  of 0.75 a n d  0.5% 
ci t r ic  acid a n d  of 0 .75% lact ic  acid. T he  t o x i n  f o r m a t i o n  
is p r e v e n t e d  even  b y  0 .25% ci tr ic  acid a n d  is r educed  b y  
0.5% lac t ic  acid (Table).  The  t o t a l  acid c o n t e n t  in  a 
wide r ange  does n o t  af fec t  t he  g r o w t h  of A. versicolor a n d  
the  f o r m a t i o n  of s t e r i g m a t o c y s t i n  ~ so t h a t  t h e  i n h i b i t o r y  
effects  of c i t r ic  a n d  lac t ic  acids  are  specific. 

c) Pa tu l in .  Ne i t he r  the  d e v e l o p m e n t  of colonies of P .  
expansum no r  t h e  f o r m a t i o n  of p a t u l i n  is in f luenced  b y  
even  t h e  h ighes t  levels of ci t r ic  a n d  lact ic  acids. 

T h e  o b s e r v a t i o n  t h a t  c i t r ic  acid a n d  lac t ic  acid i n h i b i t  
t h e  p r o d u c t i o n  of a f l a tox ins  a n d  of s t e r i g m a t o c y s t i n  b u t  
n o t  t he  f o r m a t i o n  of p a t u l i n  m a y  be  i n t e r p r e t e d  as ev idence  
for t he  close r e l a t i on  of b o t h  tox ins  in a single p a t h w a y  of 
b io syn thes i s  12 

1s M. T. LIfe, D. P. H. HslE~, R. C. YAo and J. A. DONNERSLOT, 
Biochemistry 72, 5167 (1973). 
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Summary. H i g h  c o n c e n t r a t i o n s  (10 m M )  of a lanine ,  glycine,  a n d  g l u t a m i c  acid in the  cu l tu re  m e d i u m  h a d  no  effect  
on  u rea  p r o d u c t i o n  in Amphiuma means l iver  in  o rgan  cul ture .  A m m o n i a  p r o d u c t i o n  was increased  in med ia  c o n t a i n i n g  
added  a l an ine  a n d  glycine,  b u t  r educed  in m e d i u m  w i t h  added  g lu t amic  acid. 

In  ear l ier  work,  n i t rogenous  exc re t ion  in f r a g m e n t s  of 
l iver  f rom the  u rode le  a m p h i b i a n ,  Amphiuma means, was 
i n v e s t i g a t e d  in l o n g - t e r m  o r g a n  cu l tu re  in two  cu l t u r e  
med ia  4. Act iv i t i es  of t he  u r ea  cycle enzymes ,  a rg inase  
a n d  o r n i t h i n e  t r a n s c a r b a m y l a s e  (OTC), a n d  of t he  asso- 
c ia ted  t r an saminase s ,  g lu t amic  oxa lace t i c  t r a n s a m i n a s e  
(GOT) a n d  g lu t amic  p y r u v a t e  t r a n s a m i n a s e  (GPT) were 
h ighe r  in  Eag le ' s  M i n i m u m  E s s e n t i a l  M e d i u m  (MEM) 
t h a n  in LEIBOVITZ L15 m e d i u m  (L15), b u t  t o t a l  n i t r ogen  
exc re t ion  was twice  as h i g h  in L15 as in  MEM. The  two 
m e d i a  differ  in  va r ious  respects .  The  c a r b o h y d r a t e  
c o m p o n e n t  of L15 is galactose ,  whereas  t h a t  of M E M  is 
glucose, a n d  the re  are  m i n o r  di f ferences  in  v i t a m i n  a n d  
inorgan ic  sa l t  con t en t .  L15 con t a in s  m u c h  g rea t e r  a m o u n t s  
of f ree-base  a m i n o  acids, wh ich  are far  in  excess of t he  
levels r equ i red  for  cell g r o w t h  a n d  w h i c h  m a i n t a i n  t he  
m e d i u m  a t  t he  r equ i r ed  p H  5. I n  add i t ion ,  L15 inc ludes  
severa l  a m i n o  acids wh ich  are  a b s e n t  f rom MEM, two of 
which ,  a l an ine  a n d  glycine,  h a v e  been  i n v e s t i g a t e d  w i t h  
r e spec t  to  t h e i r  d e a m i n a t i o n  a n d  t he  s u b s e q u e n t  effects 

on  n i t rogenous  exc re t ion  in t he  a n u r a n  Xenopus laevis 6-~. 
BALINSKY 9 sugges ted  t h a t  d e a m i n a t i o n  of t h e  two  a m i n o  
acids m a y  t a k e  place a t  d i f fe ren t  s i tes  in  t h e  cell, a n d  t h a t  
t h e  fa te  of t h e i r  n i t r ogen  m a y  be  connec t ed  w i t h  t h i s  
s epa ra t ion .  He  p roposed  t h a t  a l an ine  n i t r ogen  is c h a n n e l e d  
in to  u rea  p r o d u c t i o n  in t he  liver,  whereas  n i t r ogen  r e su l t i ng  
f rom the  d e a m i n a t i o n  of glycine is exc re ted  f rom the  l iver  
in a m m o n i a .  

T r a n s a m i n a t i o n  reac t ions  in  t he  l iver  lead to t he  p roduc-  
t ion  of large  a m o u n t s  of g l u t a m i c  acid,  w h i c h  t h e n  passes  
a m i n o  groups  in to  t h e  u r ea  cycle. I t  migh t ,  t hen ,  be  
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