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Formation of mycotoxins in whole wheat bread with additions of citric acid and lactic acid (incubation time: 10 days) 
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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). 

Effects of Alanine,  Glycine and Glutamic Acid on Nitrogenous Excretion by Amphiuma means Liver 
in Organ Culture 

N. FLEMING 1 a n d  M. BALLS 2'~ 

School o/Biological Sciences, University o/East Anglia, Norwich N R 4  7TJ  (England), 4 September 7975. 

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  

1 Present address: Anatomisches Institut der Universit~t Ziirich, 
Gloriastrasse 19, CH-8006 Ztirich, Switzerland. 

2 Present address: Department of Human Morphology, The Medical 
School, University of Nottingham, Nottingham NG7 2UH, Eng- 
land. 
We gratefully acknowledge the support of The Wellcome Trust. 
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5 A. LZlBOVlTZ, Am. J. Hyg. 78, 173 (1963). 
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expec ted  t h a t  h igh concen t ra t ions  of g lu tamic  acid in t he  
cul ture  m ed ium would  also inf luence n i t rogen  excret ion.  
Thus,  in the  exper imen t s  descr ibed here,  the  effects of 
h igh  concen t ra t ions  of alanine,  glycine and  g lu tamic  acid 
on urea and  a m m o n i a  excre t ion  f rom A .  mea*zs l iver 
f r agmen t s  were inves t iga ted .  

Mater ia ls  and methods. F r a g m e n t s  of liver, 1.5-2.0 m m  ~, 
.from adu l t  A m p h i u m a  means  were c u l t u r e d  at  25~ in 
50% MEM + 10% foetal  calf serum, in 25 ml  E d e n -  
meyer  flasks according to the  me thods  descr ibed pre-  
viously~0, n.  Af te r  20 days,  the  cul tures  were d iv ided into 
4 groups of 5 flasks and  fresh cul ture  med ium was added  
to each group as follows: normal  cul ture  m e d i u m  (con- 
t rols) ;  MEM + 10 m M  L-alanine; MEM + 10 m M  L- 
glycine;  MEM + 10 m M  glu tamic  acid. 0.1 ml  samples  of 
med ium  were assayed for urea  and  a m m o n i a  a t  t ime 0, 

Total nitrogenous excretion (urea + ammonia) by A. means liver 
fragments cultured in 4 different media for periods of 3, 6 and 9 days 

Medium mg Nitrogen per g wet weight 

Day 3 Day 6 Day 9 

MEM 3.28 4.14 4.47 
MEM + 10 mM alanine 3.71 4.79 5.71 
MEM + 10 mM glycine 3.71 4.45 4.83 
ME~ + 10 inM glutamie acid 1.85 2.55 3.25 
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Fig. 1. Urea released by A. means liver cultures in 4 different cuIture 
media over a 9 day period. C, control (50% MEM + 10% foetal calf 
serum + 40 % double distilled water) ; A1; control medium M + 10 mM 
L-alailiile; G1, control medium + 10 mM L-glycine; GA, control 
medium + 10 mM glutamie acid. Values are the mean of 5 samples 
• SE. 
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Fig. 2. Ammonia released by A. means liver cultures over a g-day 
period. ~edia and symbols as Figure 1. 

t h e n  af ter  3, 6 and 9 days,  by  the  m e t h o d  of FAWCET7 and  
SCOTT 1~. Resul t s  are given as tile a r i thmet i c  m e a n  -F 
s t a n d a r d  error  of the  mean.  Mean values  in d i f fe rent  
groups were compared  by  the  S t u d e n t  t-test ,  w i th  a 
modi f ica t ion  for smal l  samples  13. 

Results.  The a m o u n t s  of urea  and  a m m o n i a  (~zmoles per  
g wet  weigh t  of tissue) p roduced  by  cul tured  A .  mear 
l iver over  per iods  of 3, 6 and  9 days  in the  4 d i f fe rent  
cul ture  media  are recorded in Figures  1 and  2. The Table 
shows the  to ta l  n i t rogen  excre ted  dur ing  the  same cul ture 
period.  The grea tes t  release of urea and a m m o n i a  occured 
dur ing  the  first  3 days.  This  is p robab ly  because f resh 
cul ture  med i u m prov ided  a high concen t ra t ion  of sub-  
s trafes ,  which  enabled  the  react ions  involved in amino 
acid ca tabol i sm to  proceed a t  a h igh rate.  The lower ra tes  
of urea  and a m m o n i a  p roduc t ion  over  the  subsequen t  
3-day per iods  could be due to  the  deple t ion  of med i u m 
subs t r a t e s  and the  bui ld-up of reac t ion  products .  There  
were no s ignif icant  differences in t he  a m o u n t s  of urea 
released in any  of the  4 media  over  the  to ta l  expe r imen ta l  
period,  b u t  the  level of ammo n i a  p roduc t ion  increased 
(p < 0.05) in media  conta in ing  alanine and glycine, and 
subs tan t i a l ly  decreased (p < 0.002) in m e d i u m  wi th  a 
h igh concen t ra t ion  of g lu tamic  acid. 

Discussion.  High  concen t ra t ions  of a lanine and glycine 
in the  cul ture  m e d i u m  led to  an increase in a m m o n i a  
excre t ion  bu t  no t  urea excre t ion  by  A .  means  l iver organ 
cultures.  This suggests  t h a t  amino acid up take  by  the  liver 
cells, and hence  the  subsequen t  deamina t ion  and t rans -  
amina t ion  react ions  are control led,  a t  least  to some ex ten t ,  
by  the  extracel lu lar  amino acid concent ra t ion .  Glycine is 
d e a m i n a t e d  by  a specific f lavoprote in ,  glycine oxidase,  
to produce  ammo n i a  and glyoxylic acid, and  alanine m a y  
be e i ther  deamina ted  by  L-amino oxidases  to  ammo n i a  
and  p y r u v a t e  or t r a n s a m i n a t e d  by  GPT to g lu tamate ,  
which  is a cent ra l  source of excre ted  ni t rogen.  The ne t  
resul t  of these  react ions  would  be an accumula t ion  of 
amino  groups,  which  could be fed in to  the  urea  cycle or 
excre ted  f rom the  cell as ammonia .  Cultures in media  
conta in ing  alanine or glycine showed an increase in 
ammo n i a  p roduc t ion  only. I t  is therefore  pos tu la t ed  t h a t  
cont ro l  m e d i u m  (50% MEM) con ta ined  a high enough  
concen t ra t ion  of amino acids to p e rmi t  tile series of 
react ions  compris ing  the  urea  cycle to  proceed at  a maxi -  
m u m  rate,  under  organ cul ture condi t ions .  Thus,  addi t ion-  
al amino groups resul t ing f rom the  deamina t ion  of h igher  
concen t ra t ions  of amino acids could no t  en te r  an a l ready  
' s a tu ra t ed '  cycle and  would  be excre ted  d i rec t ly  as 
ammonia .  This  explains  t he  obse rva t ion  4 t h a t  A .  means  
l iver cul tured in L15 excre ted  more  a m m o n i a  t h a n  t h a t  
cul tured in MEM, which  has  a m u c h  lower amino  acid 
conten t .  MONNICKENDAM and  BALLS 14 also re la ted  the  
grea ter  release of ammo n i a  b y  A .  means  k idney  f r agmen t s  
in L15 t h a n  in MEM to the  h igher  concen t ra t ion  of amino  
acids in L15. 

6 j .  B. BALIN'SKY and E. BALDWIN, Biochem. J. 82, 187 (1962). 
J. A. W~EATLEY and J. B. BALI~SKY, S. Afr. Med. Sei. 30, 79 (1965). 

s B. R. UNSWORTH and E. M. CROOK, Comp. Biochem. Physiol. 23, 
831 (1967). 
J. B. BALINSKY, in Comparative Biochemistry o/Nitrogen Metabo- 
lism (Ed..1. W. CA~IPBELL; Academic Press, New York 1970), 
voh 2. 

10 M. A. MONNICKENDAM and M. BALLS, J. Cell Sci. 71, 799 (1972). 
11 M. BALLS, D. BROWN and N. FLEMING, Meth. Cell Biol. 13, in 

press (1976). 
12 j .  K. FAWCETT and J. E. SCOTT, J. olin. Path. '73, 156 (1960). 
la N. T. J. BAILEY, Statistical Methods in Biology (English Univer- 

sities Press, London 1959). 
14 M. A. MONNICKENDA~I and M. BALLS, Comp. Biochem. Physiol. 

50A, 359 (1975). 
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Al though  this  hypothesis  could account  for the  in- 
creased ammon ia  produc t ion  in L15, i t  does no t  expla in  
w h y  the  levels of a c t i v i t y  of the  urea cycle enzymes  were 
lower in A. means l iver  cu l tured  in L15 t h a n  in MEM 
(assuming t h a t  the  level of urea cycle enzyme ac t iv i ty  is 
re la ted to t he  a m o u n t  of urea  excreted)4. The  high con- 
centra t ions  of amino acids m a y  themselves  produce 
inh ib i to ry  effects. For  example,  MAAS and CLARK ~5 
showed t h a t  all the  enzymes (including OTC) involved  in 
arginine synthesis  in E. colt were repressed in the  presence 
of arginine b y  a repressor prote in  synthesized by  a 
regula tor  gene. I t  is possible t h a t  a similar  type  of control  
mechan ism could opera te  in A. means hepatocytes .  

On the basis of the  hypothes is  out l ined above,  i t  could 
be predic ted  t h a t  a high concent ra t ion  of g lu tamic  acid 
in the  cul ture  med ium would resul t  in increased ammon ia  
release f rom cul tured A. means l iver  f ragments .  However ,  
dur ing the  9-day exper imenta l  period to ta l  ammon ia  
produc t ion  was much  lower in MEM + 10 m M  glu tamic  
acid (86 4- 6 ~xmoles/g wet  weight) .  This f inding m a y  also 
be re la ted to t ransaminase  ac t i v i t y  in the  cul tured tissue. 
Glu tamic  acid m a y  be deamina ted  by  g lu t ama te  dehydro-  
genase and the  amino groups fed into excre to ry  pa thways ,  
or i t  m a y  be t r ansamina t ed  to o ther  amino acids by  
t ransaminase  enzymes  such as GOT and GPT.  The 

equi l ibr ium constants  for t r ansamina t ion  react ions are 
low, so t h a t  the  react ions are freely reversible,  depending 
on re la t ive  subs t ra te  concentrat ions.  I t  is therefore  pos- 
sible t h a t  high concentra t ions  of g lu tamic  acid in cul ture  
m e d i u m  s t imula te  t ransaminase  reactions in the  direct ion : 
g lu tamic  acid --~ o ther  amino acids. This  implies tha t ,  in 
cu l tured  A. means liver, large quant i t ies  of g lu tamic  acid 
are preferent ia l ly  conver ted  by t ransaminase  enzymes,  
bu t  t ha t  g lu tamate  dehydrogenase ac t iv i ty  is sufficient 
to ma in ta in  a m a x i m u m  level  of urea  excret ion wi thou t  
the  product ion  of excess free amino groups which would 
be released as ammonia~6. 

Thus,  i t  is proposed t h a t  in A. means l iver  cultures, urea  
excret ion proceeds a t  t h e  m a x i m u m  rate  under  c u l t u r e  
conditions; in high concentrat ions ,  a lanine and glycine 
are deaminated,  e i ther  direct ly  or via  g lu tamic  acid, 
resul t ing in an increase in ammon ia  product ion;  a high 
concent ra t ion  of g lu tamic  acid s t imulates  its t ransami-  
na t ion  to o ther  amino acids wi th  a corresponding re- 
duc t ion  in ammon ia  product ion.  

15 W. K. 1V[AAS and A. ~. CLARKE, J. molec. Biol. 8, 365 (1964). 
is D. BROWN, N. FLEMING and M. BALLS, Gen. eomp. Endocr., in 

press (1976). 
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Summary. The skin of congeni ta l ly  a thymic  nu/nu mice is r ich in mas t  cells which stain metachromat ica l ly ,  conta in  
h is tamine  and 5 -hydroxy t ryp tamine ,  and par t ic ipa te  in the  PCA react ion.  Mast cells of a thymic  mice have  thus  the  
a t t r ibu tes  of normal  mas t  ceils. 

BURNET a'r has recent ly  re i te ra ted  his view t h a t  the 
t issue mas t  cell represents  an end cell of the  T lympho-  
cyte. Congeni ta l ly  thymus-depr ived  (nu/nu) mice thus  
provide  a convenien t  tes t  sys tem for analyzing this 
hypothesis  by  compar ing  the  mas t  cell con ten t  in the  
skin of nu/nu and normal  mice. Since chemical  carcino- 
genesis in normal  mouse skin is accompanied  b y  a local 
accumula t ion  of mas t  ceils ~, skin reactions and mas t  cell 
responses following topical  appl icat ion of a chemical  
carcinogen were also examined  in normal  Balb/c,  in 
a thymic  nulnu Balb/c,  and in 'hairless '  (hrlhr) mice. 

Material and methods. Norma l  pathogen-free  Balb/c  
mice, hairless (hr/hr) mice ( Ins t i tu t  fiir Biologisch-Medi- 
zinische Forschung AG, Fiil l insdorf,  Switzerland) and 
congeni ta l ly  a thymic  nude mice (nu/nu, th i rd  backcross 
genera t ion  wi th  Balb/c ;  Bomholdg&rd, Ry,  Denmark)  
were pa in ted  twice, one week apart ,  along the  centre  of 
the  back wi th  0.2 ml  of an 0.25% solut ion of 7,12,di-  
methy lbenz(a )an thracene  (DMBA) in acetone conta in ing  
no p romot ing  agent ;  un t r ea t ed  or ace tone- t rea ted  ani- 
mals served as controls.  Mice had ne i the r  been shaved 
nor epi lated before topical  appl icat ion of DMBA.  In  a 
few a thymic  mice, Balb/c  t h y m u s  was imp lan ted  sub- 
cutaneously  3 weeks before first  D M B A  paint ing.  

For  histology, samples of skin t aken  f rom controls or 
3 months  af ter  D M B A  pain t ing  were f ixed in Baker ' s  
calciumformol,  cleared in methylbenzoa te ,  embedded  in 
paraffin,  sect ioned a t  3 to 4 ~zm, and stained wi th  toluidine 

blue (pH 3.0) for mas t  cells. Mast  cell counts  are expressed 
per  l inear cm of sectioned skin. Fixed,  uns ta ined sections 
were examined  for 5 -hydroxy t ryp tamine  (5-ttT) fluores- 
cence (excitat ion 380-415 nm;  emission 520 to 530 nm). 

For  the es t imat ion  of his tamine,  por t ions  of freshly 
excised dorsal skin were rapidly  weighed and ex t rac ted  
wi th  10% tr ichloroacet ic  acid for subsequent  assay on 
the  s tandard  guinea-pig i leum preparat ion.  

The  capac i ty  to bind reaginic an t ibody  was tes ted by  
passive cutaneous anaphylaxis  (PCA). N o r m a l  Balb/c  
mice were immunized  by  an i .p.  in jec t ion  of 100 ~zg 
bovine  serum a lbumin  (BSA) and Bordetella pertussis 
vaccine 6. Dilut ions of sera wi th  a PCA t i te r  of 1:80 t o  
1:320 were injected into the  skin of normal  and nu/nu 
Balb/c  mice. 48 h later, the  binding of reaginic antibody. 
was assessed by  i .v .  inject ion of i mg B S A  in 0.5 ml  
0.25% Evans  blue in saline. 
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