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In previous papers of this series 1,2 a description was given of the peculiar growth 
response which arises when spores of Penicillium italicum and especially of Aspergillus 
niger are sown on glucose agar containing various concentrat ions of sodium dimethyl- 
dithiocarbaxnate (NaDDC). This growth response is characterized by a first zone 
of growth inhibition at low concentrations of NaDDC, followed at higher NaDDC con- 
centrations by a zone of somewhat delayed growth and at further  increase of NaDDC 
concentration by a second zone of inhibition (Table I). This phenomenon of inversion 
of the toxicity of dithiocarbamates,  leading to a zone of "inversion growth",  obvious- 
ly corresponds to tha t  described for spore-germination tests with various dithio- 
carbamates  (DIMOND, HORSFALL, HEUBERGER AND ~TODDARD3; MONTGOMERY ANI) 

S.Aw4). 
In the first zone of inhibition (c/. Table I) the action of NaDDC on spore germina- 

tion of 4 moulds tested could be completely antagonized by  the addition of histidine 
or certain other imidazole derivatives to the glucose-mineral salts medium 1, 2. Imida-  
zole pyruvic acid proved to he ten times as active as histidine. For A. niger, moreover, 
also a-keto acids were found to act as antagonists ; an action not noticed for P. italicum 
and the other two test moulds. Mycelial growth is only slightly affected by these 
concentrations of NaDDC j. 

In the second zone of inhibition the antagonists mentioned are all completely 
ineffective which suggests that  at these high NaDDC concentrations another effect of 
NaDDC is superimposed on the first effect, with the result tha t  the addition of the 
mentioned antagonists alone is insufficient to restore growth. This is in accordance 
with the general experience that  with increase of the concentrat ion of a toxic agent 
gradually more enzyme systems become inhibited. 

Neither for the occurrence of the peculiar zone of inversion growth nor for the 
anomali ty  in spore germination tests has a sat isfactory explanation in our opinion 
been offered as yet. I t  seemed, however, possible to us tha t  inversion growth might 
quite generally be due to the accumulat ion of an antagonist  of the fungicide caused 
by  an action of certain concentrations of the fungicide itself on mould metabolism 2, a. 

- - l ~ r t  I X  : [~iochim. lJiophys..1 cta, I 5 (1954) *>9- 

l~'~'lcrcJ~ccs p. 2S~'. 
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This action of NaDDC on the mould should itself be harmless and should result in the 
accumulation of a substance capable of antagonizing the first effect of NaDDC. The 
necessity for accumulation of a compound would also explain the fact that inversion 
growth becomes visible with some delay. 

The three effects mentioned can be tentatively pictured as shown in Table I. 

"FABLE I 

First zone o/ Zone o~ Second zone 
inhibition inversion growth o/inhibition 

N a D l ) C - c o n c e n t r a t i o n  
G r o w t h  r e s p o n s e  (4 days )  

Firs! e[#ct o / N a D D C  

( i n h i b i t i o n  of spo re  g e r m i n a -  
t i o n  ; a n t a g o n i z e d  b y  c e r t a i n  
i m i d a z o l e  d e r i v a t i v e s  a n d  in  
t h e  case  of .4. ~dger b y  cl- 
k e t o  ac id s  

Second e~ect o/ NaDDC 

( a c c u m u l a t i o n  of a n t a g o n i s t  
of f i rs t  effect) 

Third e[Jec! o/ NaDDC 

( i n h i b i t i n g  effect  on  spo re  
g e r m i n a t i o n  a n d  m y c e l i u m  
g r o w t h  ; n o t  a n t a g o n i z e d  b y  
i m i d a z o l e s  etc.) 

o 0.2 0. 5 I 2 5 l o  20 5 ° IOO 200 p . p . m .  
+ + + + 

In order to check this hypothesis we had to search for an antagonist in the culture 
medium of moulds exposed to such NaDDC concentrations as lead to inversion growth. 

Most experiments were carried out with A. niger, since this organism shows very 
pronounced inversion growth. Since a-keto acids are effective antagonists for this 
mould it was first investigated whether such compounds possibly accumulate in the 
medium. 

This proved indeed to be the case. Pyruvic acid was found to accumulate at those 
NaDDC concentrations that lead to inversion growth, but not, or only in small 
amounts, at lower concentrations of NaDDC. This result suggests that pyruvic acid 
may play a role as a causative agent of inversion growth, at least for A. niger ~. 

The phenomenon of inversion growth exhibited bv A. niger and other moulds is 
discussed in view of these new findings. 

MATERIALS AND METHODS 

Sl~ake cultures 

S m a l l  m y c e l i a l  s p h e r e s  of Aspergillus niger a n d  Penicillium ilalicum were  g r o w n  in f l asks  con-  
t a i n i n g  t h e  f o l l o w i n g  m e d i u m  : g lucose  i or  2 %,  K 2 H P O  a 0. 5 %,  ( N H 4 ) 2 S O  I o. i %,  M g S O  4. 7 H 2 0  
0.05 °,o, NaC1 0.05 %, t a p  w a t e r ,  p H  6.8;  b i o t i n e  (0 .002 /zg /ml )  a n d  a n e u r i n e  (0.2 # g ] m l )  w e r e  a d d e d  
to  a l l o w  o p t i m a l  g r o w t h .  Af t e r  2 or  3 d a y s  i n c u b a t i o n  a t  2 4  ~ in  a s h a k i n g  m a c h i n e  t h e  s p h e r e s  w e r e  
w a s h e d  s e v e r a l  t i m e s  in  a m e a s u r i n g  c y l i n d e r  w i t h  a o. 5 % p h o s p h a t e  buf fe r  of p H  7.o for  A.  niger 
a n d  p H  6. 7 for  P. italicum. Of t h e  w a s h e d  s u s p e n s i o n  t h u s  o b t a i n e d  i o  m l  w e r e  p i p e t t e d  i n t o  
i 3 o m l  f l a sks  c o n t a i n i n g  to  m l  of a g l u c o s e  m i n e r a l  s a l t  s o l u t i o n  to  g i v e  t o g e t h e r  20 m l  m e d i u m  of 
t h e  c o m p o s i t i o n  m e n t i o n e d  a b o v e .  T h e  a m o u n t  of I n y c e l i u m  w a s  t a k e n  to  be  ca, 5 - 1 2  ing  d r y  
w e i g h t  pe r  f l a sk  a n d  t h e  g l u c o s e  u s e d  w a s  a l w a y s  s t e r i l i z e d  b y  Se i t z  f i l t r a t i on .  D i f f e r e n t  a m o u n t s  
of N a D D C  w e r e  a d d e d  to  t h e  f l asks  a n d  t h e s e  w e r e  s u b s e q u e n t l y  s h a k e n  a t  24 ° for  a f ew hours .  

l@/erences p. 288. 
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Then  tile liquid was filtered <)If, acidified with 4 N Ho.S(). 1 to p l l  i aud  s tored in tile refr igerat~r  
unt i l  used for e s t ima t ion  of (*-keto acids. 

Some e x p e r i m e n t s  were carried ou t  wi th  shake  cu l tures  of fungal  spores. These  were ob ta ined  
from cu l tu res  of :t. niger aml P. itagicum grown on glucose minera l  sal ts  agar  for 4 lo days .  The  
spores  were washed  from the  pla tes  with a steri le sal t  solut ion (see above) and  filtered t h rough  
co t ton  wool. The  spore suspens ion  was t hen  di luted with the  sal t  solut ion to obta in  the  requi red  
concen t r a t ion  of spores.  F ina l ly  1% glucose and  the  g rowth  factors  were added.  2o mi  por t ions  of 
the  spore  suspens ion  were p ipe t t ed  into steri le 15o ml  flasks and  different  a m o u n t s  of N a D D C  were 
added.  The  flasks were t hen  shaken  a t  24 '  for a few hours  and fu r the r  t rea ted  as m e n t i o n e d  above.  

Agar  cultures 

The  mou ld  spores were su spended  in glucose minera l  sa l ts  agar  m e d i u m  of the  same  compos i t ion  
as the  n u t r i e n t  solut ion m e n t i o n e d  above.  For  A.  niger t he  agar  was ad ju s t ed  to p H  7.0 and  seeded 
with 4,ooo spores per  ml  med i um.  

For  P. i /alicum t he  p H  was 6.8 and  a tenfohl  i nocu lum was used.  
N a D D C  concen t r a t i ons  employed  were o, o.o5; o . i ;  o.2; o.5 p .p .m,  etc. 

Ide~z/ification amt estimation o[ a-keto acids 
Paper  c h r o m a t o g r a m s  were m a d e  according to CAVALLINI, FRONTALI AND TOSCHI 6 tO e x a m i n e  the  
f i l t rates for the  presence  of (~-keto acids. Q u a n t i t a t i v e  e s t ima t ions  of pyruv ic  acid were m a d e  by  
the  spec t ropho tome t r i c  m e t h o d  of FRIEDEMANN AND HAUGEN 7. 

Determination o~ glucose co~te~tl 
Glucose was de t e rmined  by HASSlDS modi f ica t ion  s of the  m e t h o d  of HAGENDORN AND JENSEN. 

RESULTS 

A ccumulation o/pyruvic acid by A. niger in the presence o~ NaDDC 

As it was supposed that a-keto acid production, if occurring, would only be small, we 
used mycelial spheres rather than 
sp°res in the preliminary experiments" ~ 2° / !  
Washed mycelial spheres of A. niger "~ 

~15 A 

,, / \  

w e r e  s h a k e n  fo r  4 h o u r s  in  f l a s k s  w i t h  

n u t r i e n t  m e d i u m  c o n t a i n i n g  i n  a d d i t i o n  

d i f f e r e n t  a m o u n t s  o f  N a D D C  (0; o. I - I O O  

p . p . m . ) ,  g r o w t h  b e i n g  n e g l i g i b l e .  P a p e r  

c h r o m a t o g r a m s  w e r e  m a d e  o f  t h e  l i q u i d  

t o  c h e c k  if  a n y  a - k e t o  a c i d s  h a d  b e e n  

p r o d u c e d .  A n  a - k e t o  a c i d  s p o t  w a s  d e -  

t e c t e d  a t  s e v e r a l  of  t h e  N a D D C  c o n c e n -  

t r a t i o n s  u s e d  a n d  t h i s  c o m p o u n d  c o u l d  

b e  i d e n t i f i e d  a s  p y r u v i c  a c i d .  N o  o t h e r  

a - k e t o  a c i d s  a p p e a r e d  t o  b e  p r e s e n t .  

A m o r e  q u a n t i t a t i v e  a s s a y  w a s  

t h e n  m a d e  in  a s i m i l a r  e x p e r i m e n t  i n  

w h i c h  t h e  a m o u n t  o f  p y r u v i c  a c i d  p r o -  

d u c e d  w a s  e s t i m a t e d  s p e c t r o p h o t o -  

m e t r i c a l l y * .  

T h e  r e s u l t s  (F ig .  I A )  r e v e a l  t h a t  

t h e r e  is  a d e f i n i t e  r e l a t i o n  b e t w e e n  

N a D D C  c o n c e n t r a t i o n  a p p l i e d  a n d  t h e  

a m o u n t  o f  p y r u v i c  c a i d  a c c u m u l a t e d .  

M o r e o v e r ,  c o m p a r i s o n  w i t h  g r o w t h  

__./ \ 
o ala2 ds ~ 2 i Io2o 561ao2~ 

p.p.n~ NoDDC 

B + ÷ + . . . .  + 4 -  - 

~Y/// / / / / / / / / /M 

I E E - -  
Fig. IA. Py ruv i c  acid a c c u m u l a t i o n  by  ,4. niger 
in glucose minera l  sal t  solut ion con ta in ing  var-  
ious concen t ra t ions  of NaDDC.  Mycelial  spheres  
(dry w t  8 rag); 4 h ;  2o ml  m e d i u m  p H  7.o. 
Fig. IB.  Growth  response  of spores  of A.  niger on 
glucose minera l  sa l t s  agar  wi th  var ious  concen-  
t r a t i ons  of NaDDC.  I = F i rs t  zone of inhib i t ion;  
I I  = Zone of invers ion  g rowth ;  I I I  = Second 

zone of inhibi t ion.  

* W e  gra te fu l ly  ackowledge the  ass i s tance  of Mr H. C. VAN OS who carried ou t  ch roma tog raph i c  
and  spec t ropho tomet r i c  es t imat ions .  

Re/erences p. 288. 
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experiments on agar shows (Fig. IB) that pyruvic acid accumulation is inconspicuous 
at those concentrations of NaDDC which in growth experiments are not yet harmful 
or lead to the first zone of inhibition. A distinct accumulation is perceptible, however, 
just about at those concentrations which in growth experiments on agar give rise 
to inversion growth. 

~ 
25 

/ 

15 

I 

10! • 
t 

5 

0 01 ~2 Q5 I 2 5 fO 20 50 ¢00 
p.p.m. NoDDC 

Fig. 2. Pyruvic acid accumulation b y d .  n iger  in 
glucose mineral salts solution containing various 
concentrations of NaDDC. Effect of composition 
of medium. Mycelial spheres (dry wt 16 mg); 3 

O o '  hr; 20 ml medium pH 7.0. • = K2HPO 4 ( .5 /0) 
't- (NH4)2SO 4 (o.I %) + MgSO4. 7 H20 (0.05 %) 
+ NaC1 (oo 5 %) × = K2HPO 4 (0. 5 %) + 
(NH4)2SO 4 (o.1%); ,-}-= K2HPO 4 (0.5%) F 
MgSO4"7 H20 (0.05%) + NaC1 (0.05%); O = 

K2HPO4 (0.5 %). 

80 

~7C 

40 

20 

gO . . . . . . .  ----""~ 

30 

~25 
cL 

2C 

F .  

0 0.1 0.2 05 I 2 5 10 20 50 100 
p.p.m. NoDDC 

Fig. 3. Pyruvic acid accumulation by A .  niger 
in glucose mineral salts solution containing 
diverse concentrations of NaDDC. Effect of 
concentration of (NH4) 2SOa. Mycelial spheres 
(dry wt i I  mg); 4 h; 2o ml medium pH 7.o. 

O = 0.3% ( N H 4 ) 2 S 0 4 ;  • = o.~% 
(NH4)2SO4; × o.o1% (NH4)2SO a. 

When a similar experiment with 
mycelial spheres was put up in phos- 
phate buf fe r  (o .5% } + glucose,  i n s t e a d  

of in  t h e  c o m p l e t e  n u t r i e n t  m e d i u m ,  

p y r u v i c  ac id  a c c u m u l a t i o n  was  f o u n d  

to  b e  a l m o s t  negl ig ib le .  Th i s  a p p e a r e d  to  

b e  l a rge ly  due  to  t h e  lack  of (NH4)2SO 4 

as was  s h o w n  b y  t h e  r e su l t s  of a n  ex-  

p e r i m e n t  in  w h i c h  t h e  sa l t s  were  

o m i t t e d  in t u r n  {Fig. 2). Fig.  3 shows ,  

m o r e o v e r ,  t h a t  t h e  r a t e  of p y r u v i e  ac id  

o o.Io2 o'5 i 2 ~ ~ b ~  5 o ~ o o ~  A~m. NaDDC Fig. 4. Pyruvic acid accumulation by d .  n iger 
in glucose mineral salts solution containing 

diverse concentrations of NaDDC. Effect of N-source. Mycelial spheres (dry wt i I rag) ; 3 h ; 2o ml 
m e d i u m p H  7.o. • = o . I %  ( N H 4 ) 2 S O 4 ; o ~ o . I 5 %  KNOa; × o . i% (NHi)2SO4 + o. I5% KNO 3. 

Re/erences  p. 288. 
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accumulation is dependent on the ammonium sulphate concentration. NH4C1 proved 
to be about equally active as (NH 4) 2S()4 when the same N-content was used. KNO:~ 
did not stinmlate pyruvic acid accumulation as was shown by an experiment in which 
media were compared which contained either KNO a or (NH4)2S()~ in amounts with 
corresponding N-contents (Fig. 4)- The mixture of the two salts gave about the same 
picture as (NH4)2SO 4 alone. The final pH was t). 5 irrespective of the N-source used 
in these experiments. 

Thus one may conclude that NHa-ions are required for pyruvic acid accumulation 
caused by NaDDC. 

Glucose consumption was determined in several experiments. It appeared not 
to be influenced by the NaDDC concentrations used in the present investigations. 
In the experiment shown in Fig. IA glucose consumption was ca. 3o mg per flask. 

Pvruvic  acid accumulation by spores o / A .  ~iger 

We have now seen that the concentrations of NaDDC which in growth experiments 
with spores give rise to inversion growth, correspond with those which induce mycelial 
spheres to accumulate the antagonist pyruvic acid; at lower concentrations of the 
fungicide spore germination is inhibited "~ 1.5/ 
and mycelial spheres accumulate little or 
no pyruvic acid. Though it seems tempting ~ 1.0l / ' N ,  
torelateinversion growth to accumulation ~ t ., - - - . - - - ' / ' ~ " ~ ' J  "N,,,. 
of this antagonist of NaDDC, we know ~0.5 
from earlier experiments that low concen- 0[--~ . . . . . . . . . . . . . . . . .  

o 0 1 0 2  as  I 2 5 lo 2o so loo trations of NaDDC inhibit especially spore ~p.m. ~oooc 
germination (first zone of inhibition) while Fig. 5. Pyruvic acid accumulation by spores 
myeelial growth is only slightly affected by of A. niger in glucose mineral salts solution 
these concentrations. Thus, pyruvic acid containing diverse concentrations of NaDDC. 
accumulation can only be considered as a 400,000 spores/ml; 6 h in 2o ml medium pH 

- 7.0; (NH4)2SO4 content 0.50/0 
cause of inversion growth if it can be proved 
that the spores before their germination accumulate pyruvic acid in sufficient amounts 
to antagonize NaDDC. 

To gain information on this point spores of A. niger were shaken in the glucose 
mineral salts medium ((NH~)~SO 4 content 0.5%) to which various concentrations 
of NaDDC had been added. The concentration of spores was taken IOO x larger than 
normally used in agar cultures. After 6 h the spores were neither swollen nor had they 
germinated. Yet, pyruvic acid accumulation was undeniable even at this stage, with 
a peak occurring at ca. 20 p.p.m, of NaDDC (Fig. 5). This result could be confirmed 
in later experiments. The amount of pyruvic acid accumulated is certainly small in 
comparison with the amount which must be added to antagonize NaDDC in the first 
zone of inhibition (lO-3O p.p.m.). One must, however, realize that in the first case 
the concentration in the medium is caused by excretion by the spores and, therefore, 
will undoubtedly be significantly lower than the concentration inside the spores. 

Effect o /N-source  ou occurrence o/zone o/ inversion growth 

As we were looking for a correlation between antagonist accumulation and occurrence 
of inversion growth, it was also of interest to study the effect of the N-source on 
inversion growth. It  was then found that 0.5 °'/o (NH4)2SO4 in the medium gives a 

Re/ere~zccs /,. 2,~'& 
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A B C 
Fig. O. qspcrgillus niger on g lucose  m i n e r a l  s a l t s  a g a r  
w i t h  .k --  O.1 °{, (NHa)2SO4;  13 - o .50o(NH4),aSO4;  C = 
o .20o  KNOa.  The  c u p  c o n t a i n s  o . ~ %  N a D D C .  A a n d  B 
s h o w  a r o u n d  t he  c u p  t h e  s econd  zone  of i n h i b i t i o n ,  t h e  
zone  of i n v e r s i o n  g r o w t h  a n d  t h e  f i rs t  zone  of i n h i b i t i o n  
(b l ack  r ing) .  C does  n o t  s h o w  a zone  of i n v e r s i o n  g r o w t h ,  

b u t  one  l a rge  zone  of i n h i b i t i o n .  

niger spores were sown on various media on which a 
p.p.m, of NaDDC (Fig. 6). 

more pronounced and more ex- 
tended zone of inversion growth 
(5, IO, 2o p.p.m.) than o.1% of 
this salt. When, however, KNO a 
(o.2%) was substi tuted for 
(NH4) 2S()4 inversion growth 
was only very faint or absent, 
though on control plates not 
containing NaDDC A. niger 
grew equally well with KNOa or 
with (NH 4) 2SO4. The same effect 
of the N-source on inversion 
growth was obtained when A. 
cup had been placed with I.OOO 

Thus there appears to be a very close correlation between the factors leading to occur- 
rence of inversion growth and to accumulat ion of pyruvic acid, an antagonist  of 
NaDDC in the first zone of inhibition for A. niger. In fact the conclusion is almost 
inescapable that  pyruvic acid accumulat ion plays a role in establishing inversion 
growth for this mould. 

Meanwhile, as already' pointed out above, the behaviour of A. niger towards 
NaDDC is exceptional both  in its very pronounced inversion growth and in the fact 
that  pyruvic  acid is an antagonist. 

For this reason some of the experiments described above were repeated with 
P. italicum as a test mould with little pronounced inversion growth and lacking the 

9C ability to use pyruvic acid as an antagonist  
for NaDDC. 

Experiments with Penicillium italicum 

a. Pyruvic acid accumulation by P. italicum. .~ n 
Experiments  were carried out in the same ~6c 
way as with A. niger, with the exception, ~.sc 
however, tha t  the pH value of the medium 
was adjusted to 6. 7. Here, too, there is a 4c 
decided accumulat ion of pyruvic acid by 3c 
mycelial spheres (Fig. 7) but  this seemed 
to proceed far slower than with the former 2c 
mould. After 0 hours shaking hardly any 

Ic 
pyruvic acid is present, but  after 2 4 hours 
the accumulat ion is quite considerable at  
a certain range of NaDDC concentrations. 
The top usually is at a lower NaDDC-con- 
ccntrat ion than with A. niger. I t  is note- 
wor thy  that  inversion growth too occurs at 
a somewhat  lower concentrat ion of NaDDC 
for P. italicum than for A. niger (5 and IO 

Jl 
0 0.1 0.2 05 2 5 10 20 50 100 

p.p.m. NaDDC 
Fig.  7- P y r u v i c  a c i d  a c c u m u l a t i o n  b y  Penicil-  
l ium ilalicum in  g l u c o s e  m i n e r a l  s a l t s  s o l u t i o n  
c o n t a i n i n g  d i v e r s e  c o n c e n t r a t i o n s  of N a D D C .  
M y c e l i a l  s p h e r e s  (d ry  w t  to  mg)  ; 20 m l  m e d -  
i um p H  0. 7 c o n t a i n i n g  a n e u r i n e  a n d  b i o t i n e .  
• i n c u b a t i o n  p e r i o d  6 h ;  O - -  i n c u b a t i o n  

p e r i o d  2 4 h. 

Rc/ercnces  p. 288. 
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p.p.m, instead of IO and 2o p.p.m.). Also the spores of this mould accunmlate 
pyruvie acid. 

Accumulation was found to increase with increasing ammonium sulphate con- 
centration of the medium. 
b. Influence o~ N-source on occurrence o/ inversion growth. Experiments with solid 
media showed that the degree of inversion growth depends on the composition of the 
N-source used in the same way as with A. niger. 

DISCUSSION 

A survey of the observations dealt with above, leads to the following picture. 
In liquid medium pyruvic acid is accumulated by spores as well as by mycelium 

of both test moulds and this accumulation reaches a peak just about at those NaDDC 
concentrations that in agar media lead to inversion growth. Both pyruvic acid ac- 
cumulation and inversion growth are favoured by high NH4-concentrations. 

Assuming that the results obtained on both media are directly comparable, 
there seems little doubt that in the exceptional case of A. niger, for which organism 
pyruvic acid is an antagonist of NaDDC, the accumulation of this compound plays a 
role in establishing inversion growth. For P. italicum, however, the situation is differ- 
ent. Pyruvic acid, though it is also accunmlated, is not an antagonist of NaDDC as 
we have seen. Therefore, pyruvic acid accumulation cannot play a direct role in the 
establishment of inversion growth. 

The fact that myeelial growth is not sensitive to NaDDC in the first zone of 
inhibition is supposed to be due to a more rapid accumulation of the antagonist by 
myeelium than by spores. 

Though the cause of inversion growth has not been fully elucidated by the obser- 
vations described above, they have made clear that the metabolism of the mould 
does play a definite role in the establishment of inversion growth. A purely physico- 
chemical explanation has been given recently in a preliminary communication by 
GOKSOYR 9. This author suggests that the inversion phenomenon is due to the fact that 
at concentrations of NaDDC leading to inversion growth the dithiocarbamate ion 
combines with a metal ion to an insoluble I : 2 complex. Lower NaDDC concentrations 
give rise to an I : I complex which is supposed to give strong growth inhibition. 

Though in the presence of metals metal complexes will certainly be formed*, we 
feel that, within the scope of our present paper, the following facts are not reconcilable 
with a purely physico-chemical explanation of the inversion phenomenon, but show 
that mould metabolism plays a definite role in the establishment of inversion growth. 

I. NH4-ions are required for inversion growth. 
2. There are many moulds that do not show inversion growth, as for instance 

Botrytis allii'. 
3. Inversion growth appears with a delay of 1-2 days. 
4- At NaDDC concentrations leading to inversion growth the dithiocarbamate 

ion cannot be present as an insoluble and hence inactive complex, since at these 
concentrations the same anget causes inhibition of an enzyme, with the result that 
pyruvic acid accumulates. 

A few remarks may still be made about the accumulation of pyruvic acid. We 
* T h e  ro le  of m e t a l  c h e l a t e s  in t he  a c t i o n  of  N a D D C  will  be  t h e  s u b j e c t  of a f u t u r e  p a p e r .  
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have to deal with an enzyme inhibi t ion (leading to pyruvic  acid accumulation) which 
does not seem to be harmful  for the organisms bu t  which quite to the contrary  counter-  
acts the pr imary  inhib i t ion  seen at low NaDDC concentrat ion.  Assuming tha t  pyruvic  
acid accumula t ion  results from an inhibi t ion of the pyruvic  oxydase system, a vi ta l  
system is concerned. From a comparison of glucose consumpt ion and maximal  pyru-  
vic acid accumula t ion  by  A .  niger we can, however, calculate tha t  on a molecular 
base the lat ter  did not  exceed 3% of the former if carried out in a medium with 
o.1% (NH~)2SO a and usual ly  is even lower. Thus it can be understood that  this in- 
hibi t ion is not harmful  and  also tha t  Warburg  experiments did not  reveal a decrease 
of O2-consumption at  this level of NaDDC TM. 

The peculiar drop of pyruvic  acid accumulat ion with increase of NaDDC con- 
centra t ion is not  properly unders tood at present. Unpubl ished experiments with other 
mould species have, however, revealed tha t  in m a n y  instances the rate of pyruva te  
accumula t ion  increases regularly with increasing NaDDC concentrat ion.  

Wi th  regard to the role of NH4-ions in pyruvic  acid accumula t ion  it seems note- 
worthy that  we have found tha t  the inhibi t ion  of the pyruvic  oxidase system caused 
by K-arseni te  is also favoured by  a high NH4-ion concentrat ion,  al though there is 
a marked accumulat ion in the absence of a m m o n i u m  ions as well (unpublished 
results). These experiments  were carried out with mycelial spheres of A.  niger. 

Though not  proved by  the present experiments  it seems likely tha t  the accumu- 
lat ion of pyruvic  acid caused by  NaDDC is due to interference with the pyruvic  
oxidase system. Little is known at  present about  the enzymes and  coenzymes tha t  
play a role in the oxidat ive decomposition of pyruvic  acid by  moulds. If the same 
coenzymes operate as in an imal  tissues and  in certain bacteria,  one might th ink  of 
interference with a-lipoic acid or with coenzyme A. 

The closely related compound sodium die thyldi th iocarbamate  which is the re- 
duced form of the well-known "an tabuse"  (T.E.T.D.) was found by  us to give the 
very same pyruvic  acid accumulat ion as NaDDC. I t  seems possible tha t  this phenom- 
enon plays a role in the not  yet  completely unders tood reaction to ethyl  alcohol of 
pat ients  t reated with antabuse.  

SUMMARY 

I. Sodium dimethyldithiocarbamate (NaDDC) induces spores and mycelium of A. niger and 
P. italicum to accumulate pyruvic acid in the medium. This accumulation shows a maximum at 
those NaDDC concentrations which in growth experiments on agar lead to the zone of inversion 
growth, and decreases rapidly at higher concentrations. 

2. With mycelial spheres this phenomenon can be studied more easily than with spores. 
3. There is a close correlation between factors leading to pyruvic acid accumulation and to 

inversion growth in so far as NH4-ions are required for both. 
4. Pyruvic acid accumulation is supposed to play an important role in bringing about inver- 

sion growth in A. niger, because a-keto acids are strong antagonists of NaDDC for this mould. 
Thus inversion growth would occur because the fungicide induces the mould spores to accumulate 
an antagonist. 

5. Various arguments are put forward to show that mould metabolism plays a definite role 
in the establishment of inversion growth and that a purely physico-chemical explanation of this 
phenomenon is improbable. 

6. It is suggested that pyruvic acid accumulation by NaDDC is due to interference of this 
fungicide with one of the coenzymes functioning in pyruvate oxidation. 
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1~ I:'SI~M 1:" 

1. l.e d i m d t h y M i t h i o c a r b a m a t e  tie sodium (Na DDC) iudu i t  les sp()res el: le myt:dlium d'. l sp,~ . 
gillus niger et  de Penicillium italicum it accumule r  dans le mil ieu l 'acide pyruv ique .  Cet te  accumu 
la t ion  a t t e i n t  un m a x i n m i n  a ux  concen t ra t ions  de NaI)DC qui  dans  les exp6riences tie croissanco 
d o n n e n t  lieu h la zone d ' " i n v e r s i o n  g r o w t h " :  elle dderolt  r a p i d e m e n t  aux  concen t ra t ions  plus 
hautes .  

-. Ce ph6nombne peu t  6tre ~tudid plus faci lement  avec des sphbres naycdliques qu 'en  u t i l i san t  
des spores. 

3. Une forte corr61ation exis te  ent re  les fac teurs  fuvor isant  l ' a ccumula t ion  d 'ac ide  p y r u v i q u e  
et  l ' " i nve r s ion  g r o w t h "  en t a n t  que des ions NH 4 sont  essent iels  pour  t o u s l e s  deux. 

4. I1 est  suppos6 que l ' a ccumula t ion  d ' ac ide  p y r u v i q u e  joue un rdle i m p o r t a n t  dans  la provo- 
ca t ion  de l ' " i nve r s ion  g r ow th"  chez .4. niger, parce  que les acides ~,-c6toniques son t  de forts  an ta -  
gonis tes  de NaDDC pour  ce t te  moisissure.  L ' " inve r s ion  g r o w t h "  au ra i t  donc lieu parce  que le 
fongicide indu i t  les spores ~ accumuler  un an tagonis te .  

5- Divers  a r g u m e n t s  sont  avancas  pour  d6mont re r  que le n16tabolisme des moisissures  joue 
une rdle d6finitif dans  l 'or igine  de l ' " i nve r s ion  g rowt l l "  e t  qu ' i l  n 'es t  pas  possible de donner  une 
exp l i ca t ion  compl~ temen t  phys ico -ch imique  de ce phdnom~ne. 

6. II es t  sugg6r6 que l ' a c c u m u l a t i o n  d ' ac ide  p y r u v i q u e  est  causde par  l ' in terfdrence de NaDDC 
avec un des coenzymes  impl iquds  dans  l ' o x y d a t i o n  de cet  acide. 

Z U S A M M E N F A S S U N G  

t. N a t r i u n l d i m e t h y l d i t h i o c a r b a m a t  (NaDDC) ve ran la s s t  Sporen und  Myzel iunl  von Asper- 
gillus niger und Penicillium italicum zur Anh~iufung von Brenzt raubensAure  im Medium. Diese 
Anh/ iufung er re icht  ein M a x i m u m  bei den N a D D C- K onz e n t r a t i onen ,  die in W'ach tumsve r suchen  
zu der  Zone von "Inversionswachstum" Anlass  geben. Bei h6heren N a D D C - K o n z e n t r a t i o n e n  
f~tllt die Brenz t raubens~iureanh~ufung  rasch  ab. 

2. Dieses PhSmomen k a n n  le ichter  an Myzelsuspens ionen als an Sporen s tud i e r t  werden.  
3. Es wurde  eine enge Kor re l a t ion  gefunden zwischen Fak to ren ,  die zur  Brenztraubens~iure-  

anh i iu fung  f i ihren und I n v e r s i o n s w a c h s t u m  hervor rufen  insofern N H , - I o n e n  ftir beide n6 t ig  sind 
4. Die Brenz t r aubens i iu reanh / iu fung  spie l t  ve rmu t l i ch  eine wich t ige  Rolle  bei  der  Verur-  

sachung  yon I n v e r s i o n s w a c h s t u m  bei A. niger, weil  a -Ketos i iu ren  ffir diesen Pilz sehr  kr i i f t ige  
N a D D C - A n t a g o n i s t e n  sind. I n v e r s i o n s w a c h s t u m  wiirde s o m i t  au f t r e t en  weil das Fung iz id  1lie 
Pi lzsporen an reg t  einen A n t a g o n i s t  anzuh~iufen. 

5. Es  werden  verschiedene  Gri inde angeff ihr t  um zu zeigen, dass  der Pi lzstoffwechsel  eine 
en t sche idende  Rol le  in der Ve ru r sachung  yon I n v e r s i o n s w a c h s t u m  spie l t  und  dass  eine rein 
phys ico-che ln i sche  Erk l / i rung  dieses Ph / inomens  weniger  wahrsche in l ich  ist. 

6. Die yon NaDDC hervorgerufene  Brenzt raubens~iureanh/ iufung be ruh t  v e r m u t l i c h  auf einer 
S t6 rung  der F u n k t i o n  eines der Koenzyme,  die an der Brenz t r aubensXureoxyda t ion  be te i l ig t  sind. 
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