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Microbiology. - On the influence of mono iodo acetic acid on the 
respiration and the fermentation of yeast. By A. J. KL.UYVER and 
J. C. HOOOERHEIDE. 

(Communicated at the meeting of J une 24, 1933) . 

§ 1. lntroduction. 

According to the insight of many investigators, amongst whom PFLÜOER 
and PFEFFER may be considered to be the pioneers, the respiration process, 
in which sugars act as arespiration substrate, is characterized bij an initial 
anaerobic phase and the oxygen only reacts with produets of the anaerobic 
breakdown of the sugar. This initial phase would then be identical with 
the initial phase occurring in the completely anaerobic breakdown of the 
sugar, i.e. in the fermentation process. 

Contrary to this unitarian theory many investigators hold that from 
the chemi<:al point of view respiration and fermentation are quite indepen~ 
dent processes. Although they are willing to accept a physiologkal relation 
between the two, they reject the idea of a common phase in both. 

In recent years this view has gained many fresh supporters chiefly by 
the important observations of LUNDSOAARD regarding the influence of mono 
iodo acetic acid on the living cell 1). The experiments of LUNDSOAARD 
which have been fully corroborated by many other authors leave no doubt 
that the addition of the said acid in a suitable concentration to the medium 
of the ce lis may fully inhibit the fermentation whilst the respiration is 
maintained at its norm al intensity. 

At first sight this result seems to be absolutely incompatible with the 
view that the Hrst phase of respiration is identical with that of fermenta~ 
tion, sin ce ,in this case the suppression of the anaerobic breakdown of the 
sugar would also prevent the respiration. 

It is especially BOYSEN JENSEN who of late has emphasized this aspect 
of LUNDSOAARD's work 2). 

To appreciate fully the weight of this argument it is perhaps not super~ 
f1uous to remark that the reverse. i. e. the specific prevention of respira~ 
tion with the preservation of fermentation, had already be attained in 
several ways a.o. by aoddition of HCN, CO and NO to the medium of the 

1) E. LUNDSGAARD, Biochem. Zeitschr. 217, 162, 1930; Ibid. 220, 1 und 8, 1930; 
Ibid. 227, 51. 1930; Ibid. 2S0, 61. 1932. 

2) P. BOYSEN lENSEN, Biochem. Zeitschr. 236, 211, 1931. 
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eeIls. This facto however. could easily be explained by assuming that the 
oxygen which in respiration rea cts with the products of the initial anaerobic 
breakdown of the substrate asks for a special activating apparatus. The 
destruction or temporary inactivation of the latter would th en lead to the 
mentioned effect. 

The same line of argument cannot be very weIl appHed for the explana­
tion of the action of the mono iodo acetic acid. since one would expect that 
the inhibition of the fermentation will involve also the suppression of the 
first phase of respiration. 

Since at the other hand so many facts point in favour of the unitarian 
theory of 'respiration and fermentation. it was the aim of the experiments 
reported in th is communication to make a closer study of the action of 
mono iodo acetic acid in the hope to find data which allowed to reconcile 
the observations made with the said theory. 

§ 2. Present views regarding the influence of mono iodo acetic acid on 
respiration and fermentation. 

LUNDSGAARD (1. c.) himself has concluded that his experiments have 
brought decisive eV1idence that respiration and fermentat'ion are fully inde­
pendent from the chemical point of view. In proof of this contention the 
following summary of one of his papers may be cited: 1 ) 

.. In der Monojodessigsäurevergiftung verfügen wir über eine Methode. 
die unsdie Trennung des Spaltungs- und des Oxydations-Stoffwechsels 
ermögHcht. in dem die Monojodessigsäure den ersteren aufzuheben ver­
mag oh ne den letzteren nennenswert zu beeinflussen." 

Already in his first paper LUNDSGAARD gives as his opinion that the 
inhibition of the anoxybiotic breakdown occurs in one of the first steps of 
the reaction chain. In th is connection he points to the fact that in fermen­
tation experiments with poisoned yeast no disappearance of the sugar 
could be observed. Moreover he states that with poisoned zymase prepa­
rations no phosphorylation takes place. Y AMASAKI 2) also concludes that 
the effect of mono iodo acetic acid on the fermentation must be ascribed 
to its destructive acnion on the phosphorylating agent. 

BARRENSCHEEN and BRAUN 3) derive from the results of their experi­
ments that it is chiefly the more or les'S complete destruction of the co­
enzyme which is responsible for the disappearance of the glycolytic acti­
vity of muscle under the influence of the mono ,iodo ace tic acid. This view 
is rejected by LOHMANN 4) since the lat ter could prove that the weakening 
effect of mono iodo ace tic acid on the lactic acid format ion by muscle 

I) E. LUNDSGAARD. Biochem. Zeitschr. 220. 18. 1930. 
2) I. YAMASAKI. Biochem. Zeitschr. 228. 123. 1930. 
3) H. K. BARRENSCHEEN und K. BRAUN. Biochem. Zeitschr. 232. 165. 1931. 
i) K. LOHMANN. Biochem. Zeitschr. 236. Hoi. 1931. 

38* 
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extract was also manifest wh en hexose biphosphoric ester or methylglyoxal 
were used as substrates. 

However theeffect of the poison in the case of the methylglyoxal con~ 
version was much less pronounced than that on the glycolytic activity. For 
this reason LOHMANN also critisizes the view of DUDLEY 1) who concluded 
from his experiments that the checking of the glycolysis wouI.d be due to 
the inactivatio:1. of the methylglyoxalase. LOHMANN himself thinks it pro~ 
bable that the action of the mono iodo acetic acid is caused by a general 
weakening of the glycolytic ferment system as a whoIe. 

At the other hand NILSSON, ZEILE and VON EULER 2) are indined to 
accept the view that the action of mono iodo acetic acid is restricted to a 
final phase of fermentation not essential to respiration. Their chief argu~ 
ment is rather of an indirect nature and is based on the fact that a clear 
cut separation of respiration and fermentation in yeast can only be hrought 
about by applying a special concentration of the halogenic acid. They 
show that somewhat higher concentrations of the aöd also affect respira~ 
tion. which proves that the difference between the two dissimilation pro~ 
cesses is not as fundamental as it seemsat first sight. 

BOYSEN JENS EN 3) then proved that no accumulation of any product 
of anaerdbic sugar breakdown in experiments, in which yeast cells had 
been poisoned by a suitable concentration of mono iodo acetic acid, could 
be detected. This result may be considered incompatible with the theory 
of NILSSON and co~workers . 

In a study on the autoxidation of thiol compounds BERSIN 4) made the 
interesting suggestion that the poisoning of glycolysis in muscIe would he 
due to the removal of the reduced component of the glutathione system by 
the mono iodo acetic acid. 

In a recent paper QUASTEL and WHEATLEY 5) have given special atten~ 
tion to this point. These authors have indeed shown that mono iodo acetic 
acid reacts with the physiological thiol compounds cysteine and reduced 
glutathione. In agreement herewith the addition of the said compounds 
diminished the toxic action of mono iodo acetic aöd on brain tissue. The 
importance of this observation is now considerably increased by the demon~ 
stration that cysteine and glutathione cause a very marked increase in the 
rate of aerobic fermentation by yeast cells, whilst glutathione has practically 
no influence on the respiration. QUASTEL concludes that thiol compounds, 
normally present in the yeast ceIls, play some controling part in the rela~ 

tionship between respiration and fermentation. 
This conclusion is materially supported by the earlier observations of 

I) H. W. DUDLEY, Biochem. Joum. 2S, 439, 1931. 
2) R. NILSSON. K. ZEILE und H. VON EULER. Zeitschr. f. physiol. Chemie 194. 53.1931. 
3) P. BOYSEN JENSEN. Biochem. Zeitschr. 236. 211. 1931. 
i) TH. BERSIN. Biochem. Zeitschr. 24S. 3. 1932. 
5) J. H. QUASTEL and A. H. M. WHEATLEY. Biochem. Journ. 26. 2169, 1932. 
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BUMM and ApPEL 1) who clearly showed that glutathione, whilst having 
no effect on respiraNon and anaerobic glycolysis by tumour cells, markedly 
increases the aerobic glycolysis. 

With these facts in mind it indeed does not seem excluded that the 
destruction of reduced glutathione, normally occurring in the living celI. 
by mono iodo acetic acid plays an important part in the specific toxk 
action of this acid on fermentation . 

§ 3. Hypothesis regarding the nature of the action of mono iodo acetic 
acid based on the unitarian theory of respiration and fermentation. 

As was stated in the introduction many facts point in favour of the view 
that respiration and fermentation are characterized by the identity of the 
first steps of their respective reaction chains. Elsewhere one of us (Kl.) 
has expressed this situation in this way, that fermentation may be considered 
as a process in which the funcNon of the oxygen in respiration has been 
taken over by other hydrogen acceptors and inversely that respiration is 
a fermentation process which has heen led in other channels by the inter~ 
vention of oxygenafter activation of this element by WARI3URG's respiration 
ferment 2). 

This view is matel1ially supported by the result<s of an analysis of the 
mechanism of fermentation and respiration, sin ce the most probable 
representation of th is mechanism is that both processes consist of primary 
reactions which are all of the oxidoreduction type. This result is especially 
important since it makes acceptable that all these primary reactions occur 
under the influence of one and the same catalyst of the nature of an 

oxidoreductase 3) . 
Is there now any possibility to reconcile the behaviour of mono iodo 

acetic acid with regard to the yeast cell with th is unitarian theory? 
The facts reported in the foregoing paragraph seem to make this rather 

difficult. For it is not easy to understand that a poison can suppress 
fermentation completely without influencing respiration in the least. At 
first sight one wouJ.d expect that both processes would be injured 
approximately to the same degree. 

However the definition of respiration as a fermentation process led into 
new channels by the intervention of the activated oxygen seems to open 
a possibility for another explanation . For we may conceive that the rate 
of respiration is determined by the velocity with which oxygen is made 
available by the ironcontaining acNvating apparatus. If we then add the 
supposition that the activated oxygen is always preferent as a hydrogen 
acceptor in the dehydrogenation of methylglyoxaI. it is clear that a decrease 

1) E . BUMM und H. ApPEL. Zeitschr. f. physiol. Chemie, 210. 79. 1932. 
2) A. J. KLUYVER, Archiv f. Mikrobiologie 1. 181. 1930. 
3) A. J. KLUYVER. Chemie der Zelle und Gewebe 13, 134, 1926. 
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of the ra te of anaerobic breakdown of the sugar will only affect respiration 
at the moment, that the reduction is so large that the ,demand of the oxygen 
can no longer he satisfied. From this point of view fermentation under 
aerobic conditions is only the consequence of the excess of sugar break~ 
down as compared with the need for dehy,drogenation substrate of the 
respiration process. 

We may in th is line of thought assume that the action of increasing 
concentrations of mono iodo ace tic acid present in the medium of the 
yeast cells will lead to an inactivation of an increasing part of the 
oxidoreduction catalyst. At first this inactivation will only affect the surplus 
dissimilation, i.e. the aerobic fermentation. A gradual increase of the con~ 
centra ti on of the poison will lead at last to a complete suppression of the 
aerobic fermentation, the respiration maintaining its normal intensity. 
However as soon as this critical concentration has been surpassed the 
capacity of the still remaining sugar breakdown will fall below the level 
that is necessary for the maintenance of the normal respiration rate. In 
other words respiration too will become affected. 

Although in the paper of NILSSON, ZEILE und VON EULER indications are 
found that the experimental facts are in agreement with this mode of view, 
it did not seemto be superfluous to reinvestigate this point in more detail. 
the more so because the Swedish investigators draw quite different con~ 
clusions from their experiments. 

§ 4. Experiments on the influence of various concentrations of mono iodo 
acetic acid on respiration and fermentation. 

As outlined aboV'e it was the aim of the experiments to study the effect 
of the mono iodo 'acetic acid in concentrations in the neighbourhood of the 
critical concentration which just suppresses aerobic fermentation. For this 
purpose it was essential to study the various factors which influence the 
toxic action of the acid. 

In all these experiments the weIIknown manometric method of WARBURG 
has been applied. For the measurement of the respiration and the aerobic 
fermentationalways two parallel experiments were made in such a way, 
that in one of these experiments caustic potash was brought in the inner 
tube of the vessel for the absorption of the carbon dioxide formed. At the 
same time a third experiment was made in which the air was replace,d by 
an atmosphere of oxygenfree nitrogen to which 5 % of carbon dioxide had 
been added, in order to saturate the medium with this gas. From this 
experiment the rate ofanaerobic fermentation could be derived. 

In all cases a suspension was made of about 400 mgrs baker's yeast in 
100 ccm of a 2.5 % phosphate buffer solution to which also 1 gram of 
glucose and the mono iodo ace tic acid in varying quantities we re added. 
A measured quantity of this mixture was brought in the W AR BURG appa~ 
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ratus and this was shaken in a waterbath of 30° C for about 20 minutes 
before readings were made. 

The experiment itself lasted for one hour and from the observed changes 
in pressure the values of respiration (Qo,). of aerobic fermentation 
(Qgb) and of anaerobic fermentation (Q~b) were calculated in the usual 
way. 

In all cases baker's yeast ("Koningsgist" kindly supplied by the "Neder~ 
landsche Gist~ en Spiritusfabriek" ) has been used. All comparative 
experiments were made with one and the same sample of yeast. which if 
necessary was kept in a refrigerator. Special experiments showed that under 
these conditions the intensity of respiration and fermentation remained 
practically constant during several days. 

Preliminary experiments showed, in agreement with the results of 
LUNDSGAARD and of EHRENFEST 1). that the toxic action of the mono 
iodo acetic acid markedly increased wHh increasing acidity of the medium. 
Jt was then dedded to carry out the experiments at a pH = 4.7, since a 
separate set of experiments had shown that this acidity was practically 
optimal for both fermentation and respiration of the variety of yeast 
employed. 

The influence of mono iodo acetic acid in several concentrations varying 

between 1 OO~OOO and: 70~O was th en studied. 

The results of these experiments are given in Table I. 

TABLE I. 
The effect of increasing concentrations of mono iodo acetic acid on respiration, aerobic 

and anaerobic fermentation of Saccharomyces cerevisiae in a medium with PH = 1.7. 

Concentration of 
0 0 , ON, 0°, 

CH2ICOOH CO, CO, 

0 123.2 279.7 88.1 

I: 100.000 127.2 121.1 68.6 

1 : 65 .000 120.1 81.6 

1 : 50.000 122.1 63.9 30.5 

1 : 10.000 127.0 0 .9 11.8 

1 , 10.000 104.9 1.6 

1 : 20.000 70.8 

1 : 15.000 13.7 

1 : 10.000 27.3 

1 ; 7.000 12.0 

I) E. EHRENPEST, Journ. of Bio\. Chem. 97, 1932; Proc. Am. Soc. of Blol. Chem. 
26tb Ann. Meeting p. LXXVI. 
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In Fig. 1 a graphical representation of these results is given. In this 
graph the quantities of sugar consumed in respiration, aerobic and anaer­
obic fermentation are given . These quantities were calculated from 

280 

'" .~ 21j0 
N 
N 

-' o 
:E 

~ 200 
ii5 
z 
o 

t 
>: 

~ 160 
o 
u 

120 

80 

I I I 
SACCI1AROMYCES CEBEVISIAE 

I 
lBAKER( YEAST] ~I~ 

A ANAEROBIC FERMENT ... nON 
r-- -

& AEROBIC FERMENT ... TION 

C RE SPIRA nON 

A 

.\ 
\ 

~ 

'" ~ 
~ r---r--

8 12 16 
MGR . H~ I.A. PER 100 CCM . 

Fig . 1. 

the figures for oxygen consumption and carbon dioxide evolution, on the 
basis of 1 molecule of sugar consuming 6 molecules of O 2 in respiration 
and one molecule of sugar yielding 2 molecules of carbon dioxide in fer­
mentation. 

The figures on the ordinate are of an arbitrary character (100 repre­
senting 0.0022 millirnol sugar). 

When we look upon the graph, we find in the first place a confirmation 
of LUNDSGAARD 'S fundamental observation, viz. that on raising the concen­
tration of the mono iodo acetic acid anaerobic ferment at ion is rather quickly 
inhibHed, whilst at first respiration is maintained at its original level. At a 
concentration of 2.5 mgr. per 100 cern (1 : 40.000) anaerobic fermentation 
is altogether cheeked, the respiration still remaining constant. As for the 
aerobic fermentation we see that this process too is quiekly inhibited by 
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increasing concentrations of the poison and at the critica I concentration 
already mentioned its value has practically been reduced to zero. However 
the remarkable fact presents itself that as soon as this critical concentration 
of the poison has been surpassed also the intensity of respiration is affect­
ed. It is obvious that this result is in excellent agreement with the .. surplus­
theory" of aerobic fermentation. As soon as the surplus breakdown of the 
sugar has practically disappeared and therefore aerobic fermentation has 
dropped out, a further increase in concentration of the poison should also 
lower the rate of respiration. 

This situation throws a special sidelight on LUNDSGAARD'S pronounce­
ment that mono iodo acetic acid offers a specific means of bringing about a 
clear cut separation between oxybiotic and anoxybiotic metabolism. For it 
is clear that this behaviour of the yeast cells can be very weIl explained on 
the basis of the unitarian theory, viz. by assuming an inactivation of increa­
sing parts of the oxidoreductase by increasing concentrations of the acid, 
the respiration always being preferent for the conversion of the remaining 
part of the supply of anaerobic breakdown products. 

Against this mode of view the objection can be raised that at the critica I 
concentration of the acid the undiminished intensity of respiration proves 
that still a fraction of the oxidoreductase is active, so that one would ex­
pect that under these conditions also a fraction of the anaerobic fermenta­
tion would be maintained. It is however tempting to connect th is apparent 
deviation with the observations of QUASTEL and WHEATLEY that at the 
one hand mono iodo acetic acid reacts with the reduced form of glutathione 
and that at the other hand the latter compound is a more or less essential 
condition for the norm al course of the fermentation process. QUASTEL is 
inclined to ascribe the function of the glutathione to its property to establish 
a suitable oxidation reduction potential in the cell and we should like to 
point out in addition that the earl ier experiments of BOYLAND 1) give rather 
conclusive proof that the establishment of such a suitable reduction poten­
tial is an essential con dit ion for the fermentation process. 

This might weIl be the cause that at the critical concentration of the acid 
under anaerobic conditions the still remaining part of the oxidoreductase 
does not make itself manifest by evolution of fermentation carbon dioxide. 

It seemed possible to give a still more convincing demonstration of the 
correctness of the .. surplus-theory" of aerobic fermentation by using other 
yeast species in which the intensity of this fermentation was lower. If a 
yeast species could be found in which under aerobic conditions the fermen­
tation would be completely suppressed, one should expect that any addition 
of the mono iodo acetic acid large enough to affect the anaerobic fermen­
tation would also diminish at once the rate of respiration. It is obvious that 
such a demonstration would greatly derogate LUNDSGAARD'S postulate of 
the independence of oxybiotic and anoxybiotic metabolism. 

I) E. BOYLAND, Blochem. Journ. 24, 703. 1930. 
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It may be stated immediately that until now we did not succeed in fin­
ding a yeast species which under the aerobic condWons. as realized in 

TABLE 11. 
The effect of increasing concentrations of mono iodo ace tic acid on respiration. aerobic 
and anaerobic fermentation of SBcchBromyces MBrxiBnus in a medium with PH = 4.7. 

Concentration of 

CH2ICOOH 

0 

1: 100.000 

1 : 50 .000 

1 : 30.000 

1 : 20.000 

1 : 10.000 

1-· 0 0, ON. 
CO, 

92 .3 122 .5 

74.2 61.5 

68.5 21.7 

53.7 10.7 

48 . i 

13.8 
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the WARBURG apparatus, was fuUy devoid of aerobic fermentation, whilst 
showing a good anaerobic fermentation . However in the course of this 
investigation we met with some species which approximately answered the 
said requirements viz. in which the aerobic fermentation was very low. 

We will give here only the results of the investigation of one of these 
yeast species: Saccharomyces Marxianus Hansen. 

The experiments were carried out in exactly the same way as has been 
described before for the baker's yeast with the understanding that in these 
cases three days old cultures on yeast extract glucose plates were used. 

Table II gives the figures for oxygen consumption and carbon dioxide 
production by Saccharomyces Marxianus expressed in the usual way. (See 
table II. pag. 604.) 

The results are also graphicaUy reproduced in Figure 2 in the same way 
as has been done before in Figure I. 

As may be derived from Fig. 2 we meet in Saccharomyces Marxianus 
with a yeast with a very low aerobic fermentation. Even very smaU con­
centrations of the mono iodo acetic acid will practically reduce the .. surplus 
breakdown" to nihil and therefore it should be expected that in this case 
respiration will be al most immediately aHected. As will be seen from the 
graph the experimental results are in perfect agreement with this assump­
tion. 

It seems to us that the foregoing exposition justifies the conclusion that 
LUNDSGAARD'S discovery of the action of mono iodo ace tic acid on yeast 
cells does not suffice to reject the unitarian theory of respiration and fer­
mentation. 

Microbiology. -On the presumed suitability of maltose as a respiration 
substrate for non-maltose fermenting yeasts. By A. J. KLUYVER and 
J. C. HOOGERHEIDE. 

(Communicated at the meeting of June 24, 1933). 

In a paper published about two years ago by TRAUTWEIN and 
WEIGAND 1) a new argument a'gainst the unitarian theory of respiration 
and fermentation was raised. In this paper the authors report about 
experiments which tend to show that for some yeast species which lacked 
the ability to ferment thedisaccharide maltose this sugar still was a suitable 
substrate for the respiration process. 

It is c1ear that this demonstration would imply that the chemistry of the 
maltose respiration proceeds by a direct oxidation of th is sugar, since a 
preliminary hydrolysis of the disaccharide to glucose and a subsequent 

I) K. TRAUTWEIN und K. WEIGAND, Biochem. Zeltschr. 2.0, H3, 1931. 


