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INTRODUCTION. 

Even  at  a mere glance at  the  extensive l i te ra ture  on the influence 
of e l ementa ry  molecular  oxygen on the alcoholic fe rmenta t ion  in 
l iving yeas t  cells and various yeas t  p repara t ions  i t  is evident  t ha t  
so far most  works have been concerned with the i n h i b i t i n g 
e f f e c t p roduced by  this gas on the ra te  and  ex ten t  of the  process 
ment ioned.  Pa r t i cu la r ly  the relat ion between the anoxybion t ic  
fe rmenta t ion  and the respira t ion as measured  by  the oxygen con- 
sumpt ion  was and still  is one of the main  subjects  of inves t igat ion 
and speculat ion.  This s ta te  of things is confirmed s t r ik ingly  on 
s tudy ing  recent  volmnes on cellular b iochemis t ry  like the  "Pro-  
ceedings of the In te rna t iona l  Sympos ium on Enzyme  Chemistry,  
Tokyo  and K y o t o  1957", and the "Ciba Founda t ion  Sympos ium on 
the Regula t ion  of Cell Metabol ism",  which appeared  in 1958 and 
1959, respectively.  

The present  paper ,  on the other  hand,  deals wi th  the  s t i m u- 
1 a t i n g e f f e c t p roduced b y  e lementary  molecular  oxygen on 
the ra te  of alcoholic fe rmenta t ion  in l iving cells of yeas ts  classified 
in the  genus Bretta~zomyces Kufferath  et van Laer. If  we agree upon 
the definit ion of the concept  of t he  "Pas t eu r  effect" given for 
historical  reasons b y  BORIC (1939) as an inhibi t ion of fe rmenta t ive  

1) Present address: N.V. Industri~le Onderneming \u H. Braskamp, Voor- 
burg (Z.H.), the Netherlands. 
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processes caused by gaseous oxygen, then the phenomenon de- 
scribed in this paper, i.e. the inhibition of alcoholic fermentation 
under strictly anaerobic conditions and its stimulation in presence 
of molecular oxygen, may be named a "negative Pasteur effect". 
As a matter of fact, this term was proposed in the sense mentioned 
as early as in 1940 by CUSTERS in his classical work on the Brettano- 
myces yeasts. When using the term we are, of course, fully aware 
of the fact that the corresponding physiological effects are not 
necessarily caused by one and the same mechanism in different 
yeasts and under different environmental conditions, but rather 
may be due to a number of mechanisms acting at different steps in 
the sequence of reactions resulting in breakdown of the sugar 
molecule to ethyl alcohol and carbon dioxide. 

As mentioned above CUSTERS (1940) discovered a negative 
Pasteur effect in investigating the alcoholic fermentation of a 
Breltanomyces yeast, viz. Br. claussenii Custers. The cells examined 
by this author by means of the manometric method according to 
WARBURG originated from plate cultures grown for 3 to 7 days at 
30 ~ C. on malt agar supplied with chalk for neutralizing the acetic 
acid formed (c/. below). The harvested cells were washed twice in 
tap water and then suspended in a 2.5 pe r cent solution of primary 
potassium phosphate at pH 4.4 - 4.5. A phosphate solution of the 
same strength and pH was used in dissolving the glucose to be 
dissimilated aerobically or anaerobically. Immediately after mixing 
of cell suspension and glucose solution the sugar concentration was 
2 per cent. The total volume of fluid per Warburg vessel amounted 
to 2.0 ml and the yeast dry substance to 2.72 - 5.92 nag. Anaerobic 
conditions were obtained by flushing during 20 minutes with 
nitrogen freed of oxygen by passing over copper gauze at 500 ~ C. 
The sugar dissimilation was measured at 30 ~ C. 

Under the experimental conditions summarized briefly above 
CUSTERS (1940) observed a negative Pasteur effect in cells from 3 
days old yeast cultures grown in air, when the cell suspension and 
glucose solution initially present in the main compartment and side 
arm of the Warburg vessels, respectively, were mixed a f t  er the 
pretreatment with oxygen-free nitrogen or air for ensuring anaero- 
biosis and aerobiosis. In examining the fermenting power of cells 
from cultures grown for 7 days under aerobic conditions CUSTERS, 
on the other hand, found a normal Pasteur effect, i.e. the rate of 
fermentation in oxygen-free nitrogen surpassed that in air. In these 
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experiments, however, the sugar solution was added to the yeast 
suspensions p r e v i o u s t o the pretreatment with nitrogen or air. 
According to our experience the results thus obtained with the cells 
from old cultures, because of the difference in experimental con- 
ditions, cannot be compared with those mentioned above for the 
cells from young cultures. As a matter of fact, no negative Pasteur 
effect at all or only a minute one was observed by CUSTERS in yeast 
from young cultures on addition of sugar to the cell suspensions 
previous to flushing with oxygen-free nitrogen or air. 

According to a hypothesis proposed by LIP~ANN (1933, 1934, 
1942) the normal Pasteur effect, i.e. the inhibition of fermentation 
under aerobic conditions, is due to a reversible oxidative inactivation 
of an essential part of the glycolytic enzyme system produced by 
tile respiratory enzymes in presence of molecular oxygen. In analogy 
with this hypothesis CUSTERS (1940) made the assumption that the 
negative Pasteur effect in the cells of Br. clau, ssenii is caused by a 
reversible reductive inactivation of the proper enzyme system taking 
place under strictly anaerobic conditions. 

In examining the anaerobic and aerobic dissimilation of glucose 
by proliferating and resting cells of Br. claussenii COSTERS (1940) 
further showed that ethyl alcohol and carbon dioxide are the only 
end products formed in nitrogen, while in air in addition appreciable 
amounts of acetic acid are being produced. In manometric experi- 
ments under aerobic conditions with ethyl alcohol as a substrate 
CUSTERS found that at pH 6.4 - 6.8 the alcoholis oxidized to acetic 
acid only, whereas at pH 3.8 - 4.4 the primarily formed acetic acid 
undergoes a complete oxidation to carbon dioxide and water. 

The present study was undertaken in order to obtain further 
information about the existence of a negative Pasteur effect in whole 
cells of yeasts classified in the genus Brettano,myces Kufferath et van 
Laer according to LODDER and KREGER-VAN RIJ (1952), In addition, 
we have examined some yeasts which earlier actually were described 
as Brettanomyces species or at least were suspected to be closely 
related or even belong to this genus but at present are placed in the 
genera Hansenula H. et P. Sydow and Torulopsis Berlese. Finally, 
we tested two yeasts considered as not being definitely or precisely 
determined, and three yeasts included in the genus Saccharomyces 
(Meyen) Reess and characterized by a comparatively strong pro- 
duction of acetic acid. 
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~IATERIALS AND ~ETHODS. 

Y e a s t s t r a i n s. So far the following Bretta.nomyces species 
and strains were examined:  

Br. anomalus Custers; two s t ra ins :  CBS 77 and CBS 3026. 
Br. bruxelle~,sis Kufferath et van  Laer ;  four s t ra ins :  CBS 72, 

CBS 73, CBS 74 and CBS 95. 
Br. bruxellensis Kufferath et van Laer  var. non-membranae/aciens 

Custers; four s t rains:  CBS 78, CBS 97, CBS 98 and CBS 3025. 
Br. claussenii Custers; two s trains:  CBS 76 and.CBS 1938. 
Br. lambicus Kufferath et van Laer ;  one s t ra in :  CBS 75. 
Br. scha.nderlii Peynaud  et Domercq (see PEYNAUD and DOlVIERCQ, 

1956) ; two s trains:  CBS 2795 and CBS 2797. 
Br. vi.ui (Barret,  Bidan  et Andr6) Peynaud  et Domercq (see 

PEYNAUD and DOMERCQ, 1956); seven s t ra ins :  CBS 1940, CBS 1941, 
CBS 1942, CBS 1943, CBS 2335, CBS 2499 and CBS 2547. 

For  form's  sake it m a y  be added  tha t  the s t rains  Br. bruxellensis 
CBS 72 and CBS 74, Br. bruxellensis vat.  non-membranae[aciens 
CBS 78, and Br. lambicus CBS 75 according to VAN DER WALT and 
VAN KERKEN (1959a) should be uni ted  into a single species, viz. 
Br. bruxellensis. The same authors,  fur thermore,  point  out the close 
relat ionship of the  s train Br. bruxellensis CBS 73 to the s t ra in  
Br. vini CBS 1943 and to a s t ra in  Br. vini Bordeaux  48 which 
p robab ly  is identical  with our s t ra in  Br. vil,i CBS 2499. These three 
strains are brought  into one species, Br. i~,termedius Krumbholz  et 
Tauschanoff  (nov. comb.). 

Of the yeas ts  which earl ier  were included in the genus Brettanomy- 
ces or suspected to be closely re la ted  to this genus but  at  present  are 
brought  into the  genera Ha~,semt.la and Torulopsis the following 
were tes ted:  

Ha.nse.nula anomala (Hansen) H. et P. Sydow;  one s t ra in :  CBS 
1690. This s train was original ly obta ined  from Kuffera th  in 1927 
under  the name of Willia lambica Kufferath.  I t  was then l is ted in 
the catalogue of CBS for 193 r ~nd described b y  BEDFORD (1942) as 
Hansemda lambica (Kufferath) Dekker .  BEDFORD poin ted  out  
(p. 640) tha t  the character is t ics  of this species agree wi th  those 
given by  CUSTERS (1940) for Brettanomyces lambicus. However ,  
LODDER and KREGER-VAN RIJ (1952, p. 257) on basis of a compara-  
t ive s tudy  of both  organisms s ta te  tha t  these cannot  belong to one 
and the same species. By way  of example,  the  former s t ra in  shows 



The negative Pasteur effect in Brettanomyces. 405 

normal growth on malt agar and may be successfully transferred to 
a new substrate after a period of six months, whereas the latter 
organism shows the typical Brettanomyces properties of slow growth 
on malt agar and early death of the cells because of vigorous pro- 
duction of acetic acid. For these and other reasons LODDER and 
KREGER-VAN RIJ classify the strain CBS 1690 as Ha~,semda a~,omala. 

Torulopsis anomala Lodder et Kreger-van Rij; one strain: CBS 
1731. This strain was isolated from a high-salt cucumber .brine 
during the latter stage of fermentation by ETCHELLS and BELL 
(1950) and was considered by these authors a variety of Bretta,no- 
myces versatilis Etchells et Bell (c/. LODI~ER and KREGER-VAN RIJ, 
1952, p. 431). 

To. bacillaris (Kroemer et Krmnbholz) Lodder; five strains: CBS 
843, CBS 1713, CBS 1779, CBS 2649 and CBS 2799. Of these strains 
CBS 843 was isolated and described by KROE~,IER and KRU~IBHOLZ 
(1931 ) and KRIjMBHOLZ ( 1931 )as Saccharomyces bacillaris. The yeast 
CBS 1713 was obtained from VERONA as an authentic strain of the 
species Brettanomyces ilalicm described by VERONA and FLOREN- 
ZANO (1947). In studying this organism LODDER and KREGER-VAN 
RIJ (1952, pp. 423-425) could not confirm the observations reported 
by the Italian authors in the description and diagnosis of Br. italicus 
with the exception of the property that the cultures lose viability 
earlier than most other yeasts. 

To. etchellsii Lodder et Kreger-van Rij; four strains: CBS 1750, 
CBS 1751, CBS 2853 and CBS 2854. Of these strains CBS 1750 and 
CBS 1751 were isolated from high-salt cucumber brines during the 
latter part of fermentation by ETCHELLS aud BELL (1950) and named 
Brettanomyces sphaericus. On having studied the properties of these 
strains carefully LODDER and KREGER-VAN RIJ (1952, pp. 431 and 
428-429) came to the conclusion that  they hardly show any relation 
to the genus Breita~tomyces. 

To. versatilis (Etchells et Bell) Lodder et Kreger-van Rij; nine 
strains: CBS 1752, CBS 1753, CBS 1754, CBS 1755, CBS 1756, CBS 
1757, CBS 1758, CBS 1759 and CBS 1760. The first eight strains 
(CBS 1752-1759) were isolated by ETCHELLS and BELL (1950) from 
cucumber brines of extremely high salt strength during the latter 
stage of fermentation. They were included by the American authors 
in the genus Breitanomyces as a new species named Br. versatilis. 
The results of a careful study of the properties of these strains 
induced LODDER and KREGER-VAN RIJ (1952, pp. 428-430) to 
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remove them from the genus Bretta~7.omyces and include them in the 
genus Torulopsis as To. versatilis. 

In addition, Torulopsis apicola Hajsig, viz. strain CBS 2868, 
isolated from the intestinal tract  of a bee and described by  HAJSIG 
(1958), and To. stellata (Kroemer et Krumbholz) Lodder, viz. strain 
CBS 157, isolated from a grape must  with a high sugar concentration 
(C[. LODDER and KREGER-VAN RII,  1952, pp. 420-422), were 
examined. 

The following two yeasts were tested for presence of a negative 
Pasteur effect because of their questionable classification: 

Unnamed variety of Brellanomyces sphaericus Etchells et Bell; 
three strains: CBS 1887, CBS 1888 and CBS 1889. T.hese strains 
were isolated from fermenting cucumber brines and provisionally 
considered as a variety of Br. sphaericus by ETCHELLS and BELL 
(1952). As mentioned above, this species is classified at present as 
Torulopsis etchdlsii (LoDDER and KREGER-VAN RIJ, 1952). 

Torulopsis cylindrica Waiters;  one strain: CBS 1947. The strain 
was isolated from infected beer and described by X/VALTERS (1943; 
see also WaLTERS and THISELa'ON, 1953). According to this author  
the strain must  be regarded as an exceedingly virulent beer-disease 
organism capable of causing complete spoilage of the beer when 
present in the pitching yeast even in an amount  of only 0.001 percent.  

As representatives for yeasts, which are not classified in the genus 
Brett, an.omyces but  nevertheless produce comparat ively large 
amounts of acetic acid, the following Saccharomyces species were 
included in our examination:  

Sa. aceti Santa Maria; three strains: CBS 4054, CBS 4070 and 
CBS 4071. These strains were isolated by  SANTA MARIA (1958) from 
red ~dne of Spanish origin�9 They are capable of forming a film or 
pellicle on wine and other liquid media supplied with ethyl alcohol 
as well as on grape must  which has undergone alcoholic fermentation. 

Sa. acidi/aciens (Nickerson) Lodder et Kreger-van Rij ; one strain : 
CBS 749. This strain was isolated from a bottle of domestic red 
wine turning sour, and describe~t by  NICI<ERSON (1943) as Zygosac- 
charomyces acidi/aciens. 

Sa. oxidan.s Santa Maria; three strains: CBS 4079, CBS 4092 and 
CBS 4093. SANTA MARIA (1958) isolated these strains from a white 
wine of Spanish origin�9 Like the strains of Sa. aceti mentioned above 
they are able to form a film or petlicle on wine or grape must  after 
fermentation. 
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As regards  the  origin and proper t ies  of the  yeas t  s t rains  l is ted 
above  bu t  not  commented  upon we refer to LODDER and KI~EGER- 
VAN RIJ (1952) and to the  Yeast  Division, Cent raa lbureau  voor  
Schimmelcul tures ,  L a b o r a t o r y  of Microbiology, Delft.  

C u 1 t u r e m e d i a. In  growing the yeas ts  ment ioned  the follow- 
ing l iquid subs t ra tes  were used:  

Medium I and  Medium I I  conta ined the same amounts  of sugar 
and  minerals,  viz. 

Glucose 50.0 g 
(Nt-I4) oSO 4 6.0 g 
KH2PO 4 2.0 g 
MgSO, t . 7H20 and CaCt~ 0.25 g each 
H3BO 3, ZnSO,l, MnCt2 and TL.,SO t 1.0 mg each 
FeC13 0.5 nag 
CuS04 and KI 0.1 mg each 
Distilled water to make 1000.0 ml 

The p H  value of the  media  was ad jus ted  to 5.2 - 6.4. In  addi t ion  
Medium I was suppl ied with  25 #g of biot in  and 0.5 mg of th iamin  
per  1000 ml (c[. PEYNAUD and DOMERCQ, 1955), and  Medium I I  
with 25 #g of biot in,  0.5 mg of thiamin,  0.5 mg of pyr idoxin ,  2.5 mg 
of pan to then ic  acid (calcium salt), 2.5 mg of riboflavin, 25 mg of 
meso-inositol,  and  100 mg of niacin per 1000 ml. For  detai ls  in the  
p repara t ion  of these media  we refer to WIKI~N and RICHARD 
(I95t ,  pp.  212-213, nu t r ien t  solution B). 

Medium I I I  conta ined 2 per cent glucose in yeas t  water  (prepared 
from 200 g of pressed baker ' s  yeas t  and 1000 ml of t ap  water) and  
had  an ini t ia l  p H  value of 6.2 - 6.4. 

The yeas t  cells used in the fe rmenta t ion  exper iments  were grown 
in shake cultures in 100 ml Florence flasks containing 25 ml of one 
of the  l iquid media  ment ioned.  These were inocula ted  with cells 
raised on mal t  agar  s lants  which were supplemented  with chalk for 
neut ra l iza t ion  of the  acid or acids produced.  All cul tures were kep t  
a t  30 ~ C. Fo r  the shake cultures the t ime of incubat ion  var ied  from 
16 to 90 hours (see the  proper  tables).  The cells were harves ted  b y  
centr i fugat ion at  3000 rpm, washed three t imes in dist i l led water  
and  resuspended in fresh dist i l led water.  

M a n o m e t r i c  m e t h o d s .  The suspensions of " res t ing"  
yeas t  cells p repared  as described above were examined  for fermen- 
t a t ion  power b y  means of s t anda rd  W a r b u r g  manomet r i c  techniques 
(UMBREIT et al., 1957). The W a r b u r g  vessels conta ined  1.8 ml of cell 
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suspension, corresponding to 20 mg of wet yeast, in the main com- 
partment and 0.2 ml of 1.0 M solution of glucose in distilled water 
in the side arm. In measuring the oxygen uptake the carbon dioxide 
liberated was absorbed i.n 0.2 ml of 20 per cent potassium hydroxide 
placed in the center cup, which, in addition, contained a roll of 
analytical grade filter paper for incr_easing the surface of the alkali. 

Anaerobic conditions were obtained in the Warburg vessels by 
flushing with purified cylinder nitrogen during 30 minutes previous 
to addition of the sugar to the yeast suspensions. In the earlier 
experiments this nitrogen was freed of oxygen by passing through a 
strongly alkaline pyrogallol solution (see K0Sa'ER, 1921, p. 71; 
WII{I~N and RICHARD, 1953a, p. 282; ~tIETZGER and I~'IOLLER, 1959, 
p. 332), and an alkaline solution of sodium hyposulphite (dithionite, 
hydrosuIphite) containing sodium anthraquinone-fl-snlphonate as a 
catalyst (see FIESER, 1924; VOGEL, 1951, p. 182; 1957, p. 186; 
REICH and KAPENEI<AS, 1957; METZGER and MfJLLER, 1959, p. 333). 
In later experiments the traces of molecular oxygen present in the 
cylinder nitrogen were removed by passage at room temperature 
over a catalyst containing finely divided palladium deposited 
uniformly on purified and finely shredded analytical grade asbestos 
fibers (see ZELINSKY and BOmSOFF, 1924; \u and BRUNCK, 
I919, p. 190; 1927, p. 171). Before use the palladium catalyst was 
saturated with gaseous hydrogen. 

Aerobic conditions were obtained by shaking in air during 30 
minutes before mixing the sugar solution and yeast suspension 
present in the side arm and main compartment of the Warburg 
vessels, respectively. 

All Warburg experiments were performed at a temperature of 
30 ~ C. The fermentations as well as the respirations were generally 
run in duplicate or triplicate. In the tables the symbols M and a are 
used to indicate the mean vatues and mean r respectively. 

In comparing the rates of alcoholic fermentation under anaerobic 
and aerobic conditions, respectively, the respiration in the sense 
of an actual uptake of elen'r~tary molecular oxygen (02) with 
incomplete or complete oxidation of the sugar or of the ethyl alcohol, 
formed in fermentation, must be taken into consideration. For the 
purpose of a discussion some definitions will be given in order to 
avoid confusion. This is necessary in view of the fact that the 
meaning of the terms concerned has changed in course of time and 
still differs with various authors and investigators. 
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The term respiration is, as mentioned above, here confined to 
mean the uptake of gaseous oxygen in oxidation of a substrate, 
whereas the term fermentation is used for a substrate transformation 
occurring without uptake of this gas. Metabolic processes taking 
place in presence of molecular oxygen are called aerobic, whether or 
not the oxygen is being utilized in the reactions concerned, while 
processes taking place in absence of this gas are named anaerobic. 
The term oxybiontic (oxybiotic) is applied to transformations 
accompanied by uptake of molecular oxygen. Processes occurring 
without employing gaseous oxygen are called anoxybiontic (anoxy- 
biotic). Thus the last two terms are used here to cover the dissimila- 
tion reactions distinguished by numerous authors as oxidative and 
anoxidative or fermentative processes, respectively (c/. PASTEUR, 
1876; WEINLAND, 1906; I{LUYVER, 1924; KLUYVER and DUNKER, 
1925, 1926; BERNHAUER, 1939, pp. 14-15; STEPHENSON, 1939, p. 16; 
WERKMAN and WOOD, 1942, pp. 25-26; PORTER, 1946, pp. 794--795 
and 896-897; McBEE, LAMANNA and WEEKS, 1955). 

In consequence of the above definitions a fermentation is an 
anoxybiontic process which may take place under anaerobic as well 
as aerobic conditions, whereas respiration is an oxybiontic process 
and thus may occur only under aerobic conditions. \,Ve will recur 
to these definitions elsewhere in connection with a discussion of the 
mechanism of the negative Pasteur effect in Brettanomyces and 
Saccharomyces yeasts. 

C a l c u l a t i o n  o f  t h e  r e s u l t s .  In evaluating the results 
obtained in the manometric experiments on a e r o b i c sugar 
dissimilation the following alternatives may be distinguished: 

1. The non-proliferating yeast cells do not show any respiration 
but only fermentation according to the well-known formula: 

C6H120 . --~ 2 COs + 2 CH~. CH2OH 

If h ~ represents the change in the manometer reading (in mm) 
of the flask without alkali in the center cup and k2c02 the flask 
constant for carbon dioxide, then we get the amount of this gas 
formed in aerobic fermentation as follows: 

/xl C02term = h ~. X k2co, (l) 

This expression may, of course, also be used when the rate of 
respiration is negligible as compared to that of fermentation. 

2. The yeast cells show marked respiration in addition to fermen- 
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tation, the end products of aerobic dissimilation being carbon 
dioxide, ethyl alcohol, acetic acid and water according to the 
following formulae : 

C6H12() 6 --> 2 COo. + 2 CH 3 . C H 2 0 H  

n C H  3 . C H 2 O H  + n 0 2 - - > r i C H  3 . C O O H  + n H 2 0  

Combining of the two formulae results in the expression: 

CeHloO e + n 03 --> 2 COs + (2 - -  n) C H 3 . CHO-OH + n C H  3 . COOH + n H20  

In this expression the value of n may vary between 0 and 2. 
If n is set equal to 0, the formula for alternative I (see above) is 
obtained, and if n equals 2, the expression assumes the same form 
as results on substituting 0 for n in the over-all formula for alter- 
native 3 (see below). 

If h 1 is the change in the manometer reading of the flask with 
alkali in the center cup and kloe is the constant of the flask for 
oxygen, then the amount of this gas taken up in respiration is 
obtained as follows: 

~1 02resp = h 1 X k109 

From the formulae it appears that carbon dioxide is not formed in 
respiration but originates entirely from fermentation. Hence: 

~1 co2resp ~ 0 

Further, the observed change in the manometer reading of the 
flask without alkali in the center cup, h a, results from the decrease 
in pressure due to oxygen uptake in respiration, h2a, and the in- 
crease in pressure due to carbon dioxide formation in fermentation, 
h2b. If k2o2 and k2co2 are the constants of this flask for oxygen and 
carbon dioxide, respectively, we get: 

h2a ~1 o~resp h 1 • k*o____/, 

k~o~ k20, 
and 

Thus: 

or 

~*1 C0o- ferm 
h2b =, 

k2co~ 

~1 CO2ferm ~ i  o oresp 
h 2 =ho-  b - h 2 a -  _ _  

k2co~ k20~ 

h 2 • k2co2 = t~l CO2 f e r m - / * 1  0 r e s p  • k2c02 
k~o2 



The negative Pasteur effect in Bmttanomyces. 411 

and 

/*i CO2 ferm = h 2 X k2co2 + /LI o~resp • k2c02 (2) 
k20, �9 

This equation may, on the assumptions stated above, be applied 
in calculating the actual amount of carbon dioxide formed in 
aerobic fermentation. 

3. The yeast cells show marked respiration as well as fermen- 
tat ion with formation of carbon dioxide, acetic acid and water as 
end products according to the formulae: 

CeHt206 -+ 2 COo + 2 CH 3 . CHoOH 

2CH 3.CH2OH + 203-+2CH 3.COOH + 2i~120 

n 
-CH 3.COOH + nO 9-+nCOP+ nil20. 
2 

Combining of the three formulae yields the expression: 

C6H1206 + (2 + n) O3-->(2 + n) COs + 2 - - ~  CH 3 . C O O H + ( 2 + n )  H20. 

In  this expression the value of n may  vary  in the range of 0 to 
4. If n is equal to 0, the expression is identical with tha t  obtained 
on substituting 2 for n in the over-all formula for alternative 2 (see 
above). In  the case n equals 4, the expression is formally the same 
as tha t  representing cells with only respiration resulting in complete 
oxidation of the sugar to carbon dioxide and water:  

C6H1202 + 6 09-+ 6 COp + 6 H20. 

If h I is the change in the manometer reading and kio2 the flask 

constant for oxygen, then the volume of this gas taken up in 

respiration in the Warburg vessel with alkali in the center cup may, 

as in alternative 2, be calculated as follows : 

~1 o resp  = h I X klo~. 

From the formulae it is evident tha t  carbon dioxide is formed not 
only in fermentation but  also in respiration. The volume of the gas 
produced in the last process is obtained from the following ex- 
pression: 

11- n 
= = h I X kl0~ X - -  ~I c o r e s p  ~1 o2resp x 2 + n 2 -}- n" 

The change in the manometer  reading observed for the vessel with- 
out alkali in the center cup, h z, results from the decrease in pressure 
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due to the uptake of oxygen in respiration, h2a, and the increase in 
pressure due to the carbon dioxide formation in fermentation, hub, 
and in respiration h~ If k2o2 and k%o= are the flask constants for 
oxygen and carbon d{oxide, respectively, these three quantities 
may be expressed as follows: 

~10-"resp klo. 
h~a h I • -- 

k-"o, k20, 
p.1 C02 ferm 

h-" b -- _ _  
Ir ~ 

and 
~1 CO,,resp ~10o resp n kl02 n 

= - _ ____u- X _ _  =hi X _ _  X . 
hSc k"co, k2co2 2 + n k2co, 2 + n 

Thus: 
~1 C02feITII /~1 02resp n ~1 o r e s p  

h 2 = h 2 b  -}- h2c- -h2a  - -  -}- _ _  • - -  
k2c02 k~co2 2 -]- n k20~ 

or  

n k2coo �9 112 X k2co, = ~1 CO~ term + ~1 o resp  X - - - -  ~1 02resp • -----= 
2 + n k20. 

a n d  
{k2c02 n ) 

~1 CO2 term = h" X k2co2 -l- ~1 o2resp X ~ k - ~ o .  2 + n ' (3) 

T h i s  e x p r e s s i o n  m a y ,  on  t h e  a s s u m p t i o n s  m a d e  in  a l t e r n a t i v e  3, 

b e  u sed  in  c a l c u l a t i n g  t h e  a c t u a l  v o l u m e  of c a r b o n  d iox ide  p r o d u c e d  

in  a e rob i c  f e r m e n t a t i o n .  

4. T h e  y e a s t  cells show on  one  h a n d  f e r m e n t a t i o n ,  on  t h e  o t h e r  

h a n d  r e s p i r a t i o n  a c c o r d i n g  to  t h e  f o r m u l a e :  

C6H1~O 6 ~ 2 CO~ + 2 CH 3 . CH-"OH 

C6HnO 6 + 6 0 ~ ,  6 CO. + 6 H20. 

T h e  e n d  p r o d u c t s  of a e r ob i c  d i s s i m i l a t i o n  a re  t h u s  c a r b o n  d iox ide ,  

e t h y l  a lcohol  a n d  wa te r .  

I f  h 1 is t h e  c h a n g e  of t h e  m a n o m e t e r  {-eading of t h e  W a r b u r g  

vesse l  w i t h  a lka l i  in  t h e  c e n t e r  c u p  a n d  klo~ is t h e  c o n s t a n t  of t h e  

vesse l  for  oxygen ,  t h e n  t h e  a m o u n t  of t h i s  gas  a b s o r b e d  in r e sp i r a -  

t i o n  is o b t a i n e d  as fol lows:  

~1 o . re sp  = h 1 X k102. 

From the formulae it appears that carbon dioxide is produced in 
respiration as well as in fermentation. The volume of this gas formed 
in  t h e  f i rs t  p rocess  is e q u a l  to  t h e  v o l u m e  of o x y g e n  t a k e n  u p  : 

#1 co2resp = #1 o2resp = h 1 X klo,. 
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The change in the manometer  reading found for the flask without 
alkali in the center cup, h 2, results, as in alternative 3, from the 
decrease in pressure due to oxygen uptake in respiration, h~-a, and 
the increase in pressure due to carbon dioxide production in fermen- 
tation, h2b, and in respiration, h2e. If  k2o2 and k2co~, are the constants 
of the flask concerned for oxygen and carbon dioxide, respectively, 
we get : 

klo.. h~'a ~1  0 2 r e s p  h 1 • _ _  

k20z k20~ 
~1 CO..,ferm 

h2 b 
k2co. 

and 

Thus:  

or 

and 

/~I c02resp /~I 02 resp Ido2 
hac- h I X -- 

k2c02 k2c02 k~c02" 

h :  = h e b  + h 2 c - - h 2 ~ - -  - -  
~*1 CO~ferm ~1 ooresp ~1 0 r e s p  

+ - -  
k2c02 k2co~ k202 

h s • k2co~ = p.l CO~ erm + 0~I 02resp ~/~i o~resp • kZcoa 
k~o, 

/ k~CO~ ) t~l CO= ferm = h a X k~co~ + ~10~ resp X \ ~ - -  1 . (4) 

On the assumptions made in alternative 4, this expression m a y  
be applied in calculating the actual amount  of carbon dioxide formed 
in aerobic fermentation. Under the experimental conditions applied 
the value of the quotient between the flask constant for carbon 
dioxide and that  for oxygen varies from 1.072 to 1.083. Hence the 
values for the oxygen uptake in respiration have to be multiplied 
by  a term ranging from 0.072 to 0.083. Consequently, the correction 
to be applied for respiration in most cases is comparat ively small 
or even negligible (c/. Table 7). 

RESULTS. 

Tile results obtained in measuring the rate of fermentation in air 
and in oxygen-free nitrogen and calculating the aerobic fermentation 
according to formula 1, i.e. without  any correction for an oxygen 
uptake, will be seen in Tables I, 2 and 3. As a mat te r  of fact, mano- 
meter readings were made at intervals of 15 minutes in all experi- 
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ments, but from considerations of space and clearness in most cases 
only the values observed after 90 minutes are listed. In a few cases 
the fermentation was ~neasured even over longer periods than 90 
minutes. The values thus obtained are also recorded in the tables 
mentioned. 

From the results presented in Table 1 it is evident that all 22 
strains of the Breltanomyces species so far tested show a negative 
Pasteur effect irrespective of the medium used for growing the cells 
concerned. Furthermore, it is obvious that, on comparing the rate of 
anaerobic fermentation with the corresponding values for the 
aerobic process calculated according to formula 1, i.e. without 
consideration of the oxygen uptake, mostly no negative Pasteur 
effect is found in cells harvested from 41-46 hours old cultures o4 
the strains CBS 1941, CBS 1942 and CBS 1943 of Br. vini, whereas 
in cells from 22 hours old cultures of the same strains a typical effect 
may be observed. 

It  may be added that in the cells manifesting a negative Pasteur 
effect after a period of 90 or more minutes this effect sets in imme- 
diately after addition of the glucose solution to the cell suspensions, 
the fermentation curve obtained under aerobic conditions thus 
from the very beginning of the sugar dissimilation diverging from 
that observed under anaerobic conditions. 

For the cells from 41 hours old cultures of Br. vini, strain CBS 
1941, which do not show any negative Pasteur effect, the fermen- 
tation curves recorded in air and in oxygen-free nitrogen, respec- 
tively, are practically identical up to 90 minutes, whereas the cells 
from 41, 46 and 42 hours old cultures of Br. vini, strains CBS 1942, 
CBS 1942 and CBS 1943, respectively, show a negative Pasteur 
effect up to 60, 75 and 60 minutes. Subsequently, however, this 
effect disappears, and the dissimilation curves cross one another at 
about 67, 85 and 65 minutes, respectively, the curves for the cell 
suspensions in air showing a decrease and those for the suspensions 
in oxygen-free nitrogen an increase in the slope with time. 

From the data given in Table 2 it is obvious that no negative 
Pasteur effect may be demonstrated in Hansenula anomala and the 
20 strains of the six Torulopsis species examined, on comparing the 
amounts of carbon dioxide formed under anaerobic conditions with 
those recorded for aerobic conditions without correction for the 
respiration. I t  may be mentioned that in these experiments, with a 
few exceptions, all manometer readings made for the anaerobic cell 
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suspensions are higher than the corresponding readings for the 
aerobic suspensions, the curve for anaerobic conditions hence from 
the very beginning of the glucose dissimilation diverging from that 
obtained for aerobic conditions. In a few Torulopsis strains the 
curves recorded for the anaerobic and aerobic sugar dissimilation, 
respectively, are practically identical. 

The results listed in Table 3 show conclusively that, on calculating 
the aerobic carbon dioxide formation according to formula 1 and 
hence neglecting the respiration, no negative Pasteur effect may be 
observed in the Saccharomyces species tested or in the unnamed 
variety of Brettanomyces sphaericus, whereas the cells from 18-42 
hours old cultures of Torulopsis cylindrica show such an effect of 
the same order of magnitude as found in typical Brettanomyces 
strains. I t  may be added that the experimental results are clear-cut, 
the curves for the aerobic and anaerobic glucose dissimilation 
diverging promptly from one another from the addition of the sugar 
on, or in two cases, viz. in the cells of the strains CBS 4079 and CBS 
4093 of Sa. oxidans from 21 and 42 hours old cultures, respectively, 
showing approximately the same course. 

Summarizing the results presented in Tables l, 2 and 3, we may 
state that, if the oxygen uptake ill respiration is not taken into 
account in calculating the amounts of carbon dioxide formed in 
aerobic fermentation, then a negative Pasteur effect can be proved 
only in the true Brettanomyces species, and in the strain of Torulopsis 
cylindrica examined. In all other yeast strains tested, classified as 
Hansenula, Torulopsis and Saccharomyces species, as well as in tile 
unnamed variety of Brettanomyces sphaericus, such an effect cannot 
be demonstrated on applying formula 1 in calculating the formation 
of carbon dioxide in aerobic fermentation. 

The actual magnitude of the negative Pasteur effect established 
qualitatively by using formula 1 in estimating the aerobic fermen- 
tation may be found by determining the corresponding oxygen 
uptake in respiration and applying one of the formulae 2, 3 and 4 
for calculating the proper correction. The choice of formula has, of 
course, to be based on a careful examination of the type of oxy- 
biontic sugar dissimilation involved: Experimental work on this 
problem is in progress in our laboratory. Attention may here be 
called to the fact that the actual values for the aerobic fermentation 
are even higher than the values obtained by calculation according 
to formula 1. On the basis of the data presented in Tables 1 and 3 
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therefore only minimum values for the magnitude of the negative 
Pasteur effect in the y.easts concerned may be estimated. 

Furthermore, it is a priori  quite possible that yeast strains in 
which no negative Pasteur effect is found on calculating the aerobic 
fermentation without correction for the respiration, nevertheless in 
reality possess this effect. Such a "masking" of the negative Pasteur 
effect is to be expected particularly in yeasts with a comparatively 
high oxygen uptake accompanied by an incomplete oxidation of 
the ethyl alcohol formed in fermentation. 

In order to get some preliminary information about the order of 
magnitude of the corrections to be applied according to formulae 2, 
3 and 4 because of respiration, the oxygen uptake of the yeasts was 
measured using cells from cultures of approximately the same age as 
in the determination of the carbon dioxide formation. Some results 
are listed in Tables 4, 5 and 6. As was to be expected, the yeasts 
behave in different ways as regards the dependence of the respiration 
on the age of the cultures concerned, the oxygen uptake in some 
strains being comparatively constant, in other strains increasing or 
decreasing with an increase in the culture age. Some yeast strains 
showed a high reproducibility as regards the respiration in cells 
from cultures of the same age, whereas in other strains a strong 
variation was observed in the rate of oxygen uptake of such cells 
from one experiment to another. In some species approximately the 
same respiratory activity was observed for the different strains 
tested, whereas in other species great differences were found between 
strains as regards the rate of the oxygen uptake even on comparing 
cells from cultures of about the same age. Anyhow, it is evident from 
the values listed in Tables 4, 5 and 6 that the respiration in several 
yeasts is of such an order of magnitude that a masking of an eventual 
negative Pasteur effect cannot a priori  be excluded or even seems 
quite possible. In view of the strong v~riation in respiratory 
activity mentioned the oxygen uptake in respiration and the 
formation of carbon dioxide in anaerobic fermentation as well as 
the mixed sugar dissimilatton under aerobic conditions were 
measured using portions of one and the same yeast suspension in 
air in Warburg vessels with alkali in the center cup, and in oxygen- 
free nitrogen and air, respectively, in vessels without alkali. We are, 
of course, fully aware of the fact that this "direct method" for 
measuring the aerobic glucose dissimilation gives correct results 
only on the condition that the metabolic processes involved go on 
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at the same rate irrespective of whether carbon dioxide is present 
in the gas phase above the yeast suspensions or not. Some results 
obtained in these experiments are presented in Table 7. 

On comparing the values g iv ,n  in Table 7 for the amounts  of 
carbon dioxide formed in anaerobic fermentation with those found 
for the aerobic fermentation by  calculation according to formulae I, 
2, 3 and 4 it will be seen that  the magnitude of the negative Pasteur 
effect in strain CBS 76 of Brettanomyces claussenii does not change 
very much on considering the respiration, the oxygen uptake being 
a rather small one and the carbon dioxide volume produced in 
aerobic fermentation varying from a minimum value of 493 #1 
(formula 1 ; without correction for respiration) to a maximum value 
of 514 #l  (formulae 2 and 3; with correction for respiration; n = 0 
in formula 3). Furthermore,  it is evident from Table 7 tha t  no 
negative Pasteur effect may  be found in strain CBS 2868 of Torulopsis 
apicola and strain CBS 843 of To. bacillaris even on application of a 
maximum correction for the oxygen uptake, the values for the 
anaerobic fermentation being 78 ~t! and 1372 #I ,  and those for the 
aerobic fermentation varying within the ranges of 7-21 #l  and 
879-1220/21 of carbon dioxide, respectively. In strain CBS 157 of 
To. stellata the values for the aerobic fermentation obtained on 
applying corrections for respiration according to formulae 2 and 3, 
w;z. 790-801 #1, are somewhat higher than the corresponding value 
for the anaerobic fermentation, viz. 784 #1, but  the differences are 
undoubtedly  too small to be considered as significant, the strain 
hence probably lacking a negative Pasteur effect. In the unnamed 
variety of Brettanomyces sphaericus, strain CBS 1887, a comparati-  
vely great difference is obtained between the rate of the aerobic 
fermentation and that  of the anaerobic process on the assumption 
that  it is allowed to apply a maximum correction for the oxygen 
uptake, the value calculated according to formulae 3 (for n = 0) 
and 2 for the amount  of carbon dioxide formed in aerobic fermen- 
tat ion being 186 #1, whilo the corresponding value for anaerobic 
conditions is only 116 ,ul. In  view of the fact, however, tha t  on 
calculation using the other formulae or other values for n, respecti- 
vely, values for the aerobic fermentation are obtained which are 
definitely smaller than or practically identical with or, considering 
the limits of experimental error, not  clearly different from the value 
directly determined for the anaerobic process (32 and 44 #l  ; 115/~1 ; 
91, 101 and 139 ~,1; as compared to I16 #1), we would prefer to 
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leave the question whether or not a masked negative Pasteur effect 
exists in strain CBS 1887 of the unnamed variety of Br. sphaericus 
open until sufficient information about the nature of the oxybiontic 
glucose dissimilation of this strain is available. 

Finally, it is evident from Table 7 that a masked negative 
Pasteur effect very probably exists in strain CBS 1750 of Torulopsis 
etchellsii. The uncorrected value for the aerobic fermentation, viz. 
17 /,1, is practically identical with the value for the anaerobic 
fermentation, viz. 13 #1, while the latter value is throughout sur- 
passed by the values for the aerobic fermentation found on correc- 
tion for the respiration according to formulae 2, 3 and 4, viz. 269 #,1, 
113, 128, 152, 191 and 269 #l, and 35 #l, respectively. 

It  may be mentioned that in all experiments presented in Table 7 
manometer readings were made at intervals of 15 minutes. The 
values for a fermentation and respiration period of 90 minutes, 
listed in the table, fall throughout on smooth curves. 

DISCUSSION AND CONCLUSIONS. 

A negative Pasteur effect in the sense of an inhibition of tile rate 
of the alcoholic fermentation under anaerobic conditions (in oxygen- 
free nitrogen) and a stimulation of this process in presence of 
molecular oxygen (in air) was conclusively demonstrated in two 
strains of Brettanomyces anomalus, four strains of Br. bruxellensis, 
four strains of Br. bruxellensis var. non-membranae]aciens, two 
strains of Br. claussenii, one strain of Br. lambicus, two strains of 
Br. schanderlii, and seven strains of Br. vini, i.e. in all Brettanomyces 
strains so far tested. It  has to be stressed that these strains represent 
organisms which have been subcultured on ordinary laboratory 
media for long periods of time. In view of the variation from type 
occurring more or less commonly in microbes on keeping them in 
artificial culture no conclusions may be drawn about the presence 
or absence of such an effect in freshly isolated Brettanomyces strains. 

In the Brettanomyces strains mentioned the negative Pasteur 
effect can be proven even in calculating the amounts of carbon 
dioxide formed in aerobic fermentation without correction for an 
eventual simultaneous uptake of molecular oxygen and the more or 
less equivalent formation of carbon dioxide in respiration. This 
holds for the Brettanomyces strains with a comparatively high 
respiration (~  75-100 #1 of O 9 per 20 mg of wet yeast per 90 
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minutes) as well as for those with a low respiration (co 15-30/~1 of 
02 per 20 mg of wet yeast per 90 minutes). 

In some strains of Brettanomyces vini the negative Pasteur effect 
may  be demonstrated only in cells from young cultures on calculating 
the aerobic fermentation without consideration of the oxygen uptake. 

I t  may  be added that  the actual values for the negative Pasteur 
effect obtained on correction for the respiration will be even greater 
than the values found without correction. This will be the case in 
particular when the oxygen taken up is used in incomplete oxidation 
without formation of carbon dioxide, e.g. in conversion of the ethyl 
alcohol, produced in fermentation, to acetic acid, 

In addition, a negative Pasteur effect could be established in one 
strain of Torulopsis cylindrica even without  applying any  correction 
for the molecular oxygen taken up in respiration (co 40-135 r per 
20 mg of wet yeast per 90 minutes). 

In  all other yeasts so far examined, viz. one strain of Hansemda 
anomala, one strain of Torulopsis anomala, one strain of To. apicola, 
five strains of To. bacillaris, four strains of To. etchellsii, one strain 
of To. stellafa, nine strains of To. versalilis, three strains of 
Saccharomyces aceti, one strain of Sa. acidi/aciens, three strains 
of Sa. oxidans, and three strains of an unnamed variety of Brettano- 
myces sphaericus (classified at present as Torulopsis etchellsii), no 
negative Pasteur effect could be observed on estimating the aerobic 
fermentation without  correction for respiration. Some of these 
yeast strains are characterized by a very low, other strains by  a 
moderate to high respiration, the oxygen uptake varying between 
l I and 374 #1 of 02 per 20 mg of wet yeast  per 90 minutes. I t  has 
to be emphasized that  most  of the strains are included in yeasts 
which earlier were described as Brettanomyces species or were 
suspected to be closely related to or even belong to this genus, 
while other strains are similar to Brettanomyces yeasts in possessing 
the capacity to form acetic acid. 

In  some of the yeast strains which do not show any negative 
Pasteur effect on calculating the aerobic fermentation without  
correction for the respiration, the anaerobic fermentation and the 
mixed aerobic dissimilation (aerobic fermentation + respiration) of 
glucose was examined using one and the same cell material. On 
application of a correction for the oxygen uptake in respiration in 
calculating the carbon dioxide formed in aerobic fermentation 
according to three alternatives no negative Pasteur effect was found 
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in strains of yeasts Iike Torulopsis apicola, To. bacillaris and To. 
stellata. In a strain of the unnamed variety of Br. sphaericus such 
an effect was obtained only on applying the maximum correction for 
respiration. Hence, a decisive conclusion as regards the existence of 
a negative Pasteur effect in this yeast has to be postponed until a 
careful examination of its oxybiontic sugar dissimilation has proven 
that such a correction actually is legitimate. In a strain of To. 
etchellsii, finally, a negative Pasteur effect was observed on correc- 
tion for the oxygen uptake according to all alternatives so far 
considered. On neglecting this correction the effect is being masked 
due to the uptake of molecular oxygen. 

On basis of the above findings the following three groups of 
yeasts may be distinguished: 

1) yeasts possessing a negative Pasteur effect which may be 
observed by manometric techniques even without application of any 
correction for the oxygen uptake and carbon dioxide formation in 
respiration; this group includes all Brettanomyces strains so far 
tested, and, in addition, a strain of Torulopsis cylindrica; 

2) yeasts possessing a negative Pasteur effect which is masked by 
the uptake of molecular oxygen in respiration, and, hence, can be 
proved by manometric techniques only on application of the proper 
correction for respiration ; strains of Torulopsis etchellsii are represen- 
tatives of this group: 

3) yeasts lacking a negative Pasteur effect. 
As will be reported in detail elsewhere, the negative Pasteur 

effect in the Brettanomyces yeasts may be demonstrated not only in 
cell suspensions in distilled water, but also in suspensions prepared 
with phosphate buffer or with solutions of mixtures of organic acids 
and their sodium or potassium salts, e.g. citric acid-citrate, DL- 
malic acid-malate, fumaric acid-fumarate, succinic acid-succinate, 
D-tartaric acid-tartrate, malonic acid-malonate, and acetic acid- 
acetate mixtures. Now WIK~N and co-workers (1953b, 1954a and b, 
1955a and b, 1957, 1958, 1959, 1961) and PFENNIG andWIK~N 
( 1960a and b) have demonstrated the existence of a negative Pasteur 
effect in intact ceils of strains of Saccharomyces carlsbergensis, Sa. 
cerevisiae, and Sa. uvarum. This effect, however, is caused specifically 
by the succinic acid-succinate system, whereas no effect at all or 
only a minute one is obtained in distilled water, phosphate buffer or 
solutions of mixtures of other organic acids and their salts. Hence, 
an additional group of yeasts exists, viz. 
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4) yeasts showing a negative Pasteur effect only under particular 
environmental conditions, e.g. in suspensions of resting cells in 
succinic acid-succinate solutions of definite concentrations and pH 
values; in the strains of the Saccharomyces species mentioned this 
effect appears only in cells from very young cultures. 

In view of the results described in the present paper it seems quite 
reasonable to ponder the question whether or not the presence or 
absence of a negative Pasteur effect could be used as a criterion in 
classification of yeasts. In this connection it has to be considered 
that even minute amounts of molecular oxygen may have a stimu- 
lating effect on the rate of alcoholic fermentation. By way of 
example, SCHEFI~ERS (1961) mentions that a marked increase in the 
rate of this process is observed in Brettanomyces claussenii in 
presence of 0.1 per cent of oxygen in the gas phase. Still earlier 
WIK~N and RICHARD (1955b) have shown that in the Fendant strain 
ofSaccharomyces carlsbergensis a stimulation sets in on supplemen- 
ting the gas phase above the cell suspensions with 0.005 per cent by 
volume of molecular oxygen. Under the experimental conditions 
applied this means that even amounts of only 2.5 - 3.0 #1 of oxygen, 
present in the gas phase, are active per 300 mg of wet yeast or 60 nag 
of yeast dry substance, corresponding on a weight basis to ratios of 
about 1-1.5 : 100,000 and 1-1.5 : 20,000,.respectively. Undoubtedly 
it is a matter of course that the expediency and legitimacy of using 
Einhorn or Durham tubes without definitely securing anaerobiosis 
and aerobiosis in testing yeasts for their ability to ferment different 
sugars should be the subject of a careful re-examination. Before 
applying the presence or absence of a negative Pasteur effect as a 
characteristic in yeast taxonomy critical fermentation tests under 
on one hand strictly anaerobic, on the other hand strictly aerobic 
conditions should be carried out with a great number of yeasts 
belonging to different genera. Work along these lines is now in 
progress in our laboratory. 

For the moment the fact that all Brettanomyces strains so far 
tested possess a negative l~a~teur effect which may be proven even 
without applying any correction for respiration, and that the yeasts 
at present brought to the genera Hansenula and Torulopsis but 
earlier described as Bretlanomyces species or suspected to be closely 
related or even belong to this genus, lack such a non-masked effect, 
may undoubtedly be taken as evidence in support of removing these 
yeasts from the genus Brettanomyces. 
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The fact that the strain of Torulopsis cylindrica Walters possesses 
a marked non-masked negative Pasteur effect has led to a re-exami- 
nation of the systematic position of this yeast. The results will be 
published elsewhere before long. 

The existence of a negative Pasteur effect in the sense described in 
the present paper is of considerable interest in view of the classical 
conception of the alcoholic fermentation in yeast as an anoxybiontic 
process which may take place under strictly anaerobic conditions. 
CUSTERS (1940) as well as VAN DER WALT and VAN KERKEN (1959b) 
have shown that the anaerobic or "micro-aerobic" glucose dissimila- 
tion in Brettanomyces claussenii is a normal alcoholic fermentation 
yielding equimolar amounts of ethyl alcohol and carbon dioxide, and, 
hence, occurring without consumption of any molecular oxygen. 
Notwithstanding this fact the alcoholic fermentation in this yeast 
takes place at a high rate only under aerobic conditions or, under 
anaerobic conditions, on external addition of oxidized coenzyme I 
or certain carbonyl compounds like acetaldehyde, acetone and 
pyruvic acid, which may replace molecular oxygen as hydrogen 
acceptors (SCHEFFERS, 1961). The molecular oxygen seems to 
stinmlate the anoxybiontic process by partially re-oxidizing eoen- 
zyme I and possibly also other enzyme components which, under the 
experimental conditions applied, have been reduced too far (c/. 
CUSTERS, 1940; t{LUYVER and CUSTERS, 1940; WIKs and RICHARD, 
1953b, 1954a and b, 1955a and b ; PFENNIC and WlKgN, 1960a and b). 

S u m m a r y .  

The present paper deals with the "negative Pasteur effect" in 
yeasts, i.e. the inhibition of the alcoholic fermentation under an- 
aerobic conditions and its stimulation in presence of elementary 
molecular oxygen. This effect was conclusively demonstrated in all 
Brettanomyces strains tested. In three strains of Br. vini, including 
one strain recently reclassified by VAN DER WALT and VAN I{ERKEN 
as Br. intermedius, mostly no negative Pasteur effect was found in 
cells harvested from comparatively old cultures, whereas in ceils 
from young cultures a typical effect was obtained. 

In addition, a negative Pasteur effect was established in Torulopsis 
cylindrica. 

In examining a number of yeast strains at present classified as 
species of the genera Torulopsis, Saccharomyces and Hansenula no 
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n e g a t i v e  P a s t e u r  effect  was  o b s e r v e d  on  c a l c u l a t i n g  t h e  ae rob i c  

f e r m e n t a t i o n  w i t h o u t  c o r r e c t i o n  for  r e s p i r a t i o n .  H o w e v e r ,  t h e  

pos s ib i l i t y  ex i s t s  t h a t  some  o~ these  s t r a i n s  possess  a " m a s k e d  

n e g a t i v e  P a s t e u r  e f fec t" ,  i.e. a n  effect  w h i c h  m a y  be  p r o v e n  o n l y  

b y  a p p l y i n g  a n  a p p r o p r i a t e  c o r r e c t i o n  for  r e s p i r a t i o n .  

All  t e s t s  were  p e r f o r m e d  o n  s u s p e n s i o n s  of r e s t i n g  cells of t h e  

y e a s t s  c o n c e r n e d  in d i s t i l l ed  wa te r .  

T h e  t a x o n o m i c  i m p l i c a t i o n s  of t h e  r e s u l t s  a re  d iscussed .  
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