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ABSTRACT

Acetic acid can be directly produced from glucose in one-step fermentation by using yeasts of the genus Brettanomyces
bruxellensis, hence increasing the industrial application to manufacture products with simplified bioprocesses. Thereby,
this work evaluates the influence of initial glucose concentration on the growth and acetic acid production by B. bruxel-
lensis. The results obtained confirmed the presence of Crabtree effect on B. bruxellensis under low glucose concentra-
tions. The maximum acetic acid concentration reached was 15.4 gL' starting with 100 g-L™" leading to a product yield
of 0.154 g-g " and a specific acetic acid production rate of 0.05 g-g '-h™". The results also indicate that after reaching
the acetic acid critic threshold of 4 g-L™' the metabolism can induce the growth second phase even residual glucose was
present on the culture media at high starting glucose concentrations. Additionally, it was observed a lineal relationship
between cell viability and acetic acid production.

Keywords: Glucose; Brettanomyces bruxellensis; Acetic Acid; Inhibition; Crabtree Effect

1. Introduction use of Brettanomyces yeasts could simplify the process
for a larger-scale bioproduction, considering that this
microorganism not only produces acetic acid from sugars
in one step due to the presence of Custer effect, but also
has low nutritional requirements as compared with other
acetic acid bacteria such as Acetobacter species [2]. The
Custer effect (also called Pasteur negative effect) on
Brettanomyces yeasts stimulates the ethanol and acetic
acid production under aerobic conditions [3], where the
redox imbalance caused by acetic acid production pro-
vokes the incapability to produce glycerol by these yeasts
[4]. As well as Pasteur effect was related to the presence
of oxygen and sugars concentration [5], the Custer effect
was associated to the concentration of sugars. In addition,
Wijsman [6] postulated that resting cells of a Brettano-
myces sp. grown aerobically had different phases of
metabolic activity in which glucose was first dissimilated
into ethanol, acetic acid, and equivalent amounts of CO,; a
"Corresponding author. second phase where ethanol was converted into acetic acid;

Acetic acid (CH;COOH) is an organic acid widely em-
ployed in pharmaceutical, chemical and food industries.
This acid can be produced industrially both synthetically
and by bacterial fermentation. The first method com-
prises the chemical reaction from petroleum; therefore,
the resulting product cannot be employed in food appli-
cations since many laws concerning purity of foods
stipulate that vinegar used in foods must possess a bio-
logical origin. Alternatively, acetic acid can be industri-
ally produced by biochemical routes, although this pro-
cess accounts for only 10% of world production, in part
due to the sophistication of the technology, which in-
volves an alcoholic fermentation by yeasts such as Sac-
charomyces cerevisiae, followed by an ethanol aerobic
oxidation by Acetobacter aceti, resulting into a process
with a high-energy consumption [1]. Alternatively, the
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and finally, the complete oxidation of the acetic acid pro-
duced in both phases into CO, after a long lag phase.
Consequently, the metabolic aspects of Brettanomyces
spp. must be carefully considered in order to establish the
best operational conditions to improve the acetic acid
production. Castro et al. [2] evaluated the capability of
different yeasts belonging to the genus Brettanomyces
such as B. bruxellensis, custersianus, intermedius and
clausenni to produce acetic acid under aerobic conditions,
finding that B. bruxellensis achieved the highest volu-
metric productivity and specific production rate. Addi-
tionally, starting with 50 g-L™" glucose and pH 5.5 not
controlled, in an aerobic fermentation performed with a
flow rate of 121 mg O, L™"-h™" and 250 rpm, using B.
bruxellensis these authors were able to overcome the
critic threshold of 4 gL' acetic acid previously reported
by [7] yielding 0.14 g-g™" acetic acid. However the com-
bine inhibition effect of glucose and acetic acid limited
the process. The glucose inhibition phenomena are de-
pendent on the species and its ability to adapt under
stress conditions, such as low water activity caused by
high levels of substrate concentration [8]. On the other
hand, acetic acid is a toxic compound (in the non ionized
form, under its pKa value) because that form could cross
over the plasmatic membrane into the cell provoking a
decrease in the intracellular pH value, a phenomenon that
has been related to the denaturation of glycolytic en-
zymes and consequent reduction in the proton motive
force causing the viability lost [5]. However, the resis-
tance of Brettanomyces yeasts to acetic acid is similar to
S. cerevisiae under aerobic conditions [8]. Consequently,
the aim of this work was to evaluate the effect of glucose
concentration on B. bruxellensis using the conditions pre-
viously reported by [2] with pH control to diminish the
negative acid effect.

2. Materials and Methods
2.1. Microorganism

B. bruxellensis 6037 was obtained from the Institute of
Hygiene and Epidemiology, Mycology Section (IHEM,
Brussels, Belgium).

2.2. Culture Media

B. bruxellensis was preserved at 4°C using a basal me-
dium with the following composition (g-L™"): glucose, 20;
yeast extract, 20; and agar, 20. The preculture medium
consisted of (g-L™'): glucose, 50; yeast extract, I;
KH,PO,, 5.0: (NH4),SO4, 2.0; and MgSO,-7H,0, 0.4.
The initial pH was adjusted to 5.5 using 80% (v/v) or-
thophosphoric acid solution. The preculture was made in
500 mL Erlenmeyer flasks containing 300 mL liquid
medium previously sterilized in autoclave for 15 min at
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121°C. After inoculation, each Erlenmeyer flask was
incubated at 30°C for 48 h and stirred at 250 rpm. A
second preculture for 24 h was prepared to obtain inocu-
lums containing 3 x 10° viable cells m-L™".

2.3. Culture Conditions

Fermentations were carried out in a 2 L Bioflo 115 New
Brunswick Scientific (Enfield, CT, USA) with a working
volume of 1.5 L using the same medium than the precul-
ture. The pH was controlled using NaOH 1 M. The agita-
tion was fixed at 250 rpm. The oxygen transfer rate
(OTR) was set in 121 mg O,L™"-h™" at 30°C, according
to Castro et al. [2] measured by the gassing-out method
and using a Gauss-Newton function to diminishing the
square sum error. Glucose concentrations were estab-
lished from 1.2 to 220 g-L™". The culture medium was
sterilized in autoclave for 20 min at 121°C.

2.4. Analytical Techniques

Yeast growth was measured by two techniques: 1) corre-
lating optic density (620 nm) against cell weight dry and
2) direct count using a Thoma Chamber. Viability was
obtained by using the methylene blue staining method [9].
In addition, the culture medium was centrifuged for 10
min at 10,000 rpm and 4°C using an Eppendorf Centri-
fuge 5424 (Germany). The supernatant was stored at
—20°C until its analysis. Glucose, glycerol, acetic acid
and ethanol were measured by high performance liquid
chromatography (Waters 600, TSP Spectra System, Wa-
ters, Milford, MA, USA) using a Biorad Aminex HPX-
87H column (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). The temperature was 40°C, mobile phase sulfuric
acid 5mM, flow rate 0.4 mL-min ' and an index refrac-
tion detector (Waters 2414, TSP Refracto Monitor V,
Waters) was used.

3. Results and Discussion

The influence of initial glucose concentration on acetic
acid production by B. bruxellensis was evaluated in fer-
mentation broths containing increasing amounts of glu-
cose under aerobic conditions. Acetic acid and ethanol
were the only metabolites detected, since glycerol was
not found in this study, thus confirming the inability of
this microorganism to produce this substance under
aerobic conditions. Moulin et al. [4] attributed this be-
havior to the redox imbalance caused by oxygen pres-
ence. Figure 1 shows the course with time for glucose
consumption, acetic acid and ethanol production, and in-
crement of biomass.

Starting with only 1.2 g-L ™" initial glucose, nor ethanol
or acetic acid was produced (Figure 1(a)) which can be
explained due to the presence of Crabtree effect on this
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Figure 1. Kinetic of B. bruxellensis at different glucose initial concentration. Initial glucose concentration (g-L™): (a) 1.2; (b) 5;
(c) 10; (d) 20; (e) 55; (f) 100; (g) 155 and (h) 220. Biomass (open triangles), Glucose (open square), Ethanol (cross), Acetic acid
(open circle).
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yeast. Similarly, Walker [5] also observed this pheno-
menon on S. cerevisiae working with glucose concentra-
tions in the vicinity of 0.9 g-L™', hence, the Crabtree ef-
fect can be related to low glucose contents in the culture
medium. This fact can be confirmed by the continuous
reduction observed on biomass yield with the corres-
ponding increment on initial glucose concentration (Fig-
ure 2), which is a characteristic kinetic behavior of the
Crabtree effect on yeasts.

These results should be born in mind if the main goal
is to increase the biomass production, for instance, by

conducting a fed batch process. The kinetic behavior of B.

bruxellensis at low glucose contents (Figure 3) demon-
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Figure 2. Biomass yield at different initial glucose concen-
tration on B. bruxellensis. ANOVA P = 0.05.
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Figure 3. Kinetic behavior of Crabtree effect on B. bruxel-
lensis.
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strates the occurrence of Crabtree effect on this yeast due
to this is the typical profile established for Crabtree posi-
tive yeasts where the existence of a sugar content in
which the main product specific production rate is zero,
the biomass yield reaches a maximum value.

Using 5 and 10 g-L™' initial glucose concentration
(Figures 1(b) and (c)), B. bruxellensis metabolism has a
second phase behavior in which ethanol started to be
consumed to produce acetic acid after 36 h of fermenta-
tion, remaining glucose partially unconsumed. These
results are not in accordance with those reported by
Wijsman [6] who established that the second phase only
begins when glucose on the culture media is completely
depleted, although agree with the results achieved by
Freer [1]. This variation could be due to because Wijs-
man [6] employed anaerobic and microaerobic condi-
tions meanwhile Freer [1] and this work employed only
aerobic conditions, thus emphasizing the role of dis-
solved oxygen into the regulation of the metabolic path-
way on Brettanomyces yeasts. This behavior could be
quite different to the observed with others yeasts, proba-
bly due to the occurrence of Custer and Crabtree effects
on this specie.

Similar findings were perceived with 20 g-L™" initial
glucose (Figure 1(d)), because ethanol consumption
could be associated to the low levels of residual glucose
in the medium (around 2 g-L™" in the last case). Con-
versely, increasing the initial glucose concentrations up
to 50 g-L' the second growth phase was observed with
residual concentrations of 14 g-L™', which could be a
consequence of synergistic effects of ethanol, acetic acid,
and glucose concentrations in the culture media (Figure
1(e)).

Using 100 g-L™" initial glucose concentrations, B.
bruxellensis showed a diauxic growth (Figure 1(f)) pre-
viously reported by Brettanomyces yeasts under similar
culture conditions [10]. This diauxic growth could be due
to the acetic acid concentration reached the critic thresh-
old of 4 g-L™" after 100h of fermentation Additionally, no
glucose consumption was found at this time (100 - 120 h),
which could be due to the hexokinase is the enzyme
more seriously affected by acetic acid presence [11] thus
avoiding the glucose catabolism. However, ethanol was
consumed, indicating that the enzymes involved on the
bioconversion from ethanol to acetic acid are not affected
by acetic acid concentration at this level. After 120 h, the
glucose consumption continues because the yeast could
express another hexokinase or because the synergistic
effect of acetic acid, ethanol and glucose could be minor,
that allowing glucose to be consumed.

The highest values of initial glucose considered in this
study ranged between 150 and 220 g-L™". In both cases, a
prolonged lag phase of 24 h was observed during the
growth of the yeast that could be related to substrate in-
hibition (Figures 1(g) and (h)), in fact, 44 and 90 g-L™'
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of glucose, respectively remained unconsumed after 300
h fermentation. Nevertheless, this effect cannot be attrib-
uted to the lack of nutrients or vitamins, considering that
the culture broth employed in this study were previously
optimized by [12] to fulfill the nutrimental requirements
of B. bruxellensis using high glucose concentrations. On
the other hand, the acetic acid concentration achieved in
these fermentation runs was 15.4 g-L”', similar to the
maximal concentration founded at 100 g-L™' and over-
coming the value of 13 g-L™' reported [13]. The results
point out that the maximum acetic acid concentration
under the aerobic batch culture could be 15.4 g-L™'; sug-
gesting that continuous or fed batch cultures must be
carried out in order to diminish the acetic acid inhibition.
This idea is supported by the strong reduction in the val-
ues of acetic acid yield collected in Figure 4, where it
can be appreciated that the highest acetic acid yield (0.16
g-g"") was achieved at 100 g-L™" initial glucose.

Finally, considering that increasing concentrations of
acetic acid directly influence the loss of cell viability, the
following equation was calculated fitting the data ac-
cording to Figure 5:

Viability (%) =100—1.27 [Acetic acid (g-L" )]

The correlation index (R?) was 0.89. This equation
could be useful in order to determinate the maximum
acetic acid concentration that B. bruxellensis can support
during aerobic cultures under different operational condi-
tions.

4. Conclusion
B. bruxellensis shows a Crabtree positive effect. Under
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Figure 4. Acetic acid yield at different initial glucose con-
centration on B. bruxellensis. ANOVA P = 0.05.
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Figure 5. Relationship between acetic acid production and
B. bruxellensis viability.

aerobic conditions glycerol production was not possible
due to the redox imbalance for acid production; this im-
balance can be controlled by oxygen supply. This phe-
nomenon could help in order to understand the occur-
rence of Custer effect on yeasts. The incidence of second
culture phase of B. bruxellensis improves acetic acid
production because glucose and ethanol are consumed
simultaneously. The initial glucose concentration affects
seriously the acetic acid yield and its productivity. Initial
glucose over 150 g-L™' causes an inhibition that could be
related to the glucose negative effect because neither
acetic acid effect nor the lack of some nutrient was ob-
served. The cell viability is a lineal function of acetic
acid production. The best conditions for acetic acid pro-
duction were obtained using 100 g-L™' initial glucose
concentration with an acetic acid yield of 0.154 g-g ™' and
specific acetic acid production rates of 0.05 g-g”"-h™'
with 77% of cell viability.
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