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1 Introduction

In the yeast fermentation process, the by-products, carbon dioxide and alcohol form
a unique beer flavor. The by-products include higher alcohols, esters, phenolic
compounds and so on [1]. Among them, esters and higher alcohols are two of the
most important groups of volatile flavor compounds. As we all known, beer
alcohols and esters are generated in the main fermentation stage. However, levels of
higher alcohols in the fermentation solution are often too high for favorable beer
development, while beer yeast strains display low capacity for ester production.
Thus, development of methods by which to decrease the generation of higher
alcohols and increase the production of aromatic esters in beers, particularly
through the use of industrial brewer’s yeast, is of great importance.

Alcohol acetyltransferases (AATases), which catalyze the transformation of
alcohols and acetyl-coenzyme A into acetate esters, are key enzymes involved in
ester synthesis [2–4]. Three types of AATases (namely, AATase, AATase I, and
AATase II) have been studied, and they are encoded by the ATF1, Lg-ATF1, and
ATF2 genes respectively [5–9]. Several researchers have reported that, compared to
ATF1, overexpression of ATF2 caused slight increase in the process of synthesis of
ester. Similarly, Lg-ATF1 has a very limited role in the synthesis of volatile esters
[10–12]. In the previous study, the ester production was observed to increase
significantly when overexpressed ATF1 in beer yeast, which leaded to the dishar-
mony of beer flavor [13]. Overexpression of ATF2 in industrial brewer’s yeast is
observed for appropriately increasing the production of ester, thus beer flavor
behave more harmonious.
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Higher alcohols, also known as fusel alcohols, include propyl alcohol, isoamyl
alcohol, isobutyl alcohol, active amyl alcohol and so on. About 80% outputs of
higher alcohols are formed during the primary fermentation. Higher alcohols are
one of the inherent flavor ingredients of beer, and the coordination between all
kinds of higher alcohols can make beer palate soft and unique taste [14]. In the
amino acid catabolism pathway, knocking out the amino acid transaminase
(BCAT), which is encoded by BAT1 and BAT2 gene, can reduce the concentration
of isobutanol and isoamyl alcohol [15]. The product of the BAT2 gene has been
previously reported to play an important role in the production of higher alcohols
than the BAT1 gene [16].

In this article, the brewing yeast strain with part BAT2 allele insteaded by ATF2
gene was constructed to improve a moderate amount of acetate content and reduce
higher alcohol content. Our data show that ATF2 overexpression and BAT2 deletion
can improve the acetate ester content in beer while significantly reducing its iso-
amyl alcohol content. The results in this article are useful in future developments in
the beer industry.

2 Materials and Methods

2.1 Strains and Media

Escherichia coli DH5a, the parental strain Saccharomyces cerevisiae S5, and
plasmid pUC-BBAK, pUC-PIA2K were obtained from the Microbiological Culture
Collection Center of Tianjin Industrial Microbiology Key Laboratory, Tianjin
University of Science and Technology, People’s Republic of China.

Plasmid pUC-BBAK contained two homology DNA fragments of upstream and
downstream of BAT2 gene and loxP-kanMX-loxP gene disruption cassette, named
BA, BB and K, respectively. Plasmid pUC-PIA2K was used in the preparation of
the PGKP-PGKT expression cassette and the ATF2 expression genes. The ATF2
gene was connected between the promoter and the terminator, the direction is
consistent with them.

E. coli DH5a used for the preparation and construction of the plasmid, was
grown at 37 °C in Luria-Bertani medium (1% Bacto-tryptone, 0.5% yeast extract,
and 0.5% NaCl). Ampicillin was added to the medium at a final concentration of
100 lg mL−1 to select positive E. coli transformants. The parental strain S. cere-
visiae S5 was usually cultured in YPD medium (1% yeast extract, 2%
Bacto-peptone, and 2% glucose). G418 was added to the medium at a final con-
centration of 100 lg mL−1 to select positive yeast transformants. The optimum
growth temperature of S. cerevisiae was 30 °C. During fermentation, the yeast cells
were cultured in wort medium. Wort medium was prepared from crushed malt and
distilled water according to the ratio of material to water 1:4, and saccharification
was performed according to certain routes with sugar meter adjusted to 10 °Brix.
All of the solid media used in this study contained 2% agar.
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2.2 DNA Manipulation

The DNA operation in this study was performed according to the standard proce-
dure described by Ausubel [17]. In-Fusion DNA ligase, TaKaRa LA Taq DNA
polymerase, 5000 DNA Marker, 15,000 DNA Marker and restriction enzymes were
used for DNA manipulation, and these reagents were purchased from the TaKaRa
Biotechnology.

2.3 Plasmid Construction

The polymerase chain reaction (PCR) primers used in this work are listed in
Table 1. A 3379-bp PGKp-ATF2-PGKt fragment was amplified via PCR from the
plasmid pUC-PIA2K, which contained ATF2 gene (1608-bp) under the control of
phosphoglycerate kinase I gene promoter and terminator (1771-bp). A 5309 bp
BB-pUC19-BA-KanMX fragment was amplified via PCR from the plasmid
pUC-BBAK, which contained the homology arms BA (488-bp) and BB (522-bp)
and loxP-kanMX-loxP fragment (1613-bp). The recombinant plasmid pUC-PABBK
was obtained from the ligation of PGKp-ATF2-PGKt fragment and
BB-pUC19-BA-KanMX fragment reacted for 30 min with the use of In-Fusion
DNA ligase under 50 °C.

2.4 Yeast Transformation and Screening

Transformation fragment PABBK was obtained by PCR amplification from the
constructed plasmid pUC-PABBK, and then transformed into yeast genome
through the method of LiAc transformation. G418-resistant transformants were
selected and identified via PCR.

Table 1 Primers used in this study

Primer Sequence (5′ ➔ 3′)

BB-U TTCGTTACGGATCCCGGCGTTTTTTCTACTGAGTTAAGGGGTC

BK-D CGGGATCCGGCATAGGCCACTAGTGGATCTG

PGK-U CCTATGCCGGATCCCGTCTAACTGATCTATCCAAAACTGA

PGK-D CGGGATCCGTAACGAACGCAGAATTTTC

BA-U TACCAAACCGCTAACTTCCTTC

BB-D AGTTTTCATCATCTTTGGGGTC

U-① ATGTCGCCGCCGTCAATA

D-① CAAGACTGTCAAGGAGGGTA

U-② GTTCGGGTTCAGCGTATT

D-② TGACAAAGGGAGTAGCAT
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2.5 Fermentation Method

First of all, the yeast cells were cultured in tube containing 7 mL wort medium and
static cultured for 24 h in 30 °C incubator. The culture was added to the 150 mL
triangle bottle containing 45 mL wort medium with 10% inoculation quantity, and
static cultured for 24 h in 16 °C incubator. Then 15 mL of the culture was trans-
ferred into 250 mL triangle bottle containing 135 mL wort medium, and static
cultured 7–9 days in 10 °C incubator. Weight lost of Carbon dioxide was detected
every 12 h, until the data is less than 0.2 g.

2.6 Gas Chromatography (GC) Analysis

After fermentation, samples were filtered and distilled from the wort medium, then
used for GC analysis. Analysis was performed on an Agilent 7890C GC system.
Capillary column was 30 m � 320 lm � 0.5 lm and column temperature was
75 °C. The temperature of the flame ionization detector (FID) was adjusted to
230 °C, the injector temperature was 200 °C, and the split ratio was 20:1. Nitrogen
was used as the carrier gas, and the injection volume was 1.0 lL. Butyl acetate was
used as the internal standard. A specific amount of each of the analytes was mea-
sured and used as a standard for machine calibration. Ethyl acetate, amyl acetate,
isoamyl acetate, isobutanol and isoamyl alcohol were purchased from Merck.

2.7 Other Basic Performance Test

Weight lost of Carbon dioxide, residual sugar, alcohol degree, appearance fer-
mentation degree and real fermentation degree were referred from People’s
Republic of China country.

3 Results and Discussions

3.1 Construction of Recombinant Plasmid pUC-PABBK

The construction process of the recombinant plasmid pUC-PABBK was showed in
Fig. 1.

Plasmids pUC-BBAK and pUC-PIA2K were used as templates, and
BB-pUC19-BA-KanMX (5310-bp) and PGKP-ATF2-PGKT (3379-bp) fragments
were obtained by PCR amplification with primers BB-U, BK-D and PGK-U,
PGK-D, respectively. Data was shown in Fig. 2. The two fragments were connected
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with In-Fusion DNA ligase. For PCR verification, the 6005-bp size of a fragment
(Fig. 3a) would be gotten with the primers BA-U and BB-D. For enzyme digestion
verification, the 8691-bp size of a fragment (Fig. 3b) would be gotten using the
restriction enzyme Nco I.

3.2 Construction of Engineered Brewer’s Yeast Strains

The transformation fragment PABBK was amplified via PCR from the plasmid
pUC-PABBK and integrated into the homologous genome of the S5 strain via LiAc
transformation (Fig. 4). The resulting transformants were screened on YPD plates
containing 0.50 mg mL−1 G418 [18]. The strain S5-L was selected as the correct
recombinant after PCR analysis using the primer pairs U-①, D-① and U-②, D-②,
separately (Fig. 5).

Fig. 1 Construction process of plasmid pUC-PABBK
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3.3 Basic Fermentation Performance of S5 and S5-L

The fermentation performance of S5 and S5-L were detected. The results (Table 2)
showed that there was no significant difference in the basic fermentation perfor-
mances of the engineered strains S5-L and the parental strain S5.

Fig. 2 a M 15,000 DNA marker; lane 1 PCR amplification results of BB-pUC19-BA-KanMX
fragment (5310-bp). b M 5000 DNA marker; lane 1 PCR amplification results of PGKP-
ATF2-PGKT fragment (3379-bp)

Fig. 3 a M 15,000 DNA
marker; lane 1 the result of
PCR verification using primer
BA-U and BB-D. b M 15,000
DNA marker; lane 1 the result
of enzyme digestion
verification using restriction
enzyme Nco I
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3.4 Production of Volatile Flavor Compounds During
Fermentation

After fermentation, the esters and higher alcohols in parental strain and engineering
strain were determined by GC analysis. The results showed that the content of
acetate esters in engineering strain S5-L was improved than that of the parental
strain S5. The content of ethyl acetate in engineering strain S5-L reached

Fig. 4 Construction of engineered brewer’s yeast strain

Fig. 5 lanes 1, 2 were PCR
amplification results from the
recombinant (S5-L) genome
and the parental strain (S5)
genome using the primer pairs
U-①, D-①; M 5000 DNA
marker; lanes 3, 4 were PCR
amplification results from the
parental strain (S5) genome
and recombinant (S5-L)
genome using the primer pairs
U-②, D-②
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7.60 mg L−1, which was 1.28-fold of that of the parental strain S5. Isoamyl acetate
in engineering strain and parental strain was not detected. It was probably the result
of that the content of isoamyl acetate was lower than the GC detection. After
fermentation, the content of isoamyl alcohol in the engineering strain S5-L was
reduced to 51.49 mg L−1, which was 84.77% of that of the parental strain S5.
Isobutanol and propanol were reduced to 8.30 and 9.72 mg L−1, which was 73.13%
and 79.47% of that of the parental strain S5 (Table 3), respectively.

4 Conclusion

In this work, with the action of PGK promoter, ATF2 gene, which encodes the
AATase II, was overexpressed to increase acetate content. On the other hand, BAT2
gene, which encodes the amino acid transaminase, was knocked out to decrease the
content of higher alcohols. The results of the final fermentation showed that ethyl
acetate content was moderate increased while higher alcohols concentrations were
effectively reduced. In this paper, the ester content has been improved, but there’s
still a lot of work to do in order to achieve better results.
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