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Construction of a New Brewing Yeast Strain with Secretive
o-amylase Activity and Reduced Diacetyl Production
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Abstract: Saccharomycopsis fibuligera possesses high a-amylase and glucoamylase activities that enable it to utilize raw starch as a
carbon source. A expression cassette containing the promoter sequence of 3-phosphogylycerate kinase gene (PGK1p), the a factor
signal sequence from Saccharomyces cerevisiae and the o-amylase coding sequence of S. fibuligera was constructed. The o-amylase
expression cassette was inserted in the ILV2 locus of industrial brewer’s yeast strain YSF-5 encoding o-acetolactate synthase (AHAS)
by homologous recombination. The transformed yeast strain was selected on the media with starch as the sole carbon source and
verified by PCR. The transformant exhibited secretive a-amylase activity, low AHAS activity and reduced diacetyl production.
Effects of temperature, pH, and metal ions on the activity of the a-amylase expressed by the transformant were examined. The
fermentation performance of host strain YSF-5 and the transformant was also examined.
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243 N5t Rk (Saccharomycopsis fibuligera AS 2.1145).
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1.2 ExFE
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BH) 28°C W& SR G 9%, MEBEFEAL ] YNBS(5:
L %4 6.7 g YNB, 10 g AJ%PEHER). YEPD =
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Table 1 Primers used in this research

Primers Sequences 5 to 3’

AMY1 5’ CCGAATTCAATATGCAAATTTCAAAAGC
AMY1 3’ CTGAATTCTCATGAACAAATCTCAGAAGC
S5’ AGCCGTCGACATGAGATTTCCTTCAATT
S3’ CGCTCTAGATCAACGCCAGCCATCATGA
ILV2 5’ GCAGGATCCTGGCTTCAGTTGCTGATCT
ILV2 3’ CAGGTCGACGGCCACTGTTCTTATGCTT
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R A T P A 5 JB0RE 412 B2 BE SR (131347 5
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Fig.1 PCR product of a-amylase coding sequence of
Saccharomycopsis fibuligera
1: PCR product; 2: marker
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BEFEMER SR YNBS LAk 7Rk . Pk
YNBS P ERKRIEE N14, R B3R5 3B
& DNA, DLHCOB#ER, LAIZKE YSF-5 R xtHE,
Z X1 Hilk 47 PCR Bk, il s fis, LS|
AMY1 5'/AMY1 3', S 5/AMY1 3', AMY1 5'/ILV2 3'
DL ILV2 5'/S 3" #47 PCR 473, 4351155 1.5 kb,
1.8 kb, 2 kb 1 2.9 kb 1) DNA F B, i Frk 2 i o-

Sph 1

Fig.2 The schematic representation of recombinant plasmid

pPZSA-4 eI A R IEEC LA ZIKE YSF-5 A
Here the “AMY ”stands for the a.-amylase gene from YL ILV2 037 5 T A /&ﬁ*ﬁi it ﬁffﬁj DNA B,

Saccharomycopsis fibuligera

1 2 3 4

3 E4AFk pPZSA-4 BYEGYIINIE

A3 LA N14 1) % T 375 T LA 5 290 T e o 15 0
Je BB RO FL BRI T a-TE R DL S AHAS 75
JiE, sE—XF N14 FE 7560, WE 6 s, &4
BRVRBRERS 7= o-TE R, [T AHAS 76 PEREAR
23 HUFIEERENESHT

mE 7 foR, e 50 RESHE S LT
N14 7E 10 Xf YNBG LUK YNBS “FA b (1) 9% $k
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WA % 225, UEW] o-DE M il 2k TR 1 2R 8 e G ik
T N14 R H A FRefa e mf% .
24 RE. pH UREREE FMNENFo-EMEGE
Ed-0EA

Wpd 8 fiuR, 1 45°C B, bR B B i i
o-VEMY MG PR o RS T 45°C i), AT i a-UE

Fig.3 Verification of pPZSA-4 by restriction enzymes’ digestion

1: marker; 2~4: the enzyme digest results by BamH I, ECoR I, Sal I *ﬁ@ﬁ HHEEBRaET IZ% i # 47%‘1 R %’1 =1 E % 75°C
ILv2-1 PGKIp asignl  AMY! ILV2-2
Recombined fragment 500 bp
—_
Host genome DNA — —#— 500bp
1 4200 —

2

ILV2-1  PGKIp asignal AMYI ILV2-2

Transformant’s gneome DNA—H— IESSG_—_— W/ 500 bp
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Fig. 5 PCR analysis of the transformant N14
1: marker; 2~5: PCR products from the genome DNA of N14 using
primers of AMY1 5'/AMY1 3', S 5'/AMY1 3', AMY1 5'/ILV2 3'
and ILV2 5'/S 3’
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Fig. 6 o-Amylase and AHAS activities of YSF-5 and the
transformant N14
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Fig. 7 Test of genetic stability of the transformant N14
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Fig. 8 Effect of temperature on the activity of a-amylase
on the transformant N14

B, B AL T 53 b 08 1 oD 93 Il 9 4 201 o
E 9 FroR, FEAL T o-JE MBS PEAE pH 1 RY
BHE R HZE, B pH B3 m, HIGTEE e, Y
iKF) pH 5~6 B, FEAL T30 H f i 04 o T A0 T VG 1
WE, BEE pH MG &, F AT 10 o-TE 0 B S PR
WUk s, pH 10 B, 34k 19 o- 8 B3 BTG 4R 0.

100

Relative Activity/%

9 pH XE L Fo-EMEEE LRI

Fig. 9 Effect of pH on the activity of a-amylase on the
transformant N14

nEk 2 PR, SREINA &8 &1 200 A
1) o-TE K3 B P 100%, FLE ﬁ#?m%ﬁﬁﬁm
XA . 7 pH 8.0 Y Tris-HCI 2% 1P, Mn®", Mg
PAJe Fe* TEMREERAEE N 1 mmol/L, 5 mmol/L LLK 10
mmol/L B, BRI X541k o-TE M B J7 BRI

PEEVEI, HA A S T TEAN [ U JE 25 0F T X AL 110
o- AT I P A H i 1kl i s e A VR

%2 TRRENERETHELT N4 oTHEEE R HM
Table 2 Effects of different metal ions on the activity of a-amylase on the transformed brewer’s yeast strain N14
Metal ion
Ton concentration/(mol/L)
e2+ Fez+ K+ Cu2+ Mg2+ Ca2+ Hg2+ Pb2+ Zn2+ Mn2+

0 100 100 100 100 100 100 100 100 100 100
1x107 116 122 134 66 118 131 82 95 125 207
5% 107 123 97 128 58 132 127 76 79 110 185
10x 107 138 84 130 54 106 128 11 38 94 173
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BER R TRR R, BERERMEAEN Y H CO, 1Y
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CO, FARE I A B 22 5, X UL, JEH ek
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P52 o

[\S]

CO; production/g

cooco —m—m—m
SRR =R NN
—T—T—T—T—

10 BUFURZHRELE LKA CO, 83X
Fig. 10 Comparison of fermentibility between YSF-S and
the transformant N14
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Fig. 11 a-Amylase activity of YSF-5 and the transformant
N14
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Fig. 12 AHAS activity of YSF-5 and the transformant N14
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Fig. 13 Diacetyl content in the fermenting liquor of YSF-5
and the transformant N14

PR B MR R TORR IR o % TR I A RS o TE R S
J1ry[EEE, AHAS 36 1B AR T8 3" YSF-5, JFH
7EH & W b oW 2 & s B Bk b, K IR
B 70%. HIRFEALF 1Y a-TE R BT PR SR MG, A
Al B3 FHVE R HEAT 2 T 2B 7 g, E2 el T
R FIE, BT AT IH RE 0 1 F5 22 A T 1) 430 4%
TRONT R TR IV A v B BT R R AT A, DT oA A1 it
T AL A PG B B, O L LA TR AR 1Y)



SRUEST: HAT o-VE Ry 23 AT A1 LA R AR XU 2 T 7 k) WAL 4 1 B T 1 Ay

843

WIS 114 XU R 82 A i ek 3 i L A 1 J# 0 . m] B
o ML S ML KUK Y B R N R 2 —, 2
— AR E RS RN R, HAE H AT TR
A o~ A RS P ML I R TR T A S R e E S
PEARSC R IE, ABFFE RS 2 1, SR X A
SRR DR 2R X A A S ) PR 8 2 A 1 ) ou- TR M T 78 0
1708, 5350, pH R WS HEZENRZ
—, AR SR X B A 4 - TRy R T A ) 52 )
BEAT T 0, R AT 5 I g 2 ) AT e B T
T2 T 2 18 ) - D8 0 T IE B4 R P (pHL 4~6) fiE
BRI ILT- R 3G 1, I Hib kB — L84 )8 B
Fhn Mn* | Mg* LK Fe? E— & [ vk B 1 B RE 1% K
W 114 2 o B A 1 8 oo T TS

XoF g BRI Y T e B R A9 T, AR
W2 AR (R AU AE o P T ALY I8 B AR B A5 A o
VE R T TR, AS I 0 A TR 1 B 2 S0 R B 1Y
JOTE I F1 B8 52 R B v Sl 1 A% RN, ] Ak M) ok
T PR B 1 R 3 DL R o 5 410 ik R 7E
WA PR B M TR R PP AT 0 WA RS, B SR 4R A
WA BT AL AERERE DNA, Brf iy TR R
HE W) A AR B, FLAT e O B T ORISR
I HHE

REFERENCES

[1] Tbragimova SI, Kozlov DG, Kartasheva NN, et al. A
strategy for construction of industrial strains of distiller’s
yeast. Biotechnology and Bioengineering, 1995, 46(3):
285-290.

[2] Tubb RS. Amylolytic yeasts for commercial applications.
TIBTECH, 1986, 4: 98—-104.

[3] Moses SBG, Otero RRC, La Grange DC, et al. Different
genetic backgrounds influence the secretory expression of
the LKA1-encoded Lipomyces kononenkoeae a-amylase in

Saccharomyces  cerevisiae.
Biotechnology Letters, 2002, 24(8): 651-656.

[4] Eksteen JM, Steyn AJC, Van Rensburg P, et al. Cloning
and characterisation of a second a-amylase gene (LKA2)
from Lipomyces kononenkoae IGC4052B and its expression
in Saccharomyces cerevisiae. Yeast, 2003, 20(1): 69-78.

[5] Eksteen JM, Van Rensburg P, Cordero Otero RR, et al.
Starch fermentation by Saccharomyces
cerevisiae B-amylase
glucoamylase genes from Lipomyces kononenkoae and
Saccharomycopsis fibuligera. Biotechnology Bioengineering,

industrial  strains  of

recombinant

strains  expressing the and

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

2003, 84(6): 639-646.

Kang NY, Park JN, Chin JE, et al. Construction of an
amylolytic industrial strain of Saccharomyces cerevisiae
containing the Schwanniomyces occidentalis o-amylase
gene. Biotechnology Letters, 2003, 25(21): 1847-1851.
Ghang DM, YuL, Lim MH, et al. Efficient one-step starch
utilization by industrial strains of Saccharomyces cerevisiae
expressing the glucoamylase and alpha-amylase genes
from Debaromyces occidentalis. Biotechnology Letters,
2007, 29(8): 1203-1208.

Su H. Production and affection of diacetyl in beer.
Guangzhou Food Science and Technology, 1998, 2: 49-53.
IR B THETE M v A A R X T s . N R
fh Tl BH, 1998, 2: 49-53

Dequin S. The potential of genetic engineering for
improving brewing. Wine-making and baking yeasts.
Applied Microbiology and Biotechnology, 2001, 56(5-6):
577-588.

Hill J E, Meyers AM, Koerner TJ, et al. Yeast/E.coli
shuttle vectors with multiple unique restriction sites. Yeast,
1986, 2(3): 163-167.

Short JM, Fernandez JM, Sorge JA, et al. A bacteriophage
A expression vector with in Vivo excision properties.
Nucleic Acids Res, 1988, 16: 7583-7600.

LiY, Tie CJ, Wang ZX, et al. Construction of diacetyl-low
brewer’s yeast. Liquor Making, 2002, 29: 77-79.

A, BRERIA, AR, S RAZ M Rk TR
MR EE. I, 2002, 29: 77-79.

Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: A
Laboratory Mannua, 2nd edn. Cold Spring Harbor, NY:
Cold Spring Harbor Laboratory Press, 1989.

Miller JL, Glennon WE, Burton AL. Measurement of
carboxymethylcellulase activity. Anal Biochem. 1960, 1(2):
127-132.

Alison A, Daniel EG, Chris AK. Methods in Yeast
Genetics: A Cold Spring Harbor aboratory Course Manual.
New York: Cold Spring Harbor Laboratory Press, 1997.
Magee PT, Robichon-Szulmajster DH. The regulation of
Saccharomyces
Identification and characterization of
Eur J

isoleucine-valine
cerevisiae. 2.
mutants

biosynthesis  in

lacking acteohydroxyacid
Biochem, 1968, 3(4): 502-506.

Pang SS,
acetohydroxyacid synthase by valine and ATP. Biochem J,
2001, 357(3): 749-757.

Singh BK, Stidham MA, Shaner DL. Assay of
Biochem, 1988, 171:

synthase.

Duggleby RG, Regulation of yeast

acetohydroxyacidsynthase. Anal
173-179.

Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal Biochem, 1976,
72: 248-254.

Journals.im.ac.cn



