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Effects of main functional strains on Zygosaccharomyces bailii in
Chinese Maotai-flavor liquor fermentation
XUYan WU Qun XU Yan

(Key Laboratory of Industrial Biotechnology, Ministry of Education, Center for Brewing Science and Enzyme
Technology, School of Biotechnology, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract: [Background] Zygosaccharomyces bailii is a dominant strain in Chinese Maotai-flavor
liquor spontaneous fermentation. However, the effects of other functional strains on Z. bailii is
unclear. [Objective] We studied the effects of three other main strains on Z. bailii by co-culture.
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[8]

[10]

[Methods] Z. bailii was separately cultured with Saccharomyces cerevisiae, Lactobacillus buchneri,
or Bacillus licheniformis. Biomass, pH, ethanol and flavor compounds were determined during the
fermentation. Based on the analysis of phenotypic differences, a comparative transcriptome analysis
was used to reveal the fermentation mechanisms of Z. bailii in mixed culture with B. licheniformis.
[Results] In mixed cultures, the growth and ethanol production of Z. bailii were inhibited by S.
cerevisiae, whereas were not affected by L. buchneri or B. licheniformis. Meanwhile, flavor
compounds production of Z. bailii was reduced by S. cerevisiae or L. buchneri, but was promoted by
B. licheniformis and among them, alcohols, acids, esters and aldehydes increased by 41%, 36%, 44%
and 73%, respectively, compared with those in the Z. bailii single culture. Transcriptome analysis of
Z. bailii showed that genes related to the metabolism of carbohydrate and amino acids, were
significantly up-regulated (>2-fold, P<0.05) in mixed culture with B. licheniformis. Flavor
compounds mainly derived from the metabolism of carbohydrates and amino acids. Therefore, those
up-regulated genes might be beneficial for flavor compounds production of Z. bailii. [Conclusion] Z.
bailii produced more favor compounds in the co-culture fermentation with B. licheniformis,
including alcohols, acids, esters and aldehydes.

Keywords: Maotai-flavor liquor, Zygosaccharomyces bailii, Interaction, Transcriptome
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CGMCC4745 (Saccharomyces cerevisiae)

C4 CCTCCM2014463 (Bacillus
licheniformis) CGMCC3962
(Lactobacillus buchneri)[lz]
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YPD 61 B. licheniformis LB 6]
L. buchneri MRS (71
[6]
1.1.3  FZERLFFLEE
( ) MRS
Oxoid SYBR
Green Supermix PCR RNA
C )
PCR Applied Biosystems
pH Mettle-Toledo
Agilent
PCR Eppendorf
Protein Simple
1.2 A&
1.2.1 E#KIEFR
—-80 °C Z. bailii S. cerevisiae L.
buchneri  B. licheniformis
16 h 1x10° CFU/mL
50 mL 250 mL
Z. bailii S. cerevisiae L. buchneri

B. licheniformis  1:1
30 °C 200 r/min 48 h

pH

R1 BEKREMSIMRIRERLZ

Table 1 Specific primers and standard curves of strains

24 h Z. bailii Z. bailii

licheniformis

122 H£YENZE
PCR (qPCR)
26S rRNA

ZBR!!

Z. bailii
ZBF S. cerevisiae
MRP2 SCF  SCR!™
L. buchneri  16S rRNA
LBF LBR B.licheniformis = 16S rRNA
BLF BLR( 1)
Z. bailii  S. cerevisiae L. buchneri

B. licheniformis

10
qPCR
PCR
SYBR Green Supermix 10 pL
(20 pmol/L) 0.4 uL 1 uL  ddH,O 8.2 pL

20 pL

98°C3min 98°C3s 60°C30s
40
60 °C 95 °C 0.5°C
G
PCR

B.

Primers Sequences (5'—3") Standard curves (x: Log (CFU/mL) y: Cy)
ZBF CATGGTGTTTTGCGCC y=—3.488 2x+43.750 R>=0.999 7
ZBR CGTCCGCCACGAAGTGGTAGA
SCF GGACTCTGGACATGCAAGAT y=—3.055 3x+43.387 R*=0.998 3
SCR ATACCCTTCTTAACACCTGGC
LBF AGCAGTAGGGAATCTTCCA y=—3.233 9x+40.235 R>=0.999 4
LBR ATTYCACCGCTACACATG
BLF AAAGCTGATTTGAAAGTCATTGGAGAT y=—3.249 3x+41.081 R*=0.997 9
BLR GAGTGGCGAGCGTATCATAGTC
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1 mL
DNA
PCR
1.2.3 &7 pH
pH pH
124 ZEEENE
HPLC (] 700 pL
700 pL (10%) 4 °C
lh 0.22 ym
3=0.000 056 5x—2.05 R*=0.999 8 «x y
(g/L)
1.2.5 RIK¥IREENE
- (GC-MS)
(3 8 mL
3 g NaCl 10 uL
100 mg/L
1.2.6 FEFEANF
Z. bailii B. licheniformis
8 000 r/min 5 min
1 10 min
—80 °C
[llumina

NextSeq 500
[16] RPKM (Reads Per Kilo bases
per Million reads)
RPKM-=Total exon reads/(Mapped

reads (millions)xExon length (kb)) DESeq [
Fold change>2  P<0.05
Z. bailii DDBJ
DRX082892  DRX082894
127 #HRENFERRAES PCR WIE
RNA
RNA
cDNA
PCR ACTI

5'-CGTTTCTATCCAGGC

CGTGT-3' ( ) 5-GATGGCATGAGGCAT
CGAGA-3' ( )
ENOI 5-AGGTGCTGAGGTTTACCAGC-3' (

) 5-TCTAGAGCCTCTTCGGCAGT-3" (

) MEP2 5-AGGTATGTTTGCTGCGGTGA-3'
( ) 5-ACAGCTAACCATCCTTGGGC-3'
( ) RGII 5-CGCAAGTTTGTGCGTCA
CTT-3' ( ) 5-TTCGCATCGTCGGCATA
GTG-3'( )

2 GRERH

2.1 REEFKRART Z bailii MEERREMEY
3187 1tk A A< AFAE BY 2201
Z. bailii

licheniformis

S. cerevisiae L. buchneri B.

1A
S. cerevisiae
Z. bailii

S. cerevisiae

Z. bailii (1)

Z. bailii

S. cerevisiae

Z. bailii L. buchneri
B. licheniformis
Z. bailii
Z. bailii

B. licheniformis
S. cerevisiae
L. buchneri  B. licheniformis
Z. bailii S.
cerevisiae
Z. bailii
( 1B) L. buchneri

S. cerevisiae

Z. bailii L. buchneri
Z. bailii (
) L. buchneri ( 10" B
licheniformis
Z. bailii
pH B. licheniformis (
1D 2)2 2 B. licheniformis
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Figure 1 The growth curve of Z. bailii (A), S. cerevisiae (B), L. buchneri (C) and B. licheniformis (D) in single and mixed
cultures
Z Z. bailii S S. cerevisiae L L. buchneri B B. licheniformis Z+S Z. bailii  S. cerevisiae
Z+L  Z. bailii L. buchneri Z+B  Z. bailii  B. licheniformis

Note: Z: Single culture of Z. bailii; S: Single culture of S. cerevisiae; L: Single culture of L. buchneri; B: Single culture of B.
licheniformis; Z+S: Mixed culture of Z. bailii and S. cerevisiae; Z+L: Mixed culture of Z. bailii and L. buchneri; Z+B: Mixed culture of Z.
bailii and B. licheniformis.

pH pH 3 S. cerevisiae
[21] 47% Z. bailii
22 RABHRAATEEZCERHES
S. cerevisiae Z. bailii
( 3 Z. bailii S.
Z. bailii  S. cerevisiae cerevisiae L. buchneri
Z. bailii 3.18 g/L B. licheniformis Z. bailii
S. cerevisiae 9.99g/L( 3)
Z. bailii L. buchneri B.
licheniformis
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Figure 2 pH change in single and mixed cultures

Z Z. bailii S 8. cerevisiae L L. buchneri
B B. licheniformis Z+AS  Z. bailii  S. cerevisiae
Z+L  Z.bailii L. buchneri Z+B  Z. bailii

B. licheniformis .
Note: Z: Single culture of Z. bailii; S: Single culture of S.
cerevisiae; L: Single culture of L. buchneri; B: Single culture of
B. licheniformis; Z+S: Mixed culture of Z. bailii and S. cerevisiae;
Z+L: Mixed culture of Z. bailii and L. buchneri; Z+B: Mixed
culture of Z. bailii and B. licheniformis.

12 -

10 -

Ethanol content (g/L)
N
T

0 1 1 1 1 1
0 8 16 24 32 40 48

t(h)

B3 AEARREER FECRBEHE%
Figure 3 The ethanol production curve in single and
mixed cultures
Z Z. bailii S S. cerevisiae Z+L  Z. bailii
L. buchneri Z+B  Z. bailii  B. licheniformis
Z+S  Z. bailii  S. cerevisiae

Note: Z: Single culture of Z. bailii; S: Single culture of S.
cerevisiae; Z+L: Mixed culture of Z. bailii and L. buchneri; Z+B:
Mixed culture of Z. bailii and B. licheniformis; Z+S: Mixed
culture of Z. bailii and S. cerevisiae.

23 BREIEFAKRED Z. bailii N EEZMIEEY
R R ES

(21]

Z. bailii  S. cerevisiae L. buchneri

B. licheniformis

4A

Z. bailii S. cerevisiae

41 363.10 pg/L Z. bailii  S. cerevisiae
(47 102.46 pg/L) 12%

71% 42% Z. bailii

S. cerevisiae

S. cerevisiae ( 4A)
Z. bailii S. cerevisiae
( 1A Z. bailii

Z. bailii L. buchneri

L. buchneri

12%

61% 46% (

Z. bailii

B. licheniformis

14%

4C

8385.49 pg/L  Z. bailii
(9 538.19 pg/L)

4B)
( 1A O

B. licheniformis
1213499 ug/lL.  Z. bailii
(10 685.91 pg/L)

41% 36% 44% 73%
90% 35%
Z. bailii

B. licheniformis
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Figure 4 Content of various flavor compounds in single and mixed cultures
Z Z. bailii S 8. cerevisiae Z+S  Z. bailii  S. cerevisiae L L. buchneri Z+L  Z. bailii
L. buchneri B  B. licheniformis Z+B  Z. bailii  B. licheniformis

Note: Z: Single culture of Z. bailii; S: Single culture of S. cerevisiae; Z+S: Mixed culture of Z. bailii and S. cerevisiae; L: Single culture
of L. buchneri; Z+L: Mixed culture of Z. bailii and L. buchneri; B: Single culture of B. licheniformis; Z+B: Mixed culture of Z. bailii and
B. licheniformis.

4
B. licheniformis 2.4 ETEFRAZ B. licheniformis 3F Z. bailii #]
4 Z. bailii YERR
Z. bailii Z. bailii  B. licheniformis

B. licheniformis

B. licheniformis ( 1D) 41% 36% 44% 73%
( 40 B. licheniformis Z. bailii
S. cerevisiae L.

buchneri Z. bailii Z. bailii B. licheniformis
B. licheniformis Z. bailii
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241 HFRMFER 242 KU EYEZERE SR
Z. bailii B. licheniformis Z. bailii
Z. bailii

Harris ( 6) TCA

o- - Ehrlich

Z. bailii 119 (22-23]
(>2-fold P<0.05) 53 Z. bailii
66 FBP ( -1,6-

KEGG Pathway )
25 ( 2

GAPDH PGMI1 ENOI

(P<0.05) ( 5)

Z. bailii TCA
[22-23] PDC1

Z. bailii

( 6O

—Log P-value

KEGG pathway

5 KEGG pathway ISt EFEE N

Figure 5 KEGG pathway enrichment analysis
P=0.05.

Note: The black line in figure represented P=0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



50 AR A R Microbiol. China

Harris pathway Ehrlich pathway
Glucose Amino acids
L] L]
Y
Glucose Amino acids
A
| FBP
M Aminotransferas
Fructose 1,6-bisphosphate
t Gappr™ |
T PGMISH a-Keto acids
I ENors | ppcr 4
Acetaldehyde <—— Pyruvate
Aldehydes

PDCI7? ‘
Aldehyde Alcohol
Ethanol Acetate dehydrogenases dehydrogenases
Acids  Alcohols

6  Z. bailii " KIRY) B EHEE S 7

Figure 6 The metabolic pathways of flavor compounds in Z. bailii
37°C

Note: The superscript numbers indicated the fold change of each gene at 37 °C.

x2 BOKUSMRIFHEXER

Table 2 Differentially expressed genes involved in carbohydrate metabolism

P
Name Function Fold change P-value
FBP Fructose-1,6-bisphosphatase —9.52 0.02
PGM1 Phosphoglycerate mutase 1 6.41 0.04
ENOI Enolase 1 6.57 0.04
GAPDH Glyceraldehyde-3-phosphate dehydrogenase 7.71 0.03
PDCI, Pyruvate decarboxylase 7.91 0.03
PDCI, Pyruvate decarboxylase 7.76 0.03
PDCI; Pyruvate decarboxylase 7.61 0.03
PDC1,4 Pyruvate decarboxylase 6.75 0.04
PDCIs Pyruvate decarboxylase 6.32 0.05
Note: The subscript numbers indicated different copies of genes.
B. licheniformis Z. bailii Harris

Z. bailii  B. licheniformis

(ADH) 231 243 S[EBRMEESKRIFEST
Ehrlich [23]

qPCR ENOI
6.22 ( 6
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MEP?2
[28]
95% ATP
( 3)[26]
Ehrlich PDCI ( 2 COXI CYB OCR6
a- ( 4 coxi
CYB QCR6 c
METW b2 CYB2
METC L- L-
ATP 29) 3-
( 3P gPCR MEP? GAPDH
6.20
B. licheniformis Z. bailii ADP ATP
ATP ATP9
244 BEERBHS
Z. bailii ATP CYB  ATPY
RPKM 157.63
807.90 B. licheniformis Z. bailii
Z. bailii
RGII ( 4 qPCR RGII 11.98
*3 aEBRAHEXER
Table 3 Differentially expressed genes involved in amino acids metabolism
P
Name Function Fold change P-value
MEP2, Ammonium transporter MEP2 7.50 0.03
MEP2, Ammonium transporter MEP2 9.08 0.02
METW, Putative cystathionine gamma-synthase YLLO58W 6.73 0.04
METW, Putative cystathionine gamma-synthase YLLO58W 6.99 0.04
METC Putative cystathionine beta-lyase 12.80 0.04
Note: The subscript numbers indicated different copies of genes.
F4 EEERBHEXIEER
Table 4 Differentially expressed genes involved in energy metabolism
P
Name Function Fold change P-value
RGII Respiratory growth induced protein 1 16.22 0.01
QOCR6 Cytochrome b-c1 complex subunit 6 —6.18 0.05
CoX1 Cytochrome c¢ oxidase subunit 1 1 536.53 0.01
CYB2 Cytochrome b2, mitochondrial 7.75 0.03
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Z. bailii
Z. bailii
B. licheniformis
3 WE4r

Z. bailii

[9]
Z. bailii

Z. bailii  B. licheniformis

41% 36% 44% 73% Z. bailii
S. cerevisiae
L. buchneri
Z. bailii
Z. bailii
B. licheniformis
Z. bailii 119
Z. bailii
B. licheniformis
Z. bailii
B. licheniformis  Z. bailii
Z. bailii

Z. baili  S. cerevisiae L. buchneri

B. licheniformis
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