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Introduction
Chinese liquor is one of the well-known distilled spirits in the world, 

and it has a long history of thousands of years. Daqu is a fermentation 
starter and substrate complex used to initiate fermentation for the 
production of Chinese liquor. It is an important saccharifying and 
fermenting agent and has significant impact on the flavor of the product 
[1]. According to the aromas of distillate, Daqu is mainly categorized into 
three different types: Luzhou-flavor (strong-flavor), soy sauce-flavor, 
and light-flavor, which depend on different manufacture techniques 
[2]. Generally, Daqu was produced through solid fermentation of grain 
via a natural inoculation of microbial communities originated from 
production environment, and the process often involves three stages: 
shaping, ripening and drying [3].

A diverse microbial community is associated with the Daqu, and 
consists of various types of bacteria, yeasts and filamentous fungi. 
Therefore, Daqu can be considered as a complex system containing 
materials (wheat, barley and/or pea), microbial community, and 
abundant enzymes originating from the microbes [4,5]. Already, 
some research has revealed the microbial community in Daqu based 
on culture-dependent and culture-independent methods including 
polymerase chain reaction-denaturing gradient gel electrophoresis 
(PCR-DGGE) and phospholipid fatty acid (PLFA) [3,6-8]. Zheng et 
al. [6] isolated and identified 190 microbial strains from Fen-Daqu 
by culture-dependent approach, which comprised 109 bacteria 
and 81 yeasts and moulds. Recently, the development of lipid- and 
nucleic acid-based profiling techniques has enabled the elucidation 
of microbial community structures in complex ecosystem, and has 
led to the discovery of new genes [9-11]. Unfortunately, knowledge of 
community structure does not necessarily provide useful information 
on functions such as metabolic capacity, population dynamics, 
and physiological responses to variable environmental conditions. 
Metaproteomics, also termed community proteomics, is the study of all 
proteins expressed at a given time in an ecosystem, and it provides an 
insight into cellular and community activity-information unavailable 
from any other approaches [12]. Microbial metaproteomics has been 
applied in diverse environments such as soil, marine, and human 
intestinal tract [13-16]. In this study, the proteins isolated from the 

Daqu extract were investigated based on metaproteomic method. To 
the best of our knowledge, this is the first report of metaproteome 
in Daqu. These results may aid the advancement of research on the 
function of Daqu and promote the technological development of Daqu 
manufacture.

Materials and Methods
Daqu sample

Daqu samples were collected from Xufu liquor brewing enterprise 
in Yibin city, Sichuan Province, China. Three matured Daqu blocks 
(having been stored for 3 months of maturation) were randomly 
selected from upper, middle and lower layers, respectively, in order to 
obtain an adequate representation. The samples collected from each 
layer were fully mixed and stored in sterile polyethylene bags at -20°C 
for further analysis.

Preparation of metaproteome from Daqu extract

The extract of Daqu was prepared according to Zhang et al. [17] 
with some modifications. Briefly, 5 g of Daqu sample was soaked in 
10 ml of 50 mM acetate buffer (pH 4.2, containing 90 mM NaCl) 
for 12 h. The suspension was centrifuged twice (10000 g, 10 min) to 
remove the large particles. The supernatant was then filtered through 
a 0.45 μm filter (Sangon Biotech, Shanghai, China) and prepared 
for metaproteome extraction. The extracted proteins were treated 
with Clean-up Kit (BioRad, Hercules, CA, USA) according to the 
manufacturer’s protocols, and dissolved in lysis buffer (8 M urea, 2% 
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CHAPS, 0.5% IPG buffer). The protein concentration was determined 
by using the BioRad Protein Assay Kit (BioRad) with BAS as a standard. 

2D gel electrophoresis and protein identification  

The protein sample was applied to immobilize pH gradient strips 
(18 cm, pH 3-10, BioRad) with a final concentration of 700 μg protein 
in 350 μl rehydration buffers. Isoelectric focusing (IEF) and SDS-PAGE 
were performed according to the method described by Zhang et al. [17]. 
After SDS-PAGE, the 2D gels were stained with 0.1% Coomassie blue 
R-250. Three parallel gels were consistent replicates, and the stained gels 
were scanned using Imagescanner (GE Healthcare). 

The proteins spots were excised using gel plugs, transferred to 
Eppendorf tubes, then digested with 20 μl of 10 ng/μl proteomics 
sequencing grade trypsin at 37°C for 16 h and rehydrated in 500 μl of 
50 mM NH4HCO3 (pH 8.0). Supernatants of 0.5 μl were spotted directly 
onto the MALDI plate, and samples were analyzed on the Applied 
Biosystem 4700 Proteomics Analyzer MALDI-TOF/TOF (Applied 
Biosystems, Framingham, MA) in positive ion reflector mode [18]. Mass 
spectra were obtained for each sample by accumulating of 700-4000 Da 
mass range. For the MS/MS spectra, 5 most abundant precursor ions 
per sample were selected for subsequent fragmentation, and 1000-1200 
Da laser shots were accumulated per precursor ion. The criterion for 
precursor selection was a minimum S/N of 50. GPS Explorer (v2.0, 
Applied Biosystems) was used as an interface between the raw data 
from the mass spectrometer. Both MS/MS and MS data were used for 
the identification of proteins candidates in the NCBI database by using 

Mascot (Matrix Science) with the following selection criteria: NCBInr 
database, taxonomy of all entries, trypsin of the digestion enzyme, one 
missed cleavage site, parent ion mass tolerance at 100 ppm, MS/MS 
mass tolerance of 0.5 Da, carbamidomethylation of cysteine (global 
modification), and methionine oxidation (variable modification). The 
probability score (95% confidence interval) calculated by the software 
was used as criteria for correct identification [17,19]. In addition, given 
the complexity of Daqu sample, the mass spectra were firstly searched 
against the “all entries” database in NCBInr, then the Bacteria, Fungi, 
and “others” databases were separately selected to avoid the failed 
matching. After the comparison against NCBI’s “nr” database through 
BLAST, sequences could be classified by using the lowest common 
ancestor analysis based on Unipept database, which is a web application 
available at unipept.ugent.be.

Results and Discussion
Metaproteomic profile of Daqu extract was obtained by 2-DE and 

the representative map was shown in Figure 1. A total of 45 proteins 
spots were excised, and only 21 spots representing 20 proteins were 
successfully identified. This might be ascribed to the incomplete 
genome information available on environmental microbes [17]. A 
detailed analysis of this result showed that 17 spots representing 16 
proteins originated from the secretion of bacteria, and yeasts (Table 
1). Three proteins (spots 5, 6 and 21) originated from B. subtilis, 
and 3 proteins (spots 8, 9 and 17) originated from B. licheniformis 
were identified in Daqu sample. Previous reports demonstrated that 

Figure 1: Metaproteomic profile of Daqu extract. The identified proteins are indicated by arrows and numbers and listed in Table 1.
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Bacillus species including B. subtilis, B. licheniformis, and B. cereus 
were dominant in strong-flavor Daqu, and were frequently detected in 
Daqu [2,6]. The majority of Bacillus species secretes various hydrolytic 
enzymes and form heat-resistant spores, and the existence of such 
microbes may facilitate the conversion of starch into fermentable 
carbohydrates. In addition, Bacillus spp. produces nitrogenous flavor 
compounds such as diverse pyrazines, which may contribute to the 
Daqu flavor [2,5]. Nucleoside diphosphate kinase (spot 12), originating 
from Staphylococcus carnosus was identified in Daqu sample, and 
Staphylococcus was also identified in Daqu revealed by nested PCR-
DGGE [2]. Generally, S. carnosus produces 3-methyl-1-butanol, 
2-butanone, acetoin, and methyl-branched ketones, which may play 
an important role in liquor manufacture [20]. Two Chromosomal 
replication initiator proteins DnaA (spots 2 and 3) originating from 
Clostridium acetobutylicum was identified in Daqu extract. The 
Clostridium strains favorably ferment starch materials and typically 
produce a solvent mixture of acetone, butanol and ethanol [21]. 
Moreover, Clostridium was reported as important microorganism in 
the pit mud of Chinese liquor [22]. In addition, it should be noted that 
2 proteins (ATP synthase subunit alpha and Elongation factor Ts), 1 
protein (Cytochrome c-556), and 1 protein (Elongation factor 2) were 
identified from Nitrobacter winogradskyi, Agrobacterium tumefaciens 
and Neurospora crassa, respectively. Such strains were first identified in 
Daqu, and the functions of these microbes should be further elucidated.

Yeasts are the most important group of microorganisms 
contributing to liquor quality in the solid-state fermentation process of 
Chinese liquor. In this study, three proteins (spots 7, 10 and 16) were 
determined to originate from S. cerevisiae, which was also detected 
in strong-flavor, soy sauce-flavor and light-flavor Daqu samples 
[6,23]. However, previous studies showed that the band density of S. 
cerevisiae was relatively weak in DGGE profiles, and only one strain 
of S. cerevisiae was obtained by culture-dependent method, suggesting 
that S. cerevisiae was not a dominant microbe in Daqu [6,24]. Generally, 

S. cerevisiae usually dominates in alcoholic fermentations due to its 
higher ethanol tolerance and ability to grow under strictly anaerobic 
conditions [6]. Chromosome transmission fidelity protein (spot 19), 
secreted by Schizosaccharomyces pombe was also detected in Daqu 
extract, implying potential function of S. pombe in liquor fermentation. 
Previous research demonstrated that the population of yeasts in Daqu 
was less than 100 CFU/g, and the number in mature Daqu was less than 
that in ripening period of Daqu. This may be that most yeasts had died 
after ripening process of Daqu [24]. 

Compared to the PCR-based data, the metaproteomic approach just 
identified a few fungal genera and some new genera in Daqu sample. 
This may be the limitations in metaproteocmic method, which requires 
enough proteomic and genomic information being available on the 
environmental microbes. Thus, alternate research approaches could 
help gain a comprehensive understanding of the microbial community 
and its function in Daqu.

In this study, metaproteomic approach was employed to investigate 
the ecosystem of Daqu, the starter culture of Chinese liquor, and 
this has not been reported prior to this study. A total of 17 proteins 
originated from the secretion of microbes were identified, and strains 
Nitrobacter winogradskyi, Agrobacterium tumefaciens, and Neurospora 
crassa were firstly identified in Daqu. Results presented in this study 
further enhance our understanding of the microbial community in 
Daqu, and the functions of the proteins from microbes in Daqu remains 
to be elucidated.
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Table 1: Proteins identification in Daqu extract.

Spot 
no.a

NCBI 
accession no.

Protein name Mass (Da) pI MASCOT 
scoreb (MS/MS)

Coverage 
(%)

Best matched 
organism

1 gi|115312258 ATP synthase subunit alpha 55262.1 6.95 62.5 13 Nitrobacter winogradskyi
2 gi|38257741 Chromosomal replication initiator protein DnaA 50894.57813 6.15 74.8 35 Clostridium acetobutylicum
3 gi|38257741 Chromosomal replication initiator protein DnaA 50894.57813 6.15 68.9 29 Clostridium acetobutylicum 
4 gi|75279910 Serpin-Z1B 43119.9 5.44 107 31 Triticum aestivum
5 gi|38605545 Uncharacterized protein YceH 41646.46875 5.9 74.4 78 Bacillus subtilis
6 gi|239938752 Uncharacterized HTH-type transcriptional regulator YcgK 36598.32813 6.73 87.9 68 Bacillus subtilis
7 gi|1709755 U4/U6 snRNA-associated-splicing factor PRP24 51272.51953 9.35 116.5 12 Saccharomyces cerevisiae
8 gi|73921052 UPF0348 protein BLi01723/BL03002 47303.39844 9.20 121.3 46 Bacillus licheniformis
9 gi|5200416666 Two-component response regulator 29500.4 6.20 152.2 39 Bacillus licheniformis
10 gi|74676389 Pyridoxamine 5'-phosphate oxidase YLR456W homolog 23449.85938 5.85 135.4 27 Saccharomyces cerevisiae
11 gi|109827650 Elongation factor Ts 32139.78906 5.26 72.5 15 Nitrobacter winogradskyi
12 gi|254767251 Nucleoside diphosphate kinase 16708.53906 5.29 96.8 31 Staphylococcus carnosus
13 gi|75258740 Auxin-responsive protein IAA7 32414.19922 6.34 68.1 41 Oryza sativa subsp. japonica 
14 gi|73622088 Xylanase inhibitor protein 1 33538.71094 8.66 127 19 Triticum aestivum 
15 gi|123975 Endogenous alpha-amylase/subtilisin inhibitor 19848.85938 6.77 169 26 Triticum aestivum
16 gi1709755 U4/U6 snRNA-associated-splicing factor PRP24 51272.51953 9.35 121 46 Saccharomyces cerevisiae
17 gi|52003909 Putative glutathione peroxidase 18204.5 9.23 152 39 Bacillus licheniformis
18 gi|42558872 Cytochrome c-556 15260.5498 8.26 68.8 16 Agrobacterium tumefaciens
19 gi|74631055 Chromosome transmission fidelity protein 8 OS 12471.7 9.14 61.5 27 Schizosaccharomyces pombe
20 gi| 189045117 Elongation factor 2 93545.40625 6.24 65.3 18 Neurospora crassa
21 gi|264664558 Uncharacterized protein YdzU 10791.75 9 128 45 Bacillus subtilis

a: Numbers corresponding to the 2-DE map in Figure 1.
b: Only results for proteins that had scores of greater than 60 and were reproducibly identified are shown.



Citation: Wu C, Deng J, He G, Zhou R (2016) Metaproteomic Characterization of Daqu, a Fermentation Starter Culture of Chinese Liquor. J Proteomics 
Bioinform 9: 049-052. doi:10.4172/jpb.1000388

Microarray Proteomics

Volume 9(2) 049-052 (2016) - 52 
J Proteomics Bioinform
ISSN: 0974-276X JPB, an open access journal 

Universities (No. SCU2015D008), and Open Funding Project of Liquor Making 
Biological Technology and Application of Key Laboratory of Sichuan Province 
(NJ2014-12).

References

1. Wu XH, Zheng XW, Han BZ, Vervoort J, Nout MJ (2009) Characterization of 
Chinese liquor starter, “Daqu”, by flavor type with 1H NMR-based nontargeted 
analysis. J Agric Food Chem 57: 11354-11359.

2. Zhang L, Wu C, Ding X, Zheng J, Zhou R (2014) Characterisation of microbial
communities in Chinese liquor fermentation starters Daqu using nested PCR-
DGGE. World J Microbiol Biotechnol 30: 3055-3063.

3. Wu C, Qin Z, Huang J, Zhou R (2014) Characterization of microbial community 
in Daqu by PLFA Method. Food Sci Technol Res 20: 147-154. 

4. Wang C, Shi D, Gong G (2008) Microorganisms in Daqu: a starter culture of
Chinese Maotai-flavor liquor. World J Microbiol Biotechnol 24: 2183-2190. 

5. Zheng XW, Tabrizi MR, Nout M, Han BZ (2012) Daqu-A traditional Chinese
liquor fermentation starter. J Inst Brew 117: 82-90. 

6. Zheng XW, Yan Z, Han BZ, Zwietering MH, Samson RA, et al. (2012) Complex 
microbiota of a Chinese “Fen” liquor fermentation starter (Fen-Daqu), revealed 
by culture-dependent and culture-independent methods. Food Microbiol 31:
293-300.

7. Wang HY, Gao YB, Fan QW, Xu Y (2011) Characterization and comparison of
microbial community of different typical Chinese liquor Daqus by PCR-DGGE.
Lett Appl Microbiol 53: 134-140.

8. Zheng XW, Yan Z, Nout MJ, Boekhout T, Han BZ, et al. (2015) Characterization 
of the microbial community in different types of Daqu samples as revealed by
16S rRNA and 26S rRNA gene clone libraries. World J Microbiol Biotechnol 
31: 199-208.

9. Valenzuela L, Chi A, Beard S, Orell A, Guiliani N, et al. (2006) Genomics, 
metagenomics and proteomics in biomining microorganisms. Biotechnol Adv
24: 197-211.

10.	Schloss PD, Handelsman J (2005) Metagenomics for studying unculturable
microorganisms: cutting the Gordian knot. Genome Biol 6: 229.

11. Tao Y, Li J, Rui J, Xu Z, Zhou Y, et al. (2014) Prokaryotic communities in pit mud 
from different-aged cellars used for the production of Chinese strong-flavored 
liquor. Appl Environ Microbiol 80: 2254-2260.

12.	Wilmes P, Bond PL (2004) The application of two-dimensional polyacrylamide

gel electrophoresis and downstream analyses to a mixed community of 
prokaryotic microorganisms. Environ Microbiol 6: 911-920. 

13.	Wang HB, Zhang ZX, Li H, He HB, Fang CX, et al. (2011) Characterization of
metaproteomics in crop rhizospheric soil. J Proteome Res 10: 932-940.

14.	Sowell SM, Abraham PE, Shah M, Verberkmoes NC, Smith DP, et al. (2011) 
Environmental proteomics of microbial plankton in a highly productive coastal
upwelling system. ISME J 5: 856-865.

15.	Xiong W, Abraham PE, Li Z, Pan C, et al. (2015) Microbial metaproteomics
for characterizing the range of metabolic functions and activities of human gut
microbiota. Proteomics 15: 3424-3438.

16.	Young JC, Pan C, Adams RM, et al. (2015) Metaproteomics reveals functional
shifts in microbial and human proteins during a preterm infant gut colonization
case. Proteomics 15: 3463-3473.

17.	Zhang B, Kong LQ, Cao Y, Xie GF, Guan ZB, et al. (2012) Metaproteomic
characterisation of a Shaoxing rice wine “wheat Qu” extract. Food Chem 134:
387-391.

18.	Langereis JD, Prinsen BH, de Sain-van der Velden MG, Coppens CJ,
Koenderman L, et al. (2009) A 2D-DIGE approach to identify proteins involved
in inside-out control of integrins. J Proteome Res 8: 3824-3833.

19.	Muth T, Benndorf D, Reichl U, Rapp E, Martens L (2013) Searching for a needle 
in a stack of needles: challenges in metaproteomics data analysis. Mol Biosyst 
9: 578-585.

20. Søndergaard AK, Stahnke LH (2002) Growth and aroma production by
Staphylococcus xylosus, S. carnosus and S. equorum-a comparative study in
model systems. Int J Food Microbiol 75: 99-109.

21.	Ni Y, Sun Z (2009) Recent progress on industrial fermentative production of 
acetone-butanol-ethanol by Clostridium acetobutylicum in China. Appl Microbiol 
Biotechnol 83: 415-423.

22.	Zheng J, Liang R, Zhang L, Wu C, Zhou R, et al. (2013) Characterization
of microbial communities in strong aromatic liquor fermentation pit muds of
different ages assessed by combined DGGE and PLFA analyses. Food Res
Int 54: 660-666. 

23.	Wang HY, Gao YB, Fan QW, Xu Y (2011) Characterization and comparison of
microbial community of different typical Chinese liquor Daqus by PCR-DGGE.
Lett Appl Microbiol 53: 134-140.

24.	Wu Q, Chen L, Xu Y (2013) Yeast community associated with the solid state
fermentation of traditional Chinese Maotai-flavor liquor. Int J Food Microbiol 
166: 323-330.

http://www.ncbi.nlm.nih.gov/pubmed/19886664
http://www.ncbi.nlm.nih.gov/pubmed/19886664
http://www.ncbi.nlm.nih.gov/pubmed/19886664
http://www.ncbi.nlm.nih.gov/pubmed/25193747
http://www.ncbi.nlm.nih.gov/pubmed/25193747
http://www.ncbi.nlm.nih.gov/pubmed/25193747
http://ci.nii.ac.jp/naid/130003392431
http://ci.nii.ac.jp/naid/130003392431
http://link.springer.com/article/10.1007%2Fs11274-008-9728-0
http://link.springer.com/article/10.1007%2Fs11274-008-9728-0
http://onlinelibrary.wiley.com/doi/10.1002/j.2050-0416.2011.tb00447.x/abstract
http://onlinelibrary.wiley.com/doi/10.1002/j.2050-0416.2011.tb00447.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/22608236
http://www.ncbi.nlm.nih.gov/pubmed/22608236
http://www.ncbi.nlm.nih.gov/pubmed/22608236
http://www.ncbi.nlm.nih.gov/pubmed/22608236
http://www.ncbi.nlm.nih.gov/pubmed/21554340
http://www.ncbi.nlm.nih.gov/pubmed/21554340
http://www.ncbi.nlm.nih.gov/pubmed/21554340
http://www.ncbi.nlm.nih.gov/pubmed/25395233
http://www.ncbi.nlm.nih.gov/pubmed/25395233
http://www.ncbi.nlm.nih.gov/pubmed/25395233
http://www.ncbi.nlm.nih.gov/pubmed/25395233
http://www.ncbi.nlm.nih.gov/pubmed/16288845
http://www.ncbi.nlm.nih.gov/pubmed/16288845
http://www.ncbi.nlm.nih.gov/pubmed/16288845
http://www.ncbi.nlm.nih.gov/pubmed/16086859
http://www.ncbi.nlm.nih.gov/pubmed/16086859
http://www.ncbi.nlm.nih.gov/pubmed/24487528
http://www.ncbi.nlm.nih.gov/pubmed/24487528
http://www.ncbi.nlm.nih.gov/pubmed/24487528
http://www.ncbi.nlm.nih.gov/pubmed/15305916
http://www.ncbi.nlm.nih.gov/pubmed/15305916
http://www.ncbi.nlm.nih.gov/pubmed/15305916
http://www.ncbi.nlm.nih.gov/pubmed/21142081
http://www.ncbi.nlm.nih.gov/pubmed/21142081
http://www.ncbi.nlm.nih.gov/pubmed/21068774
http://www.ncbi.nlm.nih.gov/pubmed/21068774
http://www.ncbi.nlm.nih.gov/pubmed/21068774
http://www.ncbi.nlm.nih.gov/pubmed/25914197
http://www.ncbi.nlm.nih.gov/pubmed/25914197
http://www.ncbi.nlm.nih.gov/pubmed/25914197
http://www.ncbi.nlm.nih.gov/pubmed/26077811
http://www.ncbi.nlm.nih.gov/pubmed/26077811
http://www.ncbi.nlm.nih.gov/pubmed/26077811
http://www.sciencedirect.com/science/article/pii/S0308814612002440
http://www.sciencedirect.com/science/article/pii/S0308814612002440
http://www.sciencedirect.com/science/article/pii/S0308814612002440
http://www.ncbi.nlm.nih.gov/pubmed/19505086
http://www.ncbi.nlm.nih.gov/pubmed/19505086
http://www.ncbi.nlm.nih.gov/pubmed/19505086
http://www.ncbi.nlm.nih.gov/pubmed/23238088
http://www.ncbi.nlm.nih.gov/pubmed/23238088
http://www.ncbi.nlm.nih.gov/pubmed/23238088
http://www.ncbi.nlm.nih.gov/pubmed/11999121
http://www.ncbi.nlm.nih.gov/pubmed/11999121
http://www.ncbi.nlm.nih.gov/pubmed/11999121
http://www.ncbi.nlm.nih.gov/pubmed/19430776
http://www.ncbi.nlm.nih.gov/pubmed/19430776
http://www.ncbi.nlm.nih.gov/pubmed/19430776
http://www.sciencedirect.com/science/article/pii/S0963996913004249
http://www.sciencedirect.com/science/article/pii/S0963996913004249
http://www.sciencedirect.com/science/article/pii/S0963996913004249
http://www.sciencedirect.com/science/article/pii/S0963996913004249
http://www.ncbi.nlm.nih.gov/pubmed/21554340
http://www.ncbi.nlm.nih.gov/pubmed/21554340
http://www.ncbi.nlm.nih.gov/pubmed/21554340
http://www.ncbi.nlm.nih.gov/pubmed/23978339
http://www.ncbi.nlm.nih.gov/pubmed/23978339
http://www.ncbi.nlm.nih.gov/pubmed/23978339

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Daqu sample 
	Preparation of metaproteome from Daqu extract 
	2D gel electrophoresis and protein identification   

	Results and Discussion 
	Author’s Contribution 
	Funding
	Figure 1
	Table 1
	References

