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Analysis of bacterial flora during the fahua-fermentation process of fuzhuan brick

tea production based on DGGE technology

LIU Shiquan"?,HU Zhiyuan®, ZHAO Yunlin®*
1 College of Biology and Technology, Hunan Agricultural University, Changsha 410128, China
2 College of Chemistry and Environmental Engineering, Hunan City University, Yiyang 413000, China

Abstract; Denaturing gradient gel electrophoresis (DGGE) is one of the most important and commonly used techniques in
studies of microbial molecular ecology. DGGE has been widely used in the analysis of community structures and biodiversity
of bacteria, cyanobacteria, archaea, miniature eukaryotes, eukaryotes, and viruses. This technique can be used for the
reliable analysis of multiple samples at the same time. It is suitable for the surveillance of microbial population changes over
both space and time, and is used to probe microbial community composition by DNA sequence analysis. This technology can
overcome the limitations associated with traditional analysis techniques, such as cultivation, purification, and microscopy.
In this research, DGGE spectra analysis was used to examine the microbial diversity during the Fahua-fermentation process
of Fuzhuan Brick Tea production. To explore the bacterial community structure during this process, we collected Fuzhuan
Brick Tea samples at days 0, 2, 4, 6, 8, 10, 12, and 14 of the Fahua-fermentation process. Total genomic DNA was
extracted from each of the samples, and the V3 variable region of the 16S rDNA gene was amplified. The amplified products
were separated by DGGE. The separated DGGE bands were extracted and gel-purified then ligated into the pEASY-T vector.
Resultant plasmids were transformed into electrocompetent Escherichia coli DH5a cells, and positive clones were identified
by blue white screening experiment. Plasmids from the positive clones were then extracted and sequenced, and the resulting
sequences were submitted to the GenBank database. Using the BLASTN tool to carry out homology comparisons, we

identified sequences in the database that were most similar to the 16S rDNA sequences amplified from the Fahua-
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fermentation community samples. The results showed three distinctive kinds of bacterial community structure, correlating to
fermentation times of 0—4 days, 6—8 days, and 10—14 days. Alignments of the V3 variable regions of the 16S rDNA
genes showed that samples contained Brevundimonas aurantiaca, Millisia brevis, Novosphingobium sp, Clostridium
ultunense, Pseudomonas wveronii, Lactobacillus plantarum, Klebsiella pneumoniae, uncultured Epsilonproteobacteria ,
uncultured Saprospiraceae bacterium, uncultured Myxococcales bacterium, uncultured Rhizobiales bacterium, and six kinds
of unculturable bacteria. This analysis technique provided a detailed spectrum of bacteria at the different time periods during
the Fahua-fermentation process, and showed that bacterial species present during this stage of Fuzhuan Brick Tea production
are abundant. Amongst the bacterial species, nine strains belonged to the Proteobacteria, three strains were identified as
Firmicutes, one strain belonged to the Actinobacteria, and one strain belonged to the phylum Bacteroidetes. We also
identified six strains with the greatest similarity to unknown unculturable bacteria, which will require further analysis. This
study also identified K. pneumoniae, B. aurantiaca, P. veronii, and a Myxococcales bacterium in the Fahua-fermentation
process samples, all of which are generally considered to be conditionally pathogenic bacteria. The roles of these species
during the fermentation process remain unknown and will require further investigation. Overall, the results of the current
study indicate that DGGE fingerprinting is a useful technique to obtain a comprehensive, detailed bacterial community

structure and estimate of diversity variation from samples collected during Fahua-fermentation in the production of Fuzhuan

Brick Tea.

Key Words: fuzhuan brick tea; fahua-fermentation; denaturing gradient gel electrophoresis ( DGGE) ; bacterial flora
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Table 1 Characteristics of bacterial community in different Fahua—fermentation stage

FE g K AERTEL/d RS E 0 WS IR E FEREREES
Number of samples Fahua-fermentation stage Shannon-Wiener Index Evenness Richness
H1 0d 2.781 0.962 18
H2 2d 2.771 0.959 18
H3 4d 2.844 0.966 19
H4 6d 2.846 0.967 19
H5 8d 2.858 0.971 19
H6 10d 2.896 0.967 20
H7 12d 2.924 0.976 20
H8 14d 2.936 0.980 20
0s[m AT TR 5132585 GenBank $CHR I |
° 1 GenBank F{fi I Blast 7% 47 [ Pk e 4% , 307
s | o s BRI LIS BRAY 165 rDNA JF 51102 2 B , AR g5
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o i s — R IA K BRR I 16S TDNA 51 [ 8
08 H3 PN T 98% W J& T A [\ A, i [5) P8 4 /N T 93%—
p s 059%F , T J& T A 17 & 240 PRI st , A Bl 4% 3R T 1

PCA1 52.5%

B3 TEEEMERERSIHT(PCA) FH
Fig.3  Principal Component Analysis ( PCA) in different

Fahua-fermentation stage

H1

— H2

H3

H6

H7

| | | | | H8
0.89 091 0.94 096 0.98 1.00

E 4 FRREHRILT

Fig.4 Evolution tree of different Fahua-fermentation stage
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N SR BOR B, TR G AN 3 ) fof L R, BE SR
BELEARIG A5 R AL L FRAE i rh BB At IR A Ui &
T TR 25 R AT A — s, (X 2% i i Ji
FR A LA R B AR FAMLBEAR AT 5 it — B 5T

%®2 DGGE BER&FHEWFISHER
Table 2 The analysis results of DGGE gel bands recovery sequence

P ARLT AAARLEE B b
Number Similar strain Similarity ~ Accession number  Classification

Band1 Millisia brevis ({5 G & ) 99 NR042952 Actinobacteria ( FTZETHE[])
Band2 Uncultured Myxococcales bacterium ( A=A 535K BR R ) 99 AM936499 Proteobacteria( Z8TE 1)
Band3 Novosphingobium sp. (HrEAGHEE) 100 HIF936984 Proteobacteria (L))
Band4 Brevundimonas aurantiaca ( %5 i MM 8 ) 100 KC855474 Proteobacteria (% TE 1)
Band5 Uncultured bacterium (A ] $5 35 405 ) 99 Q866159 -

Band6 Uncultured bacterium ( S F] R FE 40 ) 98 HE860554 -

Band7 Pseudomonas veronii ( 43 Jo MR PN R ) 99 HQ825038 Proteobacteria( 5T 1])
Band8 Uncultured epsilon proteobacterium( AAJ 135 e T ) 99 AY191496 Proteobacteria( 28T 1T)
Band9 %‘; ultured Saprospiraceae bacterium (AT Hi 7 IS BB HE A 91 EU283496  Bacteroidetes(#UFTEII )
Band10 Uncultured bacterium( R E5FRANE ) 99 KC304531 -
Band11 Clostridium ultunense( SRR A ) 99 GQ461825 Firmicutes (JEREF )
Band12 Klebsiella pneumonia( 5275 A K& ) 99 KC609741 Proteobacteria (5 TE 1 7)
Band13 Uncultured bacterium ( N A K5 IR A ) 99 JQ383874 -
Band14 Uncultured bacterium ( AN K530 ) 99 HQ889765 -
Band15 Uncultured Rhizobiales bacterium ( AS1] B5FEMR R R ) 100 JQ401320 Proteobacteria(ZETEH[ 1)
Band16 Klebsiella pneumoniae( 7 %A FCH & ) 99 KC431795 Proteobacteria( ZEHEHl 1)
Band17 Klebsiella sp. XC-08( 52 1A R )& ) 100 KC787534 Proteobacteria( ZEILTHI])
Band18 Lactobacillus plantarum ( FLFTF 158 ) 100 KC965107 Firmicutes (JERETHT])
Band19 Uncultured bacterium ( N AT 553240 ) 99 HE663286 -
Band20 Lactobacillus plantarum( FLFT R ) 99 KC845197 Firmicutes(JEEER[])

16S tDNA [ V3 =48 X P8 k4T R HT, 45 SR il 5
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Fig.5 Evolution tree of 20 band
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