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A rapid microbial screening method was developed based on denaturing gradient gel electrophoresis
(DGGE). To evaluate the repeatability and reliability of this system, three DGGE markers were used. Then,
the feasibility of DGGE method was verified by microbial screenings in viili (a traditional fermented dairy
product originated from Scandinavia) and sourdoughs. The results suggested that, this method could
efficiently classify the duplicate strains isolated from the complex environment and identify their
dominance in microbial ecology if the corresponding environment samples had been provided. This
paper proposed the application of polymerase chain reaction (PCR)-DGGE method in reducing the
complicated work in microorganism identifications or even directly identified the target strains if a

proper DGGE marker had been applied.
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INTRODUCTION

It is a fact that lots of microorganisms exist in water, food,
animal intestine and soil. For various reasons, we need to
isolate these strains from the complex environment and
study their characteristics. However, microorganisms
isolated and selected empirically by taxonomists is some-
what restricted because of repetitive encounters with
possible duplicate strains (Fujimori and Okuda, 1994). In
addition, when similar strains are passed through a
certain assay system based on their activity, it is difficult
to determine whether one of them should be eliminated
for it takes time to examine these precisely. To improve
the efficiency in elimination progress, we applied the
denaturing gradient gel electrophoresis (DGGE) method
in microbial screening. Compared with the traditional
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Abbreviations: DGGE, Denaturing gradient gel electrophoresis;
LAB, lactic acid bacteria; MRS, Man, Rogosa and Sharpe; YPD,
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method, DGGE method does not require microbial
cultivation and allows the analysis of DNA extracted
directly from the sample (Bastias et al., 2007) and can
identify single-nucleotide changes in a segment of DNA.
Above all, information about the bacterial profiles of the
sample can be achieved within 24 h (Temmerman et al.,
2004). Till now, DGGE has been widely used for detection
of the total microbial/specific bacterial population and
diversity in samples (Giraffa, 2004; Hovda, 2007; Liu et al.,
2010).

In this study, the DGGE method was applied to distin-
guish the duplicate strains isolated from environmental
samples by using universal or specific primers whose
amplifications were limited to 400 bp. The microorganisms
possessing the same band number and locations in
DGGE gel are considered as one species which was then
identified by using full-length sequence. This technology
proves a rapid microbial screening method to discern the
same strain in samples, which reduces work load in the
following identification process by using traditional and/or
molecular methods. In addition, if the microorganisms
isolated were consistent with the bacteria used to make
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Table 1. PCR primers used in this study.

Target organism  Primer Sequence (5'—>3’) Reference
Bacteria 27 (F) AGAGTTTGATCCTGGCTCAG Lane (1991)

1492 (R)  GGCTACCTTGTTACGACTT

338 (R)* GGACTCCTACGGGAGGCAGCAG  Muyzer et al. (1993)
Fungi NS1 (F) GTAGTCATATGCTTGTCTC

FR1 (R) AICCATTCAATCGGTAIT Vainio and Hantula

FF390(F)  CGATAACGAACGAGACCT (2000)

FR1 (R  CCGAICCATTCAATCGGTAIT
Lactobacill lac1 (F) AGCAGTAGGGAATCTTCCA

lac2 (R)*  ATTY CACCGCTACACATG Endo et al. (2009)
Bifidobactrium Bifid (F)  CTCCTGGAAACGGGTGG

Bifid (R)*  GGTGTTCTTCCCGATATCTACA Lubbs et al. (2009)

F, Forward primer; R, reverse primer; +, GC clamp (CGCCCGGGGCGCGCCCCGGGCGGGGCGGGGGCAC

GGGGQG).

DGGE marker, we can directly identified them according
to their band numbers and locations.

MATERIALS AND METHODS
Strains and samples
Bacteria strains and growth conditions

The strains Bifidobacteria longum NCC2705, Lactobacillus
rhamnosus ATCC7469, Lactobacillus salivarius subsp. salivarius
ATCC11741, Lactobacillus acidophilus ATCC4356, Lactobacillus
plantarum ATCCB8014, Bifidobacteria infantis C2, Bifidobacteria
adolenscent BA1, Streptococcus thermophilusG1 were used as
control strains in making DGGE markers. Lactobacilli were cultured
in a modified atmosphere (2% Oz, 10% CO, and 88% N») at 30 or
37°C on MRS5 medium (Meroth et al., 2003).

Viili starter and isolates

In the laboratory, viili starter was incubated (5%, wt/vol) and
propagated in sterilized milk at 25°C for 20 h, then the starter was
transferred into fresh milk and incubated at 25°C for another 20 h.
This procedure was repeated 3 times after which the starter was
considered active and used in this study. Then, 10 g of viili starter
was homogenized in 90 ml of sterile saline solution (0.85% sodium
chloride solution, pH 5.5) in a stomacher and concentrations of the
viable bacteria in suspensions were obtained by serial plating
dilutions. The total bacteria in viili were examined on BHI agar
(Jacobsen, 1999) and LB+ skimmed milk agar; the lactic acid
bacteria (LAB) were examined on Man, Rogosa and Sharpe (MRS)
agar (Todorov and Engell, 2008).

Sourdough fermentation and sampling

Fermentations were started by adding three commercial sourdough
starters (Fabao, Angi and Distiller's grains) available for industrial

use. Sourdoughs of type Il were obtained through continuous
propagation by back-slopping of ripe dough for 12 days and the
ripe sourdough was used as an inoculum for the subsequent
fermentation cycle every 24 h. The total bacteria in sourdough
fermentations were examined on BHI agar (Jacobsen, 1999) and
Yeast peptone dextrose (YPD) agar (Yaffe and Schatz, 1984) for
fungi.

DNA extraction and PCR amplification

DNA was isolated according to a bead-beating method (Zoetendal
et al, 1998). Samples were suspended in 1 ml TN150 buffer
containing 10 mM Tris-HCI (pH 8.0) and 150 mM NaCl in a
screw-capped tube, containing 0.3 g of sterile zirconium beads
(diameter, 0.1 mm) and 150 pl of phenol. The tubes were
bead-beaten at 5000 rpm for 3 min in a mini-bead beater, following
phenol-chloroform extraction. The solution was precipitated with
ethanol and pellets were suspended in 500 pl of TE. This solution
was added to 5 U (1 pl) of Dnase-free Rnase and incubated at 37°C
for 15 min. After phenol-chloroform extraction, DNA was precipitated
with ethanol and suspended in 50 pl of TE.

Primers used in this study are shown in Table 1. Polymerase
chain reaction (PCR) was performed with the Taq DNA polymerase
kit from life technologies. Based on the instruction of manufacturer,
the PCR reaction (25 pl) used 0.125 pl of Tap polymerase (1.25 U),
0.5 pl of primers, 1 pl of ten-fold diluted DNA template
(approximately 1 ng), 2.5 pl of ten—fold PCR buffer, 1.5 pl of MgCl»
(50 mM ) and lastly UV-sterile water. The samples were amplified in
a Biosci PCR system, with 30 cycles of 94°C for 30 s, 56°C for 30 s
and 72°C for 60 s. Aliquots of 5 pl were analyzed by electrophoresis
on an agarose gel (1%) to check the size of the amplicons.

DGGE gel

Amplicons of V3 of 16S rDNA were used for sequence-separation
by DGGE (Simpson, et al., 2004). DGGE was performed using 40
mM Tris-HCI (pH 8.0) as the electrophoresis buffer in a BioRad
DGGE system. The electrophoresis was initiated by pre-running for
5 min at a voltage of 220 V and subsequently run at afixed voltage
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Figure 1. DGGE profiles of bacterial 16S rDNA gene fragments
amplified by bacteria universal primer 27 (F)/338f (R)". Ly, S.
thermophilus G1, L, L. rhamnosus ATCC7469; Ls, L. plantarum
ATCC8014; L4, L. salivarius subsp. salivarius ATCC11741; Ls, L.
acidophilus ATCC4356; My, Lactobacilli marker; My, Bifidobacteria
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marker; Bi, Bifidobacteria longum NCC2705; B, Bifidobacteria
adolenscent BA1; Bs, Bifidobacteria infantis C2.

of 85 V for 16 h at 60°C. The gel was stained with AgNO3z and
developed after completion of electrophoresis. The gel was then
covered by cellophane membrane and dried overnight at 60°C.

Plasmid construction and sequencing

PCR products were subcloned with the pMD18-T vector system 1
(Takara) according to the manufacturer’s instructions. Cells of
Escherichia coli were electrotransformed with recombinant plasmids
by a standard method (Sambrook and Russell, 2001). Selection of
transformants was done on LB agar containing 100 g of ampicillin
per ml. Transformants were randomly picked and sequenced
(Invitrogen, Shanghai, China).

Making of DGGE marker

In order to check the feasibility of DGGE marker, PCR amplification
of the 16S rDNA gene was performed using bacteria universal
primer 27 (F) /338f (R)+ (Lane, 1991) and two DGGE markers (Miac
and Myi) were made. The strains of interest were mixed to obtain
final counts for each species of 5x10” and 5x10° cells/ml, DNA was
extracted from a 1 ml aliquot of the mixture and DGGE was carried
out earlier. In addition, the corresponding amplification of single
strain was also performed by DGGE method to determine the
corresponding band in DGGE marker.

RESULTS
DGGE marker design and verification

In Figure 1, the S. thermophilusG1 (L), L. rhamnosus

ATCC7469 (L,), L. plantarum ATCC8014 (Lj), L.
salivarius subsp. salivarius ATCC11741 (L) and L.
acidophilus ATCC4356 (Ls) in DGGE gel could find the
corresponding bands from M, respectively. Also, the
same results were observed from My To confirm the
results, the primers lac1 (F)/ lac2 (R)" (Endo et al., 2009)
and Bifid (F)/Bifid (R)* (Lubbs et al., 2009) specific for
Lactobacilli and Bifidobacteria were applied. Figure 2
shows that, the repeated B. longum NCC2705 (B,) used
in My making had successfully verify the repeatability of
DGGE method and the amplification failure of S.
thermophilusG1 (L,) also verified the high specific of
Lactobacilli primer lac1 (F)/ lac2 (R)".

The microbial screening from viili

The bacteria in viili were mainly composed of LAB and
yeasts. As the yeast species and distributions in viili had
been comprehensively studied (Wang et al., 2008), so
only the bacteria were evaluated in this study.

In order to lower the chances of amplification failure,
both universal and Lactobacilli specific primers were
applied. Results of the PCR amplification (Figure 3a)
showed that, all the strains could be amplified (about 200
bp) by V3 universal primers which ensured the quality of
bacterial DNAs; when Lactobacilli specific primers were
used to amplify the same DNAs, no bands were found in
lanes 3, 4, 9, 11, 13, which indicated that, the strains 2, 3,
8, 10 and 12 belong to bacteria other than Lactobacilli. In
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Figure 2. DGGE profiles of bacterial 16S rDNA gene fragments amplified by Lactobacilli specific primer
lac 1 (F)/ lac2 (R)* and Bifidobacteria specific primer Bifid (F)/Bifid (R)". L1, S. thermophilus G1, Lo, L.
rhamnosus ATCC7469; Ls, L. plantarum ATCC8014; L4, L. salivarius subsp. salivarius ATCC11741; Ls,
L. acidophilus ATCC4356; My, Lactobacilli marker; My, Bifidobacteria marker; By, B. longum
NCC2705; B,, B. adolenscent BA1; Bs, B. infantis C2.
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Figure 3. The profile of PCR amplification. (A) The PCR amplification of total bacteria (about 193 bp);
(B) the PCR amplification of Lactobacilli (about 380 bp); M, DL2000 DNA Marker (from top to bottom:
2000, 1000, 750, 500, 250 and 100 bp); 1, viili; 2 to 16, strains 1 to 15.
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Figure 4. DGGE profiles of bacterial 16S rDNA gene fragments amplified
from viili by using bacteria universal primer 27 (F)/338f (R)*. 1-7, strains 1 to
7; 8, viili; 9 to 16 and strains 8 to 15.
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Figure 5. DGGE profiles of bacterial 16S rDNA gene fragments amplified from viili by
using Lactobacilli specific primer lac1 (F)/ lac2 (R)+. 1, viili; 2to 11; strains 1, 4, 5, 6, 7,
9,11,13, 14 and 15.

the next step, DGGE method was used to distinguish the
same bacteria isolated. In Figure 4, the dominate bands in
lanes 1 and 7 shared the same location in DGGE gel
which indicated that, they belonged to the same
bacterium; likewise, the strains 4, 5, 9, 11, 13, 14 and 15;
3, 8, 10 and 12 belonged to same strain, respectively. As
the dominant bands of strain 2 and 6 were different from
the other bacteria, so they were distinctive. Moreover, the
dominant band in viili (band 8) shared the same locations

with strains 3, 8, 10 and 12, which indicated that, the
dominant strain in villi belongs to these genera. In Figure
5, the strains 1 and 7 shared the same dominant band
locations in DGGE gel, they belonged to a same
Lactobacillus. From the earlier mentioned, strains 4, 5, 9,
11, 18, 14 and 15 were a (from the) same Lactobacillus,
while strain 6 was a different Lactobacillus. In the gel, the
dominant band of viili were located on same position with
strain 6, so the dominant Lactobacillus in villi is the real
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Table 2. 16S rDNA sequencing results of isolates in viili distinguished by denaturing gradient

gel electrophoresis (DGGE) method.

Stain no. Closest relatives Similarity (%) GeneBank no.
Strain 2 Bacillus cereus 100 AM944031.1
Strain 6 Lactobacillus delbrueckii 100 FJ915705.1
Strain 7 Lactobacillus paracasei 100 FJ861111.1
Strain 10 Streptococcus thermophilus 100 EU149656
Strain 14  Lactobacillus plantarum 100 EU552039.1

FA JMix1 2 3 4 5 6 7 8 9
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Figure 6. DGGE profiles of bacterial 16S rDNA gene fragments amplified from
sourdough by using bacteria universal primer 27 (F)/338f (R)*. F, Fabao; (A) Angi; J,
Distiller's grains; 1-27, bacterial strains isolated from sourdoughs. a-e, sequenced as
L. plantarum, L. fermentum, L. fermentum, E. faecium and P. acidilactici.

name of strain 6. DGGE results indicated that strains 2, 6,
7, 10 and 14 belong to different strains and were sent to
sequencing. Sequences were compared to the Genbank
database with the BLAST program (Altschul et al., 1997)
and the results are listed in Table 2. From the table, the
strains selected belong to L. plantarum, S. thermophilus,
Lactobacillus paracasei, Bacillus cereus and Lactobacillus
delbrueckii, respectively.

The microbial screening from sourdoughs

Sourdough, in terms of their microbial composition, is a
complex biological system where fundamental interactions

between LAB and yeasts take place (Collar, 1996). In this
study, the PCR-DGGE method was applied in microbial
screening which decreased the chance of isolating the
duplicate strain. At first, 27 bacteria and 10 fungi were
isolated from sourdough by using culture-dependent
method and then preliminary screening was performed by
using PCR-DGGE. In order to identify the dominant
microorganisms in these three basic sours (Fabao, Anqi
and Distiller's grains), their DNAs as well as the mixture of
all the isolates were extracted and this served as the
DGGE markers (Figures 6 and 7). According to the band
number and locations, the bacteria and fungi were divided
into 13 (Table 3) and 2 groups and then were identified by
using bacterial total length primer 27 (F)/ 1492 (R) (Lane,
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Figure 7. DGGE profiles of fungi 18S rDNA gene fragments amplified from sourdough by using
fungi universal primer F390 (F)/FR1 (R)". F, Fabao; A, Angi; J, Distiller's grains; 1-10, fungi isolated

from sourdoughs.

Table 3. 16S rDNA sequencing results of bacteria in sourdough distinguished by denaturing gradient gel

electrophoresis (DGGE) method.

Strain no. Closest relative Similarity (%) GeneBank no.
1,18, 25 Lactobacillus fermentum 100 HM218438.1
2,3,7,15, 16, 20, 22 Lactobacillus plantarum 99 HM218754.1
4,12,13,19 Lactobacillus fermentum 100 HM218438.1
5 Lactobacillus reuteri 98 HM218416.1
6 Bacillus subtilis 99 HQ153100.1
8 Enterococcus faecium 99 HM218625.1
9 Staphylococcus sp. 99 HQ141278.1
10 Weissella confusa 98 GU369778.1
11 Weissella confusa 100 HM218434.1
25,27 Lactobacillus plantarum 100 HQ141913.1
17 Pediococcus acidilactici 100 GU904688.1
14,21, 23, 24 Pediococcus acidilactici 100 GU904688.1
26 Pediococcus pentosaceus 100 HQ141913.1

1991) and fungi total length primer NS1 (F)/ FR1 (R)
(Vainio and Hantula, 2000), respectively.

Figure 6 a and b shows that, 13 strains were obtained
by using DGGE method from 27 isolate and 9 different
bacteria were identified (Table 3) by sequencing. In
Figure 7, the DGGE results indicated that, only
Kluyveromyces lactis (2, 3 and 6) and Saccharomyces
cerevisiae (1, 4, 5, 7, 8, 9 and 10) were obtained and S.
cerevisiae was the dominant fungi in these three basic
SOours.

DISCUSSION

For microbiologists, it is a hard work to identify the large
number of isolates. Above all, the duplicate strains
existing in isolates result in a waste of time and money. In

this study, the DGGE method was applied in microbial
screening based on its basic principles and was proved to
be a powerful tool in identifying the duplicate strains.

At present, DGGE analysis is one of the most suitable
and widely applied methods to study complex bacterial
communities originating from various environments
(Muyzer, 1999). But, all kinds of methods have specific
limitations that need careful evaluation. Environmental
samples represent a complex matrix, including various
proteins, fats, enzymes and polysaccharides. In addition,
various other unknown substances, may interfere and act
as inhibitors in the following analyses (Malik et al., 2008;
O'Callaghan et al., 2010; Rudi et al., 2005; Wilson, 1997).
Moreover, heterogeneous sequencing gives rise to more
than one band on DGGE and thereby, overestimates the
community diversity (Ast and Dunlap, 2005; Min-juan and
Zhi-yue, 2008; Zoletti, et al., 2010). Also, the fragments
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studied by DGGE are limited to a length of 500 base pairs
(bp) for the decreased resolution of DNA in the gel (Myers
et al.,, 1985) and it is a relatively short sequence for
database comparison, though the V3-region is known to
have a high grade of resolution and to be highly variable
(Jensen et al., 2004).

In this study, our objective is just to clarify the duplicate
microorganisms, which can ignore the disadvantage of
more than one band on DGGE for single strain caused by
heterogeneous. Take the sourdough for example; 13
different strains with the same band number and locations
were distinguished from 27 isolates, but the experiences
indicated that, if the bacterial dominant bands in DGGE
lanes were consistent, they can be considered as the
same strain. For strains 10 and 11, though they
possessed different band number, their dominant bands
are consistent and confirmed as the same strain by
sequencing. The same results had been obtain among
strains 1, 18, 25 and 4, 12, 13, 19; 2, 3, 7, 15, 16, 20, 22
and 25, 27; 17 and 14, 21, 23, 24. The results also
indicated that, DGGE can totally classify all the isolates
into 9 different strains, which was consistent with the
sequencing results. Also, the bands of DGGE markers
showed that, the L. plantarum (a) and Lactobacillus
fermentum (b) were the dominant strains in Fabao, Anqi
and Distiller's grains.

Currently, reliable identification of microorganisms
remains a point of crucial importance. In this study, the
application of PCR-DGGE method in microbial screening
had been successfully performed in viili and sourdoughs,
which reduces the work load for researchers and
improves the identification accuracy and efficiency. Above
all, just like the applications of DGGE in monitoring the
microbial diversity, this microbial screenings method
could be applied in all kinds of fields on microorganisms.
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