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Abstract

Denaturing Gradient Gel Electrophoresis (DGGE) is a molecular fingerprinting method that separates
similar size (bp), but different sequence of PCR products using acrylamide gel that contain denaturing
gradient of urea and formamide. GC clamp is added at the 5' end of one of the primer to prevent the
PCR amplicon from completely denature. Different bacteria have different DNA sequences that will
denature at different denaturant concentrations. Different DGGE conditions are suitable for different
bacterial communities. This research aimed to optimize the conditions for determining bacterial
community of fish intestinal tract.  The percent of polyacrylamide gel (8.0% and 10.0%), denaturant
concentrations (45 - 55%, 30 - 60%, and 30 - 70%), running times (5 h and 12 h) and voltages used (120 V
and 200 V) were varied. The results indicated that, 8.0% polyacrylamide gel, 30 - 60% denaturant, 12 h
running time and 120 V was the optimum condition for separation of different species of fish intestinal
tract micro flora.
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Introduction

Denaturing Gradient Gel Electrophoresis (DGGE)
is a molecular fingerprinting method that
separates similar size (bp), but different sequences
of PCR products using acrylamide gel that
contains denaturing gradient of urea and
formamide. Many researchers have used this
technique to identify microbial communities
such as using 8% polyacrylamide gel, 30 - 70%
denaturant at 200 V, 5 h to identify bacterial
communities in soil samples (Yang et al., 2001).
Another group used 6.5% polyacrylamide
gel, 45 - 55% denaturant at 200 V, 5 h to identify

bacterial diversity in purified water (Kawai et al.,
2002). Eight percent polyacrylamide gel, 30 - 60%
denaturant at 120 V, 12 h was used to identify
bacterial community in fish (Le Nguyen et al.,
2008) and 10% polyacrylamide gel, 30 - 60%
denaturant at 130 V, 5 h was used to identify
Microbial Diversity in a Malaysian Crude Oil
(Liew and Jong, 2008).  Several conditions were
followed but no good result was obtained.
Therefore, the screening conditions of bacterial
community in SUT tilapia intestinal tract were
optimized.
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Materials and Methods

Bacterial DNA samples were extracted from
intestinal tract of five tilapias individually
followed the protocol of Le Nguyen et al., 2008.
Portion of 16S rDNA was amplified using the
extracted DNA as template with primers GC338f
(5' -CGCCCGCCGCGCGCGGCGGGCGGGGCGG
GGGCACG GGGGGACTCCTACGGGAGGCAG
CAG-3' ) and 518r (5' -ATTACCGCGGCTGCTG
G-3' ) (Muyzer et al., 1993; ∅vreas et al., 1997;
Ampe et al., 1999; Moeseneder et al., 1999).  Each
mixture (final volume 25 μl) contained template
DNA, 0.4 μM primers, 0.2 mM dNTPs, 2 mM
MgCl2, 1x of MgCl2 free buffer and Taq
polymerase (homemade @ SUT). First stage;
1 cycle at 94οC for 5 min, second stage; 35 cycles
at 94οC for 30 sec, 55οC for 30 sec and 72οC for 30
sec and the last stage; 1 cycle at 72οC for 7 min.
Firstly, PCR products (3 μl) were analyzed by
conventional electrophoresis on 2% (w/v)
agarose gel with 1x TAE buffer and quantified
by using a standard (DNA mass ladder 100 bp,
Promega, USA).

The PCR products were then analyzed on
DGGE using Bio-Rad the DCodeTM universal
mutation detection system (Bio-Rad Laborato-

ries, USA). PCR products were loaded onto
several gel conditions that vary percent of
polyacrylamide gel (8% and 10% (w/v)), percent
of denaturing gradient (ranging from 45% to 55%,
30% to 60% and 30% to 70%), voltage (120 V and
200 V) and running time (5 h and 12 h) in 1x TAE
buffer. All electrophoresis experiments were
performed at 60οC. The gels were stained for
1 min with ethidium bromide and rinsed for
15 min in water and then photographed on an
UV transilluminator.

Result and Discussion

The DNA samples extracted from intestinal tract
of 5 tilapias were used as template to amplify
bacterial 16S rDNA using GC clamp primer. The
results showed that the PCR products were
about 220 bp on agarose gel (Figure 1). Then,
the rest of the samples were loaded on several
conditions of  DGGE. When compare the percent
of polyacrylamide gel, in Figure 2 the 8%
polyacrylamide gel showed better results than
the 10% polyacrylamide gel indicating that
the 220 bp GC clamp PCR products were better
separated in this condition. This result is in
agreement with the results of Le Nguyen et al.,

Figure 1. PCR products on 2% agarose gel (M = 100 bp marker, lane 1-5 = DNA samples from
five tilapia intestinal tracts no.1-5, respectively, P = positive control (E. coli) and
N = negative control)
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2008 that also use 8% polyacrylamide gel to
separate bacterial community from fish. However,
this result contradict the results of Liew and Jong,
2008 that use 10% polyacrylamide gel to identify
microbial community in crude oil. This may
indicated that identifying bacterial community
from fish is better in 8% polyacrylamide gel.
Kawai et al., 2002 used 6.5% polyacrylamide gel
to separate bacterial community from water, so
we also wanted to try these conditions, however,
the gel we prepared were not able to polymerize

in all percent denaturant (45 - 55%, 30 - 60% and
30 - 70%) tested.  Even though increased amount
of APS and TEMED were used, the gel still did
not polymerize.  Therefore the 6.5% gel was not
tested.

In Figure 3 the running time of 12 h showed
better results than 5 h run time when 120 V was
used. In these conditions, 5 h is not enough to
separate the PCR products obtain from fish
intestinal micro flora. However, in the lane P
(Figure 3(a)) using E. coli as a positive control,

Figure 2. DGGE conditions: 30 - 60% denaturant, 120 V, 12 h and A = 10% polyacrylamide gel
and B = 8% polyacrylamide gel.  Lane 1-5 = DNA samples from five tilapia intestinal
tracts no.1-5, respectively, P = positive control (E. coli)
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         P         1         2        3         4         5
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we can see that the running time of 5 h (Figure
3(a) lane P) and 12 h (Figure 3(b) lane P) does not
show much different. In Figure 4, when higher
percent of polyacrylamide is used (10%) with
narrower percent denaturant (44 - 55%) 5 h
running time with either 200 V or 120 V (Figure
4(a) and 4(b), respectively) the PCR products from
fish intestinal micro flora cannot be separated,
but the PCR products from E. coli can somewhat

be seen clearly (Figure 4(a) and 4(b) lane P). These
results indicated that 10% polyacrylamide, 45 -
55% denaturant and 5 h running time are not
good conditions to separate PCR products from
fish intestinal micro flora.

The comparison of percent denatur-
ant in Figure 5(a) and 5(b) showed that 30 - 60%
denaturant (Figure 5(b)) gave better separa-
tion of the PCR products than the 45 - 55%

Figure 3. DGGE conditions: 8% polyacrylamide gel, 30 - 60% denaturant, 120 V and A = 5 h and
B = 12 h. Lane 1-5 = DNA samples from five tilapia intestinal tracts no. 1-5, respectively,
P = positive control (E. coli)

       P         1         2          3          4         5

(b)

     P         1          2          3         4          5

(a)
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denaturant (Figure 5(a)). The 30 - 70% denatur-
ant was also tried, however, at this condition the
separation was not better than using 30 - 60%
denaturant (data not shown).

From these experiments, the optimum
conditions for analysis of bacterial community
in tilapia intestinal samples indicated that the
condition of 8% polyacrylamide gel, 30 - 60%
denaturant, 120 V and 12 h is the best condition

for these samples.

Conclusions

Many researchers use different condition of
DGGE for bacterial community analysis. There-
fore, to obtain good results, optimization of
condition used is important and should be
considered. All parameter including the size of

Figure 4. DGGE conditions: 10% polyacrylamide gel, 45 - 55% denaturant, 5 h and A = 200 V and
B = 120 V.  Lane 1-5 = DNA samples from five tilapia intestinal tracts no. 1-5, respec-
tively, P = positive control (E. coli)

        P        1         2         3         4         5

(b)

            P       1        2        3        4        5

(a)
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PCR products, percent denaturant, percent
polyacrylamide, running time and voltage used
need to be optimized to obtain good sharp
results. The best condition for tilapia intestinal
Micro flora analysis was as mention above.
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Figure 5. DGGE conditions: 8% polyacrylamide gel, 120 V, 12 h and A = 45 - 55% and B = 30 -
60% denaturant. Lane 1-5 = DNA samples from five tilapia intestinal tracts no. 1-5,
respectively, P = positive control (E. coli)

        P        1          2         3         4         5

(b)

     P          1          2          3         4          5

(a)

_10-0178(311-318)Part5.pmd 2/3/2553, 13:38316



317Suranaree J. Sci. Technol. Vol. 16 No. 4; October - December 2009

References

Ampe, F., Omar, N.B., Moizan, C., Wacher, C.,
and Guyot, J.-P. (1999). Polyphasic study
of the spatial distribution of microorgan-
isms in Mexican pozol, a fermented maize
dough, demonstrates the need for cultiva-
tion-independent methods to investigate
traditional fermentations. Appl. Environ.
Microb., 65(12):5,464-5,473.

Kawai, M., Matsutera, E., Kanda, H., Yamaguchi,
N., Tani, K., and Nasu, M. (2002). 16S ribo-
somal DNA-based analysis of bacterial
diversity in purified water used in pharma-
ceutical manufacturing processes by PCR
and denaturing gradient gel electrophore-
sis. Appl. Environ. Microb., 68(2):699-704.

Le Nguyen, D.D., Ngoc, H.H., Dijoux, D., Loiseau,
G., and Montet, D. (2008). Determination
of fish origin by using 16S rDNA finger-
printing of bacterial communities by PCR-
DGGE: An application on Pangasius fish
from Viet Nam. Food Control, 19:454-460.

Liew, P.W.Y. and Jong, B.C. (2008). Application
of rDNA-PCR amplification and DGGE
fingerprinting for detection of microbial
diversity in a Malaysian crude oil.
J. Microbiol. Biotechn., 18(5): 815-820.

Moeseneder, M.M., Arrieta, J.M., Muyzer, G.,
Winter, C., and Herndl, G.J. (1999). Optimi-
zation of terminal-restriction fragment
length polymorphism analysis for complex
marine bacterioplankton communities and
comparison with denaturing gradient gel
electrophoresis. Appl. Environ. Microb.,
65(8):3,518-3,525.

Muyzer, G., Waal, E.C.D., and Uitterlinden, A.G.
(1993). Profiling of complex microbial
populations by denaturing gradient gel
electrophoresis analysis of polymerase
chain reaction-amplied genes coding for
16S rRNA. Appl. Environ. Microb.,
59(3):695-700.

Ovreas, L., Forney, L., Daae, F.L., and Torsvik, V.
(1997). Distribution of bacterioplankton
in meromictic lake Salenvannet, as deter-
mined by denaturing gradient gel electro-
phoresis of PCR-amplied gene fragment
coding for 16S rRNA. Appl. Environ.
Microb., 63(9):3,367-3,373.

Yang, C.-H., Crowley, D.E., and Menge, J.A.
(2001). 16S rDNA fingerprinting of rhizo-
sphere bacterial communities associated
with healthy and Phytophthora infected
avocado roots. FEMS Microbiol. Ecol.,
35:129-136.

_10-0178(311-318)Part5.pmd 2/3/2553, 13:38317



318 Optimum Conditions for DGGE of 16S rDNA from SUT Tilapia Intestinal Tract Micro Flora

_10-0178(311-318)Part5.pmd 2/3/2553, 13:38318



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


