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Abstract 

 
Although there has been a great deal of interest in cataloging and studying the 

biodiversity of life on the planet, bacterial biodiversity has largely been underestimated 

until recently because over 99% of all bacteria cannot be cultured. Hence, they could not 

be identified until scientists learned to identify and classify bacteria by sequencing 

bacterial 16S rDNA, the gene that encodes the 16S rRNA of the ribosome. Three 

protocols were adapted to break bacteria cells and release their DNA: Two freeze-thaw 

methods using either lysozyme or sodium dodecyl sulfate (SDS) did not yield repeatable 

results, whereas bead-beating produced the most consistent results. The efficiencies of 

bead-beating with FastPrep Instrument and the SPEX 8000 Mixer Mill to break soil 

bacterial cells were compared during the beating method; the extraction of bacterial DNA 

with the Mixer Mill was more effective at breaking soil bacterial cells. Universal and 

Pseudomonas spp. specific primers were used to amplify 16S rDNA from soil bacteria in 

polymerase chain reaction (PCR) after isolating DNA by bead beating. Comparison of 

DNA bands following gel electrophoresis demonstrated that universal bacterial DNA was 

amplified by PCR from all the different seasonal samples studied at the Cross Creek and 

Smith Tract, while Pseudomonas sp. DNA was amplified mostly in Smith Tract soil 

samples.  
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Introduction 

 
Scientists have attempted to discover the myriad of microbial diversity in the soil. 

Borneman et al. (1996) noted that approximately 4.0 x 103 to 4.0 x 104 species of bacteria 

exist per gram of soil. Though bacteria are essential and present in all types of natural 

environment, bacteria are largely overlooked due to their small size and difficulties in 

culturing them for further study (Tate, 1990). For bacterial groups with distinctive 

morphology, scientists once used direct observation to classify them (Prosser, 2002). 

However, traditional methods for studying bacteria, including soil microorganisms, have 

relied on cultivation of bacterial isolates from the natural environment and the use of 

standard procedures of staining and performing physiological and biochemical tests to 

classify bacteria. Because 99% of the bacteria remain culture independent, it has been 

impossible to identify most of the bacterial inhabitants found in air, water or soil (Paul 

and Clark, 1989).  

An attractive alternative method to determine bacterial diversity involves a 

molecular approach. The effective application of DNA extraction methods to soil samples 

avoids the need for cell cultivation since bacteria obtained from cell cultures represent a 

very small proportion of the total microbial community in the soil. Tsai and Olson (1991) 

found the isolation of bacterial DNA from natural environments as a useful tool revealing 

bacterial DNA diversity in microbial ecosystems. Lipthay et al. (2004) tested various 

bacterial DNA isolation techniques, including grinding-freezing-thawing, bead-beating, 

and sonication. They concluded that bead-beating provided the best method to extract 

DNA from the soil. The method gave the highest number of DNA bands, which indicate 
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a highest number of bacterial species. This method was the most productive because it 

was fast, reproducible, and gave very pure DNA of relatively high molecular weight.  

Preliminary studies focused on devising a protocol for direct DNA extraction of 

bacteria from the soil: an extraction method using lyzozyme and a series of freeze-thaw 

steps adapted from Tsai and Olson (1991), SDS/extraction buffer in combination with 

centrifugation devised by Zhou et al. (1996), and bead-beating modified from Borneman 

et al. (1996). Two different bead-beating procedures were evaluated to determine which 

was more effective in breaking soil bacterial cells to obtain DNA. Subsequent PCR on 

isolated DNA in two different soil environments (Cross Creek Hardwood Forest and 

Smith Tract Pine Plantation) during different seasons was performed to determine if 16S 

rDNA could be amplified.  

 
Material & Methods 
 
Soil Collection 
 

A total of eight soil samples were collected from two tracts, Smith Tract Pine 

Plantation and Cross Creek Hardwood Forest. Soil samples collections ranged from July 

2005 to February 2007. Four random sites at each tract were flagged and labeled. Five 

cores in the north, south, east, west, and central direction five paces away from the flags 

were sampled between the depths of 0 - 10 cm and mixed together. The soil samples were 

then sieved and refrigerated until use.  

 
Rapid DNA Extraction of Soil Samples (Freeze-thaw Method) 

A modification of the rapid method for separation of bacterial DNA from humic 

substances in sediments was developed and implemented in the preliminary studies (Tsai 
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and Olson, 1991). Soil suspensions were made from 1 g of soil in 200 µl of sterile TE 

buffer (10 mM Tris-HCL, 1.0 mM EDTA, pH 8.0). The suspension was shaken at 150 

rpm for 15 min on an Orbit Shaker from Lab Line. The sample was centrifuged at 2,400 x 

g for 10 min, and the supernatant was discarded. The pellet was washed with sodium 

phosphate buffer (pH 8.0) and supernatant was discarded. The washed pellet was 

resuspended in 2 ml of lysis solution (0.15 M NaCl, 0.1 M Na2EDTA, 15 mg of 

lysozyme/ml, pH 8.0). The resuspended sample was incubated in 37°C water bath for 2 

hours with agitation at 30-min interval. After the incubation period, 2 ml of 0.1 M NaCl, 

0.5 M Tris-HCl (pH 8.0) was added to the mixture before being subjected to multiple 

freezing and thawing cycles. 

Three cycles of freezing in -70°C dry ice-ethanol bath and thawing in a 65°C 

water bath were performed. For each cycle, 2 ml of 0.1 M Tris-HCl (pH 8.0)-saturated 

phenol was added to the sample. The sample was vortexed briefly. Mixtures were  

centrifuged at 6,000 x g for 10 min. The top aqueous layer (approximately 3 mL) was 

collected and mixed with 1.5 ml of phenol.  Then, 1.5 ml of chloroform mixture 

(chloroform/isoamyl alcohol ratio, 24:1) was added. Additionally, 2.5 ml aliquots of the 

chloroform were extracted before combining with 2.5 ml chloroform. The nucleic acids 

were precipitate by adding 2 ml of cold isopropanol at -20°C for 1 h or overnight. A 

nucleic acid pellet was obtained by centrifuging the isopropanol mixture at 10,000 x g for 

10 min and evaporating at 20°C. The brownish nucleic acid pellets were resuspended in 

100 µl of TE buffer (20 mM Tris-HCl, 1 mM EDTA, pH 8.0). RNA molecules in the 

crude extracts were removed by incubation with heat-treated pancreatic RNase A (final 

concentration, 0.2 µg/µl) for 2 h at 37°C.  
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DNA extraction using SDS/extraction buffer & Centrifugation 
 

The DNA extraction procedure was adapted from Zhou et al. (1996).  Soil 

preparations included 5 g of soil mixed in 13.5 ml of DNA extraction buffer (100 mM 

Tris-HCL, 1.5 M NaCl, 1% cyltrimethylammonium bromide (CTAB) pH 8.0, and 100 µl 

of proteinase K (10 mg/ml). The solution was horizontally shaken at 225 rpm for 30 min. 

at 37°C. After shaking, 1.5 ml of 20% SDS was added to the solution. The sample was 

then incubated in 65°C water bath for 2 h with gentle end-over-end inversions every 15 to 

20 min.  

Three extractions followed the 65°C incubation. The supernatant was collected 

after centrifugation at 6,000 x g for 10 min at room temperature and transferred to 50 ml 

centrifuge tubes. The first extraction step involved adding 4.5 ml of extraction buffer and 

0.5 mL of 20% SDS to the remaining cell pellet. The sample, containing the cell pellet 

with SDS and extraction buffer, was vortexed for 10 sec, incubated at 65°C for 10 min, 

and centrifuged at 6,000 x g for 10 min at room temperature. The supernatant was 

removed and saved. This step was repeated twice. The final supernatant was collected. 

Supernatants from the three extractions were combined and mixed with equal 

volume of chloroform-isoamyl alcohol (24:1, vol/vol). The aqueous phase of the solution 

was recovered by centrifugation at 6,000 x g for 10 min at room temperature and 

precipitated with 0.6 volume of isopropanol at room temperature for 1 h. The pellet of 

crude nucleic acid was obtained by centrifugation at 16,000 x g for 20 min at room 

temperature, washed with cold 70% ethanol, and suspended in sterile deionized water to 

give final volume of 500 ul. 
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DNA Extraction of Soil Samples Using Bead-beating  

The DNA extraction procedure using bead-beating was adapted from Borneman 

et al. (1996). Soil preparations were made with 0.5 g of soil mixed with 978 µL sodium 

phosphate buffer and 122 µL MT buffer in Q-BioGene lysing matrix tubes filled with 

silica, ceramic, and glass beads (Q-BioGene Company). The samples were then subjected 

to either spinning in FastPrep Instrument from Q-BioGene at 5.5 speed for 30 sec or 

shaking in SPEX 8000 Mixer Mill at medium speed for 2 min. Then, samples were 

centrifuged at 14,000 x g for 30 sec. The supernatants were collected and mixed with 250 

µL PPS (Protein Precipitation Solution from Q-BioGene) reagent by hand shaking the 

tubes 10 times. Another centrifugation was performed at 14,000 x g for 5 min to 

precipitate soil pellets out of the solution. After centrifugation, the supernatants were 

transferred into 15 mL conical bottom tubes containing 1 mL Binding Matrix Solution 

(Q-BioGene). The tubes were placed on rDynal Rotator from Biotech for 2 min to bind 

DNA to the matrix. Matrix solution then settled after the tubes were placed in a rack for 3 

min.  

Approximately 500 µL of supernatant were discarded without disturbing the 

settled binding matrix; the remaining amounts of supernatant were resuspended with the 

binding matrix. Then, 600 µL of each mixture were transferred to a Q-BioGene filter tube 

and centrifuged at 14,000 x g for 1 min. The catch tubes were emptied and remaining 

supernatant was added to the filter tube before centrifuging again at 14,000 x g for 1 min. 

A total of 500 µL DNase-free Salt/ethanol wash (SEWS-M) was added to the tubes and 

centrifuged at 14,000 x g for 1 min before decanting the flow-through. Another 

centrifugation was performed at 14,000 x g for 2 min to dry the matrix SEWS-M 
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(Salt/ethanol wash, DNase-free from Q-BioGene). The filter tubes were placed in new 

catch tubes and allowed to air dry for 5 min at room temperature. Finally, 50 µL DES 

(DNase/Pyrogen Free Water from Q-BioGene) were added and gently stirred on the filter 

membrane before centrifuging at 14,000 x g for 1 min to resuspend the eluted bacterial 

DNA. 

DNA samples (2 µL) from each site were mixed with Promega orange/blue 

loading dye. A molecular DNA ladder (Promega 1 Kb Ladder) was used as a control to 

measure the length of the bacterial bands of DNA following electrophoresis. DNA ladder 

(2 µL) were mixed with 1 µL of orange/blue loading dye. Samples of extracted DNA 

were electrophoresed and analyzed on 1% agarose gel containing 1 µL of ethidium 

bromide. Gel electrophoresis was performed for 1 h. After gel electrophoresis was 

completed, gels were photographed with BioRad Gel Doc 8000. 

 

PCR amplification 

The following primers, designed by Widmer et al. (1998), were used for 

Pseudomonas spp. 16S rRNA amplification: forward primer Ps-for (20-mer [5’-

GGTCTGAGAGGATGATCAGT-3’] and reverse primer Ps-rev (18-mer [5’-

TTAGCTCCACCTCGCGGC-3’]). Based on the convention of naming in the 

Oligonucleotide Probing Database, primer names were S-G-Psnm-0289-a-S-20 and S-G-

Psnm-1258-a-A-18, respectively. The universal SSU primer set contained forward primer 

uni-for (17-mer [5’-TGCCAGCAGCCGCGGTA-3’]) and reverse primer uni-rev (18-mer 

[5’-GACGGGCGGTGTGTACAA-3’]). All PCR amplifications were performed as 

described. 1:10 fold serial dilutions were performed on DNA samples. The dilutions 
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consisted of 1 part DNA with 9 part deionized water for 1:10, 1:100, and 1:1,000 fold 

DNA samples.  Each PCR mix contained 0.5 µL diluted DNA sample, 0.5 µL dNTP, 2.5 

µL 1x Buffer, 18.75 µL deionized water, and 0.25 µL Taq polymerase. Finally, 1.25 µL 

of Ps-for and Ps-rev or 1.25 µL uni-for and uni-rev was added to PCR mix. PCR 

amplification was performed on a PTC-250 Therma Cycler with a hot bonnet from MJ 

Research. Block control temperature was also programmed on the Therma Cycler. 

Samples were initially denatured for 5 min at 95ºC. The annealing step was set at 55ºC 

for 1 min.  PCR was performed with 30 or 40 temperature cycles. Final extension at 72ºC 

was performed at the end of the cycling steps. Samples were stored at 4ºC. 2 µL of PCR 

product samples with 1µL of orange/blue dye was analyzed on 1% agarose gels that 

contained 1 µL of ethidium bromide. 2 µL of the subsequent solution was loaded into 

each well. Gel electrophoresis was performed for 1 h for one-combed gels. Gel 

electrophoresis was performed for 30 minutes for gels that contained two comb sections.  

After gel electrophoresis was completed, the agarose gels were photographed with 

BioRad Gel Doc 8000. 

 

Results 

DNA extraction method adapted from Tsai and Olson (1991) and Zhou et al. (1996).  

Tsai and Olson’s (1991) rapid method of DNA extraction was not replicable in 

our hands. No DNA was found in either the Cross Creek or Smith Tract soil samples after 

performing the rapid method of cell lysis employing lyzozyme and the freeze-thaw 

method even though three attempts were made (results not shown). Furthermore, no 
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bacterial DNA was isolated using the SDS/extraction buffer in combination with the 

freeze-thaw method.  

 

DNA extraction method adapted from Borneman et al. (1996) using bead-beating. 

Bacterial DNA was isolated using a modification of Borneman et al. (1996) bead-

beating method. Bacterial DNA was isolated from both Cross Creek and Smith Tract soil 

samples. Unpurified DNA samples following bead-beating yielded bands that were larger 

than 10,000 base pairs, the largest size shown in the Promega 1 Kb ladder (Figure 1).  

Both the FastPrep Instrument and the SPEX Mixer 8000 Mill broke various cell types 

from the soil before additional extraction and purification steps yielded DNA. Lanes 2 

and 3 show DNA after cell lysis using the FastPrep Instrument (Table 1). Lanes 4, 6, and 

7 depict DNA after cell lysis using the SPEX 8000 Mixer Mill (Table 1).   

Extrapolation of DNA size using Promega Lambda DNA/Hind III ladder 

indicated that most soil DNA bands were approximately the 23,000 base pair fragments 

(results not shown). DNA isolated after cell disruption with the SPEX Mixer Mill 

contained larger fragments and less smearing than the DNA after cell disruption with the 

FastPrep Instrument.  
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                                     (a)                                              (b) 

Figure 1. (a) Promega 1 Kb Ladder (b) DNA (approximately 23,000 kilobase fragments) 

obtained from soil of Cross Creek Forest with cell lysis step using either the FastPrep 

Instrument or the SPEX 8000 Mixer Mill.  

           

Table 1.  Lane locations for Figure 1(b). 

Lane # DNA sample Lysis Method 
1 Promega 1 Kb ladder  
2 FastPrep 
3 FastPrep 
4 

 
Cross Creek Hardwood 

Summer 2005 SPEX 8000 Mixer Mill 
5 Blank Lane 
6 Cross Creek Hardwood 

Summer 2006 
SPEX 8000 Mixer Mill 

7 Cross Creek Hardwood 
Summer 2007 

SPEX 8000 Mixer Mill 
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Isolation of Pseudomonas aeruginosa DNA and PCR amplifcation. 
 

Two 50 mL pure cultures of Pseudomonas aeruginosa were used to isolate 

bacterial DNA and served as a positive control for PCR amplification (Table 2). The 

target regions for PCR primers Ps-for and Ps-rev were designed at 289 to 308 and 1258 to 

1275 base pairs. DNA isolated from both Pseudomonas aeruginosa cultures yielded Ps-

PCR and Uni-PCR products (Figure 2).   

  

         
 
                                     (a)                   (b) 
 
Figure 2. (a) PCR amplication of 16S rDNA coding for rRNA of pure Pseudomonas 

aeruginosa cultures either with the universal SSU primer set or with the Ps-PCR primer 

set. See Table 2 for samples loaded in the lanes. (b) Inverted display of PCR amplication 

of 16S DNA coding for rRNA of pure Pseudomonas aeruginosa cultures either with the 

universal SSU primer set or with the Ps-PCR primer set to show the intensity of the 

bands. *Ps. DNA around 1000 base pairs. Universal bands are less than 1000 base pairs. 

 

 

 



 Huynh 14 

Table 2. Lane locations for Figure 2 (a) – (b). 

 
Lane # DNA Dilution DNA sample Primer 
Top 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Ps. aeruginosa  
Culture #1 

Uni. forward and reverse 
Bottom 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Ps. aeruginosa  
Culture #2 

Uni. forward and reverse 
 
 
 The Ps-PCR and Uni-PCR primers were used to amplify DNA isolated from soil 

samples at two Cross Creek and Smith Tract sites in the summer of 2005.  Universal-PCR 

products in the 1:10 and 1:100 DNA samples were obtained from all of the collected sites 

(Lanes 2, 3, 5, and 7; Figure 3). The universal primers in 1:1000 DNA dilutions yield 

PCR products in both Smith Tract soil samples (Lanes 4, 7; Figure 3). Lanes 2-4 in most 

of the Cross Creek Hardwood Forest samples showed no indication of Ps-PCR products 

(Figure 3; Tables 3 & 4). Possible Ps-products may be seen in the 1:10 dilution of DNA 

from Cross Creek sample at Site 1 (Lane 2; Figure 3a). No Ps-products were at 1:10, 

1:100, or 1:1000 DNA dilutions with Ps. primers in the samples from Smith Tract at Site 

2 (Figure 3b).  In contrast, the 1:10, 1:100, and 1:1000 DNA dilutions of the samples 

from Smith Tract at Site 1 using Pseudomonas primers demonstrated that Ps-PCR 

products were obtained (Lanes 2-4; Figure 3a). 

  
 



 Huynh 15 

           
 

                         (a)         (b) 

Figure 3. (a) Ps-PCR and Uni-PCR products obtained from bulk DNA isolated from soil 

of Cross Creek Site 1 (Summer 2005) and Smith Tract Pine Plantation Site 1 (Summer 

2005).  (b) Ps-PCR and Uni-PCR products obtained from DNA isolated from soil of 

Cross Creek Site 2 and Smith Tract Pine Plantation Site 2 during Summer 2005. *Ps. 

DNA around 1000 base pairs. Universal bands are less than 1000 base pairs for both a-b. 

 

Table 3. Lane locations for Figure 3(a). 

Lane # DNA Dilution DNA sample Primer 
Top 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Cross Creek Hardwood Forest 
Site 1 

Summer 2005 
Uni. forward and reverse 

Bottom 1  Promega 1 Kb ladder  
2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Smith Tract Pine Plantation 
Site 1 

Summer 2005 
Uni. forward and reverse 
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Table 4.  Lane Locations for Figure 3(b). 

Lane # DNA Dilution DNA sample Primer 
Top 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Cross Creek Hardwood Forest 
Site 2 

Summer 2005 
Uni. forward and reverse 

Bottom 1  Promega 1 Kb ladder  
2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Smith Tract Pine Plantation 
Site 2 

Summer 2005 
Uni. forward and reverse 

 

The presence of the Ps-PCR and Uni-PCR primers were also used to probe DNA 

isolated from soil samples collected at Cross Creek and Smith Tract Site 1 during the 

Winter 2006.  Universal-PCR products in the 1:100 and 1:1000 DNA samples were 

obtained from all of the sites (Figure 4). Curiously, the universal primers did not detect 

16S rDNA from Cross Creek and Smith Tract Winter 2006 soil samples when the 

isolated DNA was at 1:10 dilution. Lanes 3 and 4 containing Cross Creek Hardwood 

Forest samples did not show any Ps-PCR products (Figure 4a, Table 5). A faint band is 

seen at the 1:10 dilution of DNA from Cross Creek sample (Figure 4b, Lane 2). No Ps-

products were seen at the 1:100 or 1:1000 DNA dilutions with Ps. primers in the samples 

from Cross Creek (Figure 4).  In contrast, the 1:10 and 1:100 DNA dilutions with Ps. 

primers in the samples from Smith Tract at Site 1 demonstrated that Ps-PCR products 

were obtained (Lanes 2 & 3; Figure 4a). 
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         (a)         (b) 
 
Figure 4.  (a) Ps-PCR and Uni-PCR products obtained from bulk DNA purified from soil 

of Cross Creek Site 1 (Winter 2006) and Smith Tract Pine Plantation Site 1 (Winter 

2006).  (b) Inverted display of Ps-PCR and Uni-PCR products obtained from bulk DNA 

purified from soil of Cross Creek Site 1 (Winter 2006) and Smith Tract Pine Plantation 

Site 1 (Winter 2006) to show the intensity of the bands. *Ps. DNA around 1000 base 

pairs. Universal bands are less than 1000 base pairs. 

Table 5.  Lane locations on Figure 4 (a)-(b). 

Lane # DNA Dilution DNA sample Primer 
Top 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 
Cross Creek Hardwood Forest 

Winter 2006 

Uni. forward and reverse 
Bottom 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Smith Tract Pine Plantation 
Winter 2006 

Uni. forward and reverse 
8  Promega 1 Kb Ladder  
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It was not possible to demonstrate amplification of 16S rDNA from the DNA 

isolated from soil samples at Cross Creek in the winter of 2006 and 2007 with the Ps. 

primers (Figure 5). Uni-PCR products were visible in most of the DNA dilutions, with 

the exception of the 1:10 dilution in Lane 5 of the Cross Creek winter 2007 sample 

(Figure 5, Table 6).    

 
 

Figure 5. Ps-PCR and Uni-PCR products obtained from DNA purified from soil of Cross 

Creek Site 1 (Winter 2006 and Winter 2007). Uni bands are less than 1000 base pairs. 

Table 6. Lane locations for Figure 5. 

Lane # DNA Dilution DNA sample Primer 
Top 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 
Cross Creek Hardwood Forest 

Site 1 
Winter 2006 

Uni. forward and reverse 
Bottom 1  Promega 1 Kb ladder  

2 1:10 Ps. forward & reverse 
3 1:100 Ps. forward & reverse 
4 1:1000 Ps. forward & reverse 
5 1:10 Uni. forward and reverse 
6 1:100 Uni. forward and reverse 
7 1:1000 

 
 

Cross Creek Hardwood Forest 
Site 1 

Winter 2007 
Uni. forward and reverse 
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Discussion 

 
Comparison of DNA Extraction Methods  

Besides morphological assessment of bacteria in the soil, traditional methods of 

studying microbial diversity involve cultivation of microorganisms (Figure 6). In general, 

cell suspensions were prepared from soil samples and followed by dilution series that 

were plated on agarose gels (Amman et al., 1995). Pure cultures were obtained from 

isolated colonies and analyzed by various staining procedures. Limitations of this 

approach are numerous. The design of growth media generally favors some types of 

microorganism more than others (Prosser, 2002). Some bacteria may be viable but are 

neglected because of a longer lag period or competition from other microorganisms. 

 Alternative approaches for studying microbial diversity that are culture-

independent have been proposed and implemented over the past few decades (Figure 6). 

Various methods have been devised to extract DNA from bacteria within the natural 

environment (Garbeva et al., 2004). Faegri et al. (1977) used a protocol that involves 

separating bacterial cells from soil particles by rapid differential centrifugation and 

purification of DNA by hydroxyapatite column chromatography. Other researchers, in 

addition to adapting Faegri’s method, simplified DNA purification step by using 

polyvinylpolypyrrolidone to remove organic matter from the cell preparations (Steffan et 

al., 1988).  
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Source: Garbeva, Veen, and Elsas 2004 

Figure 6. Outline of cultivation-dependent and cultivation independent methods to 

studying microbial diversity in the soil.  

  

In this research project, bacterial DNA extractions were attempted using three 

different direct lysis methods. Direct lysis releases DNA from the cells by physical 

disruption followed by alkaline extraction of DNA in some type of buffer and DNA 

purification by ethanol precipitation (Ogram, 1988). The method adapted from Tsai and 

Olson (1991) using physical disruption by freezing and thawing and lyzozyme treatment 

to disrupt the cell walls could not be successfully reproduced. Similarly, the procedure 

using SDS/extraction buffer and centrifugation did not yield DNA (Zhou et al., 1996).  

The bead-beating method used in these studies represents an example of direct 

cell breaking, in which microbial cells are broken by physical disruption within the soil to 
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extract bacterial nucleic acids. Advantages to bead-beating include a simple method, fast 

experimentation time (less than 1 hour to complete), and reproducible results. Though 

bead-beating was effective at disrupting soil bacteria cells, a possible disadvantage of 

direct breakage includes a high number of sheared DNA with increase in bead-beating 

time (Zhou et al., 1996). 

In our research project, bead-beating was found to be the best procedure to extract 

bacterial DNA from the natural environment when comparing the three methods of 

isolating bacterial DNA. All the attempts to isolate bacterial DNA from the soil using 

Tsai and Olson (1991) and Zhou et al. (1996) protocols failed to yield bacterial DNA. 

Trevors et al. (1992) suggested that SDS-based cell lysis provided higher DNA yield in 

comparison to freeze-thaw method. When SDS disruption of bacterial cells was 

combined with Tsai and Olson (1991) and Zhou et al. (1996) protocols, we were not able 

to demonstrate DNA fragments on agarose electrophoresis.  

Lipthay et al. (2004) found that each DNA technique, such as the freeze-thaw and 

bead beating, resulted in a unique community pattern. Their results indicated that the 

efficiency of various DNA extraction protocols differed with soil type. Similarly, 

Burgmann et al. (2000) noted that heterogeneity and complexity of the different soil 

types may limit the purity of extracted nucleic acids from soil samples. Bead-beating 

worked better with sandy soil types, while methods such as sonification worked well with 

clay-like soils (Bruns and Buckley, 2002). Extraction of bacterial DNA using SDS and 

freeze-thaw method is limited in soils with high clay content (Zhou et al., 1996). Tsai and 

Olson’s (1991) method is better when DNA is isolated from a particular sediment 

composition from the settling pond, which might explain the failure of DNA isolation 
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using this method on Cross Creek and Smith Tract because they are predominately sandy 

loam (McGrath, personal communication). In the specific sites where samples were 

collected, there might have been a higher clay content resulting in the inefficacy of 

bacterial DNA extractions when using the SDS and freeze-thaw method. 

In addition to comparison of DNA extraction methods, parallel bead-beating 

studies employing the FastPrep Instrument and the SPEX 8000 Mixer Mill were analyzed 

to determine the relative efficiencies of breaking bacterial soil cells. In both instruments, 

silica beads were used to disrupt the cells. Both the FastPrep Instrument and the SPEX 

8000 Mixer Mill broke cells in the soil samples so that bacterial DNA could be extracted 

successfully (Figure 1). DNA fragments obtained were larger than 10,000 base pairs after 

breaking cells with both instruments (Figure 1). Using a different standard DNA ladder 

indicated the bands were approximately 23,000 bases; however, the DNA fragments 

obtained following bead beating in the SPEX Mixer Mills were larger and less diffused, 

indicating less fragmentation of the DNA occurred in the SPEX Mixer Mill. 

 

PCR amplification  

After isolating DNA by bead beating, universal and Pseudomonas sp. primers 

devised by Widmer et al. (1998) were used to amplify 16S rDNA from soil bacteria by 

polymerase chain reaction (PCR). The universal SSU primer set contained forward 

primer uni-for (17-mer [5’-TGCCAG CAGCCGCGGTA-3’]) and reverse primer uni-rev 

(18-mer [5’-GACGGGCGGTGTGT ACAA-3’]). The universal primer set amplified the 

nucleotide sequence of 16S rDNA that is common region in most bacteria. Pseudomonas 

spp. primers consisted of the forward primer Ps-for (20-mer [5’-GGTCTGAGAGGAT 
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GATCAGT-3’] and reverse primer Ps-rev (18-mer [5’-TTAGCTCCACCTCGCGGC-

3’]). This nucleotide sequences were developed for the selective detection of 

Pseudomonas sensu stricto in environmental samples (Widmer et al., 1998). 

Pseudomonas represents a group of Gram-negative, mostly rod-shaped bacteria with 

polar flagellation (Tate, 1990). They are aerobic, except for a few denitrifying species 

that use nitrate as an alternate electron acceptor. Some species of the genus act as plant 

pathogens, while others assume the role of opportunistic pathogens in humans and 

animals (Widmer et al., 1998). After the genus Arthobacter, Pseudomonas competes with 

Streptomyces and Bacillus as the most commonly occurring bacteria in the soil and hence 

makes the genus an attractive choice of study (Paul and Clark, 1989).  

In soil DNA extracts, humic and phenolic compounds are strong inhibitors of the 

polymerases used in PCR (Saano et al., 1995).  Since the presence large amounts of 

nontarget DNA in the DNA extracts may inhibit PCR, Tsai and Olson (1992) suggested 

using various solution dilutions to overcome inhibition of PCR. All PCR solutions were 

prepared with 10-fold serial dilutions of DNA extracts, where 1 part DNA with 9 parts 

deionized water were mixed for 1:10, 1:100, and 1:1000 fold DNA dilutions. PCR 

amplifications with the universal primers and Pseudomonas spp. primers were successful 

at all of the dilutions using DNA extractions from a pure culture Pseudomonas 

aeruginosa (Figure 2a-b). PCR amplifications using prepared samples with the universal 

primers and 1:1000 fold DNA were unsuccessful in soil collection from Cross Creek Site 

#2 in Summer 2005 and Cross Creek Site #1 from Winter 2006 (Figure 3b and Figure 4a-

b). In most PCR samples, amplification often did not occur in higher-fold dilutions. This 

result is consistent with experiments conducted by Tsai and Olson (1992). They noted 
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that the sensitivity of 16S rDNA detection decreased as the dilution of the template 

increased.   

Comparison of DNA bands following gel electrophoresis demonstrated that 

universal bacterial DNA was amplified by PCR in all of the different seasonal Cross 

Creek and Smith Tract soil samples, while Pseudomonas sp. DNA was amplified in 

several of the Smith Tract soil samples. Results were surprising as the genus 

Pseudomonas is ubiquitous in the soil. Possible Ps-products may be exhibited in the 1:10 

dilution of DNA from Cross Creek sample at Site 1 in summer 2005 (Figure 3a). The 

negligible results at the 1:100 and 1:1000 dilutions were consistent with experiments that 

Tsai and Olson (1992) conducted, where higher dilutions did not yield amplification. No 

Ps-products were detected at 1:10, 1:100, or 1:1000 DNA dilutions with Pseudomonas 

primers in the samples from Smith Tract at Site 2 (Figure 3b). In contrast, the 1:10, 

1:100, and 1:1000 DNA dilutions with Pseudomonas primers in the samples from Smith 

Tract at Site 1 demonstrated that Ps-PCR products were seen (Figure 3a).  

A faint band is seen at the 1:10 dilution of DNA from Cross Creek sample (Figure 

4b, Lane 2). No Ps-products were seen at the 1:100 or 1:1000 DNA dilutions with Ps. 

primers in the samples from Cross Creek (Figure 4a-b). In contrast, the 1:10 and 1:100 

DNA dilutions with Ps. primers in the samples from Smith Tract at Site 1 demonstrated 

that Ps-PCR products were obtained (Figure 4b). It was not possible to amplify 16S 

rDNA from the DNA isolated from soil samples at Cross Creek in the winter of 2006 and 

2007 with the Ps primers (Figure 5). PCR amplifications of Pseudomonas were more 

successful in winter 2006 samples than summer samples at Cross Creek and Smith Track. 

This result is surprising since Pseudomonas would still be able to survive in seasonal soil 
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samples. Changes in soil chemical conditions and nutrient availability do not vary greatly 

between seasons (Torreano, personal communication). 

 Cross Creek is representative of native, hardwood forest located on a watershed at 

the Cumberland Plateau (McGrath, personal communication). In contrast, Smith Tract 

represents a pine plantation; however, the pine plantation is a second rotation site that 

was originally a hardwood forest (McGrath, personal communication). Hardwood forests 

usually contain greater diversity and species richness than pine forests given the drier soil 

conditions of pine forest soil (Torreano, personal communication). Since the Smith Tract 

Pine Plantation is located on a previous hardwood forest, an abundance of Pseudomonas 

DNA amplified from PCR is reasonable. Pseudomonas DNA was not amplified in many 

Cross Creek soil samples, which should contain Pseudomonas. Future research will 

evaluate additional samples from the Cross Creek soil to determine the reason for the 

absence of Pseudomonas in some samples. Additional primer sets are necessary to 

complete the microbial survey on the Cumberland Plateau.  
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