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Marcos Cajero-Juárez • Vı́ctor Manuel Baizabal-Aguirre • Juan José Valdez-Alarcón
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Abstract The dynamism of microbial populations in the

rumen has been studied with molecular methods that ana-

lyze single nucleotide polymorphisms of ribosomal RNA

gene fragments (rDNA). Therefore DNA of good quality is

needed for this kind of analysis. In this work we report the

evaluation of four DNA extraction protocols (mechanical

lysis or chemical lysis with CTAB, ethylxanthogenate or

DNAzol�) from ruminal fluid. The suitability of two of

these protocols (mechanical lysis and DNAzol�) was tested

on single-strand conformation polymorphism (SSCP) of

rDNA of rumen microbial populations. DNAzol� was a

simple method that rendered good integrity, yield and

purity. With this method, subtle changes in protozoan

populations were detected in young bulls fed with slightly

different formulations of a supplement of multinutritional

blocks of molasses and urea. Sequences related to Eudip-

lodinium maggi and a non-cultured Entodiniomorphid

similar to Entodinium caudatum, were related to major

fluctuating populations in an SSCP assay.

Keywords Bos taurus � Rumen � PCR-SSCP � rDNA �
MBMU � DNA extraction

Introduction

Molecular methods to study rumen microbial communities

are contributing to understand how strategies to improve

fiber digestion and treat illnesses such as tympany and

ruminal acidosis affect ruminal microbiome. One of the

most common DNA extraction methods from ruminal

content that have been used to date has been reported by

Krause et al. (2001a, b) and is based on mechanical lysis

(bead–beating) of the cells, which usually results in good

DNA yields but with low integrity. This method has been

preferred because its low cost and simplicity. The aim of

this work was to compare the mechanical lysis-based

method with other low cost, simple and commonly used

DNA extraction methods based on chemical lysis to obtain

DNA from ruminal fluid and test its suitability for mi-

crobiome analysis with PCR-SSCP.

Based on the integrity, yield and purity of the DNA

obtained, and on the simplicity of the method, we selected

DNAzol� to extract ruminal fluid samples that were ana-

lyzed by PCR-SSCP of 16S or 18S rDNA’s for the content

in the microbial populations of animals fed with subtle

differences in its diet formulation. Sequence analysis of

representative conformomers revealed sequences related to

microorganisms commonly found in the rumen. Analysis

of samples taken after an adjustment in the formulation of

Multinutritional Blocks of Molasses and Urea (MBMU)

used as a diet supplement, revealed that sequences related
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Tarı́mbaro, Michoacán, Mexico

123

World J Microbiol Biotechnol (2013) 29:301–307

DOI 10.1007/s11274-012-1183-2



to Eudiplodinium maggi and to a non-cultured Entodinio-

morphid related to Entodinium furca dilobum change their

relative abundance with an opposite pattern in a kinetic

analysis.

Materials and methods

Feeding of young bulls and collection of the rumen

content samples

Three crossed young Zebu bulls (c.a. 225 kg), were fed

ad libitum with maize stubble as basal ration and three

different formulations of the MBMU. All formulations

contained: 6 % water, 15 % cement, 5 % common salt,

2 % orthophosphate, 0.25 % micromineral mixture,

22.75 % wheat bran. Molasses-urea content in each for-

mula was 47–8 % (formula 1), 45–10 % (formula 2) and

43–12 % (formula 3). To evaluate the effect of the

exchange of MBMU formulations, young bulls were fed

for 15 days with maize stubble and a formulation of the

MBMU and then the formulation of the block was changed.

Fifty ml samples of rumen fluid content were taken through

a canula at 0, 6, 12, 24, 48, 72, 96, 120, 240 and 336 h after

changing formulation of the MBMU. The samples were

frozen at -80 �C until extracted.

DNA extraction by mechanical lysis

DNA extraction was as described in Krause et al. (2001a,

b). 0.5 g of acid-washed glass beads (150–212 lm; Sigma)

were mixed with 1 ml of ruminal fluid in a 2 ml eppendorf

tube. The mixture was centrifuged at 10,000 rpm in an

Eppendorf 5415 C microfuge and the supernatant was

discarded. One ml of ethanol was added and the tube was

vortex-mixed for 1 min, centrifuged at 10,000 rpm for

5 min and the supernatant was discarded. The pellet was

added with 300 ll of phenol:chlorophorm (1:1 v/v) previ-

ously equilibrated with 100 mmol l-1 Tris–HCl pH 7.0,

200 ll of ADEM buffer (50 mmol l-1 sodium acetate,

10 mmol l-1 sodium EDTA, 1 % DMSO, 1 % methanol,

pH 7.0) and 100 ll of 35 % PEG 4000 (in 100 mmol l-1

Tris–HCl pH 7.0) followed by 2 min of vortex-mixing. The

lysate was centrifuged for 5 min at 10,000 rpm and the

aqueous phase was recovered, extracted with chloro-

phorm:isoamyl alcohol (24:1 v/v) and the supernatant was

recovered and added with 1/5 volume of 5 mol l-1 NaCl

and 1/10 volume of 10 % CTAB, incubated at 65 �C for

5–10 min. The polysaccharide was pelleted by centrifu-

gation at 10,000 rpm for 5 min. DNA was precipitated

from the supernatant by the addition of 1/10 volume of

3 mol l-1 sodium acetate and one volume of 100 %

isopropanol. DNA pellet was resuspended in TE buffer

(10 mmol l-1 Tris–HCl, 1 mmol l-1 EDTA, pH 7.0).

DNA extraction by chemical lysis with CTAB

DNA extraction with CTAB was as describe by Ausubel

et al. (1999). One ml of ruminal fluid was added with

CTAB/ME (100 mmol l-1 Tris–HCl, 20 mmol l-1 EDTA,

1.4 mol l-1 NaCl, 2 % CTAB, 2 % b-mercaptoethanol, pH

8.0) extraction solution in a 30 ml centrifuge tube, incu-

bated at 65 �C for 30 min and extracted with chloro-

phorm:isoamylic alcohol (24:1 v/v). The aqueous phase

was recovered and added with 0.1 volumes of CTAB/NaCl

solution (10 % CTAB, 0.7 mol l-1 NaCl) and extracted

with chlorophorm:isoamyl alcohol. The aqueous phase was

added with CTAB precipitation solution (50 mmol l-1

Tris–HCl, 10 mmol l-1 EDTA, 1 % CTAB, pH 8.0) and

incubated at 65 �C for 10 min. The precipitate was col-

lected by centrifugation at 2,700 rpm in a Centra GP8R

table top centrifuge (IEC, USA) at 4 �C. The pellet was

resuspended in 1 ml of TE-saline buffer (10 mmol l-1

Tris–HCl, 1 mmol l-1 EDTA, 1 mol l-1 NaCl, pH 8.0)

added with 0.6 volumes of isopropanol and the DNA pre-

cipitated by centrifugation. DNA pellet was washed with

70 % ethanol and resuspended in TE buffer.

DNA extraction by chemical lysis with PEXG

The DNA was extracted as described in Jinghan (1992).

One ml of ruminal fluid was added with 2 ml of PEXG

extraction buffer (100 mmol l-1 Tris–HCl, 50 mmol l-1

NaCl, 50 mmol l-1 EDTA, 20 mmol l-1 PEXG, pH 8.0) in

a 30 ml centrifuge tube. The mixture was vortex-mixed for

1 min, incubated for 30 min to 1 h at 65 �C and extracted

with 2 ml of equilibrated phenol (pH 8.0). Aqueous phase

was recovered and precipitated with one volume of iso-

propanol. DNA pellet was collected by centrifugation at

12,000 rpm and resuspended in 200 ll of TE buffer.

DNA extraction by chemical lysis with DNAzol�

One ml of rumen fluid content was mixed with 4 ml of

DNAzol� (Invitrogen) reagent (Chomczynski 1993), vor-

texed for at least 1 min, and let stand at room temperature

for 15 min, and the mixture was centrifuged at 10,000 rpm

for 10 min in an Avanti J-25 centrifuge (Beckman–Coul-

ter). Supernatant was recovered, added with 2 ml of

absolute ethanol and incubated in ice for 15 min. DNA was

recovered by centrifugation at 10,000 rpm for 15 min at

4 �C. The pellet was washed with 70 % ethanol, dried at

room temperature and resuspended in 200 ll of TE (Tris–

HCl 10 mmol l-1, EDTA 1 mmol l-1, pH 8.0) buffer.
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PCR amplification of 16S or 18S rDNAs

For PCR amplification of 16S rDNA fragments from bac-

terial species, primer pair SRV3-1 (50P-CGG YCC AGA

CTC CTA CGG G 30) and SRV3-2 (50-TTA CCG CGG

CTG CTG GCA C-30), comprising variable region 3, were

used (Lee et al. 1996). For 18S rDNA fragment amplifi-

cation from eukaryotes, primer pair NS7 (50P-GAG GCA

ATA ACA GGT CTG TGA TGC-30) and NS8 (50-TCC

GCA GGT TCA CCT ACG GA-30), comprising variable

regions 8 and 9 (White et al. 1990), were used. 100 ng of

total DNA were always used for PCR reactions. PCR

conditions for bacterial and eukaryotic rDNAs were as

described. Upstream primers were phosphorylated at the 50

end, to ensure specific digestion by a k bacteriophage

exonuclease for SSCP analysis.

SSCP analysis

One lg of each PCR product was incubated with 0.5 units

of k bacteriophage exonuclease (Invitrogen, USA) at 37 �C

for 2 h (Schwieger and Tebbe 1998). The reaction mixture

was extracted with phenol:chloroform:isoamyl alcohol

25:24:1 (v:v:v) and ethanol precipitated at -80 �C for

30 min. Single-stranded DNA was collected by centrifu-

gation at 10,000 rpm in the microfuge for 15 min, the

pellet was washed twice with 70 % ethanol, resuspended in

10 ll of TE buffer, and dialyzed by floating on a VSWP

02500 amphiphylic filter (Millipore, USA) on deionized

water. Conformomers were generated by heating the sin-

gle-stranded DNA samples at 95 �C for 5 min in loading

buffer (95 % formamide, 10 mmol l-1 NaOH,

20 mmol l-1 EDTA, 0.02 % bromophenol blue, 0.02 %

xylene cyanol), and immediately cooled by rapid trans-

ferring to a water–ice bath, and loaded in a 6 % poly-

acrylamide gel (29:1 %) containing 10 % glycerol.

Electrophoresis was run at constant 3 watts for 16–24 h in

a DCode Universal Mutation Detection System (Bio-Rad,

USA), cooled at 5 �C with a refrigerated circulator

(ThermoNESLAB, USA). Gels were immersed in fixation

solution (5 % acetic acid, 10 % ethanol) for 15 min with

gentle shaking, rinsed twice with deionized water, stained

with 2 % silver nitrate solution for 15 min with gentle

shaking, rinsed again twice with deionized water and

incubated in developing solution (3 % NaOH, 0.09 %

formaldehyde) until DNA bands appeared. Stained gels

were photographed with an Eagle Eye II photodocumen-

tation system (Stratagene, USA). The images were subject

to densitometry analysis with the RFLPScan software

(Scanalytics, USA).

For sequence analysis, DNA bands from SSCP gels

were cut out, grinded in 50 ll of TE buffer, and 1 ll was

used for reamplification in the same conditions. PCR

products were either directly sequenced, or cloned into

pGEM-T vector (Promega, USA), and transformed in XL1-

Blue cells (Strategene, USA). Plasmidic DNA was

obtained according to standard protocols (Ausubel et al.

1999). Sequencing reactions were performed in an ABI

Prism 310 Genetic Analyzer with the Big Dye Terminator

Cycle Sequencing Ready Reaction v 2.0 kit (Applied

Biosystems, USA) according to manufacturer instructions.

Analysis of the sequences was done with the Sequencing

Analysis v 3.0 software (Applied Biosystems, USA).

Search of similar sequences was done with the BLAST

program (Altschul et al. 1990) at the National Center for

Biotechnology Information (NCBI) using Refseq database

set for 16S rDNA sequences and nucleotide (nr) database

set for 18S rDNA sequences. Sequence comparisons were

done with the MegAlign program of DNAStar software

(DNAStar Inc., USA). Sequences were registered in the

GenBank database under accession numbers JQ288925 to

JQ288936.

Results

Comparison of DNA extraction methods

Yield, purity and integrity were compared among the four

DNA extraction methods. Similar yields were observed for

lysis with CTAB, EXGP and DNAzol�, while mechanical

lysis showed the lowest yield of all (Table 1). Mechanical

lysis and DNAzol� rendered the best purity (Table 1),

while CTAB, EXGP and DNAzol� rendered a high

molecular weight DNA with low-intensity smears typical

of degraded DNA (Fig. 1a); mechanical lysis always gen-

erated smeared signals in agarose gel electrophoresis

(Fig. 1b).

Suitability of DNA for PCR and SSCP

Extraction with DNAzol� was the method selected on the

basis of purity and integrity of the DNA obtained, for its

comparison against Krause’s method in a PCR-SSCP

assay. We amplified the variable region 3 of the

Table 1 Comparison of DNA extraction methods

Mechanical CTAB EXGP DNAzol

Yielda 50.6 ± 14.9 183.3 ± 33.4 183.33 ± 16.7 141.6 ± 52.9

Purityb 1.92 ± 0.55 3.00 ± 1.16 1.00 ± 0.00 1.69 ± 0.18

Values are mean ± standard error of three replicates
a Yield is indicated as lg DNA ml-1 of ruminal fluid
b Purity is indicated as the As260 nm/As280 nm ratio
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prokaryotic 16S rDNA. Four different rumen fluid samples

were used for DNA extraction with both methods. An

approximately 200 pb fragment was observed for all

samples as expected (Fig. 2a). A non-specific PCR product

with an approximate molecular size of 850 bp was

observed for DNA samples extracted with the mechanical-

lysis method. This fragment was not observed when DNA

samples obtained with DNAzol� were used as template for

the PCR reaction. Long term storage of DNA is required

when kinetic analysis are performed during the ruminal

digestion process. So samples from the earlier times need

to be stored until the experiment is finished prior to PCR-

SSCP analysis. Additionally, recovery of some DNA

samples is sometimes needed to re-analyze the SSCP pat-

tern. When DNA samples obtained with both methods were

stored at 4 �C for 1 month, no amplification products were

observed for DNA obtained with the mechanical lysis

method, but amplification was still possible with DNA

obtained with DNAzol� (Fig. 2b). The presence of con-

taminants was discarded by cleaning the samples by

adsorption to glass powder (Attal et al. 1995). There was

not a clear difference in PCR product accumulation for

glass powder-cleaned DNA obtained with DNAzol used as

template. Cleaning of DNA obtained by the mechanical-

lysis method and stored for 1 month did not improve

amplification (data not shown). However, for some samples

for which PCR amplification was not easily achieved,

inclusion of a phenol:chloroform extraction step improved

performance of PCR and SSCP electrophoretic pattern

(data not shown).

PCR products obtained from DNA extracted with

mechanical-lysis method or DNAzol� were heat-denatur-

ated and run in a non-denaturating polyacrilamide gel for

SSCP analysis. Similar conformomer patterns were

observed (Fig. 3).

To evaluate the accuracy of amplification with DNA-

zol�, ten conformomer bands were isolated from the gel,

reamplified and cloned for sequencing. Results of sequence

comparison of the isolated conformomers are shown in

Table 2. Similar sequences were obtained from the Refseq

database set in GenBank for 16S rDNA sequences.

Sequences UMRB 1–10 were similar to previously repor-

ted rDNA sequences from uncultured rumen bacteria or to

other uncultured bacteria associated with digestive tracts,

most of them obtained from rDNA libraries.

Suitability of DNA for PCR-SSCP analysis

DNA was obtained with DNAzol� from ruminal fluid from

young bulls fed with maize stubble supplemented with

molasses-urea blocks with subtle differences in their for-

mulation (Fig. 4). PCR-SSCP analysis with the NS7/NS8

primer pair that amplified a region of 18S rDNA revealed

specific conformomers for samples from bulls supple-

mented with formulas 1 and 2. Bulls were then fed with

formula 2 for 15 days and MBMU composition was shifted

to formula 3. Densitometric analysis of the PCR-SSCP gel

is shown in Fig. 2. Two conformomers, identified as bands

3 and 4 in Figs. 4 and 5 fluctuated during the course of the

experiment following an opposite pattern of relative

abundance. These two bands were isolated, reamplified and

directly sequenced from the PCR product. For the simi-

larity search, Nucleotide (nr) database set from GenBank

Fig. 1 Integrity of DNA extracted with different methods. a DNA

extracted with CTAB (lanes 1 and 5), EXGP (lanes 2 and 6), and

DNAzol� (lanes 3 and 7). b Comparison of DNA extracted with the

mechanical-lysis method (lanes 1 and 2) and DNAzol� (lanes 3 and 4) Fig. 2 Suitability of extracted DNA for PCR of 16S rDNA.

a Presence of an unspecific amplification product (upper arrow) of

c.a. 850 bp in PCR reactions with DNA obtained by the mechanical

lysis method (lanes 1–4). The expected fragment of 200 bp (lower
arrow) was the only PCR product from the DNAzol�-extracted DNA.

b Stability of DNA. PCR products obtained from DNA extracted with

DNAzol� (lanes 1–3) immediately after sample collection, or after

1 month of storage at 4 �C after extraction with the mechanical-lysis

method (lanes 4–6), or DNAzol� (lanes 7–9). M, 1 Kb plus

(Invitrogen) molecular size marker
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was used because of the lack of reference sequences for

protozoa in the Refseq database set. Both of the sequences

(UMRPz5 and UMRPz6) were similar to rDNA sequences

from entodiniomorphid protozoa from the rumen (Table 2).

UMRPz5 was closely related to Eudiplodinium magii, a

well known entodiniomorphid from rumen. UMRPz6

sequence resulted similar to an rDNA sequence from an

uncultured rumen entodiniomorphid protozoa related to

Entodinium caudatum.

Discussion

Analysis of 16S rDNA libraries from rumen content has led to

the identification of sequences from ruminal microorganisms

that had not been previously described (Tajima et al. 2001b;

Krause et al. 2003; Edwards et al. 2004). Construction of

representative rDNA libraries is skillful and time-consuming,

limiting the possibility to analyze multiple samples. PCR-

based monitoring of Ruminococcus spp., Prevotella spp., Fi-

brobacter spp. with specific primers has been addressed in

kinetic studies for the evaluation of microbial establishment in

immature lambs (Krause et al. 2000), in the evaluation of

Ruminococcus spp. establishment after repeated administra-

tion of cultures containing Ruminococcus strains (Krause et al.

2001a, b), and in diets that shifts from hay to grain (Tajima

et al. 2001a). In these works, DNA was extracted with the

mechanical lysis-based method (Krause et al. 2001a, b).

In vitro studies of ruminal fermentations had been accompa-

nied with microbial community analysis by PCR-SSCP (Koch

et al. 2006; Strobel et al. 2008) or DGGE profiling (Yu and

Fig. 3 Suitability of DNA for PCR-SSCP of 16S rDNA. Samples

extracted either with mechanical-lysis method (lanes 1–3) or with

DNAzol� (lanes 4–6). Samples from lanes 1 and 4, 2 and 5, and 3 and

6, were obtained from the same animal

Table 2 Sequence identity of selected bands from SSCP gel

Secuence ID Primer pair Similar sequence GenBank accession no. Identity (%)

Bacteria

UMRB1 SRV3-1/SRV3-2 Robinsoniella peoriensis AF445285.2 98.9

UMRB2 SRV3-1/SRV3-2 Erysipelothrix tonsillarumn NR040871.1 89.3

UMRB3 SRV3-1/SRV3-2 Capnocytophaga leadbetteri DQ009623.1 90.5

UMRB4 SRV3-1/SRV3-2 Prevotella amnii AM422125.1 95.0

UMRB5 SRV3-1/SRV3-2 Prosthecobacter fusiformis U60015.1 80.9

UMRB6 SRV3-1/SRV3-2 Oxobacter pfennigii NR029268.1 86.7

UMRB7 SRV3-1/SRV3-2 Dethiobacter alkaliphilus EF4224.12 86.7

UMRB8 SRV3-1/SRV3-2 Clostridium cellobioparum NR026104.1 89.0

UMRB9 SRV3-1/SRV3-2 Eubacterium desmolans L34618.1 96.1

UMRB10 SRV3-1/SRV3-2 Bacteroides capillosus AY136666.1 96.2

Protozoa

UMRPz5 NS7/NS8 Eudiplodinium maggi AM158452.1 98.8

UMRPz6 NS7/NS8 Entodinium furca dilobum AM158442.1 99.0

Sequences in this table were registered in GenBank database under accession numbers JQ288925 to JQ288936
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Morrison 2004). In these works, DNA was extracted with the

Fast DNA kit (Qbiogene, Germany) or with an improved

method that also use mechanical lysis in a high SDS-salt-

EDTA buffer. Both methods were followed by DNA purifi-

cation in commercial columns. Recently a method that com-

bines bead beating with phenol:chlorophorm extraction was

reported for the extraction of both DNA and RNA from ru-

minal samples (Popova et al. 2010).

DNAzol�-based extraction of DNA from ruminal fluid

samples rendered a better combination of yield, integrity and

DNA purity than other chemical-based methods that use

CTAB and EXGP for cell lysis. Recently, Schloos et al.

(2011) have analyzed the sources of errors in microbiome

sequencing approaches that analyze 16S rDNA. Besides

ambiguous base calling and mismatching of PCR primers,

chimeric PCR products may represent up to 8 % of raw

sequence reads. Chimeric PCR products are often generated

by aborted extension, mispriming of the aborted DNA and

extension over the misprimed sequence (Haas et al. 2011).

Extraction of DNA using a mechanical lysis-based method

rendered unspecific PCR products which could be originated

as a chimeric PCR product. It also resulted in low stability of

the stored DNA samples which may generate incomplete

DNA sequences that, when used as templates, may generate

partial 16S rDNA products that favor chimeric PCR product

formation (Wang and Wang 1997). Insufficient quality of

DNA extracted by the mechanical-lysis based method has

also been noticed by other authors (Krause et al. 2004). In

contrast, non unspecific PCR products were observed when

DNA was extracted with DNAzol�, and it proved to be stable

for at least 1 month. Despite these differences, similar PCR-

SSCP conformomer patterns were generated with mechani-

cal lysis or DNAzol�. PCR-SSCP analysis was performed

with DNAzol�-extracted samples from bulls fed with dif-

ferent formulations of a diet. No differences were observed

in fermentation parameters or food intake when these for-

mulas were used (Gutiérrez and González 2003). We were

able to detect changes in the microbial populations of

eukaryotes during a kinetic analysis after changing the for-

mulas. The most evident changes were related to sequences

similar to entodiniomorphid protozoa. The fluctuating and

complementary pattern of relative abundance distribution of

these conformomers suggests that the respective populations

are competing for the same metabolic niche.

We recommend the use of DNAzol� as the extraction

method of choice, because it rendered the better combi-

nation of yield integrity and purity. DNAzol� was also

better in: (1) the DNA did not generated unspecific

amplification products, (2) DNA remained stable when

stored at 4 �C, (3) it is performed in shorter times than

mechanical lysis-based methods and (4) it does not require

further column purification.
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