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Abstract

We propose a strategy for the efficient screening of large libraries of amplified 16S rRNA genes from complex
environmental samples. It consists of processing sets of multiple clones simultaneously. This strategy saves up to 90% of the
costs and labor spent in the process of screening a 16S rDNA library.
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Trends in current microbiological research are re-
peatedly highlighting the interest of microbial diversi-
ty to understand the functioning and structure of
complex microbial communities (Ward et al., 1990;
Massana et al., 1997; Pace, 1997, Vetriani et al., 1998).
Since the majority of microorganisms in most environ-
ments cannot be cultured following standard proce-
dures (Roszak and Colwell, 1987; Ward et al., 1990;
Hugenholtz et al., 1998; Dunbar et al., 1999), molec-
ular techniques are essential tools for analyzing mi-
crobial diversity. Today, molecular fingerprinting
techniques are commonly used for detecting microbial
diversity in natural samples. Among a number of
available fingerprinting techniques, denaturing gradi-
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ent gel electrophoresis (DGGE) (Muyzer et al., 1993;
Massana et al., 1997; Diez et al., 2001; Jackson et al.,
2001) and terminal restriction fragment length poly-
morphisms (t-RFLP) (Liu et al., 1997; Braker et al.,
2001; Dunbar et al., 1999) are frequently used. Both
techniques require the amplification of specific DNA
sequences, generally by PCR, and the use of electro-
phoretic methods. The most frequently targetted DNA
fragment in prokaryotic diversity studies is the 16S
rRNA gene. By comparing community fingerprints
obtained from different experimental treatments, con-
ditions, or at different time points, one can select
characteristic bands to the process under study. How-
ever, these bands need to be identified as belonging to
either a specific microbial species or a novel microbial
group. The general procedure recommends the con-
struction of a 16S rDNA library by cloning the
amplified DNA fragments into a host vector and
transformation in Escherichia coli (Sambrook et al.,
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1989; Ward et al., 1990; Massana et al., 1997; Pace,
1997; Vetriani et al., 1998; Zwart et al., 1998; Dunbar
et al., 1999; Orphan et al., 2001). Processing a DNA
library requires the screening of its clones and the
sequencing of the selected clones. 16S rDNA library
screening is a costly, time-consuming process. Since
ribosomal RNA genes are highly conserved between
microbial species, recently developed DNA substrac-
tion techniques (Bjourson et al., 1992; Buchaille et al.,
2000) do not work properly. Screening by labelled
oligomer probes cannot be used since a priori the
sequence to be targeted is unknown. The standard
screening procedure consists in examining a number
of clones using molecular fingerprinting techniques
(e.g., DGGE analysis) until the clone carrying the
DNA fragment of interest is found. When the clone
of interest represents a minority in a 16S rDNA library,
this procedure often misses the desired clone due to the
difficulty, both in timing and costs, of processing a
large enough set of clones (Hughes et al., 2001).
Herein, we propose an interesting strategy for
performing efficient, low cost, low time-consuming,
screenings especially useful for rDNA libraries or
highly similar DNA sequences.

Using molecular fingerprinting techniques (i.e.,
DGGE) complex microbial communities often result
in the visualization from tens up to hundreds of
different amplified rDNA sequences (Hughes et al.,
2001). In order to identify the microbial species
corresponding to specific bands of interest, there are
two possible alternatives. The first possibility would
be to excise the band of interest (i.e., from a DGGE
gel), re-amplify and sequence that DNA fragment
(Gich et al., 2001). DGGE fingerprinting analysis
should be performed with DNA fragments shorter
than 400 nucleotides (Muyzer et al., 1996); generally,
DNA fragments of about 200 bases are amplified for
DGGE analysis on 16S rRNA genes (Muyzer et al.,
1996). These short DNA fragments provide very
limited phylogenetic information. Another inconve-
nient of this alternative is the high probability of
picking multiple DNA sequences while cutting off
the band of interest from a DGGE gel; this would
require additional cloning and screening for obtaining
single 16S rDNA sequences. The second alternative
consists in cloning the amplified DNA fragments by
constructing a rDNA library. This rDNA library will
undergo a screening process aimed to selecting those

clones of interest. When working with complex com-
munities, the number of different clones can be quite
high resulting in a lengthy, costly, and time-consum-
ing process (Hughes et al., 2001). However, a major
advantage of this second alternative is that longer
DNA sequences can be retrieved maximizing the
phylogenetic information to be obtained. If the screen-
ing process can be shortened down to reasonably low
cost and labor-consuming levels, microbial diversity
analyses would significantly benefit and high number
of clones could be processed.

Recently, we have encountered these problems
when analyzing the microbial diversity of biofilms
covering stainless steel coupons in a sewage treatment
plant in Jerez de la Frontera (Cadiz, southwestern
Spain). An elevated number of bands corresponding
to 16S rDNA amplified sequences were detected by
DGGE analysis (Fig. 1). We were interested in iden-
tifying 16S rDNA fragments corresponding to specific
bands detected on the DGGE gel. Screening a 16S
rDNA library for bands of interest would require
intense labor and elevated costs falling out of the
available budget. Bands of interest can be detected
when comparing two DGGE fingerprints from differ-

Fig. 1. DGGE analysis showing a representative example of the
screening process outlined in this study. Lane A shows the
amplification products of 16S rDNA fragments from a DNA template
extracted from a biofilm. Lane B shows bands corresponding to the
amplification of DNA fragments from a set of 10 clones of a 16S
rDNA library prepared from the same DNA template used for lane A.
Lanes 1 to 10 show the amplification products obtained from
individual clones belonging to the clone set shown in lane B. The
individual clones (lanes 1 to 10) can be easily identified in the set of
10 clones (lane B).
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Fig. 2. Chart showing the procedure for microbial diversity analysis
of environmental samples using DGGE and the proposed strategy
for an efficient screening of 16S rDNA libraries.

ent samples or treatments. This type of differential
analysis allows to identify bands specifically present
in only one of the samples, or bands showing signif-
icant changes in their abundance when two samples or
experimental treatments are compared. Certainly, this
problem has been frequently encountered by numer-
ous microbiologists during biodiversity studies.
DNA was extracted as previously described (Tsai
and Olsen, 1991) from the samples mentioned above.
16S rDNA sequences were amplified by touchdown
PCR (Massana et al., 1997). The primer pair used for
this amplification were 341F (with a GC-rich tail) and
519R as suggested by Muyzer et al. (1993) for DGGE
analysis of bacterial 16S rRNA genes. Microbial
diversity was analyzed by obtaining a fingerprint of
the community using DGGE (Fig. 1, lane A). DGGE
was performed as described by Muyzer et al. (1996)
using the primer pairs mentioned above. To identify
representative bands visualized by DGGE, we fol-
lowed basically the protocol described by Schaber-
eiter-Gurtner et al. (2001) with modifications aimed to

reduce the work load and the costs required by the
screening procedure. Briefly, we amplified the 16S
rDNA sequences of the DNA extracted from the
environmental samples using the primer pair 27F and
1497R (Orphan et al., 2001). The PCR products were
cloned using the TA-TOPO-cloning kit (Invitrogen).
Clones from this rDNA library were selected by the
following screening process. The clone insert was
amplified by nested PCR using the plasmid-specific
primer pair T7 promoter and M13 reverse as first
primer pair and the primer pair used for DGGE
analysis (see above) as the second primer pair. The
unique aspect of the screening process is the DNA
template used in this nested PCR. As DNA template
we used a mixture of 10 clones. Each set of 10 clones
was prepared by collecting cells from each of the
individual clones. Cells from each clone were sus-
pended in a common 200 pl TE buffer. This clone mix
was lysed by three freeze/thaw cycles and 1 pl of a
1:1000 dilution was used as DNA template for the
nested PCR. The obtained PCR products were ana-
lyzed by DGGE. A set of 10 clones containing the
band of interest was selected for the second step of the
screening process (Fig. 1, lane B). The 16S rDNA
fragment cloned in each of these 10 clones of the
selected set was amplified by the nested PCR de-
scribed above but, in this case, the DNA template
was composed by single clones. Cells from each single
clone were suspended in 20 pl TE buffer. The resulting
PCR products were analyzed by DGGE as above (Fig.
1, lanes 1 to 10). The clone carrying the band of
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Fig. 3. Chart showing the reduction in cost and working labor when
using the proposed screening strategy. Note the position of the
asymptote (dotted line) to the curve at 90% savings.
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interest can be identified by comparative DGGE anal-
ysis of these clones and the original amplification
products (Fig. 1). Selected clones were sequenced
using standard protocols at the Centre of Biological
Research (CIB-CSIC, Madrid, Spain). The outlined
protocol and proposed screening strategy are summa-
rized in Fig. 2.

As an example, we can consider the mathematics for
an experiment requiring to process 100 clones of a 16S
rDNA library in search of a clone carrying an unknown
16S rDNA fragment corresponding to a desired band
from DGGE analysis. Amplification of DNA inserts
from 100 clones would require 100 PCR reactions and
100 lanes for DGGE analysis. Using the 10 clones/PCR
reaction strategy proposed in this study, only 10 PCR
reactions and 10 lanes for DGGE analysis are required
to select a set of 10 clones; 10 additional PCR reactions
and 10 lanes for DGGE analysis will be enough to
localize the clone of interest within the selected set. In
summary, the proposed strategy (Fig. 2) requires only
20 PCR reactions and 20 lanes for DGGE compared
with the 100 reactions and DGGE lanes of the standard
protocol. In our example, this strategy represents sav-
ings of 80% in costs and working labor. Although this
example was based on the assumption of analyzing
only 100 clones, the method can be scaled up and any
large number of clones can be screened in a much
shorter time frame than following standard methodol-
ogy. In fact, most studies generally perform screenings
of more than 100 clones (Hughes et al., 2001). Fig. 3
shows the cost/labor reduction for increasing numbers
of sampled clones. The curve’s asymptote is located at
a level of 90% savings from analyses of around 1000
clones, and the proposed strategy can represent signif-
icant savings for screenings from 20 clones. Our
screening strategy results in reducing costs, time, and
working labor by up to 90% depending on the number
of clones to be analyzed.

Acknowledgements

IJMG thanks funding from the Spanish Ministry of
Science and Technology (MCYT), Ramén y Cajal
programme. LL thank funding from the CSIC-I3P
programme. This study was funded by MCYT pro-
jects MAT2000-0261-P4-04, REN2002-0041/GLO,
and BTE2002-04492-C0O2-01.

References

Bjourson, A.J., Stone, C.E., Cooper, J.E., 1992. Combined subtrac-
tion hybridization and polymerase chain reaction amplification
procedure for isolation of strain-specific Rhizobium DNA se-
quences. Appl. Environ. Microbiol. 58, 2296—2301.

Braker, G., Ayala-del-Rio, H.L., Devol, A.H., Fesefeldt, A., Tiedje,
J.M., 2001. Community structure of denitrifiers, bacteria, and
archaea along redox gradients in Pacific Northwest marine sedi-
ments by terminal restriction fragment polymorphism analysis
of amplified nitrite reductase (nirS) and 16S rRNA genes. Appl.
Environ. Microbiol. 67, 1893—1901.

Buchaille, R., Couble, M.L., Magloire, H., Bleicher, F., 2000. A
substractive PCR-based ¢cDNA library from human odontoblast
cells: identification of novel genes expressed in tooth forming
cells. Matrix Biol. 19, 421-430.

Diez, B., Pedros-Alio, C., Marsh, T.L., Massana, R., 2001. Appli-
cation of denaturing gradient gel electrophoresis (DGGE) to
study the diversity of marine picoeukaryotic assemblages and
comparison of DGGE with other molecular techniques. Appl.
Environ. Microbiol. 67, 2942-2951.

Dunbar, J., Takala, S., Barns, S.M., Davis, J.A., Kuske, C.R., 1999.
Levels of bacterial community diversity in four arid soils com-
pared by cultivation and 16S rRNA gene cloning. Appl. Envi-
ron. Microbiol. 65, 1662—1669.

Gich, F., Garcia-Gil, J., Overmann, J., 2001. Previously unknown
and phylogenetically diverse members of the green nonsulfur
bacteria are indigenous to freshwater lakes. Arch. Microbiol.
177, 1-10.

Hugenholtz, P., Goebel, B.M., Pace, N.R., 1998. Impact of culture-
independent studies on the emerging phylogenetic view of bac-
terial diversity. J. Bacteriol. 180, 4756—4774.

Hughes, J.B., Hellmann, J.J., Ricketts, T.H., Bohannan, B.J.M.,
2001. Counting the uncountable: statistical approaches to es-
timating microbial diversity. Appl. Environ. Microbiol. 67,
4399-4406.

Jackson, C.R., Langner, H.W., Donahoe-Christiansen, J., Inskeep,
W.P., McDermott, T.R., 2001. Molecular analysis of microbial
community structure in an arsenite-oxidizing acidic thermal
spring. Environ. Microbiol. 3, 532—542.

Liu, W., Marsh, T.L., Cheng, H., Forney, L.J., 1997. Characteriza-
tion of microbial diversity by determining terminal restriction
length polymorphisms of genes encoding 16S rDNA. Appl.
Environ. Microbiol. 63, 4516—4522.

Massana, R., Murray, A.E., Preston, C.M., DeLong, E.F., 1997.
Vertical distribution and phylogenetic characterization of marine
planktonic archaea in the Santa Barbara channel. Appl. Environ.
Microbiol. 63, 50—56.

Muyzer, G., de Waal, E.C., Uitterlinden, A.G., 1993. Profiling of
complex microbial populations by denaturing gradient gel elec-
trophoresis analysis of polymerase chain reaction-amplified
genes coding for 16S rRNA. Appl. Environ. Microbiol. 59,
695-700.

Muyzer, G., Hottentrdger, S., Teske, A., Waver, C., 1996. Denaturing
gradient gel electrophoresis of PCR amplified 16S IDNA—a new
molecular approach to analyze the genetic diversity of mixed
microbial communities. In: Akkermans, A.D.L., van Elsas,



J.M. Gonzalez et al. / Journal of Microbiological Methods 55 (2003) 459-463 463

J.D., de Bruijn, F.J. (Eds.), Molecular Microbial Ecology Manual
3.4.4. Kluwer Academic Publishing, Dordrecht, pp. 1-23.

Orphan, V.J., Hinrichs, K.-U., Ussler III, W., Paull, C.K., Taylor,
L.T., Sylva, S.P., Hayes, J.M., Delong, E.F., 2001. Comparative
analysis of methane-oxidizing archaea and sulfate-reducing bac-
teria in anoxic marine sediments. Appl. Environ. Microbiol. 67,
1922-1934.

Pace, N.R., 1997. A molecular view of microbial diversity and the
biosphere. Science 276, 734—740.

Roszak, D.B., Colwell, R.R., 1987. Survival strategies of bacteria in
the natural environments. Microbiol. Rev. 51, 365-379.

Sambrook, J., Fritsch, E.F., Maniatis, T., 1989. Molecular Cloning:
A Laboratory Manual, 2nd ed. Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY.

Schabereiter-Gurtner, C., Pifiar, G., Lubitz, W., Rolleke, S., 2001.
An advanced molecular strategy to identify bacterial commun-
ities on art objects. J. Microbiol. Methods 45, 77-87.

Tsai, Y., Olsen, B.H., 1991. Rapid method for direct extraction of
DNA from soils and sediments. Appl. Environ. Microbiol. 57,
1070-1074.

Vetriani, C., Reysenbach, A.-L., Dor¢, J., 1998. Recovery and phy-
logenetic analysis of archaeal IRNA sequences from continental
shelf sediments. FEMS Microbiol. Lett. 161, 83—88.

Ward, D.M., Weller, R., Bateson, M.M., 1990. 16S rRNA sequen-
ces reveal numerous uncultured microorganisms in a natural
community. Nature 345, 63—-65.

Zwart, G., Huismans, R., van Agterveld, M.P., Vande Peer, Y., De
Rijk, P., Eenhoorn, H., Muyzer, G., van Hannen, E.J., Gons,
H.J., Laanbroek, H.J., 1998. Divergent members of the bacterial
division Verrucomicrobiales in a temperate freshwater lake.
FEMS Microbiol. Ecol. 25, 159—-169.



	An efficient strategy for screening large cloned libraries of amplified 16S rDNA sequences from complex environmental communities
	Acknowledgements
	References


