
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 15 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Chemistry and Ecology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455114

Molecular ecology of marine sediments: determination of Real-Time PCR
efficiency for quantifying microbial cells
Luigi Vezzullia; Elisabetta Pezzatia; Mariapaola Morenob; Monica Staudera; Mauro Fabianob; Carla
Pruzzoa

a Department of Biology (DIBIO), University of Genoa, Genoa, Italy b Department for the Study of
Territory and its Resources (DIP.TE.RIS), University of Genoa, Genoa, Italy

To cite this Article Vezzulli, Luigi , Pezzati, Elisabetta , Moreno, Mariapaola , Stauder, Monica , Fabiano, Mauro and
Pruzzo, Carla(2009) 'Molecular ecology of marine sediments: determination of Real-Time PCR efficiency for quantifying
microbial cells', Chemistry and Ecology, 25: 4, 285 — 292
To link to this Article: DOI: 10.1080/02757540903062509
URL: http://dx.doi.org/10.1080/02757540903062509

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455114
http://dx.doi.org/10.1080/02757540903062509
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Chemistry and Ecology
Vol. 25, No. 4, August 2009, 285–292

Molecular ecology of marine sediments: determination of
Real-Time PCR efficiency for quantifying microbial cells

Luigi Vezzullia*, Elisabetta Pezzatia, Mariapaola Morenob, Monica Staudera,
Mauro Fabianob and Carla Pruzzoa

aDepartment of Biology (DIBIO), University of Genoa, Viale Benedetto XV 5, 16132 Genoa, Italy;
bDepartment for the Study of Territory and its Resources (DIP.TE.RIS), University of Genoa,

Corso Europa 26, 16132 Genoa, Italy

(Received 27 October 2008; final version received 19 May 2009 )

Polymerase chain reaction (PCR) efficiency is the rate at which a PCR amplicon is generated. More
efficient amplification of the DNA fragment (amplicon) will generate more products in fewer cycles,
thus improving accuracy and sensitivity of quantitative PCR. The efficiency of Real-Time PCR to detect
and quantify microbial cells was compared in marine sediment samples of different origin and chemical
composition, and in standard samples. Real-Time PCR efficiencies of marine sediment samples ranged from
1.48 ± 0.1 to 1.83 ± 0.1 and were significantly different from those of standard samples, most probably
due to different concentrations of PCR inhibitors. The Real-Time PCR efficiency was higher using species-
specific primers (>1.7), and lower using universal primers (<1.7). Generally, when the PCR efficiency was
higher, its detection limit was lower. In addition, the sensitivity of the Real-Time capillary assay over the
traditional assay was generally greater. We suggest that for quantifying microbial cells in marine sediment
samples using Real-Time PCR, standard curves should be constructed for both the standard and sediment
samples, and a correction factor should be applied. For qualitative PCR a real-time capillary assay should
be used for the detection of small quantities of DNA.
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1. Introduction

Molecular techniques provide an exciting opportunity to overcome the requirement for culturing,
and have therefore greatly increased our understanding of microbial diversity and functioning
of the marine environment [1]. In particular, PCR-based methods have wide application for the
detection, enumeration, functional characterisation and biodiversity assessment of marine bacte-
ria and marine microbial communities [2]. Optimal PCR performance using marine sediment is
dependent upon the extraction and purification of nucleic acids [3,16]. In addition, PCR amplifi-
cation can be severely hampered by the presence of inhibitory substances which are co-extracted
with nucleic acids, such as humic acids, organic matter and clay particles [4]. While a number
of studies have been conducted to assess and improve the methods used to extract and purify
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DNA from marine sediments [3,5], little information is currently available on the efficiency of
PCR reactions of the DNA from those samples. The efficiency of PCR is measured in terms of its
specificity, yield and fidelity. More efficient amplification will generate more products using fewer
cycles, thus improving sensitivity and accuracy of quantitative PCR. In this study, PCR efficiency
was determined by the Real-Time PCR method using marine sediment samples of different origin
and chemical composition, and in standard samples spiked with known concentrations of target
bacterial cells. In the analysis, a diagnostic species-specific primer set targeting the toxR gene
of Vibrio parahaemolyticus and a universal primer set targeting bacterial 16S rRNA were tested.
The comparison between reaction efficiency and sensitivity in the described experimental settings
was carried out and discussed to improve the detection and quantification of microbial cells in
marine sediments using Real-Time PCR.

2. Material and methods

2.1. Preparation of standard and sediment samples with known concentration of target
bacterial cells

Sediment samples of different origin were collected at three sampling locations in the Mediter-
ranean Sea (Table 1). The measure of organic matter content was obtained by loss of weight
on ignition at 350 ◦C (Table 1). More details on the characteristics of the sediment are reported
elsewhere [6,7].

Standard bacterial suspensions in sterile saline water and sterile sediment samples were prepared
as follows.

Mixed bacterial cultures were obtained by overnight enrichment of the in situ sediment com-
munity in marine broth at 20 ◦C, followed by centrifugation at 10,000 g for 10 min, and collection
and resuspension of bacterial cells in sterile saline water (0.9% NaCl) to final concentrations of
108 CFU/ml.

Pure bacterial culture of V. parahaemolyticus were obtained by overnight enrichment of
V. parahaemolyticus (ATCC 17802) cells prepared in alkaline peptone water (APW) at 37 ◦C
followed by centrifugation at 10,000 g for 10 min and collection and resuspension of bacterial
cells in sterile saline water (0.9% NaCl) to final concentrations of 108 CFU/ml.

The sterile sediment samples were prepared for Real-Time PCR efficiency determination using
aliquots of mixed and pure culture bacterial suspension to spike calcinated sediment (450 ◦C for
2 h) to final concentrations of 108 CFU/ml.

To prepare marine sediment samples for Real-Time PCR efficiency determination using species-
specific primers, the collected samples were first checked for the presence of the toxR gene of
V.parahaemolyticus using the LightCycler, as described in next paragraph. If PCR was negative
for toxR DNA, aliquots of V. parahaemolyticus (ATCC 17802) suspension were then spiked into
sediment samples to a final concentration of 108 CFU/ml. Concentration of V. parahaemolyticus

Table 1. Main features of sediment samples used in the study.

Sediment Total organic Total prokaryotic
origin Location Depth (m) matter content (%) count (cell g−1) References

Coastal Portofino Marine Protected Area,
Ligurian Sea

10 2 ± 0.2 1 × 108 ± 1 × 107 This work

Fish-farm Vibo Marina (Tyrrhenian Sea) 40 4 ± 0.5 4 × 108 ± 2 × 107 [6]
Harbour Sanremo-Portosole Harbour,

Ligurian Sea
9 6 ± 0.7 3 × 109 ± 8 × 108 [7]
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in pure culture suspension and spiked sediment samples were checked using the CFU plate count
method in thiosulfate-citrate-bile salts-sucrose (TCBS) agar (Difco) [8].

To prepare marine sediment samples for Real-Time PCR efficiency determination using uni-
versal primers, the collected samples were left untreated and the total prokaryotic count of the in
situ microbial community was carried out by the acridine orange direct count (AODC) procedure
described by Hobbie et al. (1977) [9] (Table 1).

All the preparations described were performed in triplicate.

2.2. Nucleic acid extraction and construction of dilution series

DNA was extracted from the sediment samples of pure V. parahaemolyticus (108 CFU/ml) and
the mixed bacterial suspensions (108 CFU/ml) in sterile saline water by using the Ultraclean Soil
DNA Kit (MoBio Laboratories, Solana Beach, CA, USA). Purified DNA was quantified by using
a PicoGreen dsDNA Quantification Kit (Molecular Probes).

For each sample, a series of 10-fold dilutions of extracted DNA was prepared in a sterile TE
Buffer.

2.3. Primers

The primers used in this study were: (a) universal primer BR1/F AGAGTTTGATCCTGGCT and
BR1/R GGACTACCAGGGTATCTAAT, targeting the highly conserved regions of bacterial 16S
rRNA genes that produced PCR products ca. 798 bp in size [10,17]; (b) species-specific primer
ToxR/F GTCTTCTGACGCAATCGTTG and ToxR/R ATACGAGTGGTTGCTGTCATG, tar-
geting the toxR gene of V. parahaemolyticus that produced PCR products ca. 369 bp in size [11].
The primers were synthesised by TIB Molbiol (Berlin, Germany).

2.4. Amplification with the LightCycler and determination of Real-Time PCR efficiency

Real-time amplification was performed on the dilution series using a LightCycler instrument
1.5 (Roche Diagnostics, Mannheim, Germany). The LightCycler-FastStart DNA Master SYBR
Green I Kit, optimised for use with glass capillaries and containing a hot start polymerase, was
used as the master mix base for all reactions. Each reaction mixture contained 5.0 mmol of MgCl2
and 500 nmol of each primer in a final volume of 20 μl. Specific reaction conditions and cycling
regimes for each of the two assay types were as follows:

Primers toxR: initial denaturation at 95 ◦C for 10 min, subsequently 40 cycles of denaturation
at 95 ◦C, 5 s, annealing at 60 ◦C, 5 s and elongation at 72 ◦C, 12 s, followed by final elongation at
72 ◦C for 10 min.

Primers BR1: initial denaturation at 95 ◦C for 10 min, subsequently 40 cycles of denaturation
at 95 ◦C, 5 s, annealing at 52 ◦C, 5 s and elongation at 72 ◦C, 29 s, followed by final elongation at
72 ◦C for 10 min.

PCR runs were analysed directly in the LightCycler using melting analyses and the analysis
software provided with the instrument. The correct size of the products was confirmed in some
cases by traditional agarose gel electrophoresis.

Then 5 μl of DNA extract (20 ng/μl) was added to the reaction mixture. Each template was
tested at least three times to confirm the reproducibility of the assays. For each run, a positive
(standard pure culture) and negative control (sterile milliQ water) were loaded. The efficiency and
linear dynamic range of the Real-Time PCR reaction was evaluated by constructing a standard
curve using the second derivative maximum method included in the LightCycler data analysis
software, Version 3.5.3. Using this method, the log of the CFU concentration of a dilution series
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of the sample was plotted versus the cycle number at which the fluorescent signal increased
above the background or threshold (Ct value). This approach was used because, for detection
and quantification of bacterial cells in environmental samples, it is easier to understand results in
actual CFU numbers than in DNA concentrations or copy numbers. Each point of the standard
curve was obtained from the mean value of three replicates of the same sample and was considered
acceptable only when all the replicates scored positive with a coefficient of variation <5%.

Efficiency is derived from the idealised function for the amount of PCR product formed:
N = N0 × En, where N is number of amplified molecules, N0 is the initial number of molecules, n
is the number of amplification cycles and E is the efficiency, which is ideally 2. The standard curves
were derived from the function described above: n = −(1/ log E) ∗ log N0 + (log N/ log E).
Therefore, the slope of the line equals −(1/ log E) and the efficiency can be calculated from
the slope: efficiency = 10−(1/slope) [12].

The actual concentration of the template is not needed when determining the efficiency, as it
depends only upon the slope of the line.

2.5. Amplification with conventional PCR

In addition to Real-Time PCR, amplification of each DNA extract was carried out on a Mas-
tercycler Personal (Eppendorf, Germany) using the Master Taq Kit (Eppendorf, Germany). For
amplification, 10 μl of DNA extract (10 ng/μl) was used in the presence of 0.2 mmol/l dNTPs.
The concentrations, in 50 μl PCR buffer were: 1X Taq Buffer with Mg+, primers, 0.5 μmol/l; 1X
Taq Master PCR enhancer and 2.5 U of Taq polymerase (Eppendorf). The temperature profile for
the PCR was as follows: an initial step of 10 min at 94 ◦C, followed by denaturation for 30 sec at
94 ◦C, annealing for 30 sec at 55 ◦C (primers toxR) or 46 ◦C (primers BR1), and primer extension
for 1 min at 72 ◦C. After the 35th cycle, the extension step was prolonged for 7 min to complete
synthesis of all strands, and then the samples were kept at 4 ◦C until analysis. Negative and positive
controls were included in every experiment. PCR products were detected by gel electrophoresis.
Samples (10 μl) of final PCR products were loaded onto 1.5% agarose gels and subjected to
electrophoresis in 1 × TAE buffer (0.04 M Tris-acetate, 0.001 M EDTA) for 5–10 min at 120V.
The gels were stained with ethidium bromide and gel images were visualised under UV light and
were captured by using a gel documentation system (GelDoc, Bio-Rad, Hercules, CA, USA). A
100-bp DNA Ladder (TIB Molbiol, Berlin, Germany) was included in each gel as a molecular
size standard.

2.6. Statistical analysis

For each sample type (sterile seawater suspension, sterile sediment and marine sediments) the
construction of a standard curve was performed in three independent replicates following the
procedure described in Section 2.4. A one-way analysis of variance (ANOVA) was performed to
compare the efficiency of the Real-Time PCR assay for the different sediment samples. Differences
between individual samples were calculated by the Tukey’s studentised range (HSD) test. These
analyses were performed using the StatistiXL statistical software (Version 1.8). Significance was
determined with a value of α ≤ 0.05.

3. Results and discussion

Real-Time PCR quantification relies on the assumption that amplification efficiencies are the same
for unknown samples and in the standard used for calibration. In order to check this assumption for
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application of Real-Time PCR for quantifying microbial cells in marine sediments, we determined
the efficiency of Real-Time PCR in marine sediment samples of different origin and chemical
composition, as well as in standard samples. PCR efficiency in the analysed samples was estimated
via the calibration dilution curve and slope calculation (Figure 1), and is reported in Table 2.

Generally, it was found that the Real-Time PCR efficiency in marine sediment samples was
significantly lower than those in sterile saline bacterial suspension. It is possible that the presence
of inhibitors in the DNA purified from the marine sediment samples resulted in a higher cycle
number at which the DNA level is determined (CT value) and flatter amplification curves (Table 2).

Figure 1. Linear regression line of the standard curve calculated using (A) universal (BR1) primers, and (B)
species-specific (ToxR) primers in sediment samples using the LightCycler. The threshold cycle (CT) (average of three
replicates, coefficient of variation <5) is the cycle number at which the fluorescent signal is first detectable above the
background. Cell concentration is set as log numbers with ten-fold difference.

Table 2. PCR efficiency values of sediment samples calculated using the
standard curve method with the LightCycler.

Sample Universal primers Species-specific primers

Saline water suspension 1.83 ± 0.2 1.98 ± 0.1
Sterile sediment 1.53 ± 0.1 1.60 ± 0.2
Coastal sediment 1.48 ± 0.1 1.83 ± 0.1
Fish-farm sediment 1.66 ± 0.1 1.77 ± 0.1
Harbour sediment 1.65 ± 0.2 1.79 ± 0.1
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In contrast, Real-Time PCR efficiency in marine samples was usually significantly higher than that
in sterile sediments, as calcinations may enhance the concentration of PCR inhibitors (Table 2).As
the efficiency in the sediment samples is lower compared with the one of pure culture suspension,
the concentration of the unknown samples will be underestimated. The underestimation factor can
be calculated for each cycle number according to the following equation: Estdn/Eunkn, where n
is the number of cycles, Estd is the efficiency of the standard samples and Eunk is the efficiency
of the unknown sample. For example, for V. parahaemolyticus quantification in coastal sediment
samples, at cycle number 30 and with the described difference in efficiency from the pure culture
suspension, the concentration would be underestimated 11-fold. This value can be used as a
correction factor for an improved quantification of V. parahaemolyticus cells in these sediments.
In contrast, high amplification efficiency in the sediment samples (as against sterile sediment as
the calibrator), led to overestimation of the microbial cell number. For example, there was 56-
fold overestimation of V. parahaemolyticus cells count at cycle number 30 for coastal sediment
samples. Differences in PCR efficiency are caused by different primers, enzymes, reaction settings
and by inhibitors in the sample. In particular, the use of different primers and the presence of PCR
inhibitors can be considered the primary factors influencing PCR efficiency in our experiment,
since other additional factors were kept constant.

Our results indicate that Real-Time PCR efficiency did not differ significantly between marine
sediment samples when using species-specific primers, suggesting that PCR inhibitors are active
at similar levels in these samples (Tables 3 and 4). The Real-Time PCR efficiency was higher for
toxR than BR1 and, assuming the effect of inhibitors is the same for both conditions, it is probable
that the use of universal primers significantly contributed to this loss of efficiency. In turn, this loss
of efficiency may depend on primer specificity and the microbial community composition of the
samples. The occurrence of different microbial communities might help to explain the significant
changes in PCR efficiency found for the different marine sediment samples when using primers
BR1 (Tables 3 and 4).

High PCR efficiency, together with efficiency of DNA extraction (data not shown) would also
put constraints on detection limits on a gene-copy or cell-number basis, as shown in Table 5.
Generally, when the PCR efficiency was higher, its detection limit was lower (Table 5). The
sensitivity of Real-Time PCR to detect microbial cells in marine sediment was generally greater
(up to 10 times more sensitive) when compared with the results obtained with conventional PCR
(Table 5). This improved sensitivity may be due to the small amount of a sample placed in a thin,
narrow glass tube which, in turn, allows for an improved rate of heat conduction where air is used
as the medium for temperature change.

Target reaction temperatures can be rapidly achieved, and reaction times can be shortened,
probably improving efficiency and thus sensitivity of the Real-Time PCR reaction [13–15].

Table 3. Output of the one-way ANOVA test used to compare
the efficiency of Real-Time PCR for sediment samples using (A)
universal (BR1), and (B) species-specific (ToxR) primer pairs.

Source DF Mean sq. F p

(A)
Model 4 0.050 57.30 <0.0001
Error 10 0.001
Total 14

(B)
Model 4 0.057 64.65 <0.0001
Error 10 0.001
Total 14
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Table 4. Output of the Tukey’s studentised range (HSD) test used to compare the
efficiency of Real-Time PCR for the individual sediment samples using (A) universal
(BR1), and (B) species-specific (ToxR) primer pairs.

(A)

Contrast Mean diff. q p

Mixed cult suspension vs Sterile sed 0.300 17.516 0.000
Mixed cult suspension vs Coastal sed 0.323 18.879 0.000
Mixed cult suspension vs Fish-farm sed 0.163 9.537 0.000
Mixed cult suspension vs Harbour sed 0.167 9.731 0.000
Sterile sed vs Coastal sed 0.023 1.362 0.865
Sterile sed vs Fish-farm sed −0.137 7.980 0.002
Sterile sed vs Harbour sed −0.133 7.785 0.002
Coastal sed vs Fish-farm sed −0.160 9.342 0.000
Coastal sed vs Harbour sed −0.157 9.147 0.001
Fish-farm sed vs Harbour sed 0.003 0.195 1.000

(B)

Contrast Difference q p

Pure cult suspension vs Sterile sed 0.387 22.576 0.000
Pure cult suspension vs Coastal sed 0.173 10.120 0.000
Pure cult suspension vs Fish-farm sed 0.220 12.845 0.000
Pure cult suspension vs Harbour sed 0.193 11.288 0.000
Sterile sed vs Coastal sed −0.213 12.456 0.000
Sterile sed vs Fish-farm sed −0.167 9.731 0.000
Sterile sed vs Harbour sed −0.193 11.288 0.000
Coastal sed vs Fish-farm sed 0.047 2.725 0.364
Coastal sed vs Harbour sed 0.020 1.168 0.917
Fish-farm sed vs Harbour sed −0.027 1.557 0.802

Table 5. Detection limits (expressed as log concentration of V. parahaemolyticus) of
real-time PCR and conventional PCR in standard and marine sediment samples using
species-specific (ToxR) primer pairs.

Real-Time PCR Conventional PCR
Samples (log concentration) (log concentration)

Saline water suspension 1 1
Sterile sediment 4 4
Coastal sediment 3 4
Fish-farm sediment 3 4
Harbour sediment 2 3

4. Conclusion

It is concluded that either the use of pure culture suspension or sterile sediment as standard for
Real-Time PCR are not suitable for quantifying microbial cells in marine sediments due to the
difference in PCR efficiency.

Removal of PCR inhibitors and improved primer design are factors that may greatly improve
the efficiency of Real-Time PCR reaction and its sensitivity for detection and quantification of
microbial cells in marine sediment samples. Since in practice it would not be feasible to obtain
optimal PCR performance, the reaction efficiency should always be checked when setting a new
PCR assay for a specific microbial target and sediment sample. In particular, for quantitative PCR,
a standard curve should be constructed and evaluated, taking into account efficiency measurements
of both the standard and sediment samples to estimate the effect of difference in efficiency and
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calculate correction factors. The evaluation of PCR detection limit, in turn, should be interpreted
with care and always in the context of the particular experimental settings.
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