Humic substances Dosslerr

Evaluation of purification procedures for DNA
extracted from organic rich samples: Interference
with humic substances

M. Harry, B. Gambier, Y. Bourezgui and E. Garnier-Sillam

Laboratoire de Biologie des Sols et des Eaux, Université Paris XlI-Val de Marne, Avenue du Général de Gaulle, 94000 Créteil, France

Our laboratory has focused attention for several years on

A limitation of the use of the Polymerase Chain the impact of tropical termites on physical and chemical soil

Reaction (PCR) for soil DNA analysis is the properties and more spe(_:ifically on the_distribution of humi(_:
contamination by humic substances. Numerous substances [9,10]. Our aim was to design molecular tools in
studies have been devoted to the elaboration of order to Study bacterial Changes induced by termite activi-
an effective purification method but none ties. However, the samples of soil-feeding termite nests typ-
appears universal. During our investigations of ically impede the purification of DNA because such nests
soil bacterial changes induced by soil-feeding are mostly made of termite dejections which are rich in
termites, we found that humic acid content organic matter and humic substances. Here we compare
usually impede DNA purification. Indeed, humic electrophoretic and chromatographic methods to purify DNA

acids and nucleic acids share similar physico-
chemical properties. Here, we tested eight purifi-
cation procedures including electrophoretical
and chromatographical methods. The results

samples. The quality of DNA was then tested by perform-
ing amplification by Polymerase Chain Reaction (PCR).
Considering physical and chemical properties of both DNA

show for DNA extracted from humic rich and humic substances, we also sought to explain how these
samples, e.g. termite mounds, that only the com- molecules compete and interact during purification proce-
bination of two methods gave a DNA sufficiently dures.

pure to perform successful amplifications.

Material

Introduction The samples originated from the rainforest of the Nsimi-
Zoetele region (South Cameroun). Termite mounds samples
belong to the soil-feeding speci€bitermes subarquatus
(Termitinae). Soils without termite activity were defined as

controls. Termite mounds @. subarquatugontain around

The polymerase chain reaction (P(_:R) has. only recentlgo% of clay, 45 mglg of Total Organic Carbon (TOC)
become a powerful tool for the detection of microbial Organfncluding 15% of humic acids. Control soils A2 (2 — 5 cm)

isms from environmental samples. The application of thiﬁnd A6 (100 — 140 cm) have 44.4 and 67.4% of clay, 18.8
molecular t(_achnqlogy 'h'as so far been hampergd by the pregiy 576 mglg of TOC with 9% and 7% of humic acids,
ence of various impurities co-extracted with soil DNA, SUChfespectively. DNA extraction and purification were made in
as humic acids and metal ions. These interfering substancgsplicate on termite mound and A2 samples. No DNA was
can inhibit PCR most likely due either to chelation of humiG,oticeable in the A6 deeper strata. To test the efficiency of
acids with magnesium ions required by Taq polymerase, @he procedures A2 and A6 sterilised subsamples were inoc-

to the binding of primers that reduce the sensitivity of deteqlated with a bacterial strain &scherichia coliPharmacia,
tion [1]. A number of works devoted to methodologicalstrain NM 522).

approaches outline the difficulty to recover pure DNA

extracted from soil or sediment samples. Removing humic

substances from the DNA samples represents actually a .

methodological challenge. Time consuming methods like DNA extraction

CsCl gradients [2,3] or extensive and repetitive precipitation

steps [4] have been developed. Methods such as dilutinthe detailed procedure is described elsewhere [11]. Briefly,
crude extract samples have been used but this latter reduges g samples are submitted to a lysis solution containing
the detection limit [1]. In order to simplify the purification lysozyme, proteinase K, and sodium dodecyl sulfate. Protein
steps, the use of various minicolumns has been recentwd cell debris were eliminated by a salting out using NacCl.
tested by some authors [1,5-8]. DNA was precipitated by isopropanol, dried and suspended
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in 20 pL of ultrapure water. After the lysis procedure, all theof water. Noteworthy, the QIAquick and Wizard systems are
DNA suspensions are coloured thus evidencing the co-occuptimised for DNA to 10 or 50 kilobases respectively. For
rence of humic materials. All DNA samples were submittedmproved recovery of native DNA the buffer of elution was
to eight procedures of purification made in duplicate. heated at 80 °C.

Coupling method

Purification methods First, two types of minicolumns have been used successively,
that is Wizard bind-resin (Promega) then QIAquick mini-
columns (Quiagen). Second, electrophoretical method using

Electrophoretical methods LMP (Low melting Point) agarose was coupled with
QIAquick silice-gel minicolumn. LMP slice gel was heated

Two type of gels, agarose or polyacrylamide, were used t& 60 °C before introduction in the minicolumn.

remove contaminants by molecular weight separation. First,

low melting point (LMP) agarose gel (2%) was used for

electrophoresis at 4 °C. Slices of agarose gel including the T

high molecular weight band of DNA was excised under PCR amplifications

ultraviolet illumination after ethidium bromide staining

(0.5 pg/mL). Just before use for PCR amplification, the same

ple was heated at 80 °C. A similar volume of ultrapure wat CR on the day of purification, two days then ten days lat-

was added in order to dilute the agarose particles. Then, aftgr ", yho meantime, samples were stored at 4 °C. Bacterial
vigourous mixing, 1 — 2 uL were added to PCR reaction pr%' ' .

he quality and stability of the purified DNA was tested by

heating at 95 °C. Second, polyacrylamide gel (3.5%) w rimers were used to amplify a 590 base pairs fragment of

used in a vertical apparatus for electrophoresis 4h at 25 S ribosomal DNA. PCR amplifications were performed in
in 0.5 x TBE (89 mlE)/IpTris 89 MM Borzfte > mM EDTA & total volume of 25 pL. PCR primers and conditions were
Ph 8.3). After excision of the high molecular weight ban s previously described [11]. For each set of amplification

of DNA. buffer (0.3M NaCl, 3 mM EDTA, 30 mM tris, pH e performed both a negative control using ultrapure water

7.6) was added with a volume corresponding to the weig@nd a positive control usingcherichia coliDNA as tem-
of the gel slice. After overnight incubation at 37 °C the sam® ates. The PCR products were analysed by electrophoresis

0, I idi -

ples were submitted to centrifugation (2000 g, 15 min). Thgnn a 0.8% agarose gel under UV light after an ethidium bro
ure staining.

supernatant was then used for PCR.

Minicolumn methods Results and discussion

Three types of chromatography column have been experi-
me_nted t_)y using four kits:_filled With gel filtration mediu_m The purification of soil DNA was tested using eight meth-
(I\/_I|crosp|n S-200 HR), bind-resin (DNA cute, EW_Ob'O? ods. Four samples were analysed: two inoculated soils and
Wizard DNA clean-up System, Promega) and silica-gejyo native soils, a tropical topsoil and nest-wall of a soil-
membrane (QIAquick PCR purification Kit, Quiagen). feeding termite mound. We found that all extracted DNA
The Sephacryl gel filtration medium of the microspinsample,s are cploured. This .result shows the co-occurrence
columns is a porous gel that separate molecules accordi humic materials. The termite mound samplg exhibited the
to size. Molecules larger than the largest pores of thga/kest colour, whereas the A6 inoculated soil sample gave
swollen gel beads, those above the exclusion limit like DNAINE lightest. Results on the quality of the purification and on
cannot enter the gel and are thus eluted first. Smaller mdf?€ stability of the purified samples are reported in table I.

ecules enter the gel beads to various extent depending onysing electrophoretical methods, PCR products of good
their size and shape and are eluted with delay. Accordinglystensity were obtained with low melting point agarose
the DNA could be eluted first and solely in our experimentgrification method even though DNA termite mound sam-
using a short centrifugation. ple was diluted (1/10). However, PCR should be performed

For the DNA cute kit and the Wizard system, the resifmmediately after purification because of the low stability of

used has a very high affinity for proteins but exhibits a ver§€ Purified samples. The stability of the purified samples is
igher using polyacrylamide gel though the amplifications

low affinity for nucleic acids at pH < 7. The resin was adde ) i .
to the DNA sample and the DNA was eluted by centrifugaSNoWed a weak intensity for the DNA termite mound sam-
tion (DNA cute) or mechanical pressure (Wizard system). PIe- Gel manipulation being not easy, the DNA recovery is
smaller than that with LMP agarose procedure. Using these
The QIAquick system uses a bind-wash-elute procedurglectrophoretical procedures it appears that DNA can often
for removing impurities from DNA samples. Samples wereébe well separated from humic substances. For samples show-
drawn through the silica-gel membrane by short centrifugang high humic acids contents, e.g. termite mounds, some
tion allowing nucleic acids to adsorb. Impurities werecontaminants still persist after electrophoresis purification.
washed away, and pure DNA was eluted in a small volumehis could be due either to the co-migration of humic acids
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Table |. Results of PCR amplification (A) and sample stability (S) by using DNA extracted from inoculated or native soils purifi ed
by eight procedures. (A +): obtention of PCR products of good quality, (A £): PCR products of slight intensity, (A —): no PCR pro-

ducts. The stability of the purified sample is tested by submitting samples to PCR procedure the day of purification, two days an d
ten days latter. (S +): PCR products are obtained with the same intensity ten days after purification, (S *): PCR products are obta i-
ned with a lesser intensity ten days after purification, (S —): The obtention of PCR products the day of purification was not rep ro-
ductible.

INOCULATED SOILS NATIVE SOILS
PURIFICATION A2 (2 -5 cm) A6 (100 — 140 cm) A2 (2 — 5cm) Termite mound

Electrophoretical methods

LMP agarose gel A+ St A+ S + A+ S - A+® S-
Polyacrylamide gel A+ S + A+ S + A+ S+ At S+
Minicolumn methods

Porous gel (Pharmacia) A - A+ S + A - A -

Resine (Eurobio) A - A +® S + A - A -

Resine (Promega) A+ S + A+ S + A+ @ A+0®
Silica-gel membrane (Qiagen) A+ S + A+ S + A+ @ A +@
Coupled methods

Resine (Promega) + Silica- gel

membrane (Qiagen) A+ S + A+ S + A+ S + A+ S+
LMP agarose + Silica-gel

membrane (Qiagen) A+ S + A+ S + A+ S+ A+ S+

@ if samples are diluted at 1/10, @ if the procedure is repeated twice, @ if the procedure is repeated threefold.

and DNA molecules or to the formation of humic acid-DNA The coupling of two methods gives a better purification
complexes before electrophoresis. of DNA. In this way, we obtained PCR products from ter-

mite mound DNA using successively minicolumns made

_No PCR products were obtained for humic rich sampleg;, 1esin and silica gel membrane, but the sample stability
with the use of minicolumns filled with porous gel even aftet

three elutions except for A6 inoculated soil DNA. Indeed'> not o_pt|mal. Results are |mpr_0\_/ed using LMI.D el_ec-
l'lrophoreucal method followed by minicolunm filled with sil-

humic acids of high molecular weight did not enter the ge . .
pores and were t%us co-eluted Wi'?h DNA (Fig. 1). Simi?mlca-gel membrane. The QUIAquick kit was preferred to the

results were obtained with the use of DNA cute minicolumn¥Vizard kit because with the latter resin molecules were
filled with bind-resin. Only diluted A6 DNA extract gave
PCR products. Using bind-resin Wizard column or silica-g
QUIAquick columns two or three procedures are required
perform successful PCR with rich humic samples that
native A2 soil and termite mounds. The conceptual mo
for the interaction of nucleic acids and humic acids wi
adsorption sites on clay minerals [12] could be adapted
silica gel membrane. Humic acids could compete wi
nucleic acids for adsorption sites. DNA molecules could al
form complex which could be adsorbed. Therefore, DN
molecules, humic acids and humic acid-DNA complexes ¢
eluted together (Fig. 2). Moreover, the competition betwe
humic acids and DNA molecules is probably increased
the use of alkaline pH that induces the molecular stretch
of humic acids [13]. When the procedure is repeated, cc
aminants are diluted resulting in the increasing number Figure 1. Explicative model for the persistence of humic acid
free sites that improves the quality of the purificatiol (HA) c_ontamination in DNA samples after purification procedure
Nonetheless, at each purification step a small amount PY using a porous gel (Sephacryl 200) as chromatography
DNA is also lost. medium.

DNA Large HA

Small HA

& Porous gel

Elution
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humic acids. Indeed, humic acids share physiochemical
properties with nucleic acids. As outlined by some authors
[6], it appears that no single method of purification will be

appropriate for all soils and experimental designs. Here, we
showed that the use of electrophoresis followed by

Adsorption sites

Silica gel

Figure 2. Explicative model for the co-occurrence of DNA and
humic acids after purification procedure by using minicolumn
with silica-gel membrane.

4.
5.

found in eluted DNA. This coupling method allows to

remove impurities from humic rich samples. Indeed, during6.

the first purification step a major part of humic substances

is removed. During the second purification step the benefit7.

is double: the agarose particles causing the low stability of

purified samples are removed by the silica-gel membranes.

Moreover, the silica gel membrane is enhanced by the low

microspin column give the purest DNA.
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