Methods for microbial DNA extraction from soil for PCR amplification
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ABSTRACT

Amplification of DNA from soil is ofen inhbited by co-purified contaminants. rapd, inexpensive,
large-scale DNA extraction method involving minimal purification has been developed dpaticable
to varbus soil tpes (1). DNA is ao suitable for PCR griification usingvarious DNA targets.DNA
was extractedfrom 100gof soil usng direct lyss with glass beads and SDS followed by patass
acetate precipiteon, polyethyl@e glyol precipitdion, phenol extraction andopropanol precipitaon.
This method was compared to other DNA extraction methods with regard to DNA purity and size.

INTRODUCTION

The inability to culture most microorganmis from envonmental samples is fundanental obstacleto
undersanding microbial ecology and diveity (2). The use of DNAsased techniques can overcothis
limitation by allowing the fate of particular genes or organisms tmd@toreddirectlyin environmental
sanples. Techniquego extractDNA from il and sedimet initially used lage sanples of 100g (3, 4).
These extracts were usually contaminated witihibwacidswhich interferedwith subsequentolecular
biological manipulations. Extasve purification steps were then required to successfully amplify a PCR
product, including CsCl-ethidium bromide density gradient centrifugation (4-6)theruse of
commercial reagents {I1). These steps increase both the dexity and the cost of the technique.
This paper desdres in detaill a method for extracting DNA from soil which involves minimal
purification prior to PCR amplification (1). The method is compared to other commonly used DNA
extraction methods. A PCR product was obtained rapidly and inexplgrfsom large amonts of soll,
even when contaminated with heavytawe

MATERIALS AND METHODS
Soils

Soil (loamy sand) was collected on campus at Macquarie Universitymparevarious DNA extraction
methods. 8il sampes were also collectefiom Western $dney, MacquarieUniversity, Ku-Ring-Gai
ChaseNational Parkand Balmain Bwer Sation in central §idney, to validate the bead beating
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technique (1) using a variety of soils. The-Rimg-Gai Chase National Park and the Balmauwer
Station samfes representhe extremesof prigine vs pollded soils and were compared byther soil
testing (Bological and Chemical Research Institutgditey) (Table 1).

DNA extraction methods investigated

DNA extraction using bead beating (1).Extraction bifer (100 ml of 100 mM Tis-HCI [pH 8.0], 100

mM sodium EDTA [pH 8.0], 1.5 M NaQ@ was mixed with 100g (wet weng) of il. Glassbeads
(100g, Bo-Spec Poducts, Baesille,U.S.) were added and the sample blended in a Bead-Beater (Bio-
Spec Poducts) for 2 minutesSodium apje 1: Analysis of soil samples

dodecyl siphae (SDS) was added SOIL SAMPLE

(10ml; 20 %) and blendingontinuedfor
afurther5sec. The santp was incubated

Ku-Ring-Gai  Balmain Power

at 65C for 1 hr, tranerred to cenffuge Chase Station
bottles(250r_nl) and centfuged at 6000g ., 3.90 6.93
for 10 min. The supenatant was rganic mer (%) 509 16.3
collected, and the soil pellet re-extractegielcI capacity 0.33 Bar 75 14.9
with further extraction bifer (100ml), ~c~ (anol (+)/kg) * 11 187
incubaion at 65°C for 10 minutes and s (mg/kg)” <3 69

centrifugation as above. Supernatan g (mg/kg)* <07 1

were transferred to centrifuge tubei e 5' 1818
(50ml) containing a half-volume of n (mg g)#

polyethylme  glyol  (30%)/@dium C' (MI/ka) 3.3 30.4
chloride (16 M), and incubied at room Cd (mg/kg)# <04 11.4
temperature for 2 hr. Saples were NI (mg/kg)# 1.7 98.3
centifuged (10,000g for 20 min) and thePb Mg/kg) 15 520
partially purified nucleic acid pellet Cu (mg/kg)” 9.5 268
resuspendeih 20 ml of TE (10 mM Tis- _Mn (mg/kg)” 13 518

HCl, 1 mM sdium EDIA, pH 8.0). * CEC : cation exchange capacity

t ium acetate & M) was added ta Total ebments @termined by acid di&stion and IBAES
Er?a?S(foncentrationg 0)5 M. Samples pH was degrmined usng a 1:5 w soil suspengin in 0.01 M CaCl

were transferred to ice foB min then at 5°C. Electical conduativity (EC) was @&termined ging a 1:5 w/v

i . soil suspasion in water at 2%.
centifuged (16,000 g30 min) at £C to
precipitde proteinsandpolysaccharidesThe aqueous phase was extracted with phénotaiorm and
chloroform/isoamyl alcohol (12) and DNA was precigéd by adding 0.6 voiue ipropanol. After2
hrs at bom temperature, DNA was petied by centfugation (16,000gor 30 min) andresuspendeah
TE (1 ml).

DNA extraction using sonication (nodified from 13). Extraction béfer (100 ml) was mixed withasl
(509) on ice. The mixture wasmEcated umg a High htensty Ultrasonic Processr (Vibra Cdl) with a
standard13mm hon lid probe for 150 seconds. Thengde was cooled in ice and therscation
repeated. SDS was added (10 ml; 20%) and thglsancubaed at 68C for 1 hr. Thesamplewas
tranderred to cenifuge bottles (250nl) and centfuged at 6000g for 10nin. The supenatantwas
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collected, and the soil pellet-sstracted with futher extraction biier (50 ml), incubdion at 65°C for
10 minutes and centrifuged as above. Extraction was then continued as per bead béetcthg me

DNA extraction using erzymatic lysis (modified from 11). Extraction bdfer (100 ml) containing
proteinaseK (5 mg) wasmixedwith soil (50g) in 250ml centifuge tubes. The saple was incubted at
37°C for 30 minutes withlsaking at 180 mqm. SDS was added (10 ml; 20%) and tha@a incubaed at

65°C for 90 min. The supeatant was collected after cafuigation at 6000g for 10 min abom

temperature. Extraction was continued as per bead beatihgdne

DNA extraction from bacterial cells isolated from soil (nodified from 4 and 14). The bacterial
fraction of soil waseparged from theinorganic or hmic layer by a differential centrifugation technique
(14). Bacteral cells were lysed using lysozyme and the DNA fed using ammonium acetate
precipitdaion and ethaol precipitdion (14). DNA was resuspended in TE.

Test for Co-Extraction of Contaminants

Co-extractedhumic acids are the major contaminantwhen DNA is extracted from soil. These
compounds aberb at 230 nm whereas DNA abbs at 260 nm and ptein at 280nm. To evaluatethe
purity of the extracted DNA, absbance rdos at 260 nm/230 nm (DNAhumic acids)and260nm/280
nm (DNA / piotein) were detenined (see Tale 2 and 3).

Pdymerase Chain Reaction (PCR)

DNA (1 pl of 1:50dilution) was mixed with QI of Genereleasér (Bioventues Inc., Murfreesboro,
TennesseeJSA) in a0.5ml tube andoverlaid with 2 drops of sterile mineral oil. Genereledsés a
proprietary agent that sequesters inhibitors of PCR. Negative controls containing water only, and
Genereleasér only, were included in each set of reactions. Reactibbeguvere heated on the high
sdting of a 650 Watt microwave oven for 7 min (4550 VMiin) in a micowave transparent rack
(Bioventuresinc.). An Etenmeyer flask containing 108l of water was included as a nogvave #k.
Tubes were incubged for at least 10 min at 80 in an Omn-E PCR machine ¥bhid). PCR master mix
(40 pl) was then added to eachb& Find concentrations of reagents were falows: 20 mM
(NH4)2SO,, 75 mM Tis-HC (pH 9.0), 0.01% (w/v) Tween 20, 2 mM MgeCD.5 mM of each pmer,

0.2 mM of each deoxyponucletide tiphosphte, and 1 U Red Hot DNA diymerase(Advanced
BiotechnologiesSurey, UK). Thefollowing thermé cycle was performed : 94°C 3 min (1 cycle), 94°C
1 min, 55°C 1min, 72°C 2 min (35 cycles), 72°C 5 min (1 cycle).

Gel Electrophoresis
An aliquot (7 pl) of each amplification reaction was analysed on 2% agarose gels cast andhrin

TBE bufer (pH 8.3) (12). Gels werdained with ethidium bomide andphotographedisng trangnitted
U.V. light and Polaroid film (12). A00 base pair marker l{Bmacia, LKB) was included on evgmgel.

Biological Rocedures @line +\ol. 1 No. 1 May 14, 1998 swww.biologicalprocedures.com



C. Yeats et al. 43

RESULTS AND DISCUSSION

DNA extraction from soil has three requirements: extraction of high moleeaight DNA; extraction

of DNA free from inhibitors for subsequent molecular biological manipulations to be performed; and
representate lysis of microorganisms within the sample. In this paper, we tested a number of DNA
extraction methods for their ability to fulfil these regunents.

DNA extracted using sonication was more degraded than for the other methods tessee GfHBNA
extracted raged fom less than 500 bp to greater than 20 kbzie. Mehods that lsearDNA, such as
sonication, genetly resut in DNA of 100-500 bp (13). Higher molecular weight DNA s icase for

PCR since the greater the size of the DNA, the less likely is the formation of chimeras during PCR (15).
The beadbeating meéhod used here plermed béter than those previously reped whid usually
extract DNA of less than 10 kb in size).(3he DNA extraction methods that did not use sonication all
produced DNA of greater than 20 kb.

Organicmatteris the major sourceof inhibitors that may be co-extracted from soil with the microbial
DNA. In particular, humic acids pose a considerable problem and will @nterh enzymatic
manipulations of DNA (5, 14, 16). DNA polymerasevédeen found to be inhibited by as litie1 pl

of undiluted humic-acidiike extract, regardss of the amait of DNA present (16).

Table 2 Comparison of DNA extraction methods usingr@le soil, collected from
Macquarie University.

Method * Number of samples $60/230 A 260/280
Bacterial cells 4 0.83+0.03 1.10+ 0.003
Chemical lysis 10 1.06+£ 0.03 1.31+0.03
Sonication 4 1.20+0.10 1.41+ 0.07
Bead beating 6 1.82+ 0.05 1.69 0.02

* DNA diluted 1 : 100

The humic materials in soil have similar size and charge characteristics to DNA resuttieq co-
purification (17), evident by the extractionsrigebrown in colour.Humic contaminantglsointerfere in
DNA quantitation ®ce they exhibit almsbance at both 230nm arat 260nm, the later usedto
guantitateDNA. This characteric can be used to determine the legé contamination of huonic
maeral by examining alirbance rtéos. A high 260/230 t& (>2) is indicative of pure DNA, while a
low ratio is indicative of hmic acid contamination and a high 260/280or&>1.7) isindicative of pure
DNA, while alow ratio is indicative of protein contamination. When the DNA extractiothogs were
compared(Table 2), the bead beating thed constently extracted DNA with higher 260/230 and
260/280 réos. This indicated that the DNA was contaminated with fewemitvacidlike compmunds.
Although the extracts were still brown in colour, ddatiof the DNA to 1:50 from all methodswas
suitable toproducea PCR product. Heavy metal ions, such as are present in the Balmain soil (Table 1),
also contribue to inhibitory effects (18). Here we have dentmaied that a PCR product from soil
DNA contaminated with hmic acids and heavy ras can be obtained without the use of expens
purification products.
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Table 3: Crude DNA ratios for different soil sameg extracted using bead beating.

Sample * Soil tpe A260/230 A 260/280
Wedem Sydney Gy loam 1.22 1.42
Macquare Universty Clay loam 1.83 1.71
Ku-Ring-Gai Chase loamy sand 1.03 1.30
Balmain Power Station Loamy sand 1.33 1.53

* DNA diluted 1 : 100

To deteminethediversity of microorganisms from whit DNA had been extracted, different primer sets
weretested(Table4), including both multi- and single-copy genes. The multi-copy targets included the
prokaryotic small subnit rRNA (19), pokaryotic rRNA integenic spacer region (20he eukayotic
rRNA intemal transdbed spacer (TS) region (21), theTlS region for liben fung (22), and the HSP70
family of protens (23) while the low abundance targetsudeld fungaP3-tubulin (24), anchifH genes
(25). With diluion of DNA from each extraction technique, successful R@Rilification wasachieved
with all primas tested(see Fig. 1). The only exception to this was for the DNA extracted after
differential centrifugation to sepdeathe bacterlacells. An amplification product was nédund when

the eukaryotic specific prime for fungal ITS were used. Due to the centrifugation step innieisod,
fungal cellswill be underrepresented. The PCR results provide good evidence for represdydetiof
organisms with all other extraction methods.

Table 4: Primers from which successgfanplification was achieved using micrabDNA from soil.

Target for amplification Primer segace Reference

Prolkaryotic 16S rRNA FORB 5 AGAGTTTGATCTGGCTCAG, REVB 5' 19
GGTTACCITGTTACGACTT

Prokaryotic rRNA intergnic spacer SPRRNAF 5 GAAGTCGTAACAAGG SPRRNAR 5’ 20

(IGS) regbn CAAGGCATCCACCGT

Eukaryotic rRNA internal transdréd ITS15 TCCGTAGGTGAACCGCGG ITS4 5' 21

spacer (ITS) region TCCTCCGCTTATTGATATGC

Fungal spedic ITS LICHITSF 5 GCGGAAGGATATTACTGAG 22
LICHITSR 5 GGGTATCCCTACCTGATCCG

HSP70 HSP1 5 CA(AG)GC(I)AC()AA(AG)GA(CT)GC(I)GG 23
HSP2 5 GC()AC())GC(CT)TC(AG)TC()GG(AG)TT

Fungal B-tubulin GEN C 5' GAGGAATTCCCAGACCGTAT@ATG 24
GEN D 5' GOGGATCCTATTCTTTGGGTCGAACAT

nifH gene NIFH1 5’ 25
CTG(CT)GA(CT)CC(ACGT)AA(AG)GC(ACGT)GA
NIFH2 5’
G(AGT)(ACGT)GCCATCAT(CT)TC(ACGT)CC

Of the DNA extraction m#ods tested, sonication did not prodimgh moleculamweight DNA while
the differential centiugation meéhod generied a DNA pool dominately bacteilal DNA andtherefore
not suitablefor analysis of eukaotes. Neither of these methods fulfiled all regments for a suitable
DNA extraction method. The enzymatic lysis method relies on proteiasgestionof microbial cells
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to release DNA while bead beating relies on ballistic disintegration célisll Therebre, beadbeatingis
more likely to result in effective
lysis of all soil orgaisms. Due to 1 2 3 4 5 6 ! 8 9 10
ease of the method, the reduced 3
extraction of inhibitors(Tables 2
and 3) and the greater confidence
that bead beatingvould lyse all
microbial cells in the soil, thigvas
the method of choice and
concentrated on for fther analys
(see 1). Bead beating has been
found to have a lysigfficiency of
greater than 90% (3)The PCR
resuts remrted here provide
further evidence to supporthis
with products from both baetial
and fungal elements of the soll
microbiota being obtained. The
bead beating direct lysis method
describechere extracts between 1.5
and 2.35 mg/ml of DNA sm 100g
of soil or 15-23.5 |g DNA/g soil.
Extraction methods using small soil
samples raging from 5g to 100 mg
of soil hare extracted 9-25 qu
DNA/g soil (6), 12 /g (18), 1-
100 /g (26), and 2.5-26.9 gdg
(11). The méod desdbed hereis
therefore at least as efficieas the
above mehods.

Figure 1 : Exampleof PCR amplification pyducts umg vaious
DNA targetswith soil extracted by enzyrtia lysis or bead
beating. Lae 1: 100 bp markerdane 2: enzymaic lysis DNA

. with 16S rRNA pimers (19) lane 3: bead beatinQNA with 16S
:Jn;g?g]znzgs rQ?ved mt(()JIec[Jallg;d rR_NA primers (19); lane 3: enz_ymatic Iysis_ DN#ith funga_ll ITS
techniques, ~avoiding extensive primers (22) lane 4:_beac_l beating _DNA with ri_gal TS primers
purification seps(7, 27). Usg the (22); lane 5: (_anzymac Iy§|s DNA vylth hsp70 pmers (23) Iar_le
bead beating DNA extraction6: _bead beat_lng DNA V\_/lthsp70 pimers (23); lane 7: er_lzymac
method desdbed here, crude lysis DNA with nifH primers (25) lane 8: bead beating DNA

microbial DNA could beextracted with nifH primers (25) lane 9: 100 bp marker.

from a vaiety of soil types andildition of this DNA was suficient for successfuPCR from both hidn-
andlow-copy nunbergenes. The described thed allows the use of large scale preparations prayid
greater probability of detecting genes present in low abundance in the soil environment. Because this
method is applicable to even tmeore challenging heavily contaminatedsoils, molecular microbial
biodiversity assessment can now be more readily applied.

The focus of DNA extraction
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