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Application of soil pretreatments and AINH,4(SO,), in DNA extraction
from soils contaminated with heavy metals
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Abstract: [Objective] The aim of this study was to obtain DNA with high purity, high yield and
good integrity from the soil, for the analysis of the microbial diversity of heavy metal contaminated
soil. [Methods] Accompanied by different soil pretreatments, AINH4(SO4), was added in the DNA
extraction buffer to analyze the yield, purity and integrity of the total DNA extracted from the soil.
[Results] The DNA fragments extracted from the four different methods, TENP-AINH4(SO,),,
ABG-AINH4(SOy),, Wash-AINH4(SO,), and Reagent Kit, were all intact, and the sizes of them were
all about 23 kb. The Wash-AINH4(SO4), method gave the purest DNA with 2.13 at Ays0/Az30 and 1.62
at Axeo/Azgo, While the yield from ABG-AINH4(SO,), method was the highest with 1 010 ug DNA per
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gram soil. Both methods could provide DNA with sufficient purity and concentration for the follow-
ing molecular experiments such as PCR. Through the amplification of 16S rRNA gene from the ex-
tracted soil DNA, PCR inhibitors in the soil could be efficiently removed by AINH4(SO,), with ap-
propriate concentrations. [Conclusion] By combining soil pretreatment and utilization of
AINH4(S0O4),, we obtained the desired total DNA from the soil contaminated with heavy metals.
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1 MB5HFE
DNA 2] 1.1 TIEHS
DNA 3-3]
-20 °C
DNA DNA 1
DNA 1.2 FERF
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Table 1 Some physical-chemical properties and heavy metal contents of soil samples used
Total contents of heavy metal (mg/kg)

. pH Organic matter
Soil sample Water (%
p (%) (@/ke) As Cd Zn Pb Cu
30 7.39 15.77 31.04 36.95 3.46 428.01 170.90 130.83
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PBS buffer 8 g NaCl 0.2 g KCl 144 g /
Na,HPO, 0.24 g KH,PO, 1L pH 7.4 12 000 r/min 5 min
DNA extraction buffer 100 mmol/L Tris 0.1 NaAc
200 mmol/L EDTA-2Na 2% PVPP pH 9.0; 0.6 DNA1h
SDS buffer 100 mmol/L Tris 200 mmol/L 12 000 r/min 5 min 70%
NaCl 3% SDS pH9.0 DNA 10 000 r/min 5 min
ABG ( ) 200 uL
Washl 50 mmol/L Tris-HCl (pH 8.3) ddH,O
200 mmol/L NaCl 5 mmol/L EDTA-2Na 0.05% 3) DNA DNA 50 uL
Tritonx-100 12 000 r/min 15 min
Wash2 50 mmol/L Tris-HC1 (pH 8.3) 0.1 NaAc
200 mmol/L NaCl 5 mmol/L EDTA-2Na 0.6 -20°C 1h
Wash3 10 mmol/L Tris-HCl (pH 8.3) 10 000 r/min 15 min
0.1 mmol/L EDTA-2Na 200 puL DNA —20°C
(25:24:1 ) 50 g/L [10]
100 g/L 1 g/L K 3 mol/L 1.3.2  ABG-AINH4(SOy), 7%: 02¢g
NaAc (pH 5.2) PCR ( ) 10 mL 2 mL
3min 8 000 r/min 5 min
1.3 +iEE DNA BRI S 3% 2mL
1.3.1 TENP-AINH4(SOy);%: (1) 1.3.1 1-2
02¢g 10 mL DNA TENP-AINH4(SO,),
2 mL TENP buffer S5 min 10 000 r/min 1.3.3 Wash-AINH,(SO,), i%: 02 g
5 min 10 mL 2 mL Washl
2 mL TENP buffer 3min 6 000 r/min 3 min

2 mL PBS buffer 1

2) DNA
2mL  DNA extraction buffer
AINH4(SO4),
10 min 100 pL 100 pL
Smin 37 °C 30 min(
10 min 3 )
5 min 100 puL K

2 mL SDS buffer 60 °C
1 h( 10 min 3
) 8 000 r/min 15 min
10 min 12 000 r/min 5 min

2 mL Wash2 6 000 r/min

3 min
2 mL Wash3 6 000 r/min 3 min
Wash3 DNA
TENP-AINH4(SO,),
134 WRFE*: Ezup

DNA ( ) DNA

1.4 T1RE DNA TR R AE SR

DNA 6 uL 1% Agrose EB
6 uL DNA 300 uL
DNA Ao Ao Ao
Asso/A2so  AzsolAz3o DNA
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1,52 PCR ¥ & & K & -
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2 uL (10 umol/L) 2 uL ddH,0
25 uL.  Touch-down PCR 94 °C
5min 94 °C30s 60 °C 30s ( 60 °C

44°Cc 2 2°C) 72°C 1 min
20 72 °C 10 min
2 HGR50W

2.1 TENP-AINH(SO,), A2 BN A T 1E S DNA

2.1.1 = DNA HBY52EI4%. TENP-AINH4(SO,),
DNA DNA
1 TENP-AINH,(SO,)>
DNA 23 kb
DNA

DNA PCR TENP-AINH4(SO4),
DNA 2
PCR 2
DNA DNA
PCR PCR
100 mmol
kb
23
1 TENP-AINH(SO,), %X iRENAY L 12 2 DNA AL
B 5k &

Figure 1 Agarose gel electrophoresis of total DNA ex-
tracted by TENP-AINH,(SO,), method

1 2 3 0 100 200 mmol/g
Note: 1, 2, 3: The concentration of AINH4(SOy), is 0, 100, 200
mmol pergram soil.

*2 KKFTASIMART
Table 2 Primers used in the experiment

) Amplified position Primers Sequence (5'—3") Resources
Organisms
16S rDNA 16ss AGAGTTTGATCCTGGCTCA (]
Bacterium
16ss1 AAGGAGGTGATCCAGCCGCA
16S rDNA V3 region V3 ATTACCGCGGCTGCTGG Cl
V3l (GC)-CCTACGGGAGGCAGCAG
18S rDNA 18ss CCAGTAGTCATATGCTTGTCTC 2]
Fungi
18ss1 ACCTTGTTACGACTTTTACTTCC
28S rDNA fragment ns GGCTGCTGGCACCAGACTTGC (2l
nsl (GC)-CACCGGCCAGTAGTCATATGCTTGTC

(GC) clamp: CGCCCGCCGCGCGCGGGCGGGGCGGGGG.
Note: (GC) clamp: CGCCCGCCGCGCGCGGGCGGGGCGGGGA.
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A B
bp bp
2000
2000 1 000
1000 2
500 250
250 Primer dimers

Primer dimers

2 WERER%E X L1E S DNAPCR R &M
Figure 2 The influence of AINH,4(SO,), on soil total DNA PCR
A1 2 3 DNA 18ss PCR 4 5 6 DNA ns PCR .B 1 2 3 DNA
16ss PCR 4 5 6 DNA V3 PCR

Note: A: 1, 2, 3: The products of primer 18ss; 4, 5, 6: The products of primer ns. B: 1, 2, 3: The products of primer 16ss; 4, 5, 6: The
products of primer V3.

2.1.2 2 DNA BYZEEFNISER. 3
DNA 3 3
DNA PCR  TENP-AINH4(SO,), DNA  Az/Asso
DNA 1.2 Asso/Arzo 1.0 DNA
RNA DNA 340 pg/g 3
230 nm Anso/Arzo DNA
DNA 2.2 ABG-AINH(SO,), /(2 BUAY 5 DNA
Ass0/A230 2.0 DNA 2.2.1 /2 DNA By5TEM4. ABG-AINH4(SOy),
Asso/Aa3o DNA DNA
280 nm Asso/Aago 1.8 3 3 DNA
DNA 1.8 [13] 23 kb
DNA DNA DNA

% 3 TENP-AINH,(SO,), %12 BXNAY S DNA i EF15E

Table 3 DNA purity and yield of total DNA by TENP-AINH,(SO,), method

AINH4(S0Os), concentration Albmrimes s DNA concentration DNA yield
(mmol/g) (g/L) (ng/g)
Azo/Aago Azso/Aazo
0 1.26 1.01 0.24 240.0
100 1.24 1.01 0.34 340.0
200 1.25 1.00 0.16 162.5
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kb

23

3 ABG-AINH(SO,), A2 BRAY 112 5 DNA BB
7k E
Figure 3 Agarose gel electrophoresis of total DNA
extracted by ABG-AINH,(SO,), method

1 2 3 0 100 200 mmol/g

Note: 1, 2, 3: The concentration of AINH4(SO4), is 0, 100,
200 mmol per gram soil.

2.2.2 5 DNA HI4iEFEER.

DNA DNA
3 4 4
ABG-AINH4(SOy4), DNA
Ass0/Aago 1.5 Aseo/Az30 1.6
DNA 1 010 pgle
DNA ABG-AINH,(SO.),
4
DNA

2.3  Wash-AINH,(SO,), ;A 12BUHI 5 DNA
2.3.1 = DNA BYTE4. Wash-AINH4(SO,),
DNA DNA
4 4
23 kb
DNA

DNA

kb

23

4 Wash-AINH,(SO,), Z 1R BRI TIRE DNA 35S
ik E
Figure 4 Agarose gel electrophoresis of total DNA ex-
tracted by Wash-AINH,(SO,), method

1 23 0 100 200 mmol/g

Note: 1, 2, 3: The concentration of AINH4(SOs), is 0, 100,
200 mmol per gram soil.

2.3.2 5 DNA WY EMBE.
DNA DNA
3 5 5
Wash-AINH,(SO.), DNA
Aseo/Arzo 1.6 Axso/Arzo 2.0

DNA DNA
145.0 pg/g TENP-AINH,(SO4),
ABG-AINH4(SO;), 5
DNA
24 RFEEREAE DNA
24.1 = DNA BY5TEI4.
DNA DNA
5 5 DNA 23 kb
DNA

F 4 ABG-AINH,(SO,), :2EAY 5 DNA 4 EF5%E

Table 4 DNA purity and yield of total DNA by ABG-AINH,(SO,4), method

AINH4(S0Os), concentration Albmrimes s DNA concentration DNA yield
(mmol/e) Paso/Paso Paso/Azao (e (hee)
0 1.52 1.61 1.01 1010.0
100 1.27 1.10 0.77 772.5
200 1.17 0.91 0.76 755.0
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3 5 Wash-AINH,(SO,), = &R 7 &5 2 BAY 2 DNA 4 EFig %

Table 5 DNA purity and yield of total DNA by Wash-AINH,(SO,4), method

AINH4(S0Os), concentration Albmrimes s DNA concentration DNA yield
(mmol/g) P P (g/L) (ng/e)

0 1.35 1.18 0.15 145.0
100 1.60 2.13 0.12 122.5
200 1.62 2.00 0.11 112.5

= 6 DNA
3
2 2.5 1% DNA #Y 16S rRNA EE &) PCR ¥ 18
DNA PCR
ABG-AINH4(SO,), Wash-AINH,(SO.),
DNA 2 V3
TD-PCR 6 6A 1 2 3

5 RFISFIRIAI L IE S DNA SAZ Bk E
Figure 5 Agarose gel electrophoresis of total DNA ex-
tracted by DNA extraction kit

242 5 DNA RYZEEFEE.
DNA DNA
3 6
A
bp
250

Primer dimers

6 IMTEZRIAIE DNA AEMBE

Table 6 DNA purity and yield of total DNA by DNA
extraction Kit

. DNA concentration D.NA
Absorbance ratio (/L) ield
Aaso/Azgo Ass/A230 £ (ng/g)
1.30 1.10 0.05 25.0
B
bp
250

6 fHE 16S V3 AL X PCR 4553
Figure 6 Products of DNA with V3 primers

A ABG/Wash-AINH4(S04)> DNAPCR B

DNA PCR.

Note: A: The PCR products of DNA extracted by ABG/Wash-AINH4(SO4),; B: The PCR products of DNA extracted by DNA extraction kit.
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TENP-AINH4(SOy),
Wash—AlNH4(SO4)2

ABG-AINH,(SO4),
ABG-AINH(SO4),

DNA 1010 pg/g
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