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Fig. 1  Factors and level optimization for extraction

of metagenomic DNA
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Tab.1 Experimental design for the process of

pretreatment and DNA precipitation

=2 2% vh W DLTER TLTE B[]
1 TEN S 40 min
2 TEN . 40 min
3 TENC 5B 40 min
4 TENC T 40 min
5 TENP L] 40 min
6 TENP . 40 min
7 TENC SN 20 min
8 TENC S 40 min
9 TENC S 1h
10 TENC S 2 h
11 TENC S 3h
12 TENC RN 4 h
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DNA 7=t 5 0 R K fH A BRI TE 23 5| 8 1
AOSEPT, T BRI DNA 4. 28 %8, J5 450
55 R FH TENC 2% vh %5 W 11 40 3136 M 75 U8 53 0 B
ULUE DNA MBS [E 28 40 min.

(b) AFEBIPLERE) T

(a) AR T ERZE 1
NS RUTR i i R BV DNA HLyK (&

M xHind [l digested DNA marker;
1~12 12 215250 42 MR 7 2 B 24 DNA ISR 1
M2 F4E K DNA i T £ b ik E
Fig.2  Electrophoretogram for the process of

pretreatment and DNA precipitation
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PEAT R Z o M H A, 5 58] DNA F= & Y Xt A
i A B.C =R Z I 8l 5 )5 72

log,,Y = 1.79 —0.21A — 0. 28B — 0. 11C —
0.21AB + 0. 056AC — 0. 091BC —
0.21A* +0.016B* — 0. 14C* (D)
MG 20 A7 153, 15 3] DNA P2 5 A9 70 1 51
T3 2.

FIH ANOVA J7 22 43 Fr K 6 1 [l )9 45 7Y 11
WEME,GRIWEL 3. Hp F AR p <
0. 05 I UL B 2 A IR 7 A e i 2 3 L AR g Al
1) FAE R 102, 23, X RE A p << 0,000 1,3 B
BIEAG BEM. BB R (EMERRMFEIT) K
0.989 2, B/RZBIIA 98. 22U WA, k%
HA 1,08 Y0 WY A8 Ak N 8 FH I A% 780 ok fift g A 1E A
X BB 7 (Adjusted R?) g 0. 979 6, 15 B 46
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Tab. 2 Experimental design for the process of cell lysis

DNA =& /pg

F5% A/% B/(mg+emL') C/h ———
SEE BUAE
1 0.50 0.50 0.50  71.04  66.07
2 2.50 0.50 0.50  49.94 52,48
3 0.50 2.50 0.50  67.14  72.44
4 2.50 2.50 0. 50 8. 14 8.12
5 0.50 0.50 2.50  44.94 46,77
6 2.50 0.50 2.50  63.30 61.66
7 0.50 2.50 2.50  21.93 21.88
8 2.50 2.50 2.50 3.72 4,17
9 0.30 1.50 1.50  56.04  54.95
10 2.70 1.50 1.50  19.28 17.78
11 1.50 0. 30 1.50  139.98 144.54
12 1.50 2.70 1.50  34.13  30.20
13 1.50 1.50 0.30  55.92  53.70
14 1.50 1.50 2.70  30.88  28.84
15 1.50 1.50 1.50  53.49  61.66
16 1.50 1.50 1.50  51.78 61.66
17 1.50 1.50 1.50  64.71 61.66
18 1.50 1.50 1.50  58.35 61.66
19 1.50 1.50 1.50  71.07 61.66
20 1.50 1.50 1.50  65.43  61.60

F 3N BR:AB.CH p ¥/NT 0.05,0
W, CTAB J5 i 43 %5V 1 Bl vk B S 37 °C 7K i
B X DNA =& ¥ h B &% mH K. ABLAC §
BC Y p #/8F 0. 05, BL X 3 A4 A 2 8] 47 16 &k
FACHAEI L R ICR P B o 5 B o P AR R 22

%3 HA(DOH ANOVA F Z o ti &2

Tab.3 ANOVA variance analysis results of model (1)

A 22 - 3% i 2%

B+ A T g Fi p(prob>F)
R 9 2.410 0. 270 102.23  <<0.000 1
A 1 0. 460 0. 460 177.28 <<0.000 1
B 1 0. 880 0. 880 335.29  <C0.000 1
C 1 0.140 0.140 53.26  <C0.000 1
AB 1 0. 350 0. 350 135.15 <C0.000 1
AC 1 0.025 0.025 9.56 0.011 4
BC 1 0.067 0.067 25. 47 0.000 5
A? 1 0. 220 0. 220 85.45 <C0.000 1
B? 1 1.409X10°% 1.409X10 % 0.54 0.480 0
C? 1 0.097 0.097 37.15 0.000 1

FIFH K Design Expert 7. 1. 3 15 3] I3k 3
AR EFAEAEAR 3D K (E 3). L4581 1 45
H 20 it 2 i 2o R 09 Bt A% CTAB i 43 4K
1.5% IR B J¥ 0.5 mg/mL, 37 “C /K ¥ W )
1.4 h. ZEM AT . DNA Wi K=& i g 15k
124. 16 pg.
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Fig. 3 3D response surface plot of interaction among the three factors of cell lysis
2.3 EALBRAERMILE MAE BT 35 15 B DNA 7 & (5% 500 {1 5]
I 2 1w YA A B R BRad L LA SDS TR 4.
JihE > (A L MR (B) .55 °C K ¥ 1) [R] ANOVA J5 250 Hr 85 R AN 5 Fion. ALY
(OMERPAL A T, LL DNA =5 O i W {6, 525 F (B2 13. 19, p<<0. 05, F B iZ A R 2L A 1 35 4.
Bt L g R 4. B R* (A C R B FJ7) 08 0. 922 3, KM%

RAIAT 92, 23 % B9 W] {5 B, K2 IE A0 56 R B
0. 852 4, 15 B Y (i T A1 5 52 56 U5 O

x4 EFoaFRLBEN LRI

Tab.4  Experimental design for the process of

protein removal FE BT R, M 5 T L AL A 1) p /0
DNA &t/ g T 0. 05, UEBH SDS Jit & 43 % . 8 1 Bl vk B LA K 55
Fe A/% B/(mgemL™) C/h ————— . [N e
o memee LRl B CoK I ITRLX 3 AP % rh . B SDS i 43 O
1 0.50 50. 00 0.50  6.77  7.41 DNA 8 B E N £, AB.AC 5 BC ) p
2 2.50 50. 00 0.50 39. 88 31.62
. . . . . . . N N e g
3 0.50 250. 00 0.50 9. 00 7.08 EJRTF 0,05, WL 3 AR T AP AL
1 2.50 250. 00 0.50 31.08 31.62 AHEAE .
5 0.50 50. 00 2.50  7.66  7.94
6 2.50 50. 00 2.50 28.82  38.90 %5 MAW ANOVA 7 £ 54 2
! 050 220..00 290 _7' o 10.23 Tab.5 ANOVA variance analysis results of model (2)
8 2.50 250. 00 2.50  56.24 53.70
9 0.30 150. 00 1. 50 6. 64 5.89 VW2 -4 2
10 2.70 150. 00 1.50  37.40  38.02 AT RlE V05 05 FA pCprob=)
10 30.00 150 4140 36. 31 BB 9 2. 360 0. 260 13.190  0.000 2
12 1.50 270. 00 1.50  41.00  41.69 A . L 220 L 220 61520 < 0.000 1
13 1.50 150. 00 0.30  30.06 41.69 , , _
B 1 8.413X 107 8.413X 107  0.420  0.5300
14 1.50 150. 00 2.70  91.36 58.88 ] .—
15 1. 50 150. 00 1.50  68.04 51.29 ¢ ! 0.043 B 0.013 B 2. 150 0.1737
16 150 150. 00 150 4058 5129 AB 1 3.997X107* 3.997 X 10 0.020  0.890 1
17 150 150. 00 150 32.04 5129 AC 1 2.145X10°% 2.145X 10  0.110  0.749 3
18 1.50 150. 00 1.50 54.76 51. 29 BC 1 9.634X10% 9.634X107° 0. 480 0.502 2
19 1.50 150. 00 1.50  65.84 51.29 Az 0.730 0.730 36.580  0.000 1
20 1.50 150. 00 1.50  49.48  51.29 B 1 0.037 0.037 1.870  0.2015
C? 1 7.584X107* 7.584Xx 107"  0.038  0.849 1
F 84 Design Expert 7. 1. 3 X 52 56 8 ¥
HEAT TR Z I A4 L 5 8] DNA 7 i Y %[ FIHAEAT Design Expert 7. 1. 3 13 8 1 3£ 3
A A LBLC R 25 ] 7 AN R A EAE 0 3D B (B 4) . 2005 R 13 0 45
log,,Y = 1. 71 + 0. 34A + 0. 028B + AR B O R Y Bt A% o SDS T & 4y B
0.063C+7.068 X 10 *AB + 2% R HMEVR BE 200 pg/ml,55 ‘C/AKIEIFE 2.5
0. 016AC + 0. 035BC — 0. 37A? — h. ZEI T . f Kk DNA 778 g g 598 71. 94

0.085B% — 0. 012C* (2)  pg.
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Fig. 4 3D response surface plot of interaction among the three factors of protein removal
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Optimization of metagenomic DNA extraction from activated sludge

GOU Min, QU VYuan-yuan', ZHOU Ji-ti, CAO Xiang-yu, XU Bing-wen, WANG Teng

( Key Laboratory of Industrial Ecology and Environmental Engineering, Ministry of Education,
Dalian University of Technology, Dalian 116024, China )

Abstract: The extraction of metagenomic DNA is the key step for metagenomic technology.
Lysozyme-SDS-proteinase K method (LSK method) is used to extract metagenomic DNA from
activated sludge. Four steps of LSK method, such as pretreatment, cell lysis, protein removal and
DNA precipitation, are optimized using single-factor method and response surface methodology
(RSM). And several key factors for DNA extraction are identified, including the type of buffer for
pretreatment and reagent for DNA precipitation, CTAB mass fraction, lysozyme concentration, SDS
mass fraction and the time of water bath at 37 °C. The optimal conditions for DNA extraction using
LSK method are as follows: TENC as pretreatment buffer, 1.5% of CTAB, 0.5 mg/mL of lysozyme,
water bath at 37 °C for 1.4 h, 2% of SDS, 200 ug/mlL of proteinase, water bath at 55 ‘C for 2.5 h,
DNA precipitation for 40 min with isopropanol. The highest DNA yield is obtained with 170 pg per
gram sludge under the optimal conditions. This study will provide valuable reference for extraction of

high-quality metagenomic DNA {rom environmental samples.
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