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#  E.JH SBR UV RS E & R K, R I SR RS VR A DNA, AR 3 Rl EERBE )5 Xt DNA JR S0 |, Rk 4 4>
Z (DNA Bt , Mg, dNTP, 514 )%} 16S tDNA-PCR JZ W& R AT IESS AL I 8 frid 1B O, 25583, U3 RAl: ) DNA
LR T IRIR G AR IR IR G 15 WA G AL E Y 1S s DNA ¥ XS PCR 25 L5 5K, Mg T ANTP Ve 8 (1 52 vk 22 FLRR B A
[, 51 ¥k BE 5 M dse /)y ; i PCR 735K 22 (25 ) B 41 AH < #54 DNA 0.32 pg, dNTP 200 pmol - L™, Mg?*1.5 mmol - L™L5[4) 1.0
wmol - L, Taqg DNA B4 0.2U, H feidiiE K IRE K 56.5 C,
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The 16S rDNA —-PCR Reaction System of DNA from Activated Sludge in Livestock Wastewater Treatment
Optimized by Orthogonal Design

XIE Qing', CAO Wei*, WU Yang', DENG Shi-huai' , HU Xiao—mei', DUAN Sha-li', YE Hong'

(1. College of Resources and Environment, Sichuan Agricultural University, Ya’an 625014, China;2. Environmental Protection Bureau of
Dianjiang County, Chongqing 408300, China )

Abstract: Extracted the total DNA from activated sludge, which were domesticated in raw livestock wastewater by SBR process. Compared
three cell lysis treatments (shaker vibration, shaker and glass beads, shaker and freeze —thawing) under the same chemical method "Pro—
teaseK+SDS+CTAB", which was used to disrupt dispersed cells and release DNA. The quality of extracted DNA was determined by 1.0% a—
garose gel electrophoresis and spectrophotometer measurement. Then an orthogonal experiment (Lo (3*)) was designed to probe the best 163
rDNA-PCR reaction system. Some factors were analyzed, including the DNA concentration, primers, Mg*, dNTP and annealing temperature.
After 9 times PCR amplification, the results were made into 4 ranks according to their brightness and expressed for statistical analysis by the
scoring method. Results showed that the purity of total DNA was higher by freeze—thawing (DOys/DO,g>1.8) than the other two physical ways.
The impact order of factors through analyzing the value "R": the most important factor was template DNA  (factor C), the concentrations of
Mg* (factor A) and ANTP (factor B) were equal and in the second range, yet the concentration of primers (factor D) was the least influence;
The optimum set in 25 L reaction system was contained: 1.5 mmol - ! Mg**, 200 wmol - L™ ANTP, 1.0 pmol - L™ of primers, 0.32 g of ge—
nomic DNA template and 0.2U TagDNA polymerase. Meanwhile, the optimized annealing temperature was 56.5 °C.

Keywords: SBR ; freeze—thawing; PCR amplification ; orthogonal design
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SETIRE R TEA WIS P A D RE R E I P B &
PR AR AL AR ELA R B S AR TS S TR
A ZRES K , B2 0T o I R AT RE ) A AT, 48
SN PE— PR A SO S B DNA J7 1 2
fill_ EASH SO, R SBR SO ge 3 BhAS[] Py B
BEJ TG M5 U6 DNA TRt 520 5 [ 5
PCR S R B LA B2 R B IE AL 8 (4 R
37KF), itk PCR RBifh %, R Afm a4l
B HBOK AR Y S R L AR DTS BEE T Ak
fif .

I #MR5EFE

1.1 #F #
111 V5t A

T30 T M TS YR B DU 1] Al R 2 35 7K Ak P
CASS T hisie, HUBEAR T ESNE
B K R T, AR ERERN 77.26%~87.79% ,
COD, EREZ 5 R 75% , MLSS H7 1970 mg-L",
1.1.2 R K

a. N T NH-N JEOKFESR: 1L ARKPm
A 54 gNH,CI. 100 gNaHCO, DL & /b & Y KH,PO,,
FeCls-6H,0 .CaCl, KCl NaCl MgSO, 2524 i, KGR
8 JIT T AN [l 5 TR 1T S 5 e 2 D) i) E AR (AL Ak A

b. B E IR K A DU ARl 275 7K A s
ABR itk
1.1.3 BN 2455

Protease K, PCR ¢ #4iA7 & (W 2 FifEA: T4
TAENT] ) 32000 bp Marker (1) 28 AR 15 v A= 4 T
(EYNTIDN

2R AL 3G 1 0.1 mol - L B R 28 v (pH 8),
0.1 mol * L Tris ZZ % (pH 8),0.1 mol - L EDTA-Nay,,
1.5 mol - L™ NaCl, 1.0% CTAB,20%[1 SDS, %47 , %174
BEE,
1.2 ik
1.2.1 JEPEE TR Y11k

HiISY]: FH SBR (B8 AL EL T2 SR FH N T A58
A AR, TR BER & C/N=2:1,1) COD,, &
640~560 mg- L, NH;-N Jy 310~280 mg - L~ [ 7K .
TR FHIE K-S 18 h—JR & FE 2 h—F 1 h-1
IK=TF—F, gt LR G AL A 5] — & SUR
COD¢, KFR3H 86% ,NH=N A 95%Kt, A ALY
BOEARSER

Ja I S B K, SRR - 6 h—JRE i

$£2 b8 2 h- /K -"F — & ; 47K COD H
1 500 mg L™ f&F] 70 mg- L', Z£FRFIKF] 95% ; #EK
NH;-N ff 100 mg- L™ [&F| 6 mg- L™, LKk 5] 94%
B, 15 TR MR , DR PR B AT, MLSS 34 %] 2 000 mg-
L,
Bipk s

[1

| = dbkn
fidhAzy

Q0 0 0 0 0 0 0 0 0 0

Jets HokH

15 HEy
R L= 2srp

1 SBR RRE
Figure 1 The equipment of SBR system

1.2.2 1575 IR A DNA fHREL

Z: 45 DNA SO LM e Ak 22 b PR ik
AR R RGO T B IR IR G 3R+ 2R, 4 K +
F AR 3 ANAS[R) B AL B LA, 2548 2 ASFA T

¥ 6 MEEMNGS 1.2.3.4.5.6, Hifi3.4
BEINAKALZ) 3~4 mm 1) KR BEESER A 10 Hi; A/ 3
LIRS SCHR T 5 4 B RER 1.2.3 4 BT
PR ,225 remin™ #£7% 30 min, [FERREAREN 5.6 RE %
AlALEE 3 YR (BB 2 min, -20 CPR 3 min) , B4 i
4.0 3 000 remin'x15 min ¥ 3 WHE ABY 50 mL
B0 5 5 P E 20 mL CHCL, T4 118 W iR
2], L5 000 remin~'x20 min, BUH: FiEWR, T FIE K
FOIN A SRR B SN, IR A9 3 v BRG (6 22
ARETEY s I Je W B, 22 R 4N, 5 L T
BAEW T, FILT 8000 remin™ .0 20 min, /NL>
{8 A AL, 70% B vl R A
300 pL ddHO, 7 fifk Zih BT 2500 45 VG 350 45 B 1Y
DNA, U 4ETF 1.5 mL epp. 25, T =20 COKFA - AT
B
1.2.3 40 16S rDNA fid 14

K40 16S rDNA 38 FH5 4 .

16(+):5'~AGAGTTTGATCCTGGCTCAG-3’

1492r:5'-GGTTACCTTGTTACGACTT-3'

HAy BB F E.coli 16S tRNA 1 8~27 {3 I
1 510~1 492 i ATR . 51WZHE g4 1A T/
NFEE

S SH0: 94 CHAEYE 5 min, 2L 35 MG .
94 °CA%E 1 min, 56.5 CiB k 50 s, 72 CHEfH 2 min; B
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J& 72 CHEAH 7 min ;PCR P=HI7E 1.0%3 I HHEE A
kI
1.2.4 SRR IEAC T

RHAIEASIALS, LA Mg e B (A), dNTP ¥ 5 (B),
MM B (C) LA S 5 | 5 FE (D) i g P 26 B 1,23
(3K, W 1, e Lo(3) IEAZ R TR, I
23,
1.2.5 3B R i

FER R S fE SN R A b, R R B iR T
PRZ % 50 .54 .56.5 .58 .60 CHATHL#L

2 BRESH

2.1 i5iR 2 DNA [RERN

4 DNA B4 T 5 HR B8 I F vk, PR Kk %Ak
1.0% B NG M I , FELVK 28 0P 0.5XTAE, HL K 90 V,
Bf[E] 40 min, 24 EB (1.5 pg-mL™) 4t 20 min J5,
BIO-RAD Universal HOOD2 #E Jis¢ 1 Uk 1% 43 BT X 45
ARG, niE 2,

FIIH UV=2802 RYELHMAT UL A BE 11X U
TGS U6 DNA FE S 20 R T

1 2 3 4 5 6

1 2-FE R 53, 4-FE R+ BLTEER 5 5, 6~ F8 R+ 1R
B2 EFEH DNA KR ik i
Figure 2 Agarose gel electrophoresis of total DNA

&R 2 DNA AELLR
Table 2 Comparing the purity quotient of DNA

RS REIRH IR FEIR -+
OD0/NM 2.705 2.830 1.907
OD:g0/NM 2.280 2.340 1.040
OD360/OD250 1.190 1.209 1.834

4 ODug/ODago = 1.8, W] DNA i (1) 20 B 44,
M2 F13% 2 B, AR E PR R, DNA 40 i
1% HBEERAR 7, 4l B AR i, thnT B TR AT
5l DNA Fr BEgl 4 P9 1) DNA il FIT R fige | ¥ty B
Gi " H, B AR 2 0 R A 2% 5T 5 FH VR Rl
2 W A AE 20 CUKR, 2R Rl , 100 CHE K, )
SZTLIR, HH 20 B PN ORI SR8 2 200 R ) e v
B g R , (1 40 M 25 A ik 6, AR DNA B AN
K AL fe i, W AN alife, B T N —2F PCR
P,

2.2 16S rDNA-PCR R RI{k BRI IERZ AL

F IR 9 AL PR, Bk EE R UL 3,

M 1 2 3 4 5 6 7

8 9
——

1-Marker D1.2000; 1~9; 52565

B 3 IEXSEHH PCR =M ik 455
Figure 3 Electrophoresis of PCR Products in Orthogonal design

M 1~9 ARG TP B 22 5.3 5 T IEEA T
WAty , FEUEARAR DNA R BE IR T 8 1 38 H B
W9y, IR INTP R EE IR 2 .4 .8 18 BS54
HA Sy B4 6 .9 38 19 550l S i i, 2o B e i
SRR RER
23 RESH

TR G SR PR e MR TR 2 e AR, T AR
HHIVFor 2 N R e Ay B i 8 hm LUE SE 53 7
HRAI FRL UK 25 5 B K/ N LA 4 M35 5: 0-1%
A (3.5.7), 1-H 5547 (1),2-5547 (2.4 .8),3-5%
W (6.9),

W 3 Pk 2E R BR/NATA: R E UG
MA R T4 : C>A=B>D, EIBIAR DNA #5552 M e i 2%
51 B R R /N, Mg Al ANTP i B 52 i g o L5

*x 1 BE#EKkER

Table 1 The factors and their levels in orthogonal design

Mg*/mmol - L™ dANTP/pmol - L™ Template/pLg Primer/pwmol - L™
Level .
A C D
1 2 1.0 1.5
2.0 120 20 32
0.32 0.032 1.0 2.0
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Table 3 Orthogonal design with Lo(3?)

Grope Mg** dNTP Template Primer Rgm
A B C D (F1k)
1 1(1.0) 1(120) 13.2) 1(0.5) 1
2 1 2(160) 2(0.32) 2(1.0) 2
3 1 3(200) 3(0.032) 3(2.0) 0
4 2(1.5) 1 2 3 2
5 2 2 3 1 0
6 2 3 1 2 3
7 3(2.0) 1 3 2 0
8 3 2 1 3 2
9 3 3 2 1 3
K, 3 3 5 4
K 5 4 6 5
Ks 4 5 0 4 O- TGty
K 1 1 17 13 1R
k- 17 13 2 17 -5t
K3 1.3 17 0 13 35y
R 0.7 07 2 0.4
E R C>A=B>D
PR A, Bs C, D,
BARAE A2B;CyD,

A s AR ki (ER/INAT A, & I R AL G0 ALB:CaD,,
R IE 38 36 v e fE B AR &R R c Mg 1.5 mmol - L7,
dNTP 200 pumol + L, 4z DNA 0.32 pg, 5143 JE 1.0
pmol « L', TagDNA fif 0.2 U,
2.4 BNBREITAIER R

PCR b 7R SRS, BBIMARS %A
FUSEFE b AH SR RS S N i i, B SE
O A BEROREAE . ARG A Tm=4(G+C )+
2(A+T)IHE, 514 Py IR KGR FETE 60 CAEAT, 514
P, (IR JCGREETE 54 CAAT . TEERE T IfRdl & i3t
fih b, BEE 50.54.56.5.58 .60 CJLANE KR JE, %%
PR

WME 4 F B S ERAY R &SN, 1.2.3 4
EP A, 138 ERR, BB AR N 56.5 C

s, 37 R R
3 itig

(1757 5 DNA 48 HGE R F 1 5 A0 aFE A
3R E DNA B 57 9 $RBUE il Herp Tris A1
EDTA 8% FH FAR 9 B DNA 432 1 3 B DNA il
() Bty s NaCl AT 5 375 W OR 38 B 07 1Y) i 28 BB IR A8 15
bt = W IR AL AR (CTAB) BEEPEDTTE DNA 1)

1~50 °C; 2~54 °C ;3~56.5 °C;4~58 °C;5~60 °C
E 4 B AGREXS PCR P41 8200

Figure 4 The effect of reannealing temperatures

R K WAt E a7/t AW LS P L 7/ EE Al
DNA, {HYEAR I, A1 B8 DNA 7 35543 figt 1) 1
B, A 7RISR R i A FERE B (phenanthroline) , [
FEE RGNS BRI, A 578 5 MR 47
ZhAh f AR SR A DNA XU, {54 DNA A3% DNA
B TETC, TR T DNA (R AE

VAl AL LR B B R AT IS 91 3 A 95k i FH ) 4 B
J5 i B SR B AT A B TSRS VR MR R, i KRR
JERAR BOE A AN R A A DNA L AR v
ACEREAS TR R B AE R, S22 PCR 3744 0 DL Ky
BT

(2)IEAZEH I HIT PCR P34 4A R b, ARALR 5
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T AR T H Az B S AR AT R AE A
e, I Lo(3%)IEsC R, 1 9 K PCR g £l 14
ZEE . R, HEI T 4 A HEX Y
AR RE TS 3] T B A PR, 558 1 s A0 S LA
Fo AHZakmic it A IR R IS HAR )
SN BT LA MRS 55 H A RIS AN TR 167 S8
SHARIRAE . Ik, X PCR 9" R R IR R RAE WA
SR, H AR Wi s o # & BRI T E
R ER AL T A IR R
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