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HLAEAY PCR F AT
FIEEBHT

W Xz RLR
CEARITIE K ¥ IR SHAR R . £ 200062)

W FAPFORR TSR R SIS T T A DNA 8938 50, 8 0 B R AR v
VKA SN S 6B B E L CTAB 3E 3R B 56 5 DNA f) 52 B A4t B 5080 47, LI S AL 4 2 9
14T PCR U3, B S BRO T MR F, TTLLY 38 8 B4 H DNA K. 2 OB BEAR
7 (Polymerase Chain Reaction, PCR) 5 8 & JLZ ¥ (Most Probable Number, MPNO M4 &
MPN-PCR 3 B Uit oF 80 AL 4 BT 5847 7 8 BA WA B FR4R 08 S ST B A 4 A 0 <0 o 05 /K o ) B
LA B PO BB Y E BRI T B,

REE LB DNARE PCR Y MPN-PCR¥.: KW &

The Detection and Quantitative Examination of
Nitrobacteria by Using PCR Technique

XIE bing LIU Jiangjian XU Yatong
(Dept. of Environmental Science, East China Normal University, Shanghai, 200062)

Abstract: The total DNA of activated sludge was extracted by using two methods, and de-
tected by agarose gel electrophoresis and U. V photometry. The results showed that the purity and
integrity of the total DNAs extracted by CTAB method were relatively good, and could be served
as template for PCR amplification; The certain primers of nitrobacteria could generate a specific
DNA fragment. The PCR-MPN method, based on the combination of PCR (Polymerase Chain
Reaction ) and MPN (Most Probable Number) were applied for the quantitative examination of ni-
trobacteria in activated sludge of biological aeration tank, which the purpose is to establish a rapid
sensitive and stable method for the quantitative detection of nitrobacteria in wastewater of biologi-
cal aeration tank.

Key words: Nitrobacteria, DNA extraction, PCR amplification, PCR-MPN technique, Detec-

tion, Quantitative examination
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<4 MEMETFOR#RE - — FLEMEDESF AT &R CE

HEE, MAEE KA AR A AR ES TN A G HITERER. B4
W $7 B (Winogradsky) & BLEH L 40 B8 LA, AM1— B 2@ HE SFEMSREE
BRNRENH B T B AR A 3 Rt B2 v A K 218 H 4y B, 2 IR BF R 7 %
EATHEAT I — 2 R R Z BRI,

R o e Y (PCR)Z—FMIEERIMEE T M DNA H AR, ZHAREES . C8H
TR A R AR & FEY EER,BR SEEEEN AR SRR RN
FA KT B 1k 20 B A PR AR U AT BT AT . A PCR B XT AL 4 B 1T & B A9 b T8
HHIRRI B,

AXFEBR T IEERBRMEY S DNA $93R B & PCR A XHA4 1k 40 & #5474
MERIR, BHRELAVAEREFHHEAREARE, RE. RENBNME&NE.

1 SEERPhR G

1.1 HLHE S DNA BIREA &

ASuG KA T B RS [E] B R AL 401 5 DNA #9348 B i

—MRR AR &% AR EHR T .

(1)25ml TECEHED.

(2)40ml Solution Cl.

(3)60ml Solution P,

(4)20ml 1. 2mol/L NaCl(ZLH).

BELSRUT .

(1DEL 1. 5ml #E5 10 000 g B0 10 min.,

(2)FF £ B LRI 200p] TE, WA K & WIT 2 &%, FEhIA 4004 Solution
CLIESIG, BT 55 °C 1h, i E TR ILIK . FRARSE 4 0 BE 50 RV A 32 75 HF kS BT 04 , 76 U 17 4k
SRIBALEE,

I 600ul A5, 1R 5T, NAEKEIZ, LIRIE DNA #9528,

(4>10 000r/min B.0» 3min, BT 245 =2, Z F 45 DNA HEERBERP, MEESE,
R RRMAGRIRES ., B 500l EEFW,.EFEE 1. 5ml BOE S,

(5)BMA 500p! Solution P,iR%], EIRHE 2min. FiEEHE.L,10 000r/min, 2min .,

OO IE R ANEMEVTIE. LB 1004 1. 2mol/L NaCl, #2548 % & ZE DNA
Mo TR,

(BN 300p] ¥ Z B, —20°C B & 2h. 10 000r/min, B BS.0 3~4min. W E Bk EHZ,
B A 700 QB —IR. EET T Mg L, Z 8 10min, DNA A TE B,

TP ik R CTAB(F N be 2 = IR b 8) — NaCl BB + B 186 K ZU2, INE) /05
/IR . 20T LA B T R MO A A T, BRI LSOk [6~7],

1.2 REEYT (LA S DNA Bk E RIS B 447

1E AR 9200 PR 28 S 43 6 06 B 15 S SR B A B 1k 40 B 55 DNA #7722 B0 52, 40 51 0 52

230,260 1 280nm BIMLIEHE . SREUAY DNA 52 % 4 T LLE 13 BN AR s ey 0k S0 0 2%, 76 ol ok [
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o, EALH IR B DNA B 5% i e ik iE i F =4, WK B4R BUA DNA 28 18 H B,
FVKGE b B R B AR, MR B4R BT DNA SR R, R R,

1.3 EEBIHLMAEE DNA 89 PCR §-3#

1.3.1 FHALA BRI FRS T3

AR R AL B E W FBIFIIRE 1.
®1 HABHES. RS HF5]

514 FFl(s'—3") B HEME
AF363288—1 AAACACGGCCCAAACTCCTAC 267~~287 Nitrobacter winogradsky
AF363288—2 CACTAACGGCTGGCATTCATC 753~733 Nitrobacter winogradsky

X90820—1 CACGGCCCAGACTCCTACG 314~332 Nitrosospira
X90820—2 TTCGCCATCGGTGTTCCTC 715~697 Nitrosospira
X82559—1 AACGGGGAGGAAGGTGGGGATGAC 1158~1181 Nitrospira marina
X82559—2 GTGGTGTGACGGGCGGTGTG 1404~1385  Nitrospira marina

1.3.2 PCR R &4
B RLfR R AHE - 1l SRBUA R LA B 55 DNA /5 B BR, 0. Spmol/L (WK JE, FRDE(9,5
BAY Tag B, 200umol /L # 4 XdNTPs, 10X PCR B (f14% : 100 mmol /L KCl,80 mmol/L
(NH,),S0,,100 mmol/L Tris « HCl, NP—40, pH9. 0),5~2. 0 mmol/L MgCl, (% 2), b 3=
BT KA R S4B 50ul, PCR % R4 4 Fi A (95 °C) 10min, A4 (94 °C)30s,3B k GE 48
B)30s, FEM (72 °C)30s,35 WAFFFL 2, EM (72 °C)5min,
F2 PCREEMBXEER Mg iRE

59 X90820 AF363288 X82559
BAHRECC) 60. 1 56. 3 57.1
Mg?* % & (mmol /L) 4.0 3.0 2.0

1.3.3 PCR =¥yt

PCR 7= 6 BLUK A 87 A1 1. 5 % BRASME R B B 0K, 80V B9 8 I (4V /em) , HL ik 60min , 7£
BN 0. Spg/ml 9 Be 5 M e 65 30min , 45 48 ST T ULEE I BT 8 e v ik 6] 4 A B8 28 45 35 &b
H,
1.4 MPN-PCR AXMEaHE L BAEHITEE

XS DNA BT 10 R HR(10°,1071,1072,10 °,10-9) AN =3} 0]
PR, ST B 3 A TATH PCR &1, BT 1y HEL UK £ SR T HORE O 89 P B Y 3K, Bl
BT R S8 EHR, 5 0ER 3 MESER T PCR TR R B £E R348
PEX LA AR MPN 3 P28 A 7 6 B b 40 58 308 (00, 5048 ml 5, wH i 1k 40 B A R i

2 ERERSE
2.1 THEHEES DNA 2l R

2.1.1 AR ERBAE & DNA 45
BU1. 5ml 898G CYIRTTIS K 4 28 B S M IR & 7 , B CTAB RO S idm &



<6 MEETERHR — FRLEHEDESERFIT LR E

HATH LA 5 DNA B9 EL 125089 & DNA H 60ul TE EWERE. 705 & H A 230,260

1 280nm LW I EE LR ILE 3,
£33 HANBUYRZISHAAELIRNBELEE S DNA MEER

#/EUT A2z Aazso Asgo Azzo/Azco Ao/ Azso DNA ¥ (ug/pD)

4} 1 0.051 0. 090 0. 043 0. 567 2.09 675.0
B 2 0.036 0.055 0.028 0. 655 1.96 412.5

Eﬁ % 3 0. 041 0. 065 0. 034 0. 631 1.91 487.5

% % 4 o028 0037 0021 0. 757 1.76 277.5

®

— i 1 0.014 0. 011 0. 008 1. 273 1. 38 82.5
g 2 0. 031 043 0.023 0.721 1. 87 322.5
23 3 0.010 0. 004 0. 003 2.500 1. 33 30.0
= 1 0.016 0.016 0. 009 1. 000 1.78 120.0
i 2 0. 054 0.101 0. 049 0.529 2.08 757.5
% 3 0.024 0. 031 0. 015 0.774 2.07 232.5

Z‘fn % 4 0. 030 0.039 0.018 0.769 2.17 292.5

it

. 1 0.006 0.000 0.001 0. 00 0.0

- % 2 0. 009 0. 001 0. 001 9. 000 1. 00 7.5
& 3 0. 031 0.053 0. 028 0. 585 1. 89 397.5
% 4 0.017 0.025 0.013 0. 680 1.92 187.5

TE : Azsofll DNA MR E 95 H 5 % 5 DNA I C(ug/ml) = Asgo X 3X 50/0. 02=7500X Ags0;1,2,3,4 TRE—FEMH
FATH .,

MIXEEHIE AT LU ), 3 F [/ — R, B CTAB ZUR BB ik ] & 1549 & DNA RE
BEX  Agso/ Ao T HLIH LT 1. 8~1. 9 Z 18], £ B8 & DNA E’Jﬁﬁtb?}%,lﬂﬁﬂ‘%ﬂﬁﬁ%?ﬁ
#E’JWIﬁ Hﬁ{ﬁ Azso/Azsoiﬁ] Azeo/Azso %B‘E—ﬁﬂ%%o lﬂlﬂfn%ﬁﬁ CTAB %ﬁ@%%%%ﬂﬂﬁ
TLANB ) & DNA, S E 47 1 4 J5 E # PCR 4 4 B 7 4 14 .

2.1.2 CTAB BREEIEXS R[E BEAYFE R B DNA R4t
PRl —#ah (LTS K AL TR MR M5 U8) L SR A CTAB BEEE 3232 B DNA (3 4),
F4 CTABHWERZRDAEHSENE DNA

H# & Aszzo Asgeo Ao Aazgo/Azso Azo/Azso Cpnalng/p)  DNA =H(ng/ml)
1 0. 038 0. 080 0. 042 2.105 1. 905 600. 0 2.40X 104
[ETh: ¢ 2 0.035 0.068 0.035 1. 943 1.943 660. 0 2.64X104
1. 5ml 3 0. 051 0. 090 0. 043 1. 765 2.093 675.0 2.70X 104
4 0.056 0.101 0. 051 1. 804 1. 980 757.5 3.03Xx10*
FH{E 0. 0450 0. 0848 0. 0428 1. 904 1. 980 636. 0 2.54%10*
1 0. 160 0. 349 0.181 2.181 1. 928 2617.5 5.24 X104
& H® 2 0.148 0. 325 0.158 2.196 2. 056 2437.5 4. 88X 104
3. 0ml 3 0.185 0. 381 0.192 2. 059 1. 984 2857.5 5.72X10%
4 0.192 0. 402 0.210 2. 094 1. 914 3015. 0 6. 03X 104
FH5{E 0.1713 0. 3643 0.1853 2.127 1. 966 2732.25 5. 46X 104

WRFE# R B (B B2 5125 1.5 0 3. omD) , L EE 8542 BLdg DNA W EMTR], §—ak
AnfY 1,2,3,4 RARX—ABPIANFEITHE, F 60ul TE B W RESZ B B DNA L T B TR B
XT1§§‘J DNA F% CDNA(TC Azeo)ll& ﬁﬁﬁ*ﬁ,m *E 5,



Eg% HrRRE © 7

RS FE Cona (B A IIBEST

i3 f xR E 4 HXHEZE RD =2 i HXHRZE 0 HXHEZE RD
1 0. 007 15.56% 1 0.0113 6.60%
e it 2 0. 010 22.22% (=R 2 0. 0233 13.6%
1. 5ml 3 0. 006 13.33% 3. 0ml 3 0. 0137 8.00%
4 0.011 24.44% 4 0. 0207 12.08%
¥ H 0. 0085 ¥ A 0.01725

i b, 3.0ml #£ 7 2EE DNA BV IZ&E 1. 5ml FERREN 2 %, 8 Cona Y EL{E K 3K
BT 2; PiFE R ) DNA PR i KBS, (HE,\F 4 3% 5 LB L, 3. 0oml B 5 32E
#) DNA B#AKE T 1. 5ml B3 BUR , Cona i HAE>2, 3. 0ml £ DNA 7 R4 H, 1. 5ml
FEan R iR % . RUIBEG /), R IUA DNA B8, K 5 (R HTRE , 1. 5ml BE R g48
BB EI AL 3. oml B HIK— 58 W BB R, TT R B T RE i/, 18825 7 e 1 B ) o £
Gt BrLAEATHRE S DNA SR 574 245 09 RE 5 B, A B ARE S5 50 4 4 X e A
2.1.3 $RHEUA DNA e

2 B DNA 52 %4 7T LA SE aof B8 8 8 e i kR 022 . & 1(a) 2 ¥ F CTAB 485,
DNA Be e, BA R, B 1(b)R A Bk £ 3%, DNA HHi RIS , %0 2 B4 R IF

(a) (b)
1 REAWEME S DNA Bk E
(a)Rf CTAB £42HUAY DNA; (b) R TR & 69 77 B 4R BB DNA

2.2 PCR¥H4ER

WP 2 B2 W3 B BT B A 2 SR BRI, HA N4 B 2 150bp
450bp; 5141 X82559 Xt B G I A 11 , X T BE 548 5, FREZMBHEEX;7,.8F 9 R2[4Y
AF363288 " th U RF RAE A0 A RE R AN N 280bp » 27T 7 - T 11 175 T B 0 4T, U
T B 5E BBF 53 3 % B | AT 1 4
2.3 MPN-PCR F 2L EE

R 4 1,3, 0ml B B 1~3 4744 Bl MPN-PCR 5 & , 545 5L 3 FiR .



* 8 MY E SRR — BHEMAEWETF AR SRR

2 PCR ¥ 455
1,2 f1 3 514 X90820 ¥ IR 45 R
4,5 1 6 K54 X82559 I ML ,7,8
9 K HSI4 AF363288 ¥ 45 #5110
7 100bp Ky PRHE Marker

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

(c)
El 3 MPN-PCR # Bk B (a) ~ () 4 B0 1~3 S8



L& HRMRE *9

(a) 0 # 17 £ 100bp ladder;1 BT H;2~4,5~7,8~10,11~13,14~16 451X 1071,1072,1073,107, 10 ZANHBEH
ST P SRR R RN 450bp, R W ESFIH 3,3,1,1,0, (b) 9 & 100bp ladder;1 #1 2 2= H;3~5,6~8,10
~12,13~15,16~18 43 5% 1071,1072,107%,10", 10 S=MHB EH =TT, V¥ RS KB KL% 450bp, HR N
43 50% 3,3,1,0,0, (¢) 4 £ 100bp ladder;1~3,5~7,8~10,11~13 45| % 1071,1072,107 %, 10 =/ WB E W =1 F17.
T RE R RLR 450bp, HR B4 51 M 3,3,3, 0,

¥ MPN-PCR BEIMERITMHE 6.
#£ 6 MPN-PCR ERITHLAHER

AT 6 9 PR 2 0 3 -
R BEHEE  ERM AERC/aD
1071,1072,107%,107
3,1,1,0 311 7.5 1.5X10*
3,1,0,0 310 4.5 0.9X 10
3,3,0,0 330 25 5.0X10*

EHECN/mD=A R X102X60+3=2040 X ZEFH.

2.4 iR

XX R A YRR SRS T 5, 5 08 R A R R R R R RS AL AR B, BT
Pl MR AR ARRRIE AW H B SR, TS Gresis-MPN %188/ 4 £ E(K.
RHGACREER YT HETHTHRERRTUHBRARNY LS, AMRAEY R
ST RS . HSh, BT PCR RN A H R 1R , R #5 BE Fr & #04% DNA &
BHE T PCR YR EREHAT, TAMBHE K DNA WA BN FRARB SRS HEXE
T, AR 6 FEIGIR AT, B 2 9 DNA SRECRH 1 0 3 1K, B 218034t s g Bt , 75
XA AL 40 B #E1T PCR B HEAY A MPN-PCR & R Il 00 & 2 B b, SRS (L 40 85 5 i DNA
RVTRE @ MR BUR A RBH — 4, H L EMS HTITRR, LI E DNA REXLER, X2
FEMCHT 52 o B I A 1R A

& X x|

(IR TRE. K EY R AL, . 2 RIFH A2 R, 1995

[2]fi KM RE, %48 NE % AR AEE T FME/ M. L3, B2 i piat , 1084

[3]Burrell Paul C, Phalen Carol M, and Hovanec Timothy A. Identification of Bacteria Responsible for Am-
monia Oxidation in Freshwater Aquaria. Applied and Environmental Microbiology, 2001, 67 (12);:5791-
5800

[4]Orso S.Gouy M,Navarro E,and Normand P. Molecular phylogenetic analysis of nitrobacter spp. Inz.J.
Syst. Bacteriol ,1994,44.83-86

(SIHASASE, M. WAL Y5 /K R b 40 B 0 DR G B 9. SR B2 80,2002, 11(5) : 796-799

(6175 FBR. B {40 8 () 3t 15 B AR BT 52 46 AR T K25 W0 B i8¢, 2003

(7] 2% RS FEYELLREAR B M. L3, P E WA R B A% R, 1999
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BHEEEI DNA EF0
RAPD R #R"

Lmi #x EFRAE
ERMAEREFEREL5HREA, E¥ 200062)

W B AU TREUEIE DNA 89778k, R A o 08 4 W o i BUBF BB + A M 30
PR, NE B B 2K R R DNA, sk B SNRUCE R IT S & . SR B R AR
DNA B8, 7= B8 W ABT B + R A B % DNA 7 R, (B %/~ E, £ RAPD # R kR
M# R E B DNA B4 77 BT T ¥IE 5, IR0 7 W1 RAPD &SR0 —E E, %259,
DNA SRR BE B Mg® W B 347 S 3 K . TG ANTPs #1 Tag MK E AN EBEASL RS EiY
MR . RAPD v 4 R AW IR0 4 I RS B B B SMR R8T U5 DNA FF51% 4 TR KBS,

X@iT:DNA £l RAPD HEHE %4HET

The Study of DNA Extraction and Randomly Amplified
Polymorphic DNA (RAPD) of White Rot Fungi

MA Lihua XIE Bing HUANG Minsheng
(Dept. of Environmental Science, East China Normal University, Shanghai, 200062)

Abstract: Two methods of breaking the cellular wall, liquid nitrogen grinding and snail en-
zyme as well as saturation phenol, high-salt deposition were used to extract DNA of white-rot fun-
gi in this paper. The results of UV-spectrum and gel electrophoresis analysis demonstrated that
snail enzyme could break the celluar wall of fungi effectively and DNA extracted by this way was
the highest in output and was little broken. RAPD was used to study the DNA sequence of two
different white fungi. The result showed significant changes of the DNA sequence of two white
fungi before and after UV (ultraviolet) mutagenesis.

Key words: DNA extraction, Randomly amplified polymorphic DNA, White-rot fungi, Ultra-

violet inducement
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