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Analysis of microbial diversity of nitrifying bacteria by
Terminal Restriction Fragment Length Polymorphism
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Abstract: We analyzed the microbial diversity and quantity of nitrifying bacteria in the enrichment reactor by Terminal
Restriction Fragment Length Polymorphism (T _RFLP), a cultured-independent molecular technique. The result indicated that
nitrobacteria enriched the best, and the diversity index decreased 62.80% compared with the initial data. Nitrobacteria were
predominant in the reactor. Meanwhile, we studied the microbial diversity before and after adding Nitrobacteria into shrimp
ponds, and analyzed several major bacterial species that existed stably in the pond. According to the analysis by T RFLP
program, species including Brevibacillus brevis, Microbacterium lactium, Azoarcus indigens and Bordetella holmesii were the

dominant bacteria in the ponds.
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1L40E 16S rDNA i f 57 (FGPS1269, 5'-TTT
TTTGAGATTTGCTAG-3'; FGPS872, 5'-CTAAAACT
CAAAGGAATTGA-3"), &% Leser 2T 2000 4%
AN 16S tDNA i 7 51™ (8-27F, 5'-AGAGTT
TGATCCTGGCTCAG-3'; SD-BACT-0926, 5'-CCGTC
AATTCCTTTRAGTTT-3"), 5|¥1 5' K% 6-FAM
FOLRC . FIWHREEAYA FE M.

PCR MR R : A 1.2.1 H) DNA B
SRR o PCR I AR 24 50 uL, N7 5 uL 10xPCR
Buffer, 4 uL dNTPs, " FU#5144 0.2 uL, 0.2 pL
KMk DNA, 0.25 uL 7ag fif (TaKaRa 22 #)).

SN A AT NOB 514, HiZEH: 95°C 3 min;
A5k 94°C 1 min, 3Bk 50°C 1 min, #Eff 72°C 2 min,
35 MG R 72°CHEMH 5 min, Al 40T E H 5
PP WAEHE 95°C 3 min; AEME 94°C 30's, ik 57°C
45's, FEff 72°C 2 min, 30 MEH; & 72°CHEff
4min, MG, YWET-20CHMF,

1.2.3  PCR RWZ5R#20

WS pL PCR 434 7= Wy 4T 0.8 % B AR WHEE LIk,
WAL B, SHMT T USRI,

1.2.4  16S rDNA 717519l

F FH B k12 N VD Hae 1Y) PCR 3 54453 1)
16S rDNA =¥, [N SR A 20 uL, I 10 528
ik 2 uL, PCR =4 10 pL, KK 6.5 L, NI
Hae 1l 1.5 pL, F§YI™ ¥ T_RFLP 237 ih 1 ifg
FERR S WS
1.2.5 T RFLP &4 r

R4l T_RFLP &%, 5w 5 P A Ak 240 1 1 =
JEHEAT Y A, JF X G ST T . IR,
18 3 & B B ¥h  http://mica.ibest.uidaho.edu/, % £
T_RFLP 43 8 B2 73 % A i v b 30 09 B o 7 1 B
(Terminal Rest riction Fragment, T RF) AT
Mr, BH—1 T RF H—"PFAE4ZEHIC (Operational
taxonomy unit, OTU), iEid#£3 T RFLP Kiill%h



MRS AT A BR ) 1 B JBE 22 A5 M B 0 A i A 20 1 2 ) 2 A 1 485

BOHE ST LA B Bl N VTR Hae T, 6 FLrpon)
REE A RE R, S HTRE S I A 2R
1.3 ZHMEHTtERZE

WG Hae TEEYIS 5] T_RFLP K+ T_RF
R o BR i B i 5 ) B AR X e s L, 23 50l 5
TR R AS TR B 75 B 00 Ak AR TR T 22 R T e A
MBS B E . SRR BN S R B TR
Ah:

ZFEVETE L H'=-) _ pixInpi

YIS FEHR%: E1=H'/1nS

2 X5k

2.1 ZAE S DNA BY$REL
WAL TR B SR T BRI DNA RET H

EREFRWOT IT A UEYI R S DNA AR, $EEU

DNA £ 0.8% JEAEHEGEI UK 5, 7E KT 19 000 bp

1 ERELAEEFRHAES DNA

WA — ARG A5, 1 R
2.2 16S rDNA PCR

DALY S DNA iR, FIH NOB 5144 3
16S tDNA, 7£ 397 bp Ai BH I MFE My 3 557, 5
519 754U 1 1) DNA 781 K /h— 3, 4n gl 2 i .
2.3 ETF T_RFLP HABREMS HES T
2.3.1 HF T RFLP FeARIIEH IRN 75  18E
B ZEFEFES B

AR AL TR S 2 IR S DNA 1 BER
19 000 bp, FIJH] NOB ¥ #5199 1 H 1 16S rDNA
FBR/ANA 397 bp, FFETURMKE., K3 2HA
i P4 16S tDNA 1Y Hae 1IEEY]EE . K
FREATOREE R 1 R YN s L AT S 40
[ IR N T TR AN TR AN NS o v W L LY
A e A S R R R AR SR . B 3 R SR
12 h, 24 h, 48 h J&, &I DALY 1Y

Fig. 1 DNA in the enrichment reactor. (A) Sample 1 was the DNA extracted from enrichment reactor after cultured for 12 hours. (B)
Sample 1 was the DNA extracted from enrichment reactor after cultured for 24 hours. (C) Sample 1 was the DNA extracted from

enrichment reactor after cultured for 48 hours.
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Fig. 2 PCR amplifications based on 16S rDNA of NOB. (A) Sample 1 was the PCR amplifications after cultured for 12 hours.
(B) Sample 1 was the PCR amplifications after cultured for 24 hours. (C) Sample 1 was the PCR amplifications after cultured

for 48 hours.
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Fig. 3 T_RFLP profiles based on bacterial 6S rDNA with NOB primer at a different operating times. (A) Hae III- digesting T_RFLP
profiles for bacteria after cultured for 12 hours. (B) Hae Ill-digesting T_RFLP profiles for bacteria after cultured for 24 hours. (C)
Hae Ill-digesting T_RFLP profiles for bacteria after cultured for 48 hours.
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&1 ET T_RFLP B2 MEIRENS HIEEHS T
Table 1 Analysis of microbial diversity based on T_RFLP
profiles
Diversity NOB
index 12 (h) 24 (h) 48 (h)
OTU 11 7 2
H' 1.39 1.21 0.45
E' 0.58 0.62 0.64
#*2 ET T_RFLP EEHIBMLAEFEESN
Table 2 Semi quantitative analysis of NOB based on
T_RFLP profiles
Time (h) 12 24 48
Percent (%) 44 57 97

&3 ET T_RFLP EESMREM S HIEEHS
Table 3 Analysis of microbial diversity based on T_RFLP
profiles

Before adding
nitrifying bacteria

48 (h) After adding

Diversity index nitrifying bacteria

OTU 38 42
H' 2.19 2.39

AN RS B Z PR 8T LU, iR TER
INGAEALANER 48 b e, JE AN APZE I A I, M
WA ZREE 54X (Shannon Diversity, H') 2RE,
PN 48 h J5 HFIE N AR W) 2 FE PR T4 I i,
AACIREE R 9% . @itk 4 ATLUE 1, BOmaEib 4
WG, KIS AN R R A X L
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Fig. 4 T RFLP profiles based on bacterial 6S rDNA with bacterial universal primers before and after adding nitrifying bacteria. (A)
Hae lll-digesting T_RFLP profiles for bacteria in the shrimp ponds before adding nitrifying bacteria. (B) Hae IlI-digesting T RFLP
profiles for bacteria in the shrimp ponds after adding nitrifying bacteria.

F 4 HF T _RFLP B S HMEITEKPABEFEEE D
Table 4 Semi quantitative analysis of bacteria based on
T_RFLP profiles in the pool

Sample peak Bacteria Percent (%)
B*,9 Brevibacillus shida 0.237
B*,17 Uncultured bacterium 0.593
B*.18 Borderela hofesi 956
B*,23 Microbacterium orla 1.799
B*,36 Nitrobacter 2.343

*B indicates blue, i.e. 5’ fragments. 9,17,18,23,36 represents the
number of each fragment in the profile.
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(LA DRSS AT R A 2, SRR E AR RN E
9 bp MERMIBA I N R ZF A Brevibacillus
shida, 23 bp {CEMATE Microbacterium orla, 18 bp
FRER AL Py AT i I [ BN Azoarcus indigen B
2 RO Bordetella holmesii, #%11 NOB 48 h Ji5,
i A 200 TR 7 SR IE K NAVE R DL 34 s A7, T al A

R K o T S5 S O
S

TERS LA A= KR 23 . X0 | Fe s R,
3 FEAT T_RFLP AR, >4 B i s A0 20 v ik A
FE AR, 4R SRR, B AR R s
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