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Studies on the Identification and Nitrosification of a Heterotrophic Nitrifier Bacterial Strain

WANG Cheng-lin"? ,ZHOU Qiao—hong' , WANG Ya—fen'?, LIANG Wei' ,WU Zhen—-bin'

(1.State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology , Chinese Academy of Sciences, Wuhan 430072 ,
China; 2.Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: A strain of heterotrophic nitrifier, named H-1, which had higher nitrification potential ,was isolated from the surface layers of the
integrated vertical flow constructed wetland. The identification result of Biolog Microbial Identification System indicated that there were no
similar records as the isolated bacterial strain in the system. The phylogenetic analysis based on 16S rDNA suggested that the bacterial strain
was 98% homology at the nucleotide level compared with 16S rDNA of Alcaligenes faecalis. It was thought that bacterial strain H-1 was pos—
sibly Alcaligenes A.faecalis .Orthogonal experiments of four factors and three levels were designed to screen out the optimum nitrosification
condition. The experiment results indicated that the nitrosification effect was optimal when the temperature, pH, inoculation quantities and
dissolved oxygen were 30 °C, 7.5, 10" CFU and 2.25 mg* L™, respectivly. Sorting Order of the factors on the nitrosification effect was dissolved
oxygen> temperature>pH> inoculation quantities; The influences of temperature and dissolved oxygen on nitrosification effect were highly
significant, but the influences of pH and inoculation quantities on nitrosification effect were relatively insignificant.
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1.1 REALR

HCH o E R 2= BEK A AT oE o 2 A 1 B
THRHER G RIZETT, RFE R MG AEAT Sk A
iR A AL RVE T 4 C N PRAE S
1.2 REHELAERENS BHIE
1.2.1 B8RRI L

ZBERE 2 ¢,NaOH 1.6 g,KH,PO, 8.2 g,MgSO,
7H,0 0.5 g,KCl 0.5 g, CuSO,*5H,0 0.5 mg, CaSO,*
2H,0 0.5 mg,ZnS0,* 7H,0 0.5 mg, FeCl;*6H,0 0.5 mg,
HHZERKESAS 2 1 L, pHT.0,
1.22 BERSE

WO 10 g THEAT 250 mL K A S £k 5%
FER R D AR G G A T s SR 7 d,
MBS R 30 °C, 4% 100 r*min™'s
1.2.3 4 152 S5 2lifk

W R SE RS FR 10 mL A EEEAT 100 mL TC
ZEMRKIY 250 mL HEIE Y, THEIRRZ 4% L LA 100
remin ~' % TE 30 C N IR 4 h, AT ROREIRAG, T
AALEE SRR 30 °C N 53R 384T 3 Ialifb 5508 . TR,
BTEVE T R AR B B %k DeE R
e, W1 21 AREE R, BHA AR, T3 — 201
BTG PERG B
1.2.4 HEALIE PRI IE

FERHA LA TR & A APk G & 4
TR A T 4 O, K ELAT R A T T 1 A R P A
ERE A
1.3 BFEE
1.3.1 biolog 74T

FHZEE™ biolog A4 B B AT, Bk —
PRASAL TS PERSR A0 H-1 $E4T biolog FFIEERE o
1.3.2 16S tDNA J¥51 437

FH CTAB T2 BUZ 4 TE H-1 1Y DNA, JEiffT
PCR ¥ 3 . 401 38 FH 51 ¥ 276 -1492r J¥ 51 : 271 :

AGACTTTGATCCTGGCTCAG ;1492r: CGGCTACTTGT
TACGACTTC . PCR [ Wi t& R Jy 25 ulL, H i fE
0.5 pL dNTP ©.5 mmol * L"), IE X [ 5 #14% 0.5 pL
0.5 wmol* L™ ),2.5 wL 10xZZ M, MgCl, 1.5 pL. €5 m
mol*L"),0.5 pL Taq K AW QU-ul"), 18 pL T L
BI 1K, 2 WL DNA; & U0 SR & 5 AT IR 2
N :94 CHUEM: 5 min, FHEIT 40 MEFR, 94 CAE M
305,50 CHE M 305,72 CHEAH 120 s, Fefi 72 CIEAH
10 mino PCR =¥ 193 iabid AT ra Ik , EB J4 60,
A% . 4551 : DNA 7 1 [R5 44 23 B 72 NCBI
(National Centre for Biotechnology Information )™
(ttp: //www.ncbi.nlm.nih.gov YR Blast KR . =
% J¥ 5 BU A Genbank , EMBL (European Molecular
Biology Laboratory ), DDBJ DNA Data Bank of Japan 5%
Bllae . IR S 2 RIET SR Clustal XS
TN HER , SR )5 FH Mega3. 194K (430017 22 G0 kAL AR
PR T o
1.4 RFEEAEAEBUERAER RIS
1.4.1 FERIECA
PR — RN IR H-1 R & T LR AR 5 5
thY ORISR 7 d TETCR A5 T HL 100 mL 20T X545 4E
KA SEIS B LA 3 000 remin~"' B4 E0 8 min, 2
B VR, TR K ohk s B s, R 3 Ik e A
TCRZKBCAL 5 mlL A BB T e 25 1 o
1.4.2 IEACIRSE SRR )T
T WS AL TR AR TE G SR A5 T B A A AR
BRI AT A A M, S v P % AR 0 HLAR
B L3R 1,
1.4.3 FEHIR RIS
AR A T WS R TR A 20 TR A AR CR,
BT L9 G NEACIRGG, 3t 4 [N JRE pH A
FEIRE, A MRS A B.C.D, B 3 7K TR (T HL
20°C.25°C.30 °C,pH H( 4.5.7.5.8.0, 4ZFP &L 10’ CFU,
108 CFU, 10° CFU,##4 00 )1.16.2.25.3.76 mg* Lo
1.4.4 2504 RN W 75 i
RIS FAREEE R 3 AT ERFE IR, 10 4> 500 mL

x 1 ERBEBSELLTIR

Table 1 the average concentration of substrates in culture in the batch test

0% W geL?! 0% W geL!
TS 0.467 MgSO; * 7TH,0 0.214
Sk 0.191 MnSO, * 7H,0 0.006

ZnS0; * TH,0 0.009 CaCly 0.111
HsBO; 0.011 NaCl 8.0
FeSO, * 7TH,0 0.010




1148 FRUMRAT - — PRSI A A0 R 119 70 8 2 B L AR AR AR AT

20084 5 H

HETEI , 45 0~9,0 SA2s FURE S, T A Ak s R il
RE B TR LR 1, B IR AR R RN TG
W o $E IR IE SR T T R 2R 9 MM 28 3
AATERPER PR FE 20 d,NO, =N Fnd% B K brifE 5
AT I E 00 SR A 2 N 3 2 Sk B B ] NO, =N
W s

2 FHR5THE

2.1 EHRDEE biolog MEME BB NEES
R

M 21 BREGEAL R PGS0 R BAT A AL T P Y
SEIRREACER 95 H-1 H-2, 38 i AL T A 11
WA, KB H-1 TEVERGR . biolog A H4 H 3l
IIPTAEE R R Biolog MUAE Y4 E R G S 1A
Bk H-1 FRERAO B ek . FEEF GN2 BRI
T BUESL AR LR 58 e — 20 005 T Bt A1 70 A LU
o EZ IR AIE R
2.2 16S tDNA EEF 55347

2% NCBI Blast #0758, Frfifi s PR H-1 F1 Alcali-
genes faecalis DQ110882 VA 98% 1 [a] it , PRI
WIHAN R AW 53 B 15 B 1) — bk 2 SR AL 40 1 H-1
JB T T R 3 BB R, SR T R AT
J& 1 16S rDNA 2 I3 41 : Alcaligenes latus D88007 ),
Alcaligenes piechaudit(ABO10841),A lcaligenes aquatilis
(AJ937889), Alcaligenes xylosoxidans (Y14908)iE4T F
ot GLIEL 1), S5 R 712 B R AN AT 12 26
PRI PR s B S A R o Anderson SFMRIEZE
FERAT A S TS AN B L TR AR AR A T AT
AR, o] ATEAT LR A TR A

MRISAA Y AN = T4, 7 T R (A -

caligenes) A T F T - 27 AT T (A faecalis); K TG
PRI T (A piechaudii) s ABEE AL 7 B30T B 1A I A
(A. xylosoxidans sub sp.denitrificans); KAWL B AT
ABE AN A, xylosox idans sub sp.xylosoxidans);
FLFR 20T T (A eutrophus) s |32 72 AT T8 (A Latus) 5
R AT I (A paradoxus) o N 16S rDNA JEH JF51] 73
DESE S S (=2 N RS I A SR 7 S22 15
ANER H-1 J& 7 AT 08 , — Ay JLAE 165 rDNA
FEAIRIIRIER T 9790 F WA 20 BT B AT 8 2 Sy ] — 7ol
FEA LS AP A B H-1 5 28 B 16S rRNA
FEANRIIEPER T 97% , it I MO TR b H 4325 1Y
— MRS IR AL AN H-1 J& T 7 BT 12 26 i
Fifr
2.3 EXIRIE RS
2.3.1 BRI

MIE 2 B Y AR A AL B, 25 CC R I R AR
A AR AT B 3 AR, AR 30 CI R
AR A Bt o #F8 Hultman!™ 52 H i AL 20 = 7Y
PR U R Z IR FR, U= U, 5 )[100002]
d™ R 2 HORH AR AR T Y 1 AR IR AE 25~30 CZ
] AT 25 CEim T 30 CReTLAm = AR KRS AL VE
PRI o DR R B T S A A T AT i A S oy o 544
ARIGE A
2.3.2 pH M52

MIEL 2 AT FEE AN AL B R, B8R pH T
WREAL A TS R, 2 pH=7.5 I, MEAH AR ROV 38R
R pH JE LA A P R N R 2 —,
15 pH TP BRI |, A AL SO R EGE , 2 pH
it — 2T, N NH, <—NH; P ¢ & HR1E , NH;

VP e R i, T A TR R S AR, T2
S1
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Figure 1 Phylogenetic tree baced on 16S rDNA
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S g4y 7E 1.5~2.0 mg L7, KT 0.5 mg- L, WIAHALAE B T

: 12 \/ L /\ {511, 78 DO LK T 2.0 mg- L I, i 80 o IF

s o7 AL RIS T2 1. MIET 2 P& Y e SRk

| TR L BB

24l 2.3.5 WEAHAAE HIRCR

S o2} H13% 2 TR G 45 Rl A 4l 30 °CLpH
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Figure 2 Relationship of nitrosification condition with

different factors
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TR A FHH P, AR A a3/
10 R SRt Sy NI £/ L SO N N R SR A 25
/1N, AT BB R NI A A8 7 e BRI S Rl N . 42
Pl /N AT 5 FR AL g s A K R R T
BTG, AR TR A K
2.3.4 EAHARSZ R

M 2 0T RS AR R N B DO T
LA A N R TS R, i i 2.25 mg 1!
B, WA A SN SR A B et . WAL AN T T 4R 2
e TAK, AL KER NH, F NO,
IR v 1 I firp AEU I 5 DR /NS I O b S e T it A B Iz
RS AL A B A0 A TR Vi SR B S A A 2 TR
A KBRS Un=(Un max)(DO/DO+K, ), N2 5K
FIHL, S DO GRS, iAo A ARG R,
DO>K, B}, Un=Unmax. KZEEF NN A

T RFEAETE A TR R AshE =X, ds e
MLAEREAR &7 (B NH,—NH,0H—NO,—NO;")
AHHLAAS &S (B RNH,>RNHOH—R-NO—
RNO, — NO), A R55 55 77 i A R AE A TS A AR s
AR it =08 NH,*— NH,0H—NO,—NO,~, H
NH,;*—NH,0H—NO, ~ & & e Wt T WA LVERT, ol
BAMTE AL IR0 A AE 271 oA Y
ARG IR R o WIS Wb R S Fb S RS e fE 2%
1, — AR R AT i g A RE A A SRR ke
(O E T D NRRT 3 R P S LN E = W N LTS YK %)
R EBRBCREE LS PR AR .

M1 ¢ 2 3% 3 I« WAHAR S H 95 S0 S A
AR NS i e K, FLUOR IR BN pH, T 5
MV 5/ 0N, T FEE RIS S el v J3E 4 25, pHL R R AN I
R, TE K S A PR AL
AT KA A A AL E R 2, AR RENS
SR AR R ACAE FH %) JEORHE 1 2k 28RN I i
FiR iR, IR T i b PR R RE 1, B AT
N TARH I EE R LA AT 2 L ATk i =X, %
BT R IS - IR E R i IR S AR e, TR
WE TS AAE - RS E I 58 i T, R I5 7K
FRUBA, TR ERE Y B A SR SR E
WRAHAE IV A R R EEAEHLE R R, f5Y

®2 RBERFESW

Table 2 The Range analysis of experimentation

S A B C D A& BRI 3 Y
P K3>K1>K2 K2>K3>K1 K1>K2=K3 K2>K1>K3 A3B2C1D2 RD>RA>RB>RC, D>A>B>C

=3 RBRERFESW

Table 3 The Variance analysis of experimentation

TTEEAR B2 A FI JiZ F F0.05(2,6) WA
A 5.12E-08 2 3.60E-10 81.01 5.14 *
B 6.03E-09 2 7.16E-9 0421 5.14 *
C 5.83E-09 2 7.19E-9 0.405 5.14 *
D 3.14E-08 2 2.92E-9 5.380 5.14 **

TE o FORMURE , * FoRAI AR,
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3 #ig

(OHMEGE A RN G T B A TR
Gy B IRGE BRI TE MR 1) RN B H-1, 34T
biolog FFSEE , Y542 Z G0 P S50 R FRE A AL
PEHEIC %, T REIZEHRIE BATE S R G &
th, SR F 7, 168 tDNA §73, 28 NCBI
Blast Ki % , LR Alcaligenes faecalis Q110882 )
A 98% Y AR, PRIHAEZ RN AW 58 55 5 15
W) — R ST IRE AN H-1 J& T = 08T o 8 267 el
[Zp 1

@ )il i3 1F A B0 45 A R MR 30 °C L, pH
R 7.5, 8RR 107 CFU, %48 2.25 mg+ L B, 2 A
A SO R S A 5 A A SR H 5 A8 SIE A A s i
ORI EK, HUOZIRER pH, MR R0
ZIN U RIS AR e o B B2, pHL R a5 e R T
AN 3 o DRIHHE 5 1 S 7 i T 240 T R 3R 4 i 7
—E{H, T AR B AR WA AR, 45 4 JE 25
PN 254, T LASR e Y A i AL SR RS A T AR
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