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HE. NorE—IHE s Bk 1 BT R RO A B psbl, AIITIEZS KOG A0ME FRAE O S5 20 B i 5 R
( Rhodopseudomonas sp. ) FAR—H. FAUIE 16S tDNA F555 [ ¥4 1 7 5] L X455 2B, B £k psbl 5 Rhodopseudomonas sp.
IR IERL 99% , ELANBT 43 Y KL (9 26 (1 07 91 L XS 45 LR W1, T8k psbl 5 Rhodopseudomonas palustris AIERK, K
99% . B FRAARARAE S H: E AR R M & LB psbl &5 Rhodopseudomonas palustris 45 8K 255 AR psbl A~ BEF) FH %5
EPRERIH SRS B SRR ARIR Cy,) oo SR LIGEE R, AR psbl fcidi 2B IR EEFN pH 433028 40°C 1 7. 0, Fefli
AR EIR IR ; #1465 pH 29 6.0 ~7.0, 30°C F 4T IREDEIRIG SR, 0 0. 4% 19 psbl WFRIXTELUE K h Z AW KRR
99% LA . UEWIGE U T psbl 24 Rhodopseudomonas J& HJ—A™ T 1A, e 18 A0 2 B & 4, L6 S WK PR 7K BT i 2 v B A 2 2 7
Hi 5.
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Isolation, Identification and Characteristics of a Rhodopseudomonas with High

Ammonia-nitrogen Removal Efficiency
HUANG Xue-jiao, YANG Chong, NI Jiu-pai, LI Zhen-lun "

(Key Laboratory of Soil Multiscale Interface Process and Control, College of Resources and Environment, Southwest University,
Chongqing 400715, China)

Abstract: A strain of photosynthetic bacterium named psbl capable of ammonia-nitrogen degradation was isolated from a swamp in
Yunnan. The psbl was similar to Rhodopseudomonas sp. according to its cell morphological properties and absorption spectrum analysis
of living cells. The alignment result of 16S rDNA amplification sequence with specific primers of photosynthetic bacteria showed that the
homology between strain psbl and Rhodopseudomonas sp. was 99% , and the alignment results of protein sequences of bacterial
chlorophyll Y subunit showed that the strain psbl and Rhodopseudomonas palustris were the most similar, with a similarity of 99% . But
there was a great difference in the biological properties of the strains psbl and Rhodopseudomonas palustris according to physiological
biochemical characteristics and main fatty acid analysis. For example, strain psbl could not utilize glucose and mannitol as carbon
source, and had specific fatty acid Cyg,; .. The results of single factor test showed that: the optimal growth was obtained at pH 7.0
and 40°C , the optimal nitrogen source was yeast extract. The optimal conditions for ammonia nitrogen biodegradation were as following :
anaerobic, light, initial pH 6. 0-7. 0, temperature 30°C , inoculation volume 0. 4% . Under that cultural condition, the degradation rate
of ammonia nitrogen in wastewater could reach 99% . The results indicated that strain psbl might be a novel bacterium in genus
Rhodopseudomonas with high ammonia removal efficiency, and can be applied in the bioremediation of polluted landscape water.

Key words : Rhodopseudomonas sp. ; separation; identification; characteristics; ammonia nitrogen
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AN T B K T A, R K R
MPERT, HAJCRE, IRECA | 150 LR R HLAE
[ SO FH o R A O . R R A R T
b BAE 3 35 KK IR S KT R T R
AR A AT T SO AT Y A A S
SHEWETG K K FRIE TS KR L KA Rt
i B RIS BT B P2 S WK A5 G 81 2 Al 7 B
AEERBLE L. ANz B — 8 P rh i
e BT AR5 A= W6 1 0 G 40 B PR 0 a0 Al il
JE | RIS pH EAF S50, X 2 238 H B0 A0 T ik
AR IR IRt — A58 H S B 2 R K
RN R ERECR , LU 6 5 4 B A S5 WK A o i
Perb LR BEECR BERY.

1 RS

1.1 Fhk
L1.1 FEAORIE

TR B KRR A = B A —TH .
1.1.2 Bk

AR R, BAE LS g L7, LM 3.3
g L7 AL 0.6 g L7 BEIRE 41 0.9 gL' B
FREE 0.5 gL' IRFREEN 0.2 g- L7, #hIE IR K ]
1000 mL, pH 7.0. 40 E 4l F73E (RUZ AR 7=
) EEEEFREDSIMA 1.3% (L)),
1.8% (F2) MENE. DL ERFEIE 121C FRE
25 min.

1.1.3  ZAEEKEI#

Sk 0.02 g- L7 MR 450 0.09 g- L' B
FREE 0.05 g-L~', ZBREN 0.34 g- L', 4B 4li 7K 3
1000 mL, K% 5 % .

1.2 WEkRMSE ., itk

B mL 2z B — TP b P A0 7RO 422 Bl T 2 0
PSB & R IR A JE IR AR 24 7 d,
HEHNBLAOAEEFEY. B mL 2GR Ry R
B2 M E R RS kS IR R 3 ~ 4 IRTFEITR
ANCR T | R D Bt o o N R SR Y T
PRI Ty ik, S REEAE AR, R
psbl.

1.3 WHREE
1.3.1 AU RA AL

FH PSB B2 AR Fe 35535 7 d e MBS HE 75K
A 22 IO 0 B SOWER TR AR I IMAEZ  AR i SOk
(24,25 ] %@ AR AE BHA AR RRbE. I FHE R H 50
LM psbl AL ZS.

1.3.2  IEAHAEM SO e

HU 1.5 mL Rk psbl B9 7 d ¥E52W, 1 0.9%
A= FEER K 8 000 r-min ~ BOPER 3 WK, KRR E
T 60% FEMEGSW T BE5) TR AN AT WAt R T
T 300 ~900 nm G AT
1.3.3 WO TAEY=EE

PEHUE BRIL 2 DNA B 6 KRR %3t
ROGE AT 16S tDNA ¢ 554 PPF2/PPR2 ( 1E [1]
514 fwd; 5'-CTGGAAGTCTTGAGTATGGC-3"; S IA]
S1¥ rev: 5'-AGTAAACCCACTAACGGCTG-3") 4T
PCR ¥4, RNAARZR A . PCR Mix 25 pL,#4li7K 16
WL, BTG fwd (1 pmol-L™")4 pl, K514 rev
(1 wmol-L™")4 L, BHt(90.34 mg-L™')1 pL. #"
WEFEF M. 95°C TiZAEE 5 min; 95°C AR 40 s; 60°C
B K40 s; 72°C HEH 30 s; P71 30 NMER; KA
72°C FEAF 10 min. Yutin 25 BRI R AR EOG S
TR P25 G LA T 2 3% ( BChls ) | T 4 3R 2 g
A Ak JEU T ( chlorophyllide oxidoreductase , POR) J&
BChls A AL A BL& 12 v 2 G B 20 ] 7= 9,
ME——Fh S Z A T AT EOG G g w H (HR AR
FregotA M b s, 81 et i & B POR
W BehY JERZRAS AT Y W38 b HE A AT X
B, R BehY 2 PR AVE i AS 77 4800 A 20 0 1) 5
WAL REERE. RITAHFZE FBER A Yutin 2528
BB — X538 AP 200G A R e vk 1T 5 |
¥ Primer 1 (5'-CCNCARACNATGTGYCCNGCNTT-
3') Ml Primer 2 ( 5'-GGRTCNRCNGGRAANATYT
CNCC-3") #47 PCR ¥4, RMWAKR S LR R4
Z—3. VAT K. 95°C WA 5 ming 94°C 75
£ 30 s; 50°C 3B K 40 s; 72°CFEAH 1 min; §73 30
MG ; )i 72°CLEMH 7 min. 738 7= 8 2 B b
e UK G , I E b, BHE S B8 28 /1.
ZEILAE http://www. nchi. nlm. nih. gov 9504 26
FEXT AT, A i R GE R B
1.4 BPRIR IR A

H4 40 mg psbl FRAEEEFEY AT, Ak,
AL A2 B DL Jmd vk % I AR A% ALAE o,
Agilent 6850 “AH TG (FID 630 &5 ) 4387 B A A
iR (PLFA) 48, ik 25440 . HP-5 #1(25.0 m
%200 pm x0.33 pm) , #EFEE 1 pl, 530 1001,
HA(H,) , B2 N, BTS2, i 0. 8
mL-min " VALE T 250°C | K5 LR 300°C
FERTHE 10. 0 psi (1psi =6. 895 kPa) , Jii ik 414
[l 30 ~ 600 m/z; —.Fh 2P AR 170°C (5 min) —
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260°C—310°C , 4E4¥F 1. 5 min.
1.5 EHAERKFARIL

DL PSB & 48 35 37 O B A, 43 0 i & pH
4.0.5.0,6.0,7.0,.8.0,9.0 F110.0 Hy=CL4H , Wz
AN pH XFEERE psbl A2 BIFE I 3 43 B0 B B TR IR
JE 410,20, 30, 35,40, 45, 50 A1 60°C , & HAK
RPEVE R, IR A R LAY R 0.262 g+ L7 HIR
IR AR PSB &R SR /R, 2
Y1 0.4% 5537 48 h J5 , 58 BRI Dy, TH.
1.6 FEPRATZ AN LBRECR

IOC O psb1 B, 2500 WSCSE TR AR At i, FH K
PRTCEKGES 2 W, T U R B . 5 2 TC 1 4 1Y
HABE K (pH 7.0) f, AR FZEE HL ] (0,
0.2% .0.4% . 0.6% ) . FF=WEE (10, 20, 30, 35,
40,45, 50C) | HFEIEMPILE pH {H (4.0, 5.0,
6.0.7.0.8.0,9.0, 10.0) , BF 5% A 6] A 2 %f 7 bk

FBRAER RN, B3 AEE 3 d I —
UORMRR . A WAHSR, Fra$aing i
AR T b 53 W B GBI REA T 2

2 HFR5ITE

2.1 WHRIEE
2.1.1  RBRAIESEFHE

N E BEFE S BE A AR AR B 1 OGS AR, iy
2K psbl. XWAE B F IR A O AS TR
WARIE R R A0 ANREAEBRE IR AR T A K.
JEREIR AL F R S a @, Y, %57,
FEHFRIE , AR 1 mm A4, TR NSRS H A0
FERRPEREFRAE S BOR ARk 15 IR 5 I 2 4TIk
(B 1) B2 e B PE. B K B TR Y
PHH A A B, KN R (0.7 ~0.8) pm x
(1.2 ~1.5) pm(E 2).

(a) MRVERIREEPRRAIMIES (pH=6); (b) BAMERTFRIEFRERAMIES (pH =9)
1 EZFBHETER psbl KRR (10 x100)
Fig. 1  Morphology of the strain psbl under optical microscope

El2 PG TER psbl MZEIRLA (20 000 x )
Fig. 2 Morphology of the strain psbl under electron microscope

2.1.2 WO

itk psbl 7 380, 490, 530, 590, 830 nm
Ib A RRE IR W R 7R 830 nm A2 AT YRR AIE I
W 06 e B . T 380 nm A1 590 nm &b b 40 B i 4%
Z a MEFE % 490 nm 4L KRS D K04
TIE W Wi e 2020 R W BRI Bk psb1 & A 411 4 3%
a MIEEHE N2 B pshl BAGA 4 B i 7Y W i

Rk

2.1.3 FAaYTEEE

FIFH GG 4 E 16S tDNA Y 4% 3 v 51 9y
PPF2/PPR2 FIO%4 41 B BehY 3 [H fiif If: 51 4y ik 47
P12y 945 ) K 203bp AT 507bp 9 PCR 72
Y. # 507bp B9 BehY 3 [H 5% e il 168aa ) 2 1
JE 7, - 203bp H1 168aa ¥ 51175 NCBI W v 1
(TS G- A = . S | B o [ R

Rhodopseudomonas sp. Fll Rhodopseudomonas palustris
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(1) )5 5 Je AR BL, 8] U8 1 5300 R 99% Fi 99% . M
GenBank F& UM 22 HP R 205 B RE psb1 3 51 AH B
PE #5 K Y 4% B R 19 16S 1DNA BF BehY 2 (5
51, psbl B FIFTT 2500 ¥ 5] 3# 3 ClusrerW #F
TRAE M5, M MEGA311 %4 L Neighbor-
Joining THH = E ARG A& T W, E 3,

4 . MWE 3 F 0] E H iR psbl 5 Rhodobacter
sphaeroides W) 2245 K A= it e, MK 4 Tl &
W ¥k psbl 5 Rhodopseudomonas palustris W) F 48 K&
A= A Fe I, U8 I TR AR psbl B T ZL i BRI I R
sp.), JF H A Al fE A

Rhodopseudomonas palustris.

( Rhodopseudomonas

Rhodapseudomonas faecalis (KI776421)

Rhodopseudomonas palustris (K1722765)
Rhodopseudomonas faecalis (GU562623)

Rhodobacter sphaeroides (GUS573899)
Rhodopseudomonas palustris (NR103926)
Rhodopseudomonas sp. (LN650663)

3

\ Rhodopseudomonas sp. (HM163162)
Rhodobacter sphaeroides (HM053959)
psbl (KT222846)

Rhodoblastus acidophilus (NR104756)

95

Brucellaceae bacterium (FRT49865)

Ochrobactrum pituitosum (NR115043)
Paenochrobactrum gallinarii (NR116966)

0.5

99

63

Paenochrobactrum gallinarii (FN391023)
T8 | | Pseudochrobactrum asaccharolyticum (NR042474)
67 L Pseudochrobactrum sp. (FM211811)

E3 ET16S rDNA ERFFIFIRIER psbl REL B
Fig. 3 Phylogenetic tree of psbl strain based on the 16S rDNA gene homology

[ — psh1

0.01

L Rhodopseudomonas palustris (WP_027279534)

58
T‘— Rhodopseudomonas palustris (WP_011662766)

13 90

Rhodoy
Rhodopseudomonas palustris (WP 011157084)

90! Rhodopseudomonas palustris (WP 012495146)
Rhodopseudomonas sp. B29(WP_022723271)

75 22| E Rhodopseudomonas palustris (WP_011442877)
27

Rhodopseudomonas sp. AAP120 (WP_054165526)

4|7 Rhodopseudomonas palustris BisB18 ( ABD86856)
46

—— Bradyrhizobium sp. DFCI-1(ERF83848)

lomonas palustris (WP_013503661)

97— Bradyrhizobium sp. 23321 (WP_041748753)

G

imonas phototrophica (WP_053334449)

Rhodomicrobium vannielii (WP_013417908)

4 ET BchY ZEBRFIIFERIEMN psbl REL EH
Fig. 4 Phylogenetic tree of psbl strain based on the BchY protein homology

2.1.4  EPRAEPELERE

AP AGRRIE ULER 1 A W Btk 5 A A1) Y
PRI 5, A R 2 —, W3R 2. FEIREUEIR
FAMT TR psbl ANRER #4505 DL S H BRI, AN RE
KA FE A, AT P2 AL 5| e 1] Ramana 257" Fl Girija

*1

SFN B gT & B 5 T Bk psbl TA) VR M T Y
Rhodopseudomonas faecalis ., Rhodopseudomonas palustris
J Rhodobacter sphaeroides W] F1] H i 25 18 F1 H 2% .
VTR psb1 5 2R55 5% Z fe il M1 (B LI i 119 L
AR ERBIRIE A _EAFAE—5E 2257

E#k psbl By IR A{L 4

Table 1 ~ Physiological and biochemical characteristics of strain psbl
FELRGRE 2 i At 5 H, S A it s g | Wi TEA K
- + - + +
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2.1.5 WRARARNTRR AT
J Agilent 6850 A (354X (FID x4+ ) 734
BRPR psbl (B i 1 R ( PLEA ) B4y, — L4600 i
TIURPHRIIR. HP IR ITR Cog,y o, o B9 LD R
iKF 33.55% . K E R psbl 5 RSk W LR
AT 3 BRET Al S TR A T R AT A, e B TR
Bk psb1 15 3 BRAS T PR A P i 5 114 32 523 0l 5 ol
FIA B E S B ZEROR, HIE psbl &1
BRI Cry,1 oo~ BEWI B R psbl 5 5341 3 R A
PRAR (UL 3).
F2 HEH psbl IERIFAFI A
Table 2 Utilization of carbon source by strain psbl
I H RS
B R HM +
H e -
i -
Fift e -
HEam: -
H AR +

R3 Tk psbl SMEAREREREXEK
MENMER SR /%
Table 3 Cellular fatty acid profiles of strain pshl and closely

related species of the genus Rhodopseudomonas/%

PR 53/ % 1 2 3 4
Ci2.0 5.78 1.6 — 1.7
Cis.0 16.76 20.8 5.1 14.9
Ci6.1 w7e/16:1 wbe 13.53 10.2 1.9 6.2
Cig.1 wbe 7.39 — — _
Cis.1 w7e 33.53 51 77.2 63

1)1 105% psbl; 2 e Rhodopseudomonas palustris ATCC 17001T}; 3 1t
2% Rhodobacter sphaeroides DSM158T; 4 R+ Rhodopseudomonas faecalis
JCM 11668T

23k A M 25 G5 4 SRR R I OG5 4 R 0
LR AR Y T2 E AR AR AT B 21 M 50 o s 10 5 )
U5 58 12 T RR R A BB B ( Rhodopseudomonas
sp. ). [AJ IR 23 A & B A T R 5 vk 51 W) PPR2/
PPR2 ¥ 34 15 £] ) psbl ¥ ¥ Y5 Rhodopseudomonas
sp. BHRL, RIJE M 8 99% . Fl FH G A 40 B BehY
SR 5l Wit fT PCR ¥ M B8 W F 55
Rhodopseudomonas palusiris [7) T8 1 B i , N 999% .
Az PR AR AR S T R I R 0 B 2 B, T BR psbl
5 [ 5 AR BT %) 0 i B s H A S X R o A
AW B B R S BT BR psbl B AR AY
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