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1.8 16S rDNA 5 puy/M ERWIF G NF RELE

$ WU PR L [ 20 DNA, 73 51 | 16S rDNA #y 5]
Yrxb 27€-1491c 1% A BN Hr > MO AR AR
( Photosynthetic reaction center subunit M, pufM ) i) 5|
Yyxf 557¢-750r, #E4T PCR 4" 3% , PCR |2 i A & Hl 2
I A E 53 900 5 BR R i % Ml Achenbach %517
PCR p=Wyalifb J5 3% 2 bk TP, R 15 19 )7 9
1E GenBank # 5%, 15 #| 16S 1DNA RN & R 5 K
GU226427, 7£ NCBI |- Blast X}, T 240 ¢ 1 51,
J MEGA 4 %4 v i) Neighbor-Joining ( NJ ) 7% #4 & &2
BREW.

2 &R

2.1 THE#k wps BT S F 41T
T BB G )2 3 e i B, RE i v 20 4

B 1 Btk wps AT SEN

Fig. 1  Morphology and structure of cells of strain wps. A: Scanning
electron micrograph showing cell shape and polar multiple flagella (5000
x ) ;B :Transmission electron micrograph of ultra-thin sections, with arrow

indicating the lamellar intracytoplasmic membrane (10000 x ).
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Fig. 2 Absorption spectra of living cells of strain wps.
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FAT 1 58 LA IR O o — Z AR ATY v iy
B, vk H e AR A AR TR O & AR, & B 10
BR G 40 B HH BR B PR ZC R R T SR AT i R £
FAMRE ™ A, FR BT IX 8 MR 1T 2 B AT 0 I A 3 D A
e th L i IR & B9 BE 715 FATTAE ATY o # A
10 mg/ LIV fiff 0, i 126 3. fiF§ %0 5 i AL 1, A Bk T
1 ZC A H 75 it B2 6 B A0 3 M, T 8 bk
DG 20 BRIV TR S i AR BE O AR B T HIESE, Hep
Wbk wps B9 SCIAE TG PR (3R 1) o

1 THRAEGHBEREKIHBERHELIER

Table 1 The denitrification of nitrite by ten stains of
photosynthetic bacteria”

Strain Identification Denitrification
wps Rhodopseudomonas sp. + +

pu Rhodopseudomonas sp. +

T Rhodopseudomonas palustris -

ps Rhodobacter sp. +

ZC Rhodobacter spheroides -

de Most related to Proteus +

cpl Most related to Comamonas +

sd Most related to Comamonas +

su-—a not determind +

su-—g not determind +

# The identificaion is based on the sequence of 16S rDNA gene

TE RN E T AR wps 25 BR AR R £ 1L RE , W K]
3o MEWAAAAIE N 1 mg/L A1 10 mg/L i, 7 #k
wps 3 IAE 12 h AT 24 h P58 4 5 R RS AR £h 5 1H
S B I A% R B O 50 mg/L B BRI BR wps 7E AT
48 hPA A 25 R 2% BR RORARMIR, 22 5 0 il TR 6 B2 iR

—&—1 mg/L —— 10 mg/L —&— 50 mg/L —8— 100 mg/L
120

100
C
80

60
4
40

c(NO,, - N)/(mg/L)

12 24 36 48 60 72
t/h

3 EH wps MARRIRREMN NO,; -NHER
Fig. 3 Removal of different initial concentration of NO, - N by strain

wps.

A PRIV 4R R, &2 60 h i, 50 mg/L (Al A8 A A
AR 2 B R B A S AR O 100 mg/ L i IR 4R
AL, — JA N B SR A R A AT T R B 2R AL TR
AR KAl — L Ah TR S
2.5 EF 16S rDNA #l pu/M EEMEALR X B ¥
5

ik wps 19 16S rDNA J32 51 L Xk 45 2R R B - i #k
wps 5 Rhodopseudomonas palustris 1) R HE Rk
( ATCC17001" ) #y #1 L 7 A 98.9%, 5
Rhodopseudomonas ( g-CT ) Zill
Rhodopseudomonas rhenobacensis ( Rb") {4 A5 &1 ¥ 43
A 98.4% Fi1 97.5% ., R. palustris 5 R. faecalis Fl
R. rhenobacensis ( Rb" ) 09 A8 L1 H: 4 51 9 98.5% Fi
97.6% , R. rhenobacensis 5 R. faecalis ) #H bl £}y
98.6% . LI 16S tDNA ¥ 51 ¥ i () 22 48 % 7 v s 12
N R wps 5T Rhodopseudomonas J& i) Fh 58 il —
(K 4-A) o SeBEM DI RERE I pufM T¥ 51 LX) 45
SRR BE Mk wps 5 R. palustris (ATCC17001" ) AH {21
PR, 35 94. 9% A 5% & 55 A Fi R. faecalis ( g-
¢") Fl R. rhenobacensis( Rb") ByAE I R4 88. 3% FI
85.8% , R. palustris 5 R. faecalis (g-CT) M R.
rhenobacensis ( Rb" ) 14 1 L 4 4 51 & 88.8% #i
87.6% . H:T puwfM FEH P 1 R G & & M 8w,
H#k wps 5 R. palustris (ATCC17001") B % —#% (&
4-B).
3 itk

IR K 5 BEL 0 v o 8 BAT T 025 BRI A R A
AE ) 0G5 20 A AR wps X E AR Y 16S xDNA 751
Y R. palustris )1 0B Bk (ATCC17001°") AR {BLJE Ay
98.9% , — F 1 puwM F [H J¥ 51 1 FH L TE A R 0k
94. 9% ,BhF- W] LASE 44 T K wps N R. palustris, H %
M 16S rDNA #4 2 1 & 42 & & W E 7T LU 21 B bk
wps 5 %5 4 3 AR R. palustris . R. faecalis 1 R.
rhenobacensts 17 5 & , £ P AU bk Z ] /9 16S
rDNA AH L4t £ 78 98% DA I Okamura'"’? 2 )
99.0% (1) 16S rDNA AH L4 S BR , K 21 4% 54 Y 1 /s
(4 33 AT Bk 2> 8 A 73 28 R F B8 5T ( Operational
taxonomic unit, OTU) , DNA-DNA 22556 F W, &
AT A OTU AR AN 8] 1 B 5 [8] i, 3% 1 38 7 ik
wps 5 R. palustris TEA W) 2255 0E AR AE . T
n, E R wps HA AR v AR HEE , pHS. S AT DA G,

Jaecalis
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AREJE A IR AR, AR F I R £ W R A, e R TR
[ ANz TRES MR I 458 (R 2) o NI, BBk
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PR 4 1] 2% 52 ik

76
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100 wps (GU226427)

0.02
99
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®) 57
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Fig. 4 Phylogenetic tree derived from 16S rDNA (A) and pufM (B) sequences showing the position of strain wps. Numbers in parentheses are the

sequences’ accession number in GeneBank. Numbers at the nodes indicate the bootstrap values on neighbor-joining analysis. Bars represents 0. 02%

sequence divergence.

A PR R SR K R SR FE L R v R AR A L R
KRB T B AR IR 2 — #3253 W A
TIREE, S A R T R, A A R R
%Eﬁ*ﬁ}ﬁﬂ‘éiﬁ?ﬂ@#’l\#ﬂm M BikR wps FI4E 12 h
NoERERR 1 mg/L BYIERSA, BIE 10 mg/L Bk,
HLRETE 24 h A 2Bk, HLE 100 {7555 B (0 4 37 2 vp s
0.1 ppm ) wps, B KK 2 N 10 4>/mL W, {54 W] &
BOR OB Sck3) . B, bk wps 7T R & s

FRIHK PRI AR £ o ML AR B A2 W) 2 e R %
AR ARG A AR BTG P . I B AR R R,
pH 3 1 B B , M AU i A R L, R 20 B A TROK SR
SHYE ,(E 2 A BT 00 6 R 58 IV 9 B, W] L[] I 7R IR
IK AR FRFEIR I AR A . B Ah D6 A0 R RT LA
FHEREE A LY, B IR 1 B SCRA B 8 FR A
(AT LAE R 2 B A2 M 0 ERE ™ o PR, B R wps 7E
FrRFE KR BAT HZ R R T
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*& 2 B wps 5§ Rhodopseudomonas paslastris BIEB 4y

& F 0 R X 5

Table 2 The differences in biological characteristics between

the strain wps and Rhodopseudomonas paslasiris

Characteristics

wps R. palustris

Cell shape
Cell size (pm)
Flagella

Growth factors

Curved rod rod
0.4-0.6x1.5-4.0 0.6-0.9%x1.2-2.0
Polar multiple Single

Thiamine hydrochloride; Aminobenzoic acid;

Calcium pantothenate  Biotin
pHS5.5 + -
Photoheterotrophically - +
Citrate - +
Formate - +
Nitrite + -
Urea - +
Sulfide - +
Thiosulfate - +
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Biological characteristics and phylogenetic analysis of a
denitrifying photosynthetic bacterium

Hui Chen,Demin Zhang " ,Longgang Wang,Zhichong Pan
Key Laboratory of Applied Marine Biotechnology, Ningbo University , Ministry of Education, Ningbo 315211, China

Abstract: [ Objective ] Nitrite accumulation in aquaculture water is toxic to reared animals. One of the solutions to this
problem is to apply denitrifying bacteria. This paper is intended to get a strain of phototrophic bacteria for efficient removal
of nitrite from aquaculture water. [ Methods] We used soft agar to isolate and purify phototrophic bacteria. We investigated
biological characteristics of the isolate by means of light and electronic observations, physical and chemical tests. We
analyzed its phylogenetical position based on the sequences of 16S rDNA and the gene that codes for photosynthetic
reaction center subunit M ( pufM ). [ Results ] A photosynthetic bacterial strain, named wps, showing high removal
efficiency of nitrite,was isolated from the freshwater ponds. Cells were Gram-negative,rod-shaped, slightly curved,0.4 -
0.6 x1.5-4.0 pm,motile by means of polar multiple flagella. Intracellular membranes were of the lamellar type. It grew
under facultative anaerobic conditions in the light with bacteriochlorophyll a and carotenoid of sppirilloxanthin series as
photosynthetic pigment. The optimum growth was obtained at pH 5.5 - 8.5,in a range of 0 — 2% salinity and at 25 -
38°%C . The similarity of 16S rDNA between strain wps and Rhodopseudomonas palustris was 98.9% and 94.9% for pufM
gene. However, there are significant differences between them in the morphological and physiological characteristics,i. e.
grew at pH 5.5;n0 growth photoautotrophicaly with sodium hydrogen carbonate ;could not utilize citrate or formate as only
carbon source ;required thiamine hydrochloride and calcium pantothenate as growth factors. [ Conclusion ] Strain wps may
represent a novel species in genus Rhodopseudomonas and possibly find its application in the bioremediation of polluted
aquaculture water.

Keywords: photosynthetic bacteria, Rhodopseudomonas , nitrite , denitrification
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