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AN 2 B A A 2 A T 2 4 R e S
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1.1 FFsRE

RERMREVIRVIES . BIOEEHED
VEJE 1) LIS 2250 mLEE I, INANATYPYE & 41
B EERRE T EE. ATYPEERFFEN T 1L
R TREARAF . &5 K
FhF, TOGIRIREE 1000 Ix, 28 CIHIR 7% . f5is5%
VIR, 34T 5 s B At
1.2 pE4gi

K RUZARE B e A A, Bt k9%
FHNE1LS%E RN LR R 7. e %
Ji ) A R R R I Y A A T AR R R R
Tl o R U A W WIS 78 3L 5118 — 2 R AR AR
RNy S L IR A (RS O O M vy oY - 50 £
)4 3 25 1 g 2% 85 92 1—2 (1000 1x, 28°C).
F2F 28 B 2 B R I 2L G VK, IR B A . K
. N, REA T E BRI RO R —
LA W, 152 bk, 4% NPUF1.
1.3 AEWEMTFREE

KB B S PBCTAR ERR %, NER
2 mL ATYPYR AR RE 75 55 0 M5 I 1 37, J5 8%
OKHEFRE100 mL. T28°C. JEHEGRAE 1000 Ix

B9t
14 BEWREE
MEDTEE  IIIREMLAEERN S T5

SEE L Y I K AR B O B 4 B O 0 B
M5 G i [ puf MIE R E4T, Bt AR 534 51 5
Jypuf M 557F/750R"" . X2 mL4ER; 37 4 &, B
OB ARYTIE, F 4 DNASEBUR ] £/(OMEGA
Bio-Tek) 2 BUZH B S DNA, H HU A5 08 2 4 B 45 i3k
1T PCRIZJMAA £ (20 pL): 2xTag MasterMix(CW-
BIO)10 uL, JTCEE7K8.5 uL, 5144%-0.5 uL(10 pmol), DNA
FEAR 0.5 uLo ¥ 48 2%14F: 94°C 3min, 94°C 30s; 59°C
30s; 72°C 1min; 39MEH; 72°C Tmin. F4ifh )5
PCRP“ W& R 2 pMD-18THUAK, i3t — B AL K HT
PR DHS /g 52 A5 4 M o BEATLIZE HIE A e N B BH
P A 5T B, I A T . BT S SE IR 51 R H
BioEditf it A7 4 3%, LBr#ik7 5, RN B
5| % GenBank H4# P2, 3R15 5 %5 (KU886140). ¥
T Py 18- 34 19 7 %1 ££ National Center for Biotechno-
logy Information(NCBI) %k | iE{TBLASTELX, T
5 HABUF 5, B BioEditH ) ClustalW Mul-
tiple aligmentf® /7 317 2 J7 1| LI, FIMEGA 5.1#4

BRAKEW

MRt 8T e 1 5 7E HOE S R AR B K
W By, B0 ZBREE IR, — 10 FH 60% 1 0%
VALV B R AT A MR RO G A K A, o —
1 F1100% FBE 32 BB R 3%, BRSO BiE AT
o RIS B 4 KT H (Cary WinUV, %448, 35
&), K H200—1000 nm, F13#3H £ 600 nm/min.

BRI W e R E
HHBRNO.5 cm*0.5 cm 338, Rl A A K 250w 1
HUH . 0.1 mol/L pH 7.0%% MR 22 i i i& e 3% A R
IR, J5 FH2.5% )% — 1% [ 7€ V% 8] %€ 2h. £ [ 38 WH B
J&, BEATBEK, B7KA FE A150% £ 10min, 70% £, B
15min, 80% Z. % 15min, 90% Z. % 1 5min, JG7/K £ %
15min(P§K), 2:1 L FF-HBUT BE15min, 1:1 L8507
BZ15min, HUT BE15Smin(FiiR). BEESRGT G,
B B, BT S HR b, - AL(S-4800, Hitachi,

HA)MEE
EHBEEWE  FE S HEBHT-7700, Hitachi,

HA)H T EPUF VRIS A8 . B i i b B 2
FEASRER ) £ . LSRR S B B ) ) £
P A [ A 2 5 K A AR I 5 B 0 B R 0 £ 5T
5E Ko
1.5 HEEYENE
VBT Fh (20 B B IR R R N 2h S, T g Sk
FEHE(1000 1x). iR (28+1)CHE %, & WAL, T
WK 650 nmill & B FRMBOCE (Ags0) . AP AEK M
2% F Logisticf 0L 5
A (1) =a/{l +exp[—k(x —xc)]} (1)
I B N A ay, xc 9 BIIE A2 K 28455 504k (B
12afB) I 18], kA% E AT ZE (/h) .
1.6 BfRSE. pH. XEEEHNE
BE IR 0 R A SA(DO) F A H B2 72 (Unisense,
FE22) e A4 FH AT 75% PR ok v S B3 F B
Ko EEN0.5 mm, Wl 2 & R DO I H AL B .
FI1 mol/L HC1E{NaOH i T pH%6.00. 6.64.
7.30F18.00, M EZPUF IEA [FlpH & T A KARES
pHIF)I 2 FpHIH(YSI pH 100A, ).
FMETRERE R E N 100(Z W H R
500, 1000813000 1x. ' [ 5% B I B2 -3l 5
(ZDS-10F-2D, _Fifg i1 7 & SRR, )
1.7 TERARSH
AT AE KA e AN sk oo &R
R T AEEIR(C) Z(N) & & 1 E e &R 4>
MY 58 f(Vario EL cube, Elementar, 2 [H). A2
B (P) B K F I BB PV A, FRIE btk . AR K
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73 (Ash) I 52 SR F K Jei2
1.8 EHRSEKATPESEMSENE

B & 7R AR O & 4 e B W, O
(10000xg, 10min), X7 G, FH0.85%4 £ £ 7K
AT VR AR UITE 2 IR P cE LK E BN &
HEHREG=.

) 4% 365 B VR P T 2 8 (107 /mL), P 7 R
TR E (VKIR), 851 J5 T ATPREE(ATPase) i 4
[ o ATPasedd P 130 2 5K FH 7 5l R4 i ik
HATPEGHA A ST

T2 A0 3 5. ATPasedd M A A, ECRE )
%650 nmﬁi%?%ﬁu&%}g/lssoo
1.9 XAEERNZE

FH KRR R 61 -4 25 96 (Water-PAM, WALZ,
7 ) 5 4B 7R A FPUF DG AVE T . AT 25
(Gain)f# [ I £ 25 56 6 (F)E200 26002 8] A5 4k, il
SEPS i KB T B (F/Fy) o 5E P i 25
i, FSGHEIE R 1 Smin. JE5EEBAE N221. 327,
499, 746. 1058. 1469. 2410#13516 umol photons/
(m’-s), Wi [ 155, YHLRIEKAE3000 umol photons/
(m’-s), 15 355 K6 HH 2 B (alpha) K f K L F-4%
1 7# ZE(ETRm).

1.10 ¥HIESH

FExcel % # 45, K FHOrigin 8.0/ . H
SPSS 19.03 AT Gi it /0 #fr . & 1 KF RP<
0.05.

2 #R
21 REMEETE
BEE RIS HHE MG EPUF L R I,

AR TR IR IR B VA [ 270 A, HEvEA
PRI, AT 1 2 T AR B 2 10 B A X 2B/,
R R EE 1),

2R A A R, T DU L S 4H
2 E MBS R, SRR BT B T
WAkEm . AKFEEWIPUFI AN AK3.05—10.06 um,
H1£0.32—0.68 um.

P 3032 G A T O A AT T 0 AR Rl 5 4 IS,
KU G M AW RI R ZEEN . 750 Ext
B R B IRPUF1 5R. palustris FIAALME B sy, HED By
73 BPUF 1y 2045 B I 1 VR P A0 M v,
WE AT A, M R G E R (B 4).

KEMBERAEAIE IR BRP GRS
BB, PUFIZER K377, 460, 490, 592. 807.
8651980 nmAbA 45 B R & (1 5A), 377,
8071865 nme 4l 17 F £ K a(Bchl a)FFAE W Y U,

592411980 nm2 4 B 2% K b(Bchl b) FAFAE R U
PUF1 B & H B2 IO 275 1, 3K 46045540 nmkk
SAMEGIR SR 2RI bR G, #K771 nm
AL FFAE R IS U4 i Behl a5 2 (] 5B).

TEPUF 115 77 F2 Hp My i3 v > B e B =
R, KEETAEY) B 5 A f i 30 1 FE I WA I A
(DO). SEEGIEFEFRIE T A AR5 72 0 18] (3d 4dAN
7d)7k 2 FDOKI I HAL I . 45 R EIR, R gt
R HEEZEEA0S cm; WM F0.521 cm N Ek
A-RAEM B DOZNT0.5 mg/L; T PA R 1 em,
Bk R REHE 6).
2.2 TTERBEARK

e WPUFIEAC. N, PILR S EWNE 1T
e BRZEIKAHSY, PUFLEAAC. NAX& &4 5
N53.75%F110.35%, C/NJE/R HEH6.06.

B 1 CFHHEPUF
Fig. 1 Colony enumeration of PUF1

2 PUFIflid 55

Fig. 2 The scanning electron microscopic image of PUF1

3 PUFLEHHEIK

Fig. 3 The transmission electron microscopic image of PUF1
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pHX A EHEEKFMASIERANEm 7l
VNG e H— RVIBE R NS5 56 ), 4L+
pHTEE B V0 B 40 b AR Ko A . Wl 7T
7N, PUFTAEKAEIR #A 4 12h, 5—6dik A K fa e .
PUF14E K il 28 3& F Logistic B Y (R*=0.97). ¥Ith
pH 6.00—8.00, 2 & M A E IR E 2% . V]
GpH 6.64, PUF 14K H 2 B¢ PR (k, 0.064/h), 4K JH
W5 (xe, 49.59h). pHARER (pH 6.00) 5 ki il (pH
8.00), PUF 14 K# 2518 (k, 0.051/h vs. 0 041/h)
pH 8.0 PUF 1 A=W & L 51 (A 650, 1.38), XA HEE
PUF IWI AR MR FERS = 5%

BEAk, SEEG % T R RV G pHE: 75 &40 F
PUF 1 EE S HM AR (B 8). SL506d, & 4bHE
HF JF, SpH A N: ¥likpH 6.00, F,/F,, 0.10(pH

Rhodopseudomonas palustris strain PUF1 (KU886140)

A
0.005 Rhodopseudomonas palustris clone 1 (AB588740)
Rhodopseudomonas palustris TIE-1 (CP001096)
Rhodopseudomonas palustris strain DSM 126 (MF563669)
Rhodopseudomonas palustris strain PS3 (CP019966)
Rhodopseudomonas palustris strain YSC3 (CP019967)

Rhodopseudomonas oryzae strain IAM 14076 (AB241418)

Rhod. lomonas palustris strain 2.1.6 (AY177969)

B4 BBRPUF 1S ARSCHRRIN R Z IR
Fig. 4 Phylogenetic tree of Strain PUF1 and related strains
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g NS o3
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Fig. 5 Absorption spectra of the intact cell suspension (A) and
methanol extract (B) of strain PUF1

7.72+0.33), ¥14ApH 6.64, F,/F,, 0.12(pH 7.95+0.28),
¥)4kpH 7.30, F,/F,, 0.08(pH 8.39+0.21). HI& 8D
Al H, #HEpH 8.00, 5256:2d, F,/F, N0(pH 8.4), Y&
WM REEE . B SBAIK 8C A E L, Lk
3d7‘rﬂﬁ“pH 6.6471 15 28.03, HIUhpH 7.30F} = 42832,
WM T F/Fp o PG DL AR, #5357
14 ZpH T T-8.008 5 PUF 1 6 A48 G & 401 .
KREEMNAEHEEEKFIALSERNSE
M W 9P, SRR EE500—3000 Ix(FI4HpH

6.8), Fa & ANt ALY B TC B 3 22 5, oA G I sR
ST - DO-7d i#
——DO0-4d i
0 L, TR0
e T T
T e
é -5 ziéﬂ;‘d
5 7
A —10 b
4l £
:
-20 #
0 2 4 6 8 10
% B4 DO (mg/L)

Bl 6 L5 77 I 1)V ffp S5 T B AR A
Fig. 6 The vertical profile of dissolved oxygen at different culture

times

#£1 EHPUFITETEZEE

Tab. 1 Proportion of major elements of strain PUF1

JG % 4 ¥ Elemental composition(%) B bk Strain PUF1
C 50.58
N 9.74
P 1.79
Ash 5.90

0 24 48 72 9% 120 144
it A Time (h)

7 AFERIHGEpHA M T PUF LA K i 2
Fig. 7 The growth curve of PUF1 from different initial pH
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3000 Ix, 4B A K # AR B R (K, 0.059/h), K
H(xc, 59.30h). ZHEIEGREEN100 IxI, 4 R 1T K
g

SIS, E VYA IRGRE T, JE %1k RpHIY
ANT8.0. JGIRARES00—3000 bx, F/F B S
AR VAR, o s v, A ST BRI O AR
100 Ix, F/F fER FRAI0—60n) A I, 5 2 H
2 LTS, SR EE RN F/F, B =(0.1720.02, & 10),
X ALY A R A B A T A R TS R T AR

EERVEEPS
24 AEHMBFBLEKEAHANEBR. ATPEELES
EMREE

KEAEED S ESATPEEE N wE 11
FioR, PUFIHE R E A S BEMELE KA RN B A
B2 5, RIUONE NI & 2K, B R e &E
whaE B | TERN I E A& EP<0.05). f&E
WIPUF14E A i & 8 8(634.09+4.3) mg/g, #id # 4
T H [1160%, A VE L 0 54 i & kIR . AT-
Pasef7-1F T 4124 i Je 40 it 2% F Js L, A& 2B |
—F A, S5k, R LG R
FER S, NUARTERMEIRAS R, BLBETS ) R4 — R 5
MAS . ATPasedif P4 Bt 55 77 i (] () ZE 4 T R %, HFE B

Mo _ 180 A . —u— pH 6.00
28 E 120 | I
§§3‘§§ 60 | '/?/i . ¥\T\i/1
ﬁ% 0.15 i
B < 0.10 — B
ég\ “o0s L ¥ \'*i
N ) , . y
i
Bre A
;};Hﬁn 0.1 , , —
M 8.0 ./i
=z 15 —
EE e T
0 24 48 72 96 120 144
il Time (h)
N - 150 - C —i——" —a— pH 7.30
28 E 10 | i/i \.\:p
égﬁﬁ 50 ¢ i/. i
e 0.08
W s004 [ =
;gE 0 \' . —
s _
R G
M%H"LL‘ 0.1 ) \E\I
9.0 r
T
2z 6 e
&= §(5) : ——
0 24 48 72 96 120 144

I Time (h)

KRG RE T acdi . 4 RGE RY G =
FIEH I E A S E AN I ATPasevi 4 F PR 22 .

PUF1X &AM I FF W R AR
—EFEE L RBLPUFR A KARES, NI6H 4w 1
AL B R AT e Fe 5 . W B 12F R, 1E
PUF 14K A BA N F/F o 8 A FAER A A B UG oy T
7 (Gauss model), 5 5 AL A1 50.65(BF1/2 A4,,,,), &
B B P/ F ot i, TR Vi B -5 88 e BAF/F 35 A
WK &R LA B g R R, =2 AT BLH g A LA
TRy B, SRR R YR RS R
A, T E A GH R 75 BEE N 1R IR A A, T
FerE H2M B A A m R S FR )0 (A B ) R 15
PUFI A TER 25 . Ak, YeRER FH 2 1 BEAIK
R AT RS R 2, —J7 1, PUF1EEA K, 52
Wi Jsz B 45 325 61, o —J7 1H, FooE HIPUF 1 A9 &,
Y TR A ELE Y, ER 2 s e Re R nT R M . S R
il - 2 9 e AR ST RC-2 84 6 A 4l i IR TT R &
BT S I B A O E RN A

3 g
31 KAHMENS BRI
ASHIF 5T XU SR 12, IR IS4 30 43 5 7
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H— A= EOLE B, BT 25GA 405 S5 Ramana
OV T (15 B B R OV 4 2 T TV 25 (10 W 5 45 L 3
A—8, HEFWERN R EREN, STEFELIRR
MU B& (Rhodopseudomonas palustris, R. palustris)WKU-
KDNS341 g i 45 1" e FEAR L. 2 FPUF G
NG puf M REEE R R Bl 7 45 2R, R % 1 Pk
A RERESAR CEN NS S o S UM a2 PSP AR
A R R R A Al B, a4 N Rhodopseudo-

IS o 1001
—o— 500 Ix
—— 1000 Ix
—*— 3000 Ix
_ Lot
3
2
L
= 0.5
0 L
0 20 40 60 80 100 120 140
&+ Time (h)

K9 RFDEIEEE FPUFIA K iHh2k

monas palustris strain PUF1. BARPUF VRFIER YGRS
P14 245 S 5 Okubo 25 P54 4 1 7K Vi S8 45 4 7
WAE R B T 45 R — 5. WARPUF LA R AE K
BHEOSEARZES, RE AR, nlisg
LT3 [160%, AR AINEE . Carlozzis ™
XIR. palustris TG HSHEAT T 5047, 14 HR. palus-
tris TGR A CNCH, 65Ng 1700 41 (N FEIK 7358 57)
FEARTFF I EMPUF] C. NJTE 25 & 5 Carlozzis™
W AR 2. PUFLE A ARSI B AP 1
77, LB AN N B R 2R 0, MR EL.67 g/L
AR AL HEPUF LG 5H, JF ] SEBL AR R R
HRMEEEAECY. PUFLS IR R &R,
palustris TIE-1AHUEH99%, A TIE-1.EA MNE
Tk B A AR Y BT DT T 3RS FL T )RR
Y, DRI K TIE- 1T it A 72 2, TPUF 1L
SRR R R R IR — DA .

A0 RN VG A 4 B (PNSB), JUH 2 20 5 g B
J&(Rhodopseudomonas sp.) A A 734 iz, AR5
ARG, X 2 FE PRI BT, 2k
YA BERK SOKAIR S E IR A6 PR A rh
L E™ . Okubo 5 F) F 44 b7

Fig. 9 The growth curve of PUF1 from different light intensity WA R R A P AR B 1 T VR R 7 8 K ) 1
i 00 A ——1001x G g 120 g T —=—500 Ix
2RE 4| P o EwE st . —
u-}lé E § 20 b -/.!\'./i L }.\: L : . D-IE- E‘:’J E 40 T l/../ .\-
B o 00751 ® 0.09 ¢ . i
B 20060 + o L] :H%Eg e

e _— M £ 0.06 _—
;EE = 0030 [t . ;;E ® 003 L a—a—" , . .
e o, 020 S
eﬁﬂﬂiﬂg 8:{; ; & t %ﬂfﬂg 0.16 /i \{/E
u-jlé - = 0.08 \.i\- : !./i . . glé Mo 0.12 ——" . .

74 76 1 5

=72t {/i 274t —

42 T . _ / 2 T L

I T L | FE s S

0 24 48 72 96 120 144 0 24 48 7296 120 144
it iia] Time (h) it ] Time (h)

i 120 —a 4 —_—
F‘% e ol C i/.\'\ 1000 Ix SE%‘% £ 120 1D /E\I 3000 Ix
YRS 40 oa — w0 " —
g i : ML X 0 : : : : :
H:"% 0.09 ] — § H:é % 0.09 ]
jj ﬁ f: 0.06 - ./ \i ﬁ s f; 006 -/ \!/!\i
BET 003 L s—a" | ) , @ E T 003 "~ ) ) )
¥ e SEely L
SFE 0 s A P 3 0w el . . .
i3 3

£ 7.5 L] 3

72 b a1 ' ' T I —t
IS N e e sl . - Rl '\!/{ s . .
0 24 48 72 96 120 144 0 24 48 72 9% 120 144
[t ] Time (h) [t ] Time (h)

10 JeEERSH S BERE
Fig. 10 Relationship of light intensity and photosynthesis parameters



2 1 HH = 555 — BRAB M A 1 90 8 B A B PR AR AL 435

(IPNSBHEAT T 73 9, < AT 4 11 J&8 AN 21 AR 50 i B
J& L . Sharmas™ ] F [ Ff 2 B 70, M 2
WG S 15 WA R i P 20 B 49 3 — AR VA 40 B
B Rhodopseudomonas palustris WKU-KDNS3, 414
ZAE TN BERR S K I T AR AE 1 3 - FE R ) T
BT, TR R PR AR 25T
I AL 3t J B A5 38— Pk v A%k e i SRS TR AR 24 1)
VBB A M PSBO7-13, 55 556d, %150 mg/L5UR
e PR R R 18 80% . LA LR A 45 KRR,
palustris{E LR RG] RIE IZER, 15 T
NATXTPNSBARHES 2 AE 1 IR . Rk, XS 4 e
5 oK BOGA 40 TR 1R 23 B0 Ja KA B TAE ATk
4 BN F AN S R M, TR T .
32 IMREERIAEHRERIFN

7K 7K AR AR B 1R 35 S8R T BB AL BT ) A7
72 S EPNSBIR I O B B T2, XFDO W Il 4
REW, RAATYPE SR A T VPUF 14 K E iE R AT
WEMEL . AR ARG G 9= %41 ~, PNSB

700
1000 1 s
- 600
£ 800 | s o
b u —=—ATPase g
2 —a—Protein | 500 =
5 600 F . £
£ i 400 2
g 400 f hf;
hlczy 2
£ | = o {300 O
& 200 e
< -
——
ob = 1{ 200

0 0.3 0.6 0.9 1.2 1.5
%%EAGSO
11 PUFIEAR & &S5 ATPaseif M HIEI 2R

Fig. 11 The dynamics of protein contents and ATPase activities
of strain PUF1

025 1 [ ]
i [ ] " .- : [ ] .
F 0.20 . " . a - "
\) .-','. ‘..‘ n
~ . Lom g o
gﬁms - i N e
& i RNl o
I L} S L]
=P L
jﬁ 0.10 F - —_—
e
]]1% "
L}
0.05 " » FJF, .
(N=123, R*>=0.39) .
0 0.3 0.6 0.9 1.2 1.5
W B Agso

K112 PUFIH:5R AN F/F 81k
Fig. 12 The variations of F\/F,, in the whole culture period of
PUF1

R G AR I3 R BRI, BRI 5K A B o
7 i TR B A, (R KRB
KT #r k. WA FREKE ™, HEDOoX
A I e A P R, SURE A P 23R, ok
AN XS G R R

Choorit% i %t T Rhodopseudomonas palustris
KG31{ELTR . IR, TR KRG IRIFER: TR %M T
ARAEN, 2R ER, TR, A& FKG31
AR I 7.20—12.49h, B K AE K % 40.038—
0.094/h. K57EIEpHAK T SELEE T 1006441 B 4 3 LA
K, HAEAR IR B 373 b @ pH Y A B AR

CUE B FE R, pHX G AE A R . HE
PRI DR EE RN 5 B g 1L K % pHL ) AR 44 J FL UK,
& HpHAT7.0—9.0, pHE T-9.50F, ANREFEAT A R
JeaERUY. BB pHIM TS, S MR/ F, S
ETRAIR._EFF, pHE T 10845 T 70003 R gl gk
PRAECIRT T T pHAT/INERIEE S AR L A KR
IS, R IRpHNT.0—9.0, Ye& Tl . K,
YRR AR B R R R SRR,
MpHAK T 7.08 % 1-9.0, LR $8Hr# &3 1L
Adessi® "5 T = 4N FR A TR, palustrisFE A,
HFJ/F KRR, SR B EAN BF/F B AR,
TERE FRWIAF /F o FEFEAE SR K, HHEI R 75 3 B
FEANEICKAM T A FA FH Water-PAM I &
THFERWAPUFL Y& 1E B4 A, RIL
Fo/F TEAN B ALK B By, BB AL, 5 1
BB FLE R B EEIMEFRFMT, R R,
F/F B E(0.55—0.65)"", i 25 P 15 7206 B 55 59
(100—3000 1x), 7] fg & FEF/F BALCN T 5T
0.3)M EE R K . pHTER /KL Bl A 22 b (pH
6.00—8.00)%F 40 B A AF F 82 AN BE 2, T 24 355 5%
P ZpHE T8.00, F/F B&A% %3, FILPUF ILEL (L
R Rl R v B I sR XS pHIW BhAS W o BhAb, = 4hm
H%MHF, R. palustrisi%?%i‘iﬁEPFV/FmiS‘f%, A
0.55—0.65, IX A GE-5 70 /& HIakMEA %

JeA I S AT SR, PO B AR T R
FEHPEAL R FR S R R LE K. H b, A 5%pHxt
A A E A VR R s AL v ANE 2, IR AN AL
FFp ATPase. & F 5S40 AL B AR bR 5 5
Tk F B IRV R FH B 0% &R, R A TR RS PPA
M EKBAEERE

SE Mk

[11 Ferrera I, Sarmento H, Priscu J C, et al. Diversity and dis-
tribution of freshwater aerobic anoxygenic phototrophic
bacteria across a wide latitudinal gradient [J]. Frontiers in



436

KR R

44 %

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

Microbiology, 2017, (8): 175-186.

Imhoff J F. Diversity of Anaerobic Anoxygenic Photo-
trophic Purple Bacteria [M]//Hallenbeck P C (Eds.), Mo-
dern Topics in the Phototrophic Prokaryotes. Switzerland:
Springer International Publishing, 2017: 47-85.

Hubas C, Boeuf D, Jesus B, et al. A nanoscale study of
carbon and nitrogen fluxes in mats of purple sulfur bac-
teria: implications for carbon cycling at the surface of
coastal sediments [J]. Frontiers in Microbiology, 2017(8):
1995-2008.

Liang C M, Hung C H, Hsu S C, et al. Purple nonsulfur
bacteria diversity in activated sludge and its potential
phosphorus-accumulating ability under different cultiva-
tion conditions [J]. Applied Microbial and Cell Physio-
logy, 2010, 86(2): 709-719.

Hubas C, Jesus B, Ruivo M, et al. Proliferation of purple
sulphur bacteria at the sediment surface affects intertidal
mat diversity and functionality [J]. PLoS One, 2013,
8(12): €82329.

Hiilsen T, Hsieh K, Lu Y, ef al. Simultaneous treatment
and single cell protein production from agri-industrial
wastewaters using purple phototrophic bacteria or mi-
croalgae-A comparison [J]. Bioresource Technology,
2018(254): 214-223.

Mekjinda N, Ritchie R J. Breakdown of food waste by an-
aerobic fermentation and non-oxygen producing photo-
synthesis using a photosynthetic bacterium [J]. Waste
Management, 2015(35): 199-206.

Wang K, Wang H L, Sun X L, ef al. Effect of microoga-
nism and plant on cleaning a simulated Malodorous River
[J]. Environmental Science and Technology, 2012, 35(6):
126-129. [E1, TE, IV, &, fED S5 YT
TE R A BRI KIR BCR [T]. MBI S EROR,
2012, 35(6): 126-129.]

Corneli E, Adessi A, Olguin E J, et al. Biotransformation
of water lettuce (Pistia stratiotes) to biohydrogen by
Rhodopseudomonas palustris [J]. Journal of Applied Mi-
crobiology, 2017, 123(6): 1438-1446.

Idi A, Nor M HM, Wahab M F A, et al. Photosynthetic
bacteria: an eco-friendly and cheap tool for bioremedia-
tion [J]. Reviews in Environmental Science & Bio/techno-
logy, 2015, 14(2): 271-285.

Gupta R S, Mukhtar T, Singh B. Evolutionary relation-
ships among photosynthetic prokaryotes (Heliobacterium
chlorum, Chloroflexus aurantiacus, cyanobacteria,
Chlorobium tepidum and proteobacteria): Implications re-
garding the origin of photosynthesis [J]. Molecular Mi-
crobiology, 1999, 32(5): 893-906.

Gupta R S. Evolutionary relationships among photosyn-
thetic bacteria [J]. Photosynthesis Research, 2003, 76(1-
3): 173-183.

Bryant D A, Frigaard N U. Prokaryotic photosynthesis
and phototrophy illuminated [J]. Trends in Microbiology,

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

2006, 14(11): 488-496.

Ritchie R J. Fitting light saturation curves measured
using PAM fluorometry [J]. Photosynthesis Research,
2008, 96(3): 201-215.

Ritchie R J, Runcie J] W. Photosynthetic electron trans-
port in an anoxygenic photosynthetic bacterium Afifella
(Rhodopseudomonas) marina measured using PAM
fluorometry [J]. Photochemistry and Photobiology,
2013(89): 370-383.

Adessi A, Torzillo G, Baccetti E, et al. Sustained outdoor
H, production with Rhodopseudomonas palustris cul-
tures in a 50 L tubular photobioreactor [J]. International
Journal of Hydrogen Energy, 2012(37): 8840-8849.
Adessi A, De Philippis R. Photosynthesis and Hydrogen
Production in Purple Non Sulfur Bacteria: Fundamental
and Applied Aspects [M]//Zannoni D, Philippis R D
(Eds.), Microbial BioEnergy: Hydrogen Production, Ad-
vances in Photosynthesis and Respiration. Netherlands:
Springer, 2014: 269-290.

Ritchie R J, Mekjinda N. Measurement of photosynthesis
using PAM technology in a purple sulfur bacterium Ther-
mochromatium tepidum (Chromatiaceae) [J]. Photochem-
istry and Photobiology, 2015(91): 350-358.

Achenbach L A, Carey J, Madigan M T. Photosynthetic
and phylogenetic primers for detection of anoxygenic
phototrophs in natural environments [J]. Applied and En-
vironmental Microbiology, 2001(67): 2922-2926.

Ramana V V, Chakravarthy S K, Raj P S, et al. Descrip-
tions of Rhodopseudomonas parapalustris sp. nov., Rho-
dopseudomonas harwoodiae sp. nov. and Rhodopseudo-
monas pseudopalustris sp. nov., and emended description
of Rhodopseudomonas palustris [J]. International Journ-
al of Systematic and Evolutionary Microbiology,
2016(62): 1790-1798.

Sharma N, Doerner K C, Alok P C, et al. Skatole remedia-
tion potential of Rhodopseudomonas palustris WKU-
KDNS3 isolated from an animal waste lagoon [J]. Letters
in Applied Microbiology, 2015(60): 298-306.

Okubo Y, Futamata H, Hiraishi A. Characterization of
phototrophic purple nonsulfur bacteria forming colored
microbial mats in a swine wastewater ditch [J]. Applied
and Environmental Microbiology, 2006(72): 6225-6233.
Carlozzi P, Pushparaj B, Degl’Innocenti A, et al. Growth
characteristics of Rhodopseudomonas palustris cultured
outdoors, in an underwater tubular photobioreactor, and
investigation on photosynthetic efficiency [J]. Applied
Microbiology and Biotechnology, 2006(73): 789-795.
Tian Y, Wu X, Feng B, et al. Nutrient recovery from cya-
nobacteria biomasses using purple nonsulfur bacterium
Rhodopseudomonas Palustris [J]. Polish Journal of En-
vironmental Studies, 2017(26): 2767-2775.

Bose A, Gardel E J, Vidoudez C, et al. Electron uptake by
iron-oxidizing phototrophic bacteria [J]. Nature Commu-


http://dx.doi.org/10.3969/j.issn.1003-6504.2012.06.027
http://dx.doi.org/10.3969/j.issn.1003-6504.2012.06.027

2 1 HH = 555 — BRAB M A 1 90 8 B A B PR AR AL 437

nications, 2014(5): 3391-3397. [30] Deng G, Li Y G, Hu H J, et al. Effects of temperature,

[26] Yin L B, Zhang D Y, Liu Y, et al. Isolation, identifica- light and ph on photosynthesis, and of light-dark cycle on
tion of cypermethrin degrading photosynthetic bacterium growth rate and biomass of Scrippsiella trochoidea and
strain PSB07-13 and its biodegrading characteristics [J]. Alexandrium tamarense [J]. Plant Science Journal , 2004,
Ecology and Environmental Sciences, 2010, 19(8): 1881- 22(2): 129-135. [X5, 22800, WY, & . S
1886. [FH AR, FkAlnk, xiuk, 55, P RS N6 & 41 I HARL ST AHEIR 397 G788 A0S 37 17 1L K8 A A FH B 2
B 5> B 4 8 K SRR R ER L (1], AR H B R, Wi % S Jo ST L AR A M A W B s (D], 1
2010, 19(8): 1881-1886.] Bl 2004, 22(2): 129-135.]

[27]1 LiQ S, Wei X, Wang R X, et al. Isolation and biological [31] Chen G, Long X, Li X Y, et al. Effects of pH on photo-
characteristics of photosynthetic bacterium strain Hs [J]. synthesis and chlorophyll fluorescence characters in Cera-
Acta Hydrobiologica Sinica, 1999, 23(1): 18-23. [ &4, tophyllum demersum L. [J]. Journal of Yangzhou Uni-
TR, T&E, %5 CEMEHERTR 0 S LAY versity (Agricultural and Life Science Edition), 2015,
RV IT [J]. /KA A F4R, 1999, 23(1): 18-23.] 36(1): 65-71. [BRNI, JB75, 2=, . AR pHE X 4

[28] Tzu K, Nakajima F, Yamamoto K, et al. Aeration condi- G A e B G R R OERF R [1]. $)0 K 2
tions affecting growth of purple nonsulfur bacteria in an ROl 5 A AL ERR), 2015, 36(1): 65-71.]
organic wastewater treatment process [J]. Systematic and [32] Zhang H, Zhang G Y, Wen X B, et al. Effects of pH on
Applied Microbiology, 2001(24): 294-302. the photosynthesis, growth and lipid production of

[29] Choorit W, Saikeur A, Chodok P, et al. Production of bio- Chlorella sp. XQ-200419 [J]. Acta Hydrobiologica Sini-
mass and extracellular 5-aminolevulinic acid by Rhodo- ca, 2014, 38(6): 1084-1091. [5KFZ, KEEHE, iR/, 5.
pseudomonas palustris KG31 under light and dark condi- pHXT/NIREE Chlorella sp. XQ-20041906&1EH . A K
tions using volatile fatty acid [J]. Journal of Bioscience = R sz (1], KAEA Y FAR, 2014, 38(6): 1084-
and Bioengineering, 2011(111): 658-664. 1091.]

ISOLATION AND CHARACTERIZATION OF A
RHODOPSEUDOMONAS SP. STRAIN

TIAN Ying-Yingl’z, WU Xin-Qiangl, JI Yan-Pei’, FENG Xiu-Famg2 and XIAO Bang-Ding1

(1. Key Laboratory of Algal Biology of Chinese Academy of Sciences, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China;
2. School of Material Science Engineering , Henan Institute of Technology, Xinxiang 453003, China)

Abstract: Among the known subgroups of anoxygenic phototrophic bacteria, the Purple Nonsulfur Bacteria were
widely investigated for their versatile metabolisms. This study isolated and identified an anoxygenic phototrophic bac-
terium of strain PUF1 from the East Lake, Wuhan, using the colony morphology, cell ultrathin structure, characteristic
absorption spectra and phylogenetic analysis. The isolated strain was identified as Rhodopseudomonas sp. The bacte-
rial cells are straight or slightly curved rod-shaped, 3.05—10.06 um in length, 0.32—0.68 um in diameter, with lami-
nar membranes. The bacterial culture appears dark purple-red with major pigments being Bchl. a and carotenoids. With
an initial pH of 6.0 to 8.0 and light intensity of 500 to 3000 Ix, cell biomass at the stationary phase measured by the opti-
cal density (OD) showed no obvious difference, but pH higher than 8.0 in the liquid culture indeed decreased the maxi-
mal quantum yield of PS II (F,/F,,). PUF1 had inconstant protein contents in its growth with the highest protein con-
tent of more than 60% related to the cellular dry weight in the stationary growth phase. The activity of ATPase conti-
nuously declined over the culture time. A plot of F,/F,, fitted the single peak Gauss model with peak values in the log
phase that showed certain relationships between the F/F,, and bacterial growing status. These findings provide impor-
tant references for the study of physiological and biochemical characteristics of phototrophic bacteria.

Key words: Rhodopseudomonas sp.; Isolation; Physiological characteristic; F,/F,,
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