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® E NREBFHERTSED 4 RIEFOLEHE  EHR C410 Fk DS2 1 E;, #1 E,, ENTERREER AR T
BRI, Btk C410 BB R JRIER ALY E D B IR A K. KEXT NaCl BF53K , Btk C410.DS2 IHJE T rgEL6
B, K E;, A E, JB TGS 4E. WIBESHIEFIFE EBAMRE DS ERNESH ZRAR. (G +
C) B /R E 43 b &35 45 , Btk C410 %58 N Rhodovulum sulfidophilus (W&HR/DLLIRE) JF Rk DS2 X 5E N Rhodobium mari-
num (YGLLEH ) WK E, F1 E, %58 K Rhodobacter azotoformans. 4 #EHH B IR R RH, ENMARKNRREKE
H4x10° mL ™ HEA SR SR TER 55% A4 , Btk DS2 ik 64.2% . 4 BT & BEBMAF L, FHAEEA
MY P LT R 4 PRI S A FHEE Q10 FIKEAE MR, HPEtk C410 MKHH MRS RER. B1XR6 S 14
KEWR WEOGEWNE; BHECERAE; 2HEE; BN

CLC (939.106
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Abstract

four strains were motile. They required one or more kinds of growth factors. The isolates were able to grow anaerobically in light

Four strains of marine photosynthesis bacteria were isolated from seawater and the sediments of Dalian coast. All

or aerobically in dark. Strain C410, E; and E, contained vesicular intracytoplasmic membranes unlike strain DS2, which con-
tained a lamellar one. Because salt was necessary for the growth of strains C410 and DS2, they belonged to halophilic purple
nonsulfur bacteria. Strains E; and E, belonged to salt tolerant purple nonsulfur bacteria. Strain C410 grew well using sulfide or
thiosulfate as electron donors for phototrophic growth. They were identified as Rhodovulum sulfidophilus ( strain C410),
Rhodobium marinum (strain DS2) , and Rhodobacter azotoformans (strains E; and E; ). Their cell yields, protein contents, a-
mino acid compositions, and contents of carotenoids were analyzed under the optimum conditions. All of the most cell yields of
the four strains were more than 4 x 10°/mL™". Their protein contents of dry weights were about 55% (for strain DS2 it was
64.2% ). They contained all kinds of essential amino acids, and also contained coenzyme Q10 and carotenoid. The carotenoid
content of strain E; was the most among the four strains. Fig 1, Tab 6, Ref 14
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composition

CLC (939.106

2003-06-25

Y& 4l ( photosynthesis bacteria) J& LA Y6 A REIR , 7E B &
FT, UEIVNM FAE P SR IR IR T BRI
AW R E AR M BA R IR GRE G BUA R Y R A4
W, Z 0 T e L. 6 S METE B AR KE
PRKAELS R G EYEE Y RIEF M EE A ER 5, KA
YIRIHEM Y ORI B HE A BB LTS e Y8 o3 i A PR
BEMREE , W LBOLE WA 1E 6 R LA A, A
ek H 1 :2002-06-24 5% H #1:2002-09-11
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K BREER. A EE AR E S EAR, AR TR
EOtEHEECE S B RY4EA R B K L A B Y R
XHFIRRFABHBORIE R R B A L& AR B B H
I EAEFL 4N (purple non-sulfur bacteria) B5t-& 416 + & H
W E i) B R A R —2K. R
FiorE Y KA ER™ KPR R E E Y BUE TR
ZHR. ESMRE, BRI A M LA o F5 . T E A
HIBTIE 2 & PTEBOK RS, B0 ¥ R H Ot & A, 4 5 v
HOLE AT, 24 HARLAHRE.
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%5 KA 2 RIARTHERECIRAE, 7 2 oviih %6
FEFME. BiE T ENHREIFFRIFME. X EMNRWER R 2
B VIR Q KW PREFEFRMOHT T obr. HEERER
M EG A AT SR, YK AL 7 IR R S R L B A
A5 B S8 77 F) O F 8 S

L WA
L1 EAESEIERTLE

2 S T FRVRE 3R B K T 9 X 9K R 8.

FREU1 g BEARIEASEA 100 mL &3RH0 AT B3R5 d
FRIREIESRS ~15 d, IR 1000 I, AL 6 B BREE
ERYRBAERE , NAKTEREERFREE T EREE,
RABR BRI RBEELSR, EERELA AR EM
GiGik.

TS XK R e S EERMET
(1500 1) W£%. H1EBE Y ERRE TURENEENE. A
FRE BRERE A K ETFRE S AR R A
FHEKRESHR Hiraishi'® .

1.2 WEFE

1.2.1 BENE RAFBRERBEAIFARTE.
1.2.2 BHEMREXE 0% BHERRER TR K,
FEHGIE X (HP 8452A) EiisE.

1.2.3 DNAKJEEBE x(G+C)/%WE  HCHR[9]H#4T.

W LB BR FIBR K A8 35 A Beckman6300 15555 2B 7 1T X
Wi%E , CRABRIESH 10152 ; KAZ P RAHEX S 2T
REDLICHR[ 11 ] 5 iR B RS 00 L SCmR [ 121].

2 R
2.1 WHHHEMEE

MR R B KFRTE 70 B 8 4 SRS W, &
Bk C410.DS2 \E, .E, , LA EFFIES TR 1 FI5R 2. REEIRIE
7= N4 BRE ARG 2B S8 6 A ARG e
HELEHE, REFH—LK 0 THA PLER A HLEZEFIRE R/
IR, BENRFAK, AR G410 88 A A E RS O 1E
JtE R FERE A FRAK. ik 10 AR S BRES AL,
HoAth 8 Fh R IRERRER F. B AT1B96 PN BESE R 43 51 A « BEUDIRFN
FER(E AR R 1HEREN Htk C410,DS2 HEE#E
& NaClig KPR, BmhEmK 10% , M@tk E, #E, 78
JC NaCl B A AR, By A IA - T bk C410,DS2 P IHJ&E T rg$h
FOEIEMAME, Hik E, E, BT X EAIERME. 4 R0 5H
B DNA A (2(G +C)/% ) SHriERHAMHIE(F£3). R
EUARKRAREE ETFH) SRS AR T L 6IERA
BFHA KR PR RGBT IROE, € 4 BRE A L2 N mK
C410 — Rhodovulum sulfiphilus (VEER/NEIE) U7, Btk DS2
— Rhodobium marinum (Y§41H) ', itk E, .E, — Rhodobacter

azotoformans "

1.2.4 BREARSENNE  RANKERK[10];17 F :
F1 HDEEHRNESMIEFTREE
Tab 1 Phenotypes of four isolates
Strain C410 Strain DS2 Strain E; Strain E,
. e , 455 BHIEITE A BIE , i s RIE , Bepr
Colonies . . . .
Brown circle Pink ovate Brown-blue circle Dark brown circle
ol S I IR SR I SR
Ovate to rod Rod Spheric to ovate Spheric to ovate
Cell size (d/mm) 0.8-2.0x0.6-1.0 1.5-2.0x0.6 -1.0 0.7-1.0 0.7-1.0
i Mucosa + - + +
o
WIS IR FRIR RN RN
ytop Vesicular Lamina Vesicular Vesicular
membranes
Flagellum Polar single Multi Polar single Polar single
E /1 2 200 700 ~2 200 1 500 700
NaCl range for growth _ _ _ _
(/%) 1-10 1-10 0-7 0-7
Optimal NaCl
(/%) 4 4 1 1
Optimal temp
29 29 ~37 29 ~37 29 ~37
(¢/C)
Growth factor HHER Niacin 42Z%  Multiplicity JHEE  Niacin JHEE  Niacin
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Fig1 Electron photograph of photo-intracytoplasmic

membranes of four strains

2.2 EFESSH

221 SEEHNEEKENEAREE MESRIE
4, T4 BN 4 MBS BB kAL K BHRE 4 x 10" mL ™' D) |,
HRTEEL~2 L BEMEBSAERNEERNELR, HHEE
HE RS E 4T ER 50% ~60% 4. F P HEvk DS2 iy
EOREGRER, B TRELBEEKE (57.95%) FREAK
AR (58. 6% ) FEEREE (ESS. nestle) (54% ).

222 BEAPEERSE SAERIENNESERNE
5.4 BREHARR SR LHEEIER, Wik C410:433. 16 mg/
g, B Pk DS2:422. 88 mg/g, H #k E;:427. 02 mg/g, 4k E,:
453.33 mg/g B0 TH WEEYES , B TS E (512 mg/

R2 DEEROEEEASE
Tab 2 Physiological and biochemical characterization of isolates
Strain  Strain
C410 DS2

Strain E; Strain E,

Assimilation of carbon sources
Sodium gluconate
Sodium lactate

Sodium succinate
Sodium glutamate
Pyruvic acid
NaAc

Sodium malate
Aspartic acid
Sucrose

o+ 4+ 4+ + L+

Sodium formate
Alcohol
Glucose

Sodium tartrate
Sodium arginine

I+ + + + + + |+ + + +

I+ + 1 + 1 + + + + + |
I+
|

Sodium citrate

+

Glycerol
Sodium benzoate

|
R T i T S S e e N 4

+ 1+ 1

Mannitol
Utilization of nitrogen sources
Sodium glutamate
Peptone
NH,NO,
Arg
KNO,
NaNO,
Hydrolyzed casein
NH,C1
Met
Yeast extract
Electron donor ( CO, as carbon source)
0.5 mmol L™" Na,$S + + -
2.0 mmol L~! Na,$ + - - -
5.0 mmol L.~! Na,S - - - -
2.0 mmol L™! Na,$,0, + - - -
Note: +, Growth; -, No growth

R3 SEBEHRFIRAERKR DNA B (G +C)/%
Tab3 x(G+C)/% of DNA of isolates and standard strains

I+ + + +
+
I+ + + +
I+ + + +

+ o+ 4+ o+
+ + 4+ + 1
+ o+ 4+ o+
+ + 4+ + 1

Isolate x(G+C)/% Standard strain %(G+C)/%
g) FEL(504 mg/g) |2 A (480 mg/g) T £ (485 mg/g) 55, i C410  65.38 Rhodowulum sulfiphilus’)  66.3 ~66.6
BEAMULTRRER S B, BA REEEER, AURNE DS2 62.05 Rhodobium marinum'®!  61.5 ~64.1
HER. 2, Bk 410 WERERSE N 33.97 mg/g, BXSE E, 66.73 Rhodobacter azotoformans'®]  69.5 ~70.2
(17mg/g) . (14mg/g) 4 AW (12mg/g) FI K E (14mg/ E, 67.23 Rhodobacter azotoformans'®)  69.5 ~70.2
F4 NEEHKNEFERKENARESRE
Tab 4 Cell growth and protein content of isolates
Isolate cKlel
€410 DS2 E, E, Rhodopseudomonas Rhodopsciudorr.wnas ESS. nestle
capsulatum globiformis
. Liquid (n/mL"1) 12x10° 4 x10° 7 x10° 9 x10° - - -
Cell yield 1, weight (p/g L-1)  1.85 1.13 1.42 1.34 - - -
Protein content in dry cell (w/% ) 40.6 63.2 55.6 53.7 57.9 58.6 54.0

Note; -, Not determined

&) IS A ER.

2.2.3 MAMERMEETENE AW EMARTE SN
EHGEMAHE MR EEEHE Q S4AMFE YR, MK
EE T LR IR A SRR, 5 Q RIPIREE i T

ek, wT LIGE SO B ThAE, R VLA E 1
M- ABRABEAESHART R MENE PREXREER,
BRWE MR GEUFER C410 5 (R6). 4 MAEEEH
A BTG Y B Q10(3R6).
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£S5 HEEKRBEARPHEERN vw/mg g™

Tab 5 w(amino acid)/mg g™' in the isolates protein

IR E R E M B RK g8 0 B 2 4 BRIgHDE & 4
B RIEE X NaCl TR, B bk C410 1 DS2 J& FrEh % Gk

Amino acid Strain - - BRANE , ik E, A E, JB TRlEh GIERANE. e Y2451,
T o T X 4 BT T WA MM, F 8 T REWOLE ARKR,
* Val 55.54 58.35 64.64 68.79 AT REBSEOIERAEMARNEH, WY FOCEHER
* Met + Cys 35.79 36.70 33.05 33.67 N R AL B & A A E S R,
e a e N ae FESREDCIURIE T 4 PG R A& 0T R S F B
“Phe +Tyr  75.30 74.43 81.35 o1.51 ATIRFBRIR, BN IRER. FFF C410 REFI & Rk Fi Al
* Lys 43.30 46.95 49.48 49.14 WL E R, B B R A K. X ERBH B X L
A S eob WK PSR B e 2 LK 02 0 s LA B
Asp 87.59 99.76 85.25 84.26 . R E, il E, Bk SNE A oKk AR .
Ser 30. 64 35.03 31.38 32.31 4 BRIGEOLE R EARR Bk 4 x 10° mL ' DL L 4R
Glu 111.53 158.13 120.61 125.98 = N
o .5 26,08 40,04 i es Eﬁ%ﬁﬂ%fﬂ%#ﬁ%ﬂﬁm%ﬂ% DS2 92 1 & Bt T Heflt
Gly 50.49 60.73 58.35 54.92 G FIEEEE . X SO T S B RN SSTe, LH R AR
Ala 90.79 96. 68 103.22 100. 11 FYLFEREREBRTL. A G0 NEEaRSES, ERHH
e B LIS RO, MR & A AT SR NE S P REFTA
" 83, LURAHNE Q10 %54 BE My i, e LUK S % A
3 iil‘ 7 B OKFEER L B RS E S TR R R,
F6 SEBEHRAMBCE . RE, ZXPE P RSEMHER
Tab 6 Cell absorption spectrum and peak, total carotenoid content and coenzyme
Strain C410 Strain DS2 Strain E, Strain E,
% Welés (A/nm) 378,478,514, 380,508,592, 424 448 478,510, 420,450,478 ,510,
Absorption peak 594,804,458 550, 792 592,674,802 592,672,802
(3 M4 o, BILH EHREE o BB AEHEE o BB
Cytochrome RO g HRITRE e BIRE g 1 x RAVKHY | %
(w0 /mff_sp)q%otzlimtemi d 13.40 1.37 8.63 9.17
FELHEF Coenzyme Q10 Q10 Q10 Q10
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