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Abstract

The effects of inorganic orthophosphate on the growth, the content of phosphate
compounds, the activities of enzymes related to phosphate metabolism and
patterns of total cellular proteins were investigated in Rhodospirillum rubrum
grown on the media of different concentrations of phosphate.

The growth in the phosphate-free medium was very low but very high in the
standard and phosphate-excess media.

The cellular contents of all tested phosphate compounds were much decreased in
phosphate-free medium. The total phosphate and polyphosphate contents were
much higher in phosphate-excess medium than in other media. Generally, the
contents of all kind of phosphate compounds in the cell were in order of added
phosphate concentration of the medium but the content of lipid phosphate in the
cells grown on the phosphate-limited medium and the contents of acid insoluble
polyphosphate of cells grown on the phosphate-limited and standard medium were
shown similar with those on the phosphate-free medium.

The activities of alkaline phosphatase, tripolyphosphatase and polyphosphatase
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were much higher in the cells on phosphate-free medium than in any other media,
especially .- the activities of alkaline phosphatase in the cells grown on the media
except phosphate-free were near to zero.

The SDS-PAGE pattern of total protein from cells grown on the phosphate-free
medium exhibited three new bands which were not seen in the cells grown on the
phosphate-added media. The molecular weight of the three new bands were
postulated as about 35kD. 40kD and 63kD respectively.

In conclusion, the different concentration of phosphate in the culture medium
influenced the cells for the growth, the levels of phosphate compounds, the
activities of enzymes related to phosphate metabolism and the pattern of total
cellular proteins in many ways in the photosynthetic bacterium, Rhodospirillum
rubrum.
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FAEM, 21 AZW 75L& /718 §4 %

o] FaF AHE yd B ohs
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yel, Klebsiella aerogenes, Rhizopus
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1992: Wynne, 1995). 2 vl &
siolA i GaET AP e, A, &
AMog B A7 oFAH ged
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A} 89 FF ¥ Rhodospirillum rubrum
S1(ATCC 1770)°]a, ¥RAE Bose &
(1961)9] 712wzl ©@rPdo2 malated

0.3%(w/v)SA A7tstad D3] Hdof 1 N
NaOHE& +H83l9 pH 7.022 z33slio.

2. 3% £ Wi

Malate®& ®©Aa9ozZste HAYuA A
4-543H(F A7 olgd7A]) WIYE R
rubrum% 10.000rpm22 108 YAE
Al ¥, pelleto] QA4HE @ v E o
oAl 10.000rpme2 10833 F ¥ YAR
A3t FdMiAY AIYEE Aol F QA
s g ztvl 2el@ iAol x7] Optical
Density& 0.12 230} FFAA. Aibs
e AQ4HE A9 BoseF(1961)9] wlAlof
E71948 0%. 0.003%. 0.03% aglz
0.3%5A  H7tsd  FiHen FHE
1.000 mL 712 2,000 lux, 30T
o Hr1Hoz A vl

3.8%% 3% 2 AX 58

Aibsx9 Atoldl W& R. rubrume A
Z%e spectrophotometer(visible 7230)
Z 680 nm9d 0.D.2M ZA3Hd.

Mgy MAEXE 10.000 rpme2 1083
LY Ed3o 0.05 M Tris-HCl %89
(pH 7.6)2.2 5 ¥ A3 ¥ 3z on
(Kulaev et al., 1974), wet weighte
& o ¥ Yoz FPsAG.

4. F71Q3343HE9 +2 % FFEA

F71A 248 F2& Kulaev F
(1974)2] W& < WYY Oh(1987)9
wylogz HAAEAT 32§ AAE Y F
% & Chen 5(1956)9 ¥ uat 6 N&
A 234, 2.5% ammonium molybdate,
10% ascorbic acid& Z#z& 1 : 2 : 1 :1
o] v g2 A& TAAFE A8t 37T
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AHE 410 nmeljA JYehte O.D.2M &
Ao 84& FA&AT

2) Trispolyphosphatase®} Poly-
phosphatase
Trispolyphosphatase < poly-
phosphatased] 4% 232 Kulaev ¢
Konoshenko(1971), Rubtsov ¢ Kulaev
(1976)7} A% el wat dAstAY. 0.5

M Tris-HCl €%€9(pH 7.4) 0.1 mL,
0.01 M MgClz 005 mL, 2 M KCI 0.05
mL, 71289 ( Trispolyphosphatex 1.5
mg/mL, Polyphosphate(n=18) 1 mg/
mL) 0.1 mLol MEZF%&% 0.2 mL& 713}
o wrgAlZTE W2 37TAAA 2083 A
ZAon, A4dEy ¥ FAAE AF Hid
Chen §(1965)2] W¥E& oj&3dle] #Ha9
vtg Z3 A4E ortho PE AFPozH
=& Feigo

7. A7NDF

Z duldo] ¢A4E vimsrl 93t 7 4
dre AXE 948 8% F 0.1
M Tris-sHCl #%89% (pH 7.6), 1%
Triton X-100% 713t 2&o AT ¥
Leammli(1970)¢] %] wme Tris-HCl
4E8A(pH 6.8), 1% SDS, glycerol,
2-mercaptoethanol, bromophenol blue&
7183 AeRHAA A2YE AIRE AHE-E
93, stacking gel 4%, separating gel
10%2 ZA5ld 15 mA9lAl prerunningdt
F. 30 mAR AZIFFIATE. AP Fo B
% ¥ w2 Coomassie brilliant blue

R-250& At&-&tdth.
A% 9 1%

1. AEsert A B vl £

Malate WA QA4tE FxEz FFHAES
9, R. rubrum® A7 vlA= FYL
Fig.1, Table 1914 E& u} 2o] A& A
23kA] g wiAolA AFo] Azt U
< TR A wAdME 2L AR S
Yehn glew, gl 2¥9A fx717F 2u
1 684 AR 7 £g3tn YA}, A4ko]
A wix], A4S AR Rz A wiA,



clatsz el Aojof e BN MTF Rhodospirillum rubrumsl 2iatchAtol]

"sojedl[dad ¢ Jo San[ea ueaw ale eje( (|

6611 L 90T z6 z 9l 2% 6y 6L 29°¢ 01

G 0E1 0811 G2l b8l L'g oey 96l 0€'p 8

621 0611 6¢€l 002 Sy ovy  P'102 L0V 9 %60 1d
5zel 9121 601 S LI 52 26y L6l 0€'2 4 .

868 8'8L 011 £91 0°¢ 6'0F 0091 £5°0 4

9°9L 099 901 9¢€l I'g 0¥y €181 01°0 0

1799 b LS L8 Pl 032 0zy 12l 80°F )

699 99 €01 6721 97 91y 0'%2l 1§57 8

76l 6°L9 611 L'el 6'¢ '€y V6ElL 'y 9 %£0°0 14
£6L 669 V6 A Vg WA 474! 81°¢ v

90L 909 001 vl £¢ vey oSt 9L°0 4

9°9L 099 901 9¢l I's 0¥y €L81 01°0 0

209 2 €S 'L 801 032 Vv vEll 9€'2 01 \
2'€9 0°bS z'6 G'11 34 0’65 29Il 98°2 8 o
599 095 501 rel X 0Ty 0621 vO'E 9 %E00°0 1d |
612 v°'29 56 9¢l 2’1 g'ey g 08l €52 v

1°L9 0°LS 101 Tel L2 Sov  bEzl L8°0 4

99, 099 901 9°gl 1'e 0by  €LE1 01°0 0

18y 0€h 1S 06 81 p0oE €68 080 01

0'6¥ 0'b¥ 0'S €6 £ bze  0'€6 €L°0 8

605 0S¥ 6'G L0t 11 L'SE  V'86 65°0 9 %0 1d

Z'v9 0°8G Z9 601 g1 Lse  g3all Zv'0 b .

g€l LG9 1'8 A €32 00F €821 92°0 (4

99, 099 901 9°€l I'g 0vy  €LET 01°0 0

[e30L  2[qniosul POy  a[qn[os POy

d 4104

d epnospnN d pldrl 4 oyHo  d el

(Wupgg9) 'O S4B dINIM)  BIPAN

(1132 1Y3tem jom jo 3w(Q] 13d 14 84 :sjun) :Bmcamoca JO SuU0I1eIjU3IU0D JUALJJIP YY) ul Aj[eolq

-0lseUE UMOIS wnignJt wnj[Lirdsopoyy ul spunodwod ajeydsoyd snotiea jo ajeydsoydoyilo jo juajuo) ‘| e[qel



EZRHPRR

W
(=]

[ N e
(=T ] (= 4]

Optical Density (680nm)
[\~)
o

2.0
1.5
1.0
0.5
0.0

0 2 4 6 8 10

Culture Time (Day)
Fig. 1. Growth of Rhodospirillum rubrum

cultured anaerobically in the dif-
ferent concentrations of phosphate
(mean t standard error(SE):
n=3), Pi 0% (o): Pi 0.003%
() Pi 0.03% (2): Pi 0.3%(e)

=2 A AN Fx7 713E A
of oy X712 HAd=E Al7le i A
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Agge AR og A wA A7t 2ot
A M e wpAleM Bk thh A e
th. ol Hug QAite] AX S At
= Aoz Algdrt. a3 Ad4ite] Ml HzA
%2 WX oA olF fudtA WA= A
Axee] wixlel Qe AArBRTE A EY
de U HLEGD ALRECT. o
Toda ¢ Yabe(1979)9] X9l LA 3}
F§ Tsal(1979)°] Azotobacter vinelandii
€ A8Z ¥ APM phosphate’t ™
Aeo A Axe Teld AAFY, 2719
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Az g}, ol AHEFEIe] daughter cellel
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Fig. 2. Total P content of Rhodospirillum
rubrum cultured anaerobically in
the different concentrations of
phosphate(mean t standard error
(SE): n=3), Pi 0% (o). Pi
0.003% (). Pi 0.03% (2): Pi

0.3%(e)
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Bol| #odtoz wjdzo] FAHADAC Al
EEGol S48 RFrld FTIEe Aoz
At ¥}, Lipid Pe phosphate pooldl &
FAagctn FH=d(Lee.
1967), lipid P &3 E & 9 lipid P
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Fig. 4. Lipid P content of Rhodospirillum
rubrum cultured anaerobically in
the different concentrations of
phosphate(mean * standard error
(SE): n=3). Pi 0% (o). Pi
0.003% (). Pi 0.03% (2): Pi
0.3%(e)
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Fig. 5. Nucleotide P content of Rhodaspirillum
rubrum cultured anaerobically in
the different concentrations of
phosphate(mean * standard error
(SE}J: n=3), Pi 0% (o). Pi
0.003% (*). Pi 0.03% (2). Pi
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Fig. 6. Acid soluble poly P content of
Rhodospirillum rubrum cultured
anaerobically in the different
concentrations of phosphate(mean
t+ standard error(SE): n=3), Pi
0% (o). Pi 0.003% (e). Pi
0.03% (2): Pi 0.3%(e)
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phosphate®l %7} A1 lineard W4,
acid insoluble poly Py ¥z3o] An,
anhydride linked phosphate® 7 %2
Aoz <delxgded (Harold, 1962), acid
insoluble poly P#/del lolde oyz
2 Qlakgle] WA #Hol QUtke Buy
21%L Holm Aok (Choi, 1981). 28z
acid insoluble poly P & wW}A71E A%
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Fig. 7. Acid insoluble poly P content of
Rhodospirillum rubrum cultured
anaerobically in the different
concentrations of phosphate(mean
+ standard error(SE): n=3), Pi
0% (o). Pi 0.003% (e). Pi
0.03% (2). Pi 0.3%(e)

S, ol Weber(1965), Kulaev $(1974)
I Oh and Lee(1987)9 ¥ 1e} Ux|gc},
Total poly P9 ##¥3le Fig 814 B
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Fig. 8. Total poly P content of
Rhodospirillum rubrum cultured
anaerobically in the different
concentrations of phosphate(mean
t standard error(SE): n=3), Pi
0% (o). Pi 0.003% (e). Pi
0.03% (2): Pi 0.3%(e)
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Q4HE =7} alkaline phosphatase2 4
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Fig. 9. Alkaline phosphatase activity of
Rhodospirillum rubrum cultured
anaerobically in the different
concentrations of phosphate(mean
t+ standard error(SE]: n=3), Pi
0% (o). Pi 0.003% (). Pi
0.03% (2). Pi 0.3%(e)
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Aol tha BAE Jepltirt A g7le) 724t
2 2ok a2z A7 o2y T 84S
el 18-S € F UApTE. o8 o]
Aol H7lE|A] @& WA oA wigE o 59
g4o] Z7Fsl=  repressible alkaline
phosphatasest 4ts o] TAGel A4S
W+ nonrepressible alkaline phosphatase
5 27FA] ¥ 9] alkaline phosphatase?} E.
coli, &%, Neurospora crassags°l &A%

3.5

P —"*“*-4}-——-”
3.0 B
2 /
= ’
Zg25 ¢t ;
38 ;
Q = ’
20 2.0
= O
&
L e
Zw15
28~
34
2& 1.0
&
0.5}
0.0 A A re A
0 2 4 6 8 10

Culture Time (Day)

Fig. 10. Tripolyphosphatase activity of
Rhodospirillum rubrum cultured
anaerobically in the different
concentrations of phosphate
(mean * standard error(SE):
n=3), Pi 0% (o). Pi 0.003%
(e): Pi 0.03% (2): Pi 0.3%
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Fig. 11. Polyphosphatase activity of
Rhodospirillum rubrum cultured
anaerobically in the different
concentrations of phosphate
(mean * standard error{SE}:
n=3). Pi 0% (a): Pi 0.003%
(). Pi 0.03% (2). PiI 0.3%
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ttz ¥ ed(Nesmeyanovae, et al.
1978: Attias and Bonnet, 1972:
Kadner and Nye, 1969)., £ 4d3oMx
2048 2] % alkaline phosphatase® &4
€ E9Eu ol FIIAiAA & fx
%]+ repressible enzyme typel & Alg5 ¥
t}. Tripolyphosphatase, polyphosphatase
st poly P&tel 4@DAE vuwsEd, A4t
o] #2lsx & wiRME= EQl4ite] 7
AdtAM Bae Aol Frtstn AR,
acid soluble poly P9| #%o| F&sHA
At AF7ld BExe 40 A wA U
Ehutn ok, Qiite] AMeEldE wiAdAME
poly P9 &@Fe] ZFriste AlFrlo] Hi9

gAo] ztAsltizt poly Pe] ghikro] o #
z)71of ol2e FAo el -c-'Por-x Uiz
tl. ol AMxe] AFo] AT A7l 57
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