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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 contents of all tested phosphate compounds were much
decreased in phosphate-free medium. The total phosphate and
polyphosphate 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 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 media 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,
63Kd, respectively. The electrophoretic pattern of alkaline phosphatase
from cells grown in phosphate-free medium exhibited only one band
but those grown in phosphate-added media exhibited no band.

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.



Aabe vl BEY Fx9} diAlY F2F dYdo2 HEY - 99 TN ¥
o ©tg A g 9 AibdiabzAe #o ftH(Chrost, 1991). Acetabularia
mediterranead  ARE  F7]Q4E  APANI wAAA  wIPL o
polyphosphate(poly P)o} 3 &&lo] nlXi= Jol s B v
(Rubtsov and Kulaev, 1976), 714t A¥stel 4483 TFEo B3 A7)
ol¥ol A Arh(Tsal, 1979). £=& F7]A4ke H7le] B /712 &4 ¢ poly P9
4% Wt disl Bnd uw A (Choi et al, 1981). el Micrococcus
lysodeikticus| X Al AxF5 %9 <k 27%71 poly PYS &8 wiFA 7o u}
g =, =7l poly P& FAschrh AA 7o ol2e] HHoz Firwti B
3%k v lth(Friedberg and Aigad, 1968). Poly P& M, #%, %2HS tods
AEAME HAE 1 ci(Kulaev, 1979). Poly P2 phosphoric anhydride group ol
oa A3t orthophosphate(ortho P)o) F@AEA, 2 HEW 7)5e §718 §4
R AEED 2dd #AEa, 39 54, Fr1A4) AFn L FAH, 76 oy
Ahe g Z-ggch(Kulaev, 1979; Zeib, 1983). & 9] F a3t AR s}y =
obue}, histon-DNA complexE 2F3tAl &) gene depressiono] @&z, Huje]
RNAS) 4ol 7] T 338l 7% % tH(Weinstein and Li, 1976). Poly P
T UAE A regulator2A  7)E¥e olUel, Klebsiella aerogenes |
Rhizopus oryzae, Bacillus sp. oA S840 gt Wojz g s #d gty 3
At (Aiking et al, 1984, Lee et al, 1990; Lee et al, 1995). £7]4ke) A F | =
A3 e AEY diteld T E]JFHE energy-rich compound® HEA| 7] =
A9 duiA magst #AFolgtn B ub UNSH(lee and Choi, 1985),

Myxococcus coralloides D& B Z life cycle ¢t £7)1Z2)AA 28 2] )5t



A7t AU HGonzalez et al, 1989). F7]20AFS alkaline phosphatased] #4-&
A A ete], == YA Y acid phosphatase®] BAXE 2 A3t™, orthophosphate
o] AHEW- 9 FFd wel alkaline phosphatase, tripolyphosphase,
polyphosphatase®] 3ol =A@t & th(Nesmeyanova et al, 1974; Bonting,
1992, Wynne, 1995). <oz w2 gloj QAR adA et Ful, Ae,
FAACZ BE A7t olFold k=l Escherichia colil X AkAI ol = outer
membrane pore protein ¥ HHE W Ao gAo] FESUTI B udy ¢lov
(Tomassen and Lugtenberg, 1982), Z18]l31 Tiobacillus ferrooxidans| A= A X2
dol FTAH MEe Zol7t Agdnty o, RE dwiAe Ao Fxd
the Bzt UNTHSeeger and Jerez, 1993). 2, P Aol A AFe
Chlorobium spp., Chlorogloea fritschii 58 Aa2% A7 Qo= A9 B1u ¥
vl ¢ltH(Wynne and Bergstein, 1994; Park, 1992).

ek, & A Yol e 2AdAME ¥r1H FgPoz, Yol gl =4
AME 3713 sFo2 AAY 4 A (Oelze and Pahlke, 1976; Thore et al.,
1976), #AzxA uwel @49 odlyx AFEAZ  poly-p-hydroxybutyrate 9}
glycogen, poly P& A 3te w3 #3349 A< Rhodospiriilum rubrumg A
g28td JAibeEE st wigdw wigA 7)o we}t A= poly PY F3
%, ortho P3 AMst3HE o o3 wste} Qitdiate] AAE 4o A9 W3,
total &2 Fig dolr szt AA st



I A5 2 4y

1L &5 % A

A" T FE Rhodospirillum rubrum S1(ATCC 1770)¢1x, ¥iA & Bose &
(1961)8} 7)EujAo] ©A YO 2 malated 03%(w/v)/DW 1L HA H7tstd AL
&7] Aol 1 N NaOHE AH889 pH 7022 A& A

Bose 5(1961)9] 71&u# 24L& 923 2o
DW. 1 Lg KH:POs 600 mg;, K:HPOs 900 mg; MgSOs - 7TH20, 200 mg; CaCls -
2H:0, 75 mg; FeSO; - 7H20, 11.8 mg; "IZF UL &R (D.W,, 100 mL; HsBOs 280
mg; MnSOq - 4H:0, 210 mg; NasMoOs - 2H:0, 75 mg; ZnSOq4 - 7TH:0, 24 mg;
Cu(NO3)2 - 2H-0, 4 mg), 1 mL; EDTA, 20 mg; biotin, 15 zg (NH9)SOs, 125 mg,

2. A% 2 MY

Malate® @A gozste AAuAAA 4-54HA A7 o] EH7HA]) wigd
R rubrum 10000xg2 108237 Q42 A 7 F, pelletd] A4S ® ujA & ¥oi
thA] 10,000xg® 1083t F ¥ A&t FFuiA e QAL Ao F
ol AT 2 2Zby) geldt wiRjo] %7] Optical DensityE 0.12 %39 HF3HAch
s eE A4S AE Bose T iAo A4bE 0%(Pi 0 mg/ml), 0.003%(Pi
03 mg/mL), 0.03%(Pi 0.3 mg/mL), 03%(Pi 3 mg/mL)2 #H7t3ted A}Aon
9% 1,000 mL 2AHg7]2 2000 lux, 30CAA F71H o2 B MFsAS

[0 o

<



3. ABF =4

AAikEx o oo W& R rubrum® AAFL  spectrophotometer(visible

7230)2 680 nme O.D.2A &4 U.

4. AE 3

w3t AEE 10,000 rpmo 2 1087 94289 005 M Tris-HCI €% &
HpH 76)0.2 F H AHIF F 885929 (Kulaev et al, 1974), wet weight<
FE2 AAG & Aoz A A

5. F71dxst e #&

271048 g8 FEA4AHLS Kuleev 319749 #¥E 43 HEgg
Oh(1985)¢] #Wilell ot Fig.13t o] AAl& A

23 7zt £YL 29 1 mL7 50 mg¥ 71e ¥ voltex mixer2 ZstA I
g8t nucleotide® FAIZ F oA3ste PSS AAAH(Harold, 1963;
Miyachi, 1964). Nucleotide® A A% A8+ 1| M barium acetate24 pH 45% %
A% ¥ (Rubtsov and Kulaev, 1976) 0TCAA 204 AE FAs
polyphosphate(poly P)9] A& AUt oA dHLsa F A TFTE A
Hadoh AT dAAG HHAE ¥ orthophosphate(ortho P)R &0
2 Abg#low poly P barium¥2 1| N HCIZ YA %o 2|33 poly P A %l
AH235th. Nucleotide phosphate(nuclectide P)o] & %<& 4 el charcoal & 7t



Washed Cells(100mg wet weight)

0°C, 0.5N HCIOq4

Constant Mixing, 10min
Centrifuge, 2x

Washing with D.W. centrifuge 1x

Extract(Acid Soluble Fraction) Residue
Charcoal Treat, 0C 30min. 70% Ethanol 30C 3hr.
Centrifuge. 3.500rpm 15min. Centrifuge 1x
pH 45 with Ba-acetate Ethanol : Ether (3:1)
0C 1 night 50T 5hr.
Centrifuge,Washing with D.W. Centrifuge 2x
Centrifuge 1x Washing with 70% Ethanol
I | Centrifuge 1x
Supernatant Precipitation
(Ortho P) (Acid soluble poly P)
| |
Residue Extract(lipid)
0.5N HCIOq
Heat 95-98C 30min
Centrifuge 2x
Washing with Cold D.W.
Centrifuge 1x
| I
Residue Extract(Acid Insoluble Fraction)
(Discard) Charcoal Treat, 0°C 30min.
Centrifuge, 3,500rpm, 15min.
Filteration
pH 4.5 with Ba-acetate
0TC 1 night
Centrifuge
Washing with D.W. Centrifuge Ix
Centrifuge 1x
[ |
Supernatant Precipitation
(Acid Insoluble Poly P as Ortho P) (Acid Insoluble Poly P)

Fig.1. Extraction procedure for fractionation of phosphate
compounds in Rhodospirillum rubrum.
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st & EE F 0CoAM 3083 F2AMDF 94EHsA charcoal® ¥ 3,
HCIZ 78t 100TelAM 1083 7h-2ale $7)204e) ¥g 2%t A5
Lipid phosphate(lipid P)&%& 44 A4E AALYoz vn 2% Heod 5 N
H:SOs2 7hrEaiAlA A& F714ke) %8 =38 Arh

HHED 2 poly PE Edol=d 4N} MHAL 22 ortho P AP Eo2
AH83tla 3@ poly PE 1 N HCIZ 10T 1088 7t5&88t9 ortho PE
RHE F AFEATH ¥ S Chen 5(1956)9 2yl wal 6 N&A, FFS, 25%
ammonium molybdate, 10% ascorbic acidE 2tz 1 : 2 :1: 19 &2 &
HYAlekE  AREE 37TAA 22 EAAAF AN A %
spectrophotometer2 820 nm¢ O.D.2A] &3 3yt

7. AaEN Ax F ded HF

A 71 A g AEE 839 10000 rpmol A 1083 42T &
Tris-HCl €58 (pH 70022 39 AlHF F 4TAA 183 103 285 vl
Aok vhdAE 4& 10,000 rpmellA 1083 YR} F F5HE AL 53
oz Argstt. S AYHFL Lowry $(1%519 BHE A&



1) Alkaline Phosphatase

Alkaline phosphatased] 4% &AL o33 Zo] Emst(1975)9 248 A&
&ttt Alkaline phosphatase ¥-& 9 ( p-NPP 5 mM, MgCl: 10 mM, KCl 10
mM )oll 0.1 M Tris-HCl €38 9(pH 90)8 A188 FHEE el U. 6hg
Hof] HEFZAE 05 mLy Wi, dxFlE 39 FHFE Wol 2 4 F,
37T A 20837 wrgAZ T g 375% TCAEY 05 mLE 7lete &4 84
< AAANAG. 108 23 F ALY E 939 1| N NaOH €948 25 mL& ¥
¥ 3500 mpmollA A&, o G AL 410 nmAlH YEhtE OD.2X
Lo 842 SA3%A0

2) Trispolyphosphatase®} Polyphosphatase

Trispolyphosphatase ¢ polyphosphatase®] #XE Z4& Kulaev <
Konoshenko(1971)9} Rubtsov £ Kulaev(1976)7} 3% whdel oie} A &gt
0.5 M Tris-HCl ¢%& % (pH 7.4) 0.1 mL, 001 M MgCl> 005 mL, 2 M KCI 0.05
mL, 7] 3 €9 ( Trispolyphosphate= 1.5 mg/mL, Polyphosphate(n=18)% 1 mg/mL)
0.1 mLell MEFZ 02 mLE 7tet] vbgAIZh &L 37TAA 2083 AR
oo, 9HEY F HFYE Y HeAQ Chen 519659 HRE o] &3t AA9
Whg 23 A E ortho PE AFFo2AM BHEE 73



9. A719%

D & 9nde ¢4

Zt 4y 749 Axg f4EeEd +8¢ ¥ 01 M Tris-HCl &389
(pH 7.6), 1% Triton X-100& 7}&td &3 wdE F Leammli(1970)8] 3yl
e} Trs-HCl ¢899 (pH 68), 1% SDS, glycerol, 2-mercaptoethanol,
bromophenol blueE 7t&F 7tFESIAIA HA7|9s ARE AHE33UNL, stacking
gel 4%, separating gel 10%2 Z A5 15 mASlA prerunning?® ¥, 30 mAE A
71958 A71gFol B F ¥ coomassie brilliant blue R-250& A8
At

2) Alkaline phosphatase

Polyacrylamide gelol 2% £ 2 Davis(1964)%83 A & %29, stacking
gel 4%, separating gel 10% &3t 30 mAdA 104 A7|FF3A.  alkaline
phosphatase®) A8 4L Clarks(1982)c] & @o| w2} alkaline phosphatase
o] 7]1A< p-NPPE HEA|7|3, 308-1A1ZF 37T ©3A0 F, veide &
A bandg A3t
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o 23 2 az

L AWEEst AT Aol vlAE B3

Malate #jA]d) AE Txd2 FIFREW, R rubrum® A& v g3
< Fig.2, Table 1914 B vl o], Q4 Helata] &e wix|e Ago] Az
st S FEEE A WA E 5 A4S Yelyz gon g 29
A fFE77F U3 6dA o) A7) £t ATk Aato] AT ujx], QA
o] Aoz ANy WA, REEL AP AN HE7| e A go
Y 7712 Hoss AZle da Aozt Utk AA7d o2 At wlsa
ARAFE B3A o2 e wANM7 gatAl el wxed B i B
HERTh ol Ao dade]l AE AL Asss Aoz Alr¥Y. aga A4
ol HE|HA] &2 vl A ofF ghutatA AYat= AL AT wiz|o Q= 2l
AFgET AEdel e QA4 H9dopn AAREC o)E Toda 9 Yabe(1979)
9] Baot et Eg Tsal(1979)e] Azotobacter vinelandiiE A&z & A
oA} phosphate7t A€ eol A AEe) Gud MNP, 2719 APge A9
FFe A et Bue X ol MEEI] daughter cells] o)
iake]l eddo2A FYPEtE AR 1 AP A4S FFY F UE FE7X

T AE 298 AL A Yehd,

)
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Optical Density (680nm)

Culture Time (Day)

Fig.2. Growth 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 03%( e )
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2. R. rubrum®| Q18 ¥E FFl A= AddsEd] IF

Aibsxo wE AEo AAsteHES] FHFWste Fig.3-Fig9, Table 2914 X
9} o} Total phosphate(total P)8] &% Fig.3e] yel}xo] Aibs=rt
g A3 ¥ FFE Holn Jdon, AE A &L wAgME A
o2 o)l FAsa gl oj 99 Qibdoe] ndd #HF4 H &3] 9
dl AEU AL ol&3tts AL ¢ F Ak QAL AT WA AN E A5
7lol @& #$FE HoldA A o2 gi Fadmn dsdH, ol 9§
A4to] MEUZ FFEo] AEW {718 FA4d ol &8s 45 Ut

Orthophosphate (ortho P)2] %2 Fig4dlA B%o] A= Aisrr) &
FE B §FE Yt o Aol Rl WA E AFT A S48 L
st on, A4S AP wMAdAM = Ay 27de Zasurt JA Fhs
A AF7)o) HAAE Eola .

Lipid phosphate (lipid P)2} ¥8k¥istE FigbolA]l ¥ ulsh o] A4 A&
A & wiAeME Aoz FAsa R, A4S AP WA A E 2UA
(5717 EYa AF7lel o2& A7hR Ao Ago] &g A¢7)d 3
A ZAadtzt oA ATl FHEE B 5 AT ol A AH] HMEFHET,
E3 AT 59 FoAAEA B wdxd FAHAAAA]) AEEGe] %
A g7 FFHdE Aoz Alg gl lipid PE phosphate pooldll A 14 F
o2 dAHddn dY=d(Lee, 1967), lipid PO #FHsE 2 9 lipid P &40l
g a3 <42 polyphosphate(poly P)ollA] A5 Aoz Alg g,

Nucleotide phosphate(nucleotide P)¢] ¥ 3 ®sl= Fig6dl ®+ ute} o] QI4k
& HYstA F2 wiRlME ofF &rEA FAsn AT, Aiko] X d ujA

dME AAEEt ESFE L FFS Yz 3, WEFA ol e st

= 9

-

Hir

3
»
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Aok °lF poly P9 ¥l & ol poly P7F ZA4de A7l A& poly PEY
B Qitol =9 a dotn Atzdrh Hde §A4E poly PO §4& A,
poly P] &3l& A=%th= Harlod(1966) B.39F U X gio},

Acid soluble poly P9 #ZF9slE Fig79] Yelyxo] QA8 xelstA] ¢
A= At o wjgAlz|d wel i glon, £3) Ae g )
AAM s Mbeert €5 ¥ §FE Jehiln Jdo adm Al #a
izt FAZI e ¥E& FHHL AL 5 Adh o= AA&ol F& A
A= poly P 4Kt th& QisiFE 29 Afo] Lol Ao AmHLh

Fig.8< Acid insoluble poly P9 #3®sls Jeldzn gledl, Qake] xels
A 942 wiAYIA acid soluble poly P9 #@Fwistel vims) B, zhagko] gyt
A Fastar ok o) A4kdol 9l& W acid poly Pt HA EasHo| a9
o2 olgdE & & Ark AME AAG wAdME AQdEEI} 225E G
4% ¢ Jetdxz Utk o)lE acid soluble poly P tiAE EAge] Ha =
poly P9 anhydride linked phosphate®] <7} A3 lineard ¥, acid insoluble
poly P& #At%¢] A9, anhydride linked phosphate®] 7} & Ao 2 4eizig)
£ tl(Harold, 1962) acid insoluble poly P&Adol Aol AU ¢ Q4kgdo] 9
HE @do gves B2 JAFE Holn JYrk(Choi, 1981). I acid
insoluble poly P & W 4AIZ7]1F A7idl Hdgade Bolw HA 7)o ol23 a
a3l Aok Acid soluble poly P$ insoluble poly P9 #%& wmsi¥d, acid
insoluble poly P 9] g3o] @Al velydl, o] Weber(1965), Kulaev 5(1974)
2} Oh(1985)¢] B39} Y| ghe},

Total poly P9 #&FWsle Figgeld BE uis} Zo] QAibskd wet 2
HFE Boln Jon, ute]l HelHA e Wi Zadn ot QA
g w2 E FA 7 Hd FFE Holn Ytk

rfo

.
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250

200 F & -

150

100

Total P ( #g P/100mg wet weight cell)

Culture Time (Day)

Fig.3. Total P content of Rhodospirillum rubrum cultured
anaerobically in the different concentrations of
phosphate(mean + standard error[SEl; n=3), Pi 0% (o);
Pi 0.003% (*); Pi 0.03% (2); Pi 0.3%(e)
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30

Ortho P (g P/100mg wet weight cell)

Culture Time (Day)

Fig.4. Ortho P content of Rhodospirillum rubrum cultured
anaerobically in the different concentrations of
phosphate(mean * standard error[SE]; n=3), Pi 0% (uv);
Pi 0.003% (¢ ); Pi 0.03% (2); Pi 0.3%(e)



Lipid P (pg P/100mg wet weight cell)
o

0 2 4 6 8 10
Culture Time (Day)

Fig5. Lipid P content of Rhodospirillum rubrum cultured
anaerobically in the different concentrations of
phosphate(mean * standard error[SE]; n=3), Pi 0% (0);
Pi 0.003% (*); Pi 0.03% (2); Pi 0.3%(e)
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Nucleotide P ( #g P/100mg wet wteight cell)

(W, )
-

Culture Time (Day)

Fig.6. Nucleotide 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.7. Acid soluble poly P content of Rhodospirillum rubrum
cultured anaerobically in the different concentrations of
phosphate(mean * standard error[SE]; n=3), Pi 0% (0);
Pi 0.003% (*); Pi 0.03% (2); Pi 0.3%(e)



180

140 F

100 F

[=n)
(e

Acid insoluble poly P
( #g P/100mg wet weight cell)

Culture Time (Day)

Fig.8. Acid insoluble P content of Rhodospirillum rubrum
cultured anaerobically in the different concentrations of
phosphate(mean + standard error[SE]; n=3), Pi 0% (0);
Pi 0.003% (¢ ); Pi 0.03% (2); Pi 0.3%(e)
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Fig9. Total poly P content of Rhodospirillum rubrum
cultured anaerobically in the different concentrations of
phosphate(mean + standard error[SE]; n=3), Pi 0% (0);
Pi 0.003% (); Pi 0.03% (2); Pi 0.3%(e)



3. 5ae] @HE A Adex 9%

A4 E =7t alkaline phosphatase®] @A n X+ ZAE Fig.10o] e} gl
o QAo M Re wiAdME wFAI7I el Yz Frbsist G
ol2z Hol 4L Roln glow, Aol Hd wA M= &40 A9 vE
WA ket o]= alkaline phosphatase”} 14tel] ola] @S L4 Urh.

Tripolyphosphatase$} polyphosphatase®] 842 Fig.113} Fig.129}4 B+ u}
9} o] <4to]l AejsA ¥ wiA oA tripolyphosphatase: HAutH oz g4 o]
F7rsta dedl, AAZd Hdo 84& Bolgdst My Fwrity oA gas
A &S B9 F3 YR, polyphosphatasee] AL A 7ol Hdo 84S ¥
ojtt7t A7 o] FHE F&EA FAI Utk Aibe] AstE wiRdAME QA
X wel g4 zlol= UAA| 9 tripolyphosphatasedl 2 $-= 2dsjd] i =7}
szt Agrlol ZAsa ok 2ea A7) olg4E @AYo tA Frlsn
2.1, Polyphosphatase® 294 tha AL Yehlitrh A5710 ZAsta )
o a3 AAZ|A cj2e A 84& YEL eS¢ F U ol9 o)
Aol H7tHA &L wiAdAA vigE o 53] @A) F7ldE repressible
alkaline phosphatase®} 4t xo] #AQlo] ¥4 o= nonrepressible alkaline
phosphatase & 27bA ¥ 9] alkaline phosphatase’} E. coli, &%, Neurospora
crassas ol EMEt 3 =dl(Nesmeyanovae, et al, 1978, Attias and Bonnet,
1972; Kadner and Nye, 1969), € d @M% 2089 &2 alkaline phosphatase9]
4 & Ben ol F71A0489d 98 # X5 repressible enzyme typel &
At& 9@}, Tripolyphosphatase, Polyphosphatase$} poly P9}9] A ##AE vlwsr
|, Qake] A E A & wiAdME ZEjlite] FAHAA T YA F}

331 31212, acid soluble poly P| #%o] 843l FHadte A7l A4
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Fig.10. Alkaline phosphatase activity of Rhodospirillum
rubrum cultured anaerobically in the different
concentrations of phosphate(mean #+ standard error[SE];
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Fig.11. Tnpolyphosphatase activity of Rhodospirillum rubrum
cultured anaerobically in the different concentrations of
phosphate(mean + standard error[SE]; n=3), Pi 0% (n);
Pi 0.003% (e); Pi 0.03% (2); Pi 0.3%(e)
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g4 7HE A vehda A, Aite] Ml WA E poly PY o] F
Zhate Agzlol Bie) Ao FAstirl poly P #3Fe] & AT o2
2l mAo @Ado] Frtsta gled, ol AT AFel FXH Arld 3 &
2 UAs Yo o] &N MEY A4 n@E B & A=
AoZ ARt old Ea o FAWSIE HEUS EAM HHFo W A
9] A Yoo et al, 1991; Park, 1992).
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4. F Suid ¥

R. rubrumA Eo] dig Aibsxed F ddo) W3l 4E SDS-PAGEY ¥
Hoz A AdE Figl3d yvetdia gich Q4ke] gle wiAlolA B33 A%
et HolstAl vEtE 3709 bandE #EY F QUlow, EaFe o 35kD,
40kD, 63kD A=A L2}l oF 29kD H-919] bande l4ko] AeE whA|o A A
Fe AEAdR Y S-S €49 AT A= g 7l wE F ooy
Ao Wl g Aoz YEsth R rubrumMEE o]} o] 9} f7o] WY
o dAe FHo WITgE AL ¢ FUoH, o5 GA difEe] ¥
UYet= &4, pore protein phoE, 1t & A Boste dfAolgts BHAA
2 o, 9% B u AZUY 7. F BAMAAF B Wir oy
ASE A& Fohxn A
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5. Akaline phosphatase %%

A FEEE AT AN AFE AEN BAAA R iR AL
zAGR L vZer) Yo Sold FHEL9 FE, AAE =AU Fig.14olA
¥ Akaline phosphatase: ¢4to] AU E ATAMT (H)F2% olF3te 1709
band7t UEbstth o]& <QlAto] alkaline phosphatase®) #4-& °Aste A= R
oleh, wha Qiato] H7bE wiAolA AR MENANE band7t A3 YEbA AR
4| o]= alkaline phosphatase® @A ZAbA Qlate] Qe wixAH BAFF AL
Mg B4L gt Ays & dANFe RAod.
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Fig.13.  SDS-PAGE  patterns of total protein  from
Rhodospirillum rubrum cell grown in the different
cencentrations of phosphate. C, control; Ti, P1 0%: T,
Pi 0.003%; T3, P1 0.03%; Ts, P1 0.3%; 1, 4 days: 2, 6
davs; 3, 8 davs; 4, 10 days.
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Fig.14. Electrophoretic pattern of alkaline phosphatase In
Rhodospirillum  rubrum grown in the different
concentrations of phosphate. A, 4 days:; B, 6 davs: 1,
P1 0%, 2, P1 0.003% 3, P1 0.03%; 4, Pi 0.3%
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A xe ztold wE FFA MIT Rhodospirillum rubrume <2
At disl QAASFES] F§F W, TN FHF W o]
He 249 A4, 28 F 99d FAE zAEAH.
Adatel A A g AP 0%)ANNE AFo) vi$ Axdn, A
abol AHog Aeld wfA(Pi 0.03%)3 AAbeo] FHkgd w2 (Pi 0.3%)
AN mWE x& AFE dEEud.

Aol HPHA G WiAAME ZE AAHFE FHLsHAR,
total phosphate ¢ polyphosphate ¢ @& %<& <Q4ate] A dd H X (Pi
0.003%)7 <AAto] Aoz Xejd wWAAA Bt Aol Hopd wjz
AM L FHS vUewd, AutH o s JAAFEIN 2EFE
AMERY ZE AN FEY FFeo]l A e Aol = WA
N oAdFE MEe Adte] Agd wxAAgA AFF AEXAM=  lipid
phosphate?] & #Fo] FAZ d4& Bz, YELYE EAe &FL
Aiko]l Agd vz o Qato] AFAHo2 HNYH AN FAG FY
2.

Alkaline phosphatase, tripolyphosphatase$} polyphosphatased &4
& Aibol A A FE wWAAAN wE A HERos, 53] alkaline
phosphatase® A4 & Q4to] Hald wiAoAE A AUYH.

A719%d 9% FoaRad FFg 29, Ao APHA Fe WA
oA HAg MEME Qite]l H7E wAAA Holx ¥ 349 A
2% band’} uvElwo. B x#Fo] oF 35kD, 40kD, 63kDE FA Y + 9l
t}. Alkaline phosphataseE A8 9 4% 43} phosphate-free medium ol

neh

tfo
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At &< band’t “Erstov, Aol HItE WA M= band7t A
R -39

dexoz A% E9 Holst Rhodospirillum rubrum A XY A%
I} AEYE AASIFER AAddAY BREA B4 4, FENA &
el 4FE AR ASE ¢ F ARG
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