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Acinetobacter lwoffi POSO| 2|8t QMFT X HY
MBA . 2UIST DHA - F2Y!
FEOstw otz o sleNEd Ay, B Fskehd
= 7 EY 2 A A4, g5 de At Qi) AA olf 7Fed WAlE AYe FEE) 93y
g 0oolx BHE Acinetobacter lwoffi PO8S] MUz 2 RAzAYN wE AiEF FFE FARIY
ook 0 Z7) pHrE 75~85 WlelM AT AXFFE0)l MY Eon, BAUOR glycerol %
arabinoseS H7ISIAS 7S 7H oF 93 2 91%4] H& A F4E-S Byt FAY Fed e Qg
&E obnxEl Wb dRFHe) Ao, B3, NHNO9 (NH,),SO7t 72t 959 96%2] AETES
BT B0l oM Co* H7F Al 4S50 A=Y, oj2le] e Fole 7o A% B AME
ol F9EE TR Gk}, o)At # arginine, methionine @ lysine 5 ol ARS AIEIA] 2 A
HUF 10~20% W 2 MAETES YERIGIOH, o w7t 5 glucose®] FF2E WA F IE Qo]
A3 AAFHACE TF e AMEsle] o] Qi RIS A AR AEY FeE e IRE Axe

992 el polyphosphatee] Fel= E¥ e Jgict. (2000 49 179 FHp, 20008 68 5% F2))

M B

T, Tbays) 2 71E} FerollA £ %3} (eutrophication)
A3 Ha T FrI9GE R F5HoEN 2R FuEo
B SHEe @deiH, ol et F5% YRR Hi4d 9
sto] oJEFoE ARSI, FRMle] AA AR Aege BE
T, Y &Y EE FHYSA =] A4t &5
B B8-S AT a8eR g HeAe) 3RO §
HE FAohgk 919 AA Al AR olg 2 Fode #
AellM F88 HRolt), 5} - A A 7)BdE o)
- AFoled v, JAAA AASe 59 ek A
B0l HgEo] gort, ol MHe fA|HeY)
HE R 24 AP EAIZE tiFEHe] g2 awd)
FH 7120 A el £ awE ke gae) AR
Aew oo e Uiy HEY & Ju ngE olge]
AEsH] Bl #As A7 DAFHARA L ik o7 g
e e FAEANA &H uRE 2D F o
o, AREHE SIEAIE AN 9, RS A o8
ol A

& ek EE EALINE Q] old @R
st=) 7 v oke Ao Fulel AlAm) B G35 weh

okl Aol 93] ARR] T M EQA H 2
GFulF o2, WY EQelME Zgollol Qi 44 4
el B85} H= J0= o2 <ls) AEo) olgF & Qe
FrEiQiste] ol Hat yd= 3 Qe

AdA ] EASR HEl2lol Folle AR BaE = ¢
Br} o] %2 <& polyphosphate?] FEIE Z231= MAYES
o] EAFHT Y ol wBES] F7IQ1l FH712S B WA A
Fo]ofA] A42HES) E A (acid phosphatase, alkaline phosphatase)
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o esf felole Adsta, felE FINE AE g %
o] Q1 AHEFHE A (polyphosphate kinase)2] ZH8-0 2 ¢l4kegt
& B3 WBES &gk Q1 AAY EAle vAEo]
Ae A= Hrg HJF ¢ vt @Ede=d, o= F
A HAE] s B A77F JAYPH L gor, o
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o] A AUt
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2 - BAHE Acinetobacter lwoffi PO8S o83}, ofg] ufjek
A e QJUET FEE AT
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Hz ® Uy

SAZ2F ¥ x|

ZAFFE Shin 5120] 4 QU (activated sludge)ZHE £
2} - 583 Acinetobacter lwoffi PO8S AHE3IITE. FANA
£ Shoda 5Y¢] AM§-3F P-1 HAH)A] (glucose 0.2%, NH,CI
0.1%, NaCl 02%, NaSO, 0.1%, KCl 001%, MgCL
0.001%, CaCl, 0.001%, FeCl, 0.0001%, NaHPO, 0.022%,
tris(hydroxymethyl)aminomethane 1%, pH 7.6)S 7] BHjx| =2
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ARSBIATE. B P-1 AR HujdAE 0.5%(dT 3~4
X10%mh=IAl FEsted 30°ColM 150 pmeE Zgujgsisl o
w, e Bl AN ZRE FFE WFolE
13] 3] P-1 AR FFslr 2447 Jegudst AL
ARS-3IATY

MeT &3
7o AL wgAE 20 sXsle] E353%A) (Shimadzu
UV-120-02, Japan)& ©|8-3t 660 nmolA FF== Z43}

e
TN
wigeEe) Qe gelBd 3yve et Zgsdck. b
[

FAE 16000X goll A 1587 AR T, FFAE
ascorbic acid-molybdate A|%F=} WAAIA F-53T A 880 nmoll
A FEEE Ssiuth

Eholoh M2

HiRl 2] glucose 3RS Dinitrosalicylic acid W ¥el wa}
Hjgoiel-& DNS Alekoz whdle] 550 nmollA] =8 &
A3t

Hi=Zi0f ME litEreta

Z7)pH : A A 4 3t Fell mXe pHE d%F
< 2AWE) 8 Wk 27] pHE 5, 6, 65, 7, 7.5, 8,
8.5, 9= A3k 30°ColM 36417 A wjkslel wjYgd S
o] ZE S AT

e glucoseE XS P-1 WiAE U2 31 &
2902 glucose thAlOl fructose, galactose, sucrose, maltose,
lactose, xylose, arabinose, sorbitol, mannitol, glycerol= 0.2%
HeE 37 £ uiget] wid A Fof I R &
Bt

a9 9% : NHCIE X338 P-1 viXE d=72 319
Ztzt 0.1%< NHNO, (NH),SO, (NH,),CO, NaNO,
KNO,, NaNO,& H71% & 7] wigzrlo® wigslsion,
Hi717E B¢ AEE Fole] vidle] JE QMRS 258}
Rt

Tl 9 opnxAle] ¥ : FHol e Pl HiXIE U
212 3L H71e} CoCl,-6H,0, ZnCl,, CuCl,-2H,0, BaCl,*
2H,0, LiCl, NiCl, - 6H,0, MnCl, - 4H,0, NH,MoO, - 2H,0,
AL(SO)); * 16~18H,0 54 H&ol2% 0.1~10mgl 58 3
7ele] 36X171 H|FBIAL, obvlicate] Hrh HIE ARV
{3 wixe] PO>e] Z71EEE 200 mg/[2 FA}IL, glucose
7} 95% o AvRlElE wlg 36A17F Foll o3t § Phe,
Asp, Glu, Arg, Met, Tyr, Ala, Lys, Cys 5= 100 mg/l9] &
TR FgEoE AR U, olF 2 XPeE AS A%
HjeFatA] g Fo] QRS SRS EST WIS
ENE

QR F4 L Bl oS UAL F BRUOE 02%
glucose9} 30, 60 mg/i®] sodium acetateS ZHzt H718laL, W%

S LREEE

100~250 mg cell mas
I o
Extract with 5% cold PCA soln.
(on ice for 15 min)

<« Centrifuge at 16,000Xg for 10 min

M I

Precipitate Supernatant (I

< Dissolve ppt with 3 mL H;O
« Treatment with 8 mL EtOH-Ethylether (1:1)
<« Centrifuge at 10,000Xg for 10 min

Precipitate Supernatant (I1)

< Boiling for 15 min with 5% PCA
(chilling in ice water)
<« Centrifuge at 16,000Xg for 10 min

o
Supernatant (H) Precipitate

Mix with 200 mg charchol
(for 10 min)

Incubate with 1 N KOH
(at 50°C for 30 min)

Supernatant (IV)
< Centrifuge at 10,000Xg for 10 min
Supernatant (V

Fig. 1. Schematic diagram for analysis of intracellular PO,

PR I ool o) BE VTS 2RI ol 9w
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G719 6A17} 24X WY Fo FAE SHTE AF)
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the 338307 (Olympus BX50)0 2. QIAE3] A] M| EujFo)
Uel s 2o daoh Beple] =g ARSI

MZELH Qldt BE

Aol 249 Qate] BEE 2AREE] 913] Shoda V¢
Hhgol wig} 9k PR 10* mCiiml FHi3he P-1 AN
Ao 24A17) vt & ApEElste] FAE ek, 9A
250 mg(wet weight)ell W¥ZHAIZl 5% perchloric acid(PCA)E-<
15 mig 7HsIdt). o] F 4cellA 158 B¢ &3l AAME
& Aol ¥ge feldee #7194}, nucleotide, A1EA}
9] polyphosphateS A| A% The Fig. 19 A2 B
t}. 7} B3 E-S Whatman 3MM Chr. Xl 3, 5u A3}
3, Az o Xeray BEFuji Cooll ABAA st

7:!_'.1_‘. Iil JIE

digk=zd0 ME ClMET okt
Z7\pH : Acinetobacter woffi PO8S] vl wfZ <4t
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Fig. 2. Effect of initial pH on cell growth and phosphate uptake by
Acinetobacter lwoffi POS. @, OD (660 nm); O, phosphate uptake.

FF FE AR S8l ikl 271E=S POFEA 150
mg/l2 2% p-1 71EEiA | FAIFFE HESAL 30°ColA
ARigFate) 22 QS AR wA vl 5 %x7)
pHE 594 97kA] A3l 4 2 JASS oS 24
@ A= Fg 29} 2. FAS AREE 27] pH 75-85
HejellM 7P Ewekom, QUIFSE o] WA Y B
o2 Yehl o] Aol el wlEl ikl 4w 2
Ao = Vet

B2 GlucoseE: R TEdN ABj2Fo] iYL zpz+
02%=A H7Fslal 36417k wioket ok Al A4S 2 Qak
FFE AR 3= Table 13 7o) &290 =2 glycerol,
arabinose, sucroses H7HIS W F 90~93%2] QAUAFTEL
HRL, oA ST S0, izl & AelE HolA]
249kt}. Ohsumi WX Arthrobacter globiformis®] AR89
A 150 mg/i®] POE T HiX|oIA glucosee] Aol wet
A4S 120mgl 4731927, arabinose, xylose, sucrose,
maltose, glycerol 59 Z-¢-dl& 100mg/lE FF3tA o,
lactose, sorbito], mannitol S ThA) ©)&EHX] &ty B
3BT ol A Iwofi POS¥ & AFS HAOH, whrgd

Table 1. Effect of carbon sources on cell growth and phosphate
uptake by Acinetobacter lwoffi PO8

Carbon source Growth PO,* Uptake
(ODgs0:r) (%)
Control 1.39 93
Fructose 121 &
Galactose 034 2
Sucrose 1.5 90
Maltose 0.12 11
Lactose 0.01 12
Kylose 1.68 89
Arabinose 1.26 91
Sorbitol 1.55 88
Mannitol 1.63 81
Glycerol 1.64 93

initial phosphate - residual phosphate «

& =
Uptake content = initial phosphate

100.
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NH,cl | NHNO, | (NH,).s0, | (NH,),cO | NaNO, [ KNO, NaNo,
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Fig. 3. Effect of nitrogen sources on cell growth and phosphate
uptake by Acinetobacter Iwoffi POS8. Each 0.1% nitrogen source was
added to the basal medium as a substitute of NH,Cl. A, Glucose; H,
OD (660 nm); @, phosphate in medium.

glucose”} AAFEo 71 E9E AoE Ayzidrd.
Qe 9F : wiRe] TGS ArFIE o it
EFo mAE G288 AP A8l ZF FAUE 019%Y #H
7vated wjek 1z WEE ZAR ZdE Fg 33 2t
NH,NO,, (NH,),SO,, (NH,),CO 53} o] "oz dnyF
R o]gAo] Fgkon, 53] NH,NO, (NH,),S0,7} 72}t <k
95, 96%E thET<9 NHCIY 93% R} w2 QAESE
Atz NaNO,, KNO,= 9] A%, glucose &H] 9 21
AEFFENA HIE GRFH Bl wWskot, 4ERt AE
FEg Y. Ohsumi 519% T3k ojvieele R EAR

2 g9Folgta Bargh vb v},

FEol 2 o olvxAte] HyLEd ¢ V1EMA] FHE &
&o|L ol9]e] ZF FHo]E 0.1~10mg/le] FERE H7E}
I ANFF FE AN AF= Table 29} At Cote A
& olg%x] ko] Ni*E 10mg/! FEolA o)&5A] #3l
o} e ol9e] Hrkd djfte] Fdol00x R T
o] A Qlake] Foola] & RolE HolR| ¢Sttt 99
ATz Hol B F39] o]§ A] F&olo o] VIErel
A 2Hg-S v oS ZloE HAZITH

P-1 71Eu[=) 9] Baglo] azdw]o] JF AR Js o
ofm|i=Ate] 77t QAkESE &gl miXeE TS AR 4
= Fig. 49 7Zt}. Arginine, methionine, lysineS H7}3151&
A9 HrrelA] e gzl Hlste AAETEo| 10-20%
FAE T, B3] arginine®] W2 142 mg/lET}E 178 mg/[ZA
7P 8 E48S HAUTE Ohsumi F98 71 opmliAt &
X} B3] phenylalanined 50~100 mg/[E F71819L W 2]
AT Akl el B2 HEE BAOom, B Met, Lys,
Ala, Glns TIF-E9] opilieite] &Aoot HI3IE
o, 2 ¥ AME3F FAHF phenylalanine®] 733 thET
o} & Aolg HolA] AFOL; Met, Lys, Tyr H7lell ojs) <1
Aggago] SRS

QAESF F B nAES BAUE AR F3P)
3 ATP] AURAE ol8stA =H ol Hgd ADPE vk
Al ATPE A7) 3l AlZUe] AR EEAIE FsiA
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Table 2. Influence of metal ions on cell growth and phosphate uptake by Acinetobacter Iwoffi POS8

0.1 mg/ 0.25 mg/! 1 mg/ 10 mg/!
Metal source Growth PO, uptake Growth PO,*uptake Growth PO, *uptake Growth PO, uptake
(ODygg,) (%o)* (ODgs50r) (%) (ODgo) =~ (W) (ODg500) (%)
Control 147 93.0 )
CoCL6H,0 - - - - - - - -
ZnCl, 1.40 92.5 142 925 1.47 93.0 - -
CuCl,2H,0 1.48 93.0 1.36 934 1.18 91.0 0.12 35.7
BaCl,2H,0 1.67 92.7 1.39 914 142 92.0 1.45 92.7
LiCl 1.59 93.0 1.44 94.0 1.33 93.7 1.28 92.6
NiCL,6H,0 1.50 93.0 1.31 93.3 0.90 90.0 - -
MnCL4H,0 1.63 1922 1.60 90.2 142 94.2 136 92.7
NH,Mo00,2H,0 1.62 92.8 1.52 93.0 1.34 934 1.40 92.5
Al(S0,),1618H,0 1.51 92.9 1.24 93.6 149 92.0 1.72 90.2
- : Not growth and not phosphate uptake. )
initial phosphate - residual phosphate
*Uptake content = Tnitial phosphate X 100.
140
120 ~@- Control
~O— Glucose (0.2%)
100} I~ Acetate (30ppm)

Phosphate in medium (Pof' mg/L)

Cuiture time (hrs)

Fig. 4. Effect of subsequent addition of amino acid on phosphate
uptake during cultivation by Acinetobacter lwoffi POS. Arrow:
addition of amino acids (100 mg/l).

Ut} olg o] | Qlite] MXE grog UEEm

Fo] nAEL ol EHIE ASF O P =
Aol 2 vAEY] Ae #v9 ATyt we Aeg dEA
ATt olEfgt Fpel HHldl vXe FFgS 2ARE] S
9] Afo] FA 7] EE3tY Qibe FHIL s Aol
M RAQ0F glucose®) acetateE F7VSHL wigSPHA] Qb
o] Fot Bule] ARE gfofslr] 9t wid A Fof 2t
& Qatare 243 Ad= Fg. 59 2tk 60 ppme] acetateS
A71E e olF viE F5¢ A4S USRI, 30ppm
2 HRHIES] HErt Al AAsPAA 2FH Eol%te
v}, glucose®] 739 H7VeRL vk 24A1710] AFHadE W &
o] HHle #EA] gten, AE ke HS Fdly
Wi R W o] Q42 100% A A 3T Murphy®? 2 Comeau
TN 57|14 ZANA acetate X succinate®] FH7}E QAike]
WEo] #AFF e, ol 7S MEUE Fr3ly] A8 &
2 URAIE e 3] wEolgtal B3I o™, Porgieter'™
<+ propionate®} glucose®] F7P7L Qi) WES R=dia
BY3IT) T3 Nakamura®® 713 220X o8 713 &

—{1- Acetate (60ppm)

Phosphate in medium (PO,> ppm)
3

Culture time (hrs)

Fig. 5. Effect of subsequent addition of glucose and acetate on
phosphate uptake and release during cultivation by Acinetobacter
Iwoffi POS8. Arrow: addition of glucose and acetate.

oA glucose’t 7FF & Qite] WEE F=ITL ATt
gt B JFE olohs tEA acetaedAE thie] WES
BHo glucose?] F7ilA Qlibe] wEe #EER] aF
Zo} Qake Frdle A3E Bt ot A lwofi PO8S 7
4 @Fe Aoz 71de] o)l we RolE RYEH, &
2902 glucose?] FHL #9 AEE A sl AN FF
&E 7 NBEE A= g

Volutin 2§240ff o|8F MIZELY Q&N HA

Az v F MAEHE polyphosphate’t ZH =] volutine
FZAZ FA3A B} ol3d At FFEWEE BEP]
A8l 6217k ik FAk 2447 F2] FAIE toludine blue A
ofo 7 JAlsle] FEFHU| AR Qi 23 Hug RIS
t}. Fig. 60 WERd vie} o] F70] 74 R =49 Al
Fuistel] gret W] YRt BRFIAL, whd] 2427F Fe
ZAE AZUR AA7E Ze gEE MoR FAEe] It &
A w9 x}olE BT} o2 Kol A lwoffi POSS vl 24
AZE o1 F& Qike] T4t olFoAL e AL EIF

bisa ale
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Fig. 6. Microscopic pictures (X400) of Acinetobacter lwaffi POS
stained for the volutine granules. (A) Before uptake of phosphate,
(B) after uptake of phosphate

Fig. 7. Autoradiogram of intracellular location of polyphosphate in
Acinetobacter woffi PO8(A) and chromobacterium lividum PI4(B).
Fraction I: Free Pi, nucleotide, and low molecular poly-Pi, Il Lipid,
IO Nucleic acid and high molecular polyphosphate, IV: Protein, V:
High molecular polyphosphate 5 ui(1) and 3 pi(2) of sample was spot.
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Phosphate Uptake by Acinetobacter lwoffi PO8 and Accumulation.

Kong-Sik Shin*, Min-Ho Yoon!, Jung-Youn Ko' and Woo-Young Choi'(Research Center for the Development of
Advanced Horticultural Technology, Department of Horticulture, Chungbuk National University, Cheongju, 361-763,
Korea; 'Department of Agricultural Chemistry, Chungnam National University, Taejon, 305-764, Korea)

Abstract: To remove phosphate accumulated in the soil and water, Acinetobacter Iwoffi PO8 possessing a high
ability to accumulate phosphate was isolated from a active sludge. Bacterium was cultured in the liquid medium
containing 150 pg/mL of phosphate at 30°C in different culture conditions to examine intracellular phosphate uptake.
The initial pH in the range of 7.5~8.5 was effective on the growth and phosphate uptake of the strain. Glycerol and
arabinose used as a carbon sources showed 93 and 91% the phsphate uptake, respectively. Among the nitrogen
sources, ammonium salt such as NHNO, and (NH,),SO, was effectively utilized on the phosphate uptake compared
with amino compounds. The rate of the phosphate uptake of NH,NO, and (NH,),80,, was 95 and 96%, respectively.
The growth and phosphate uptake ability in the strain were significantly promoted when metal ions were added in
the medium; Co®, however, was not utilized by the strain. The capacity of phosphate uptake was enhanced to
10~20% when arginine, methionine, or lysine was added. Using P to examine the uptake pattern of intracellular
phosphate, experiment result showed that polyphosphate was largely found in the fraction of intracellular inorganic

phosphate of Acinetobacter lwoffi POS.
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