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Inorganic Salt Uptake by Bacterial Cell Mass and Absorbents
for Soil Improvement in Glass House Condition
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SUMMARY

These experiments were conducted to develope a efficient absorbent-
microbe mixture for application in green house soils as a desalination
device. Extreme halophiles, denitrifier, and phosphate accumulating bacteria
were isolated from soils, and their culture conditions for production of
viable cell mass were optimized. Various root-media and agromaterials
were tested and characterized for their abilities of ion absorption, particle
sizes and surface areas to select a suitable absorbent. And the methods for
preparation and packing of absorbent-microbe mixtures were evaluated, and
then storage conditions were also examined to maintain the viable numbers
of organisms in the mixture. The pot and field experiments were carried
out to elucidate the desalting potentials or phosphate uptake by the
mixtures and/or the inoculated organisms. The results obtained were as
follows. _

1. Samples of 192 green house soils were collected from the sites which
reported as high-salt soil by the Provincial Office of Rural Development, and
thier chemical compositions and microbial flora were investigated. High levels
of phosphorus, potassium and calcium contents were observed in most of the
samples and appeared to increase the soil salinity in accordance with nitrate-
nitrogen. The distribution of microbial flora such as bacteria (mesophile,
thermophile, actinomycetes) and fungi, and their halotolerances were studied.

2. An extreme halotolerant organism, Halomonas sp. HS1-1, was isolated
from soils, and a denitrifing strain of Alcaligenes DS5 was selected. Two
strains of phosphate accumulating bacteria were isolated by a method of
autoradiography and were identified as a strain belong to Acinnetobacter lwoff

<PO8> and to Chromobacterium lividum <PQO14>, respectively, according to
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Bergey's Manual of Determination of Bacteria..

3. The optimal conditions for phosphate uptake in liquid culture were found
to be: 30C and pH 75 for the strain for PO8; and 30T and pH 7.0 for Pl4.
Glucose or glycerol, and ammonia-nitrogen were adequate as carbon and
nitrogen sources. The level of phosphate uptake by Acinetobacter lwofi PO8
was maximal as 93% 1 day after cultivation and this was slightly higher than
that of Chromobacterium lividum P14. The polyphosphate kinases were assayed
by the radioisotopic method described by Harold, and that from the strain
Acinetobacter lwoff PO8 was purified by column chromatographic procedures.
Cellular location of polyphosphate and release of inorganic phosphate were
estimated.

4. Among various root-media tested for their absorption rates of ions,
particle sizes and surface areas: zeolite( I ), a lake sediment peat from
Indonesia, and a palm fibre Lignocell from Sri Lanka could be employed for
practical purposes. Absorption rates of the zeolite( [) and peat were high for
most of the ions tested except nitrous ion, and those of the Lignocell and
vermiculite were 11.2~11.3 meq/100g for Fe? and 2.2~46 for K*, whereas the
defatted ricebran revealed high absorption rates for nitrous ion. These materials
were considered to be economically competetive as well.

5. The culture parameters of the selected bacterial strains were obtained
from 2 types of jar fermentors for large scale production of the cell mass,
which was subjected to use as inoculants. Growth of the strain Acinetobacter
lwoffi PO8 reached to ~10° cells/mL in 24 hours, while those of Chromo-
bacterium lividum P14 and Alcaligenes DSS reached to ~10° in 24 and 48
hours, respectively. Dilutions of the culture broths were mixed with the
absorbent materials, of which the pH were adjusted above 6 with calcium
carbonate, and incubated for aging and then packed in PE film in vacuo. The

mixing ratio of the materials were:
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@ Zeolite( 1) 100%

@ Zeolite( 1) + 5% Lignocell

@ Zeolite( I) +10% Lignocell

@ Zeolite(1) + 5% Rice bran

® Zeolite( I) +10% Rice bran

® Zeolite(1) + 5% Rice bran + 5% Lignocell

6. The pot and field experiments were carried out to elucidate the

desalting potentials or phosphate uptake by the mixtures and/or the inocu-
lated organisms. The results of germination tests supported the safety of
plants, which tested with variety of green house plants. A seedlings of lettuce,
chikory, and green perilla were transplanted to the pot which supplemented
with excess amount of calcium superphosphate and amended with the
absorbent-microbe mixture. Visible symtoms of defficiency by iron or zinc
were not observed during the growth period, and the shear and puncture
strengths of the leaves of the plants, especially perilla reduced significantly,
suggesting that chewiness of the leaves improved. And the growth and yield
of cucumber were also investigated in green house condition, and that resulted
in no significant variations among the experimental plots but in reduction of

algal growth in top soils.
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o ZUMAAEY ZE AN YU} J|FAEFHe] FA. (SuslowF 19
82; Cook$ 1987; Liddells 1989)

0 AYFFE EYF9 ZUvYEY BE A7F. (Bernstein 1775; Ahmad
1987; Rovira% 1983)

© Phosphorus removal by pure and mixed cultures of microorganisms.
(Ye, Ohdake & Toda 1988™; Ubukata & Takii 1994*")

o AEHH AAA Z2Azo 3loiMel Alde @} o). (Nakamura
1988 Y& ol AE Pt §$73 439} Biotechnology)®

4 2y B

F2AEAL NEY BIVBY NE AFAHAY g BA
& AR 2 ARFEAR AMSHSAEG 97 ARPES) B ofels
ze 7l2d78 W98 st

o AMEF2 EY A 9F ATPYd B 72T

- 43t Yne AYEIFE 43 500 kgl M 14%, A2 300 kgolA
6% F¢EH ($4AFY 19797

- EYY dFEL H3IAY 2ES AHEE 29~40% B EftEY

FFE 9~17% FFHUL HA+LEL HFA Y} FAL (F7]

AEY 1991~93)

- @ O 45 £EE4Y ARYH ESY dFAA QF. (5
A71&A T4 1985)2

- o ¥ EYY AYGEE 9EOAESHASAGAE>TEAHLY ¢
o2 AFAA A}t e AALY dFE EFH 10~20 cm¥t
2o FHHUL. (FYNEDTFL 1992)

- §718 A& g% dRAFYE 47 (5U71Ed T4 1989)
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NEEH:

- AlEdFHA] JENA Aol dFAF A3 7. (FEIF A 1992)
- 392 @rlo] @ EAY AFYEE A7 (34N F 19937
- AAZEANA dFAA? AFREY (FAVAPAEAZ T
€4 ¥ P,$84 1995)
o A2 EY UM vldE AT
- AR AN AT HAE AT (IFHEANYAY 1992

. ~93)

- oAgd o A dFFd dF. (FAdERnEFd 9,
1989)%

- NAAMRELRS] 2F YUIF. (3471€dFL AIY, o4
19932

- EQUIAE 75T EFO BIATF. (5A71EATE MAM 01 TH
1993)%

o AldAuA o] A FFAH dezA}
- A2 EFHREAL (5U7IEA T4 1985, 89, 90; FEUEL
1984, 85)%
- GFEE23A E¢Y EAY FIAE ARFY AT (vPV1ed Y
4385 1993)°"
- ANAAuA @Qzx] A EFFE AET (F7IEFY oS
5 1993)®
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HN2&d Ms ¢ g8
A1d Ag L A

Ll F34 9 5848

U842 A Lignocell (Coconut palm peat)<Sri Lanka>, B& %A <F
FHAYFZY>, A <BEAHFAHF)>, °)¢ <Indonesia>, perlite <4t-34H>,
vermiculite <9)|A4FA>, zeolite( 1) <3 (F)> F 7%, 4yt FH LA
A 48 <(F)ITAAYIH> U tobermolite (B 71X FAE ALC) § 2
F, AlAE zeolite (4A) R AFHAE Greenlite’ AK-PQ” <RA2A(F)> & 1F
AE FARAY EgPol ASSA. FAEAYS ARZME d4d63 YE
< BFA>, 9ZEE <M EEAAS, 160002 $IUFEE F& AHESE

12. 4 EF2

35 (Capsicum annuum L.), EvE(Lycopersicum esculentum Mill.), £.°}
(Cucumis sativus L.), $¥HCitrus vulgaris Shrad.), &9(Cucumis melo L.),
%9 (Cucurbita moschata Duch.), ¥}3(Brassica pekinensis Rupr.), *|(Lac-
tuca sativa L.), E7(Perilla futescens Brit.)2] %%, 5%, A&, $494+8 5
o F8 EFE 7989 At

1.3. A<}

Yeast extract, nutrient agar 59 vl & wW|YEA+e Difco Lab. #|E &
ALgSI e, B4 Al%e Sigma, Junsei, Merck Chem. Co.9] S3A| &
FAs] ALgEAT QAHRY PR BEARHE 2L A8 A KPP0, 9
[7-“PIATPS AmershamA} (Amersham, UK)¢| AEE, 12i ZAPAHE
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NBEX: ALTHX SSYREL WS st EXAN-0ILSSSHA L.

29| A}£¥ tripolyphosphate, creatine phosphokinase, ATP, ADP% phos-
phocreatine& Sigma Chem. Co.9] A& & A3t

azoEadYH L A& WhatmanAl (Whatman International Ltd., UK)¢)
3MM Chrg, A o3¢} oj2nfazvutE2d Mo+ Pharmacia BiotechAt<
Sephadex G-100%t DEAE-Sepharose (Resource’” Q)& Ah43Hlth.

A2d v EdH LY

2.1. "]

1) Yeast glucose agar (YGA): yeast extract 3, glucose 1, K:HPOs 0.3,
KH;PO4 0.2, MgSOs * TH:0 0.2, cycloheximide 0.05, agar 15 gL™

2) Nutrient agar (NA): beef extract 3, peptone 5, cycloheximide 0.05, agar
15 gL, pH 638

3) Starch casein agar (SCA): soluble starch 10, vitamin—free casein 0.3,
KNOs 2, NaCl 2, K:HPOs 2, MgSO0s * 7TH20 0.05, CaCOs 0.02, FeSO. © TH20
0.01, cycloheximide 0.025, agar 20 gL, pH 7.2

4) Potato dextrose agar (PDA): potato infusion from 200, dextrose 20,
chloramphenicol 0.02, agar 15 gL, pH 56

5) P-1 medium : glucose 2.0, NH4«Cl 1.0, NaCl 2.0, Na:SO4 1.0, KClI 0.1,
MgClz 001, CaClz 001, FeCls 0.001, NaHPO; 0.22, tristhyroxymethyl) amino-
methane 10 gL, pH 7.6 |

6) Pseudomonas isolation agar : peptone 20, MgClz 14, K.SO4 10, Irgasan
0.025, agar 13.6 gL™, pH 7.0

7) Nitrite agar : Nutrient broth + NaNO; 125 mg, (NH4)2SO4 250 mg, a-
naphtylamine 06 g, agar 15 gL
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22. 39 &9
D AT

S 2 ARAY F2 ALANANAN AP EFAIEG HAA s4A
Aoz Re FIF BHLY (activated sludge)S Bz 9. A
HEFE SN F P-1 FH A =L3td 0ToA 2z wjgFsIAA A
AE 224YE 33 o4 Ao ¢k

Autoradiography ¥ € A g38tglen, & SHujA A Add 38 107%4Ci
o18te] ®POS" (Amersham PBSI3)& #H#3te P-1 S¢AF WA vjFaiuA
2247t RYAEE AW X-ray 99 (Agfa Curix RP1OE WolA 3%
A g Y g 4S9 e vy Jehlls 224g Mdsia <45 F
ALAEY 2 F2D>, o] AAstd P-1 dAux| oA Q4ate] Fafo] B F
F& FIF ALt

2) g4z

gAFE NOs E= NO: 7129 2} AoAN A45E= AA7t2 (NO, NO, or
No) o) AFF2 Adsgdctt & 5 mM9 KNOs& H7k¢ NB wiAe} Durham
tubeE A¥=2 3 FAFE FFHA 71XE P & ddTeE 1A A
¥ ©g, Mycielski$t Gucwa'"e] @#le] wel 7]A2 NO7b &4¥ nitrite
agar plated] A F7|uiF3BAM F2Y FUY ¥ | F HA3HS e

3) g4z

JFUAN Aol Kushner'®e] 59T (halophile) ¥74e H4sd &
02~05 M, AXZUWYEZAF (slight halotolerant); 05~25 M, FEULZ
(moderate halotolerant); 25 M<, WYL T (extreme halotolerant)& 7|F2
2 747} 05, 15 R 25 M NaCl g5ujA1& A&t
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23. Wy

250 mL 4ztEet236] P-1 A4) ¥R E 50 mLY £33 121TAA 15
T ERE ¥ AejSd L 05% (4 3~4x1095 A WFsd 30CAHA 10]
A 293 A28} (Rotary shaker, 150 rpm with a stroke diameter of 5 cm)
StEch HFAL BAFA AU ZEE FFE & WFo| A P-18)A 0|
ATHT 4N AFNFE R Ao

24. 259 BE

T FFE P-1 FHAA v HF8ka 30CoA 293+ wjgstd FA <
FHYEHE AT F 4TAN 2BAYD, F7IREL Y5l A FES
YYEY3 5% glycerole 4 Ao FHAA FESYE (snap free-
zing) ¥ ¥ -85ColA B @l

25. 4% 9 yuse &4

M Fd e EFFEA (Shimadzu UV-120-02) ©] &35+ 660 nmolA &
€ S AS. £ AZFY S (viable count)& 4@yl ojsigen
AdE& NA EE YGA, HHAFL SCA, A3 PDA, Pseudomonase Difco
isolation agarg AM&-&o] F24 AlFFH HHATF F$ 30CAA 3~14YP, &
4 ATE B5TAA 392, AMEL 25THA 3~7¢ s Y3 2=
HE Assto] HAghE P8 viable cells/mL2 @48t A0 Yol
dstede 2E9 Welg FFEYYLE Asiq F2 avv|YEL £ A
FHRL el FA 1 gd UE 22U gHGY2 YUt

26. 3

Bergey’'s Manual of Systematic Bacteriologym’ﬂl- Cowans 9] Manual for

the Identification of Medical Bacteria (2nd edition)”el Z35l9} $A5}¥ ).
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1) ¥egy 54

2T 279 ey S L Gramg A, nutrient agardllA vigE 2
2y 77, =Y, 42 F& [ANAL W 45 F3uA w3 &F
& ZALEIY ).

2) AAEW A A%

Nutrient agard]A] 24A|7F vl g @ HE 25% (v/v) glutaraldehydeol 14]
ARG o, FHFEZ MASL 2% osmium tetraoxide® 1413+ ¥ A
SR es olojA FiA FE9 ethanol®2 ©4AlZth n-Amylacetate 2 40¥-3F
23] A3tz P=E (critical point dryer)dt9 gold coating® ¥ FAIY AAY
v]7d (SEM, Hitachi-S2300)2.2 73kl

3 BY R ALY 54

39 Ay EHdo2& gelatin 43}, indole A%, nitrate FLY
R catalase, oxidase, urease®] A4 FF9 ol Y|y UMY FAA
g BAI}AC.

sty EAWYoZE Komagata 578 WY o2 METY A Pite ¥4
gt wlastch $AJEE AI¥ 20 mgH} 5% methanolic HCl 25 mL& Al
o] o] 100TCAAM 3A T E¢ 78] ) WALS fatty acid methyl ester
(FAME)3} Alzd. 2 ¥ A& 37 A ¥ $F54 1 mL& 75t 3
mL n-hexanel.2 3% ¥§ F&3}3 n-hexane &84 Fule] FHFE ¢
o] £ ¥ Y4 E 8 n-hexane 3¢ LU J4N2Z FFHAA
FAMEE EAMAlg2 AMEEAc. A #4& f9 %€ FAMEE GC
(Hewlett Packard HP6890)Z ¥41s}%ch. olu) AHPL capillary columng,
detectore FID (Flame ionization detector)® AF83l% 2.9, injection &X&
250C, 8¥ S5+ 180T, &9 72 A4 7bA (30 mL/min) °1lth
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A3d st By

3.1. Polyphosphate kinase 84 & &3
1) 49 ZA

500 mL AZ4&Eg2A=0] P-1¥]# 100 mLE w3 AwdY 05%8 HE st
o] 24A1Zt AFFFT F 16000x gl 1583 gAY (FLFHIAL,
Supra 22K)3ted & A (A2 0.1 mg/100 mL)E 25 mM Tris-HCl &%
4 (pH 70)% 4 mM polyphosphate (potassium salt)& X3¥3}= extract
buffer 3 mLE 718t &g (Ultrasonic Ltd, Disintegrator-Rapids
Type 4504)81Qch. @3 T A& 1583 A2 & BAYE 2AL
doz ALgstgict

2) T'Seyens] ¥y

T'Seyen$™9] W& 077 mM ATP 1 gL, 20 mM MgClz 1 #L, 40 mM
creatine phosphate 10 #L, 20 unit/mL creatine phosphokinase 10 4L % 0.1
mci/mL [7 -#PIATP 4 pL2 ZA¢ #&8Sdd] 2ALHE Yo 100 L2
3 30TelA 3083t w87 F David $73} Ebel®?] Wyl wat 1 L%
o isopropanol 735 mL, 5% TCA, ammonia water 25 mL& A/|4d2 3o
AN F PPKol 98] dojR Poly-P9 Z2viEaYE FA3A

3) Harold9] Y

Harold $%¢] ¥4 & 20 mM MgClz 1 gL, 20 unit/mL creatine phospho-
kinase 3 uL, 02 M ADP 1 xL, 01 mc/mL [7-PPIATP 4 pL, &2
150 L. 2 0.1 M Tris-HCI ¢ (pH 7.0)¢ ¥o] 300 ¢L2 39 37C #
ZoA ¥gA7|Z 1 N PCA 025 mL$ 05% BSA 05 mLE Yol ¥4€
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Reaction mixture

0.1 mei/mL [7-®PJATP 4 4L

20 mM MgClz 1 uL

20 unit/mL creatine phosphokinase 3 zL
02 M ADP 1 uL

0.1 M Tris-HCI buffer, pH 7.0

Incubation
in 37C waterbath

Add 0.25 mL of 1 N PCA
and 0.5 mL of BSA

« Centrifuge at 5000Xg for 5 min

Pellet

Wash twice with 0.5 N PCA

Dissolve in 0.5 N NaOH

Detect with LSC

Fig. 1. Schematic diagram for polyphosphate kinase assay according to the
method described by Harold.'¥
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Culture broth

Sonication
< Centrifuge at 16,000Xg for 15 min

Precipitant Supernatant

(NH4)2S04 20~90% satn.
<~ Centrifuge at 16,000% g for 15 min

Precipitant Supematant
 Dialysis
“ Freeze drying

Gel filtration on Sephadex G-100
< Freeze drying

Ion exchange chromatography on DEAE-Sepharose
“~ Freeze drying

Purified enzyme

Fig. 2. Schematic diagram for purification of polyphosphate kinase from
Acinetobacter lwoff PO8.
All of purification steps were carried out at 4TC.
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Poly-P& #AAAZ og, 05 N NaOHell £33t LSC (Packard Tri Carb
1600CA)2 &3 3H Y <Fig. 2>. PPKe] BA=E 99 2AdA YAHE
Poly-P7} vetlie &3t (CPMEH)E 49U A 1 mgol ¢ gte=z &
A8t JEpydch.

32. E49 A

AWEFZol #A3e BLFY U PPKY AHzle ol AFAgs
(Pharmacia Biotech, GradiFrac™ system)& ©]-83ld Fig. 3o =Al& uls}
Zol FAYEF A4, A o7 oj2uy A2vtEaYY Fo WYL ¢A4F
L2 AHE3Uct. RE HAHL 4TAM AA ded, FAAY F FHL
Viskase 4% (Viskase Co., UC 27-32, USA)& Al&-3lgion ¥2& 57
Ax7) (Heto, Maxi-Dry Lyo/Plus)& °] €3}

1) x4 24

P-1 Auizlo| A 24A1%F A" wjFd F 2 wiF YL 16000Xg2 1583
YT A& FAE 20 mM Tris-HCl ¢3€9 (pH 76)°] d&AA
2E3A YL, oA YRGS FFYE zELHo2 A

2) #AgeE dA

ZRAN0] FALEE ELE 20% E3xo] o8 wi7tx] MAF] Y3y
LA 7, 1Y AT £ 16000xg2 1583 YA st 2 AR Yo
HE FAgRE £29¢ ¥}k 90%7t HEE Hrtetq g2 whgoez A
Al71n A EEE o @9E JAHEL A+ ©8 10 mLY 20 mM
Tris- HCl €389 (pH 7.6)o] &8jA17 1, Viskase $4gtol] Fo] mulsta
A FHRF2 64NN BN FMH YL FHAAZXIA Sephadex G-100 A
o1} @ DEAE-Sepharose ¢| @I zolEad#v o A|8E2 ALL34)
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3) Sephadex G-100 & =}

FALRE PAAAANN @& $54E v|g] 20 mM Tris-HCl 9349
(pH 7.6)2.2 Y3}  Sephadex G-100 AH (glass column 2X 110 cm; bed
volume 190 ‘mL)d] #<4U3txn, @ A2 FAFXNE Al88td 16 mL/hre] §42
2 $2M718M E8+3A7IZ 4 mL/tubed 333

4) DEAE-Sepharose ¢l @3 2vlE 15

Sephadex G-100 2 oA AL FF YL FHARZY ¥ FFHTFZ 4
Fo2 Holxm, 29 vlE] 20 mM Tris-HCl #4489 (pH 76)22 H¥s3}
% DEAE-Sepharose ¥ (Pharmacia Biotech, Resource™ Q)o] {3 Al7)
3, @8d FAZAE o) 3l Fo|2F FAo AYHA ¥ AAH oY
A& FY 9549 10 mL2 &A1 oS, ¢ @S #e37] 93
o HF 1 M NaCle] =79 & Fol 1 mL/min®] &2 §3F A71EAM 1
mL/tubed] 2F 3t ojleng Yoz RE &Y FA PPKe 84
7 & $YE ol 52 AR FAAER AR

3.3. SDS-polyacrylamide 2 A 7)o 54

Ea @9F 1 mg/mLE 1% SDS % 1% 2-mercaptoethanol® 7 100°C
oAlA 283 7tEstd WAPAFI 2 10 pLE M2 10 uL9 ¥ Rapidus
Minislab Z7]¢]§332 (AE-6440, Atto Corp., Japan)8] Ba44] A (45%
stacking gel, 12% resolving gel)ol loading3d}sl, pH 889 Tris@%d (25
mM Tris; 192 mM glycine; 0.1% SDS)2 Al§3ld 24 mAZ FA3 Y. &
AFg 244 FEFIYAZME Promegarle] Protein molecular weight
markers (bovine serum albumin, M.W. 66,200; glutamate dehydrogenase,
M.W. 55,000; ovalbumin, M.W. 42,700; aldolase, M.W. 40,000; carbonic an-
hydrase, M.W. 31,000; soybean trypsin inhibitor, M.W. 21500)2 A}-8-3}ic}.
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A4d 24 B

EGAEE 0~20 cm 2el9 EYE o2 AFso FAsta EiE
05 mm #E FHg A (organic matter, NO;-N @ NHy;-Neo] Z 9 <0.15
mm¢)E AR2sd FEAFEY FAVNEATFE ESRREAPP F3}q]
R 2

41. pH % ECY &3H

EY 10 goll 74 50me-g 7bste] 1083 €8t Whatman No. 282 o
3% & pH vig (Beckman $™34)9 EC meter (Orion 122)2 2338} ch.

42. $7185 A2e) B

At APEE FA 2 ME 015~02 g& st 4847 (Leco, CHN-
100002 F@g49t AAE &233%Rey EEAREZAM soil standard (Leco,
502-062)8 AHE-3tAch F71EFL T84 P 17248 Fdto gtk
o dE2yotel A4 (NHe-N)& 2 N KCl $9422 &3t Indophenol blue
Moz, FAid AL (NOs-N)& Brucine e 2 7t £33l ppmez2 A
3t

43. ¥ol (K, Ca, Mg)9| 3%

@Y ol (K, Ca, Mg) € 3 (Fe)& BE 5 gdl 1 N ammonium
acetate 8% 50 mL-& 715 30¥3 I&¢ ¥ Whatman No. 122 < 3}3std
YAEFHFZEA (Analab 9100A, Sunil) £+ ICP (Lantam-8440)8 o] 831
4383, ppmEE me/100(1) g of sample2 FE A 3R}
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44. QAo A
1) o] A2nEawyY

WA EE EF$E AIRE membrane filter (pore size: 022 ¢m)2 B
& oleaz2rEady A2 (Dionex IC system with ED40 Detector)&
°]-8-3t<] Dionex ¥ (Ionpac AS4A-SC 4 mm/10-32)22 A3 %ch Nax-
COs 18 mM - NaHCO; 1.7mM £4& §&4202 39 20 mL/min® <
L2 ZE3AL &4 7h22 & He (100 psi)S AHS3t5ch. KHo PO S BEEA
BE e EMYUYE 9224 05~5 cmol/Lo it

2) Ascorbic acide] 2@ Molybdenum ¥

Ascorbic acidel 2% molybdenum blue method?el] we} = 3tgich. o)
Ex EY FEMNEE membrane filter2 A33le] ¥& 1 mL$} ascorbic
acid-molybdate A1 1 mL& 25TolA 1583 S4AA 23354 (Shima-
dzu UV-120-02)2 830 nmolA {FF=E v milach KHPOE XEANRE
e EAY e 0~25 ppmel Yt

3) Lancaster ¥

Egget $4YPe) 239 Lancaster Y22 FEJINE 2A3Q AA
E¥ 5 gol 20 mL9] U4F Y29 (acetic acid 10 mL9}t 10 N lactic acid 7.5
mLE& F7%4 150 mLe] &8z NHF 056 g, NaOH 425 g, (NH):SO4
333 g& 715t &3E tg AN IANIN L FFHFE V8 1 L2
%, PH 425)& H7l3tx 108 ¢ 3%38e] membrane filter2 3§ g,
2 3 mL9]l ammonium paramolybdate Z2te] 6 mL$} 1-amino-2-naphtol-
4-sulfonic acid 0.4 mL& E#A1A 30TAA 3083 wgAZ £ 700 nmoll A
H 44 3ot KHPOE EE0E stien E4¥eE 0~25 ppmoldtt
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45. A4k A A
1) #9949 <1>

Shoda®%Fol 8¢ Wygol wet MEW PO EXE ZAMsIAth 107
mci/mLel PO & A8k P-19A)uA] (o] P-1¥1X] 9] NaHPOo]
FTEE AN § do2A 50 ppme2 ZASUSINA 24410 WFE F A4
2eslq FAE sl 2 250 mg (wet weight)o] ¥ ZAIZ) 5% perchlo-
ric acid (PCA)€ 9 15 mLE 718ty f2j4de F7124}, nucleotide, A
¢ Poly-PE& AAE ot$ Fig. 49 #Wyel wte} Y3 &+ EHES
Whatman 3MM Chr o %o AH3sod 1z oS X-ray 8§ (Agfa Curix
RP1)l ZgA1A &Ql3t %t

2) THEEY <2>

Shoda'®5-9] Wl mtel AN F45o] BE FFE AW $18e 59
449 e 283 1072~107 uciplated] #POFE ##-3he P-1 BHuA]
of 12 Mdd FFE HFst UMD L F 2 Ao X-ray 2HE &9
I AFANA Q=g vmsych

3) Volutin g4

AEY Qate] 2832 volutin granule® Laybourn'”¥de] el Albert's
stain®] WAooz P45t FASAL. WFA L AFHeS FAE ¥}
I HAAEF7E HEE A3 g4¢ df 38dv73 (Olympus BXS0)2 2
A7 st

46. Chlorophyll®] 3%

EGFY Z5TAAFE A A%t A $H2EA chlorophyll a
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50~100 mg cell mass

€= Extract with 5% cold PCA on ice, 15 min
< Centrifuge at 12,000xg for 10 min

Precipitant Supernatant [

<~ Dissolve ppt with 3 mL H:0
= Treatment with 8 mL EtOH-Ethylether (1:1)
“— Centrifuge at 960X g for 10 min

Precipitant Supernatant I

<« Boiling for 15 min with 5% PCA
(chilling in ice water)
<+ Centrifuge at 12,000Xg for 10 min

Supernatant I Precipitant
Mix with 200 mg Norit A Incubate with 1 N KOH
for 10 min at 50C for 30 min
«— Centrifuge at 960x g for 10 min

Supernatant V Supernatant IV

Fig. 3. Schematic diagram for analysis of intracellular PO,>".
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5 Ao, A% EF 15 goll 90% acetone 50 mL ¥ CaCO: 05 g€ 7}
31 A2E £A3%d 1083 Y (Rotary shaker, 240 rpm with a stroke
diameter of 5 cm)# G& W& A2HNA UM XA F23n 4L
g (1,000xg, 10 min)3ty Y& 43 Y& A8 2 Chlorophyll Meter (SPAD-
502, Minolta)& Al-8-3le &A%t Chlorophyll zg/g soil2 st el
Wi

47. @y 3F

Lowry B¢ wWwyoz &sgen, asAA AYF9 oz Hx8
280 nmelAM Y FF=2 ¥ 23t} Bovine serum albuming EZA|RZE2 3}
Hew BEAYYs 50~450 ug/mLojUc).

48 B4 AP

Dinitrosalicylic acid (DNS) ¥y o2 ZAslgch slgad] 1 mLel DNS
Al 3 mLE& ¥ 587 #Q o WAA IR 30%Fol 550 nmol Ao F3
=& 33Ut GlucoseE BEZFABZ ALt on 100~1000 «g/mLolfl
=3

49. JAe 27] ¥ EHHS &3

1 A8 27]

FAA e £ ARE FHF @2AA particle size analyzer (Analysette
22, Fritsch)2 &A33}d2n, 500% FE&AA9 B 27 (median)e pgmZ,
¥ EH 3 (specific surface area)® m%cc B92 Jerydch

2) 583
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2 A& F holderdl ¥3 #71A8E 50C, F7A8E 250TAN @71%
F EAXE 7] (ASAP 2400, Micromeritics)2 A4 728 AHE st B3}
e, 4t (PP 971914 PE ¢8, P X34E, @9 mmHgd)
o ti¥ I/I[VAP/P-1)] (471814 VAE cc/gedle &F351Y) e E23
o] BET E93& F33ich

410 A3 9 A3 &3

A7 A=E vlasly] 93, AFZEYH 7|, FIF, TR 37
el dd&¥ (shear stength)® 2&¥ (puncture strength)& Texture
Analyzer (TAXTZ2i, Stable Micro Systems, England)2 2A3ld oy, Ad$
gol= HDP/BS blade&, §73te) #F¥ o= SMSP-5 probed& z+2zt A}-§-3}
et

ASE EY R FAAAY FXAY

5.1. oAl uj=]

WwEZ (KF-5L, @32iaz)el P-19a4vj=] 28 LE W A¢LATE + A
vl g 05% HF e 30CAM wY (agitation, 280 rpm; DO range, ~20
ppm)StEA HFAIZHEZ ABg e MY VF, glucose B A 2
%%, pH 5& &334
52. E%

1) NBEY

TAEE FRIEY MNEEAZAM AZ (B3 15 cm)F B3 (15 cm °l3h
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o EFE AFAst Ao FdE I, 2 mm MG THAA AU

AAFE HYJ WL 7317 A8t 50 mL screw-cap Al d 8ol ANBEFE
5 g4 93 ¢j7]e] 0~400 cmol/L FEWY (22 FiheA KHPOs 8
€ 25 mL (1)5) A7}st 8AI1 AR F dAEEsin 2 4AYE o33
3 IC2 QA9 ZFHFFE BHHAY. o|2FE KHPO, §4¥ FAFL
Atste FYJHAE FAAd3A T

3) WiFAE

MEEYS HX2: E3}FA Hyo =dF 250 cmol/LE 100%2 3o
0, 50, 75, 100% &< 47}A & 0, 125, 187, 250 cmol/L X9 KHPOs 44
& ZAEA, 9719 A% % BF EY 2 kg (290 UAE FFE dAd
Ae)g UL AN & FUAF E+ glass filter FolA 3~4u) 3 F 57
T2 Ao Jyd g AddA FANAG

A E: 500 mL 23 wgHol 300 g AREY (A ¥ BF 4 16%)
€ Y1 47¢ g A woff PO8H C lividium PI4e wjgdE& HATT
(~10°% EF)7t =8 FFA ol EFY FEUFE mass water
content2A 25%%t ¥ 3HAtele] 2 71A] 2Pe2 ZASAEd, A BE AE
E%¥9 ¥FF (porosity)€ T3t ol2REH E4HY FRYNMFE AUE
A3 £ Bwol dis] 46% (% 140 mL)oll 423sle ZAelAdvt. HEFF 25T
oA wFEAAN wYrIER TN A|RE HFH3tH EAAH

A6d ZEAH

6.1. dol R SHAIY
BAE FAF FA 5% ethanol2 AL 0.2% A+ F+ (HgCk 2 g,
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HCI 5 mL/L)ol 3~8 &3t AA s 47 oL FAHstd FEAANA ST
FAL - HAFeR e, o1F vigl EHF A AR (9 cm diam)e] A& &=
ol 10084 713 18 EE 22T, RH 80% S A3 Yol 79% wolytg
% Zolg A3 A, 3B o2 AYsla germination index (G.L=RLs/Rcl.
X100, 97]o A R Wols, L& Zo], ez ZRTF t& AYFE dvihE +
At

FHAP L AAXE (50, 72, 200F, AR 2% FAAANE &3
T BE (Y6Z: peat moss 70+perlite 20+zeolite 10, F-EAU)E NS 31}
T o -2 BeEN 2N4F g Uz vn #B3
1=

62. XE R 92 AuAg

ZE AujAde 42, AA, EMEE 1/5000a8] FJA4428 I A&
T GaURXE ol Y3n AY EMFENY AFdHF20M 6~8 F3 Y
AAAM ol FAF 44 9% % 99 AKX (shear and puncture
strength)E ZAFSIATH FET o 3 kg9l EYF (489 AFES) a4
2 16 g, FAAIA 60 g& A&, J|ete] Ay 2 FEFe = FEile)
o) ot

LolE 2 AWMAE (165H)E B3t 4% 2 3 279 vRs)
Rev, 7182AM AF}¢L 15 662)F AAEEUYvIE 20 kgx4X ¥
EE4] 75 ton (wet weight)& A8l AA APFEE FAAA] (Zeolite( 1)
+5% Rice bran+5% Lignocell inoculated with Acinetobacter lwofi PO8) 0
(HZTF), 30, 90 kg/ag TF A3t 3, 71ete] uluidels @yl ostgich
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M3& 24 % W
Ald 5 GY EGHE L vAEY ¥

Ll d7%8AQ EFHE

Zxe] FEAFUNA FH3e dF3E Baxlgez RE 19289 A4
42 EGNEE FASL g2 EFuYEe EXE ZAlgLH
a2 Z3g Table 13 20] Az sty

dHFEE EC(5) 261 dSm($4d), 244 dSm (AR L2RE we £
008~013 dSm'2X4 TIE e YPiRD. EREF0~5 cm)dMe
EC(1:5) 504 dSm™(7Z7]), 488 dSm™ (F¥) 33 &L #L ¥4+ AAch
Y7 F7188FE 30£09%, NO;-N 13474 ppm, FEQA 1,069.3+7137
ppm (total phosphorus P2A] 1,739+894 ppm), A& Z§F 1.69+0.99
me/100g, &% 88%15 me/l100g, ©vl24dlE 34%15 me/100g, B 300105
ppmeE &3] FRUAL, Y ZEYL AFe] ¥Fo) AL FERY 2 B
X8 BYLe2A NO:-N#t 37 753 FLYUYe] €} A2 sd7lie
A7Y HUF & v AMAAA 69,000 hadl HF YHEEE EC
(15) 28+23 dSm™'2A £& &4 A+S AYsA = AFF B2
YL Y2 thdzhe] daez Qsta YWEYS] FHL AZG F$ 4
A EE AT JAES HEAY £ F9E 2FE 943 AL 4
A AT 5 dey, oge {9 Hygd #sddE gAried
ol AT ol ARANN 27 WAL AVHL Py Aok

12. 4F3HAHe vYE 2X

ESAE 243 yysid, Ag2 ¥e MTFF (thermophile, mesophile,
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Table 3. Distribution and halotolerance of rhizoplane organisms from melon
and tomato.

HE&Y EnlE ZW(rhizoplane)v| B9 £X Y JYFA &

Bacteria Salt Tolerant Bacteria
23 Fungi
(A=) 1¢FE F&TF PAHZ 05M NaCl 15M NaCl
R 7X10° 2x10" 22x10° 160%10° 120X 10° 41X 10°
(A &)
EolE 1x10° 1x100 8x10° 74X10° 24X 10° 2X10°
(3g =4

actinomyces) ¢} AFEY 2y s 24 33, #8 229 A (rhizoplane) 7|
AEo taldx e APL dneH, 53 BEI ¥& F2A4ATA st

v PUddE 4374 ¢ ZY4E E43d

A N dRAHNRnAYY EF v|PE BXE AR HIdE R
13} 20 B7148 BAxas ¢4 AUt F2AATFE HoA 2
o o] HF 1~56X107 cel/g® WHE, LLAYANZL 1~16%10° cell/g, ¥
A& 1~28%10° cell/g, AHFTE 5~81%10° cell/ge2 &R HIUL. = vl
AEe] EXE Table 301 FE2E2 Jehlen, EYrAdEe] FX9 v
3 AT TEWNES AGA B dutAd R WAT B¢ 22
U g2 nol ulgdEAo] dEdtso e ¢ AU EYVIYET ¢
AFo2N FLAANESTY F EFARTY Au4 9535 FAdaA §
ARAL gor], 2 A Table 4, 5 L 601 ebdnts}l o] FIANE
ABBA BUHA BE&E 2AF2 AU
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Table 4. Correlation between soil components and mesophile counts.
ZLANTETS FAESFHEY] U4 A

Variable EC oM. NOz:-N Av.P:Os K
(1'5, dS/m) (%) (ppm) (ppm) (me/100g)
Mesophile Counts 0.145 0.116 0.13%5 0.192 0.069

(X107 cells/g)

Table 5. Number of moderate halophiles and the mean values of soil salt
constituents.

FEUFAAE TS ESERAEEY H € 228y

Variable N Mean Std. Dev.
Salt Tolerant Bacterial Counts 44 100.922 136.281
EC 44 0.802 o911
Av.P:0s 44 1022 630.888

K 44 1.443 0.92’_7

Table 6. Correlation between soil components and number of moderate
halophiles .

FTEUNGAMAT T FLEFAHLI] AR 24

Variable EC Av.P:0s K
(1:5, dS/m) (ppm) (me/100g)
Salt Tolerant Bacterial Count 0.038 0.105 0.290"

(X 10° cells/g)

* P (005
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A28 dFdE FEUAEY £, AT R A

21 dFUEZY eFEYUY IEHAY 2FY A8

EG R F2 ZE SUAYEL g gF=Ed Ugd 7€ 53
sgen, 4 EF Az dFAHED WGP aTe FBRAE BHa, A
BAgo] L ANR2RH =YY EH FEHETE Bt

AZ GEFSN BaAYe] GRUALATY BEXE GvlYEy ¥t &4
% 69 Asdc AZWGZFE <1~205%10° cell/ge] WS ERAHeR
N FeAAZFL uimEd titre 10°9) Aolg UL, FEUWHEZFE
<1~21x10° #&o]9, 25 M NaCl g§FuRdA A3 1=UdTFe 35
HNZE g n8e YR G 2X10° cellgFEL2 AEHAUTY. E 3994 B
£ viojzte] AN ESY QYF WAFEES FFd u & Xo]& YEHIN
o We (AE ¢43) L EvtE (3¢ &9 WA 2~41X10° cell/g9)
ZE3dTo] BX}GT. EYARY FAEDN FERET T FuBA
B SAS Package BAEA Z2aYq ue EAMagden 1 ARE X 7H
8ol UEhAALE EC € FAAN F3des JBAHS AT & Ao, @
E 33 PO0SFEY FodUe FHuAst AU

Table 7. Distribution of halotolerant organisms in green house soils.
I=FRNAY ESolYES] 22

Bacteria Salt(NaCl) Tolerant Bacteria
Ay Fungi

neF FoF  WAF 0.5M 15M 25M
BE H4F A - 1x10 - 8x10° >1x10°  >1x10° 3x10°

44 .- - - 2x100  <1x10° = -
27 - 05x%10 - 5x10° <1x10° <1x10° 2x1C°
o A 2x10° 1x100  7xX10°  44x10° 6X10°  3X10° 4x10°

3x - - - X100 2x1¢° 1x10° -
H#E 08x10> 5x107 3x10°  13%10° 3x10° 21x10° 2x10°
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Agdl 71ed ANR2 ¥ dFUNAETE £F EUstR2Y 25M NaCl #
f HHuiAA HmH YKo YITF HSI-1TFE ALsAd. ALFF
HS1-1€& Gram $4722A Yud, gy L I3 42L& FEE 23
Bergy’s Manual of Determinative Bacteriologyll 13t Halomonas% TF
2 FA3SHAS

22. Q3% AdY B4R 3

2L AT ANREZ FE A4y AFE sty 939 pH 7.69
P-1 &auzlo] HAAF2 J4F AR$d 01 mLE =23 30TAN
293 wiFEEA YEd 22Ug 134 Agstm, oA PO E #HE P-l
gHuA g} AR E o] §31] AQuHH ol ¢4 8/ TFE 232 Y
Ak o5 Hel FF9 QN=H%o w3 FpoS g H{E P-1 T
A A} wigFoMolN d& A#E 27 Fig. 59 69 Yel iU Fig. 5&
Agtg o8 FFES POSE Hadte P-1 EANAGAN W F EAE
A (?p)o) F4 AEE X-ray BEo2 FFAAH A2 autoradiography
éﬂ’ri’ﬂ, AE3 QuHHBol F& FTFE AREJ o Fig. 69dAE

05 & 4@ P-1 NN AL 8@F ol hs] AAMA A wFst
o 4&3 F5d FrU4se #AAE JdehdAxn, 8FFFT WAZFTY cell
massol ¥]3te Q4te] FE o] ¥& 27 &F PO8 ¥ PUE A
<29 1% 2@F=>

HF Mgy Q453 AT PO8®H P4 ZF9 #AF 5AHE FAEHA
Bergey’s Manual of Systematic Bacteriologymg} Manual for the Identifica-
tion of Medical Bacteria’ol wie} ®F3tch. ¥ &5 PO8st Pl4e] Fej3,
vjeksts 9 Aeldd 84 Table 2 St 3, Fig. 791 Jebd vis}h #gton,
o2& METFA AWAHE methylesterd3}dtd FAMEE GCZ #43lth <%
£ Fig. 83} Table 43%=>
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Fig. 4. Selection of phosphate accumulating bacteria by autoradiography.

Autoradiograms using P-1 agar plates containing #pQ, which appropriate
dilutions of soil samples were plated by toothpicks.
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Fig. 5. Efficiency of phosphate uptake by the isolates.

Bacteria were grown on P-1 with () or without (4) 0.02% yeast extract
in shake flasks, and maximum values of inorganic phosphate consumped
were plotted against cell mass concentration.
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Table 8. Morphological characteristics of the isolates: PO8 and PI4.

Characteristics PO8 Pl4
Colonies*
Size (mm) in diameter 1~2 1~2
Color White White
Shape Circular Circular
Opacity Opaque Translucent
Elevation Raised Raised
Surface Glistening Glistening
Edge Entire Entire
Cells*
. 0.4~0.6 04~0.6
Size (s#m) x10~15 X 15~20
Shape R/S R
Gram staining - -
Motility -

*The culture was grown on nutrient agar plate (pH 6.8) for 24 hrs at 30C.
+. Positive, ~: Negative, R Rod, S: spherical.

PO8E H¥A Y gram S4ol ¥4 gle AFLE A7 04~06X¥10
~15 gmelth PU4E gram S49 Foln A7 04~06X15~20 #m
olm flagella® 722 ANLH, Ao FF& VeEbch Nutrient
agar]A] PO8E €39 F2Y=2M PFAHol Astn YojUen, Pl48 3¢
= d¥oln FAo] o3t H& wirde] & dUct o] AE FH
8t Bergey's Manualol| o2} A% A3} #F PO8L Acinetobacter lwoff,
P4 Chromobacterium lividum® 2dZ52 FAHAGD.
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Table 9. Physiological and culture characteristics of the isolates.

Chatacteristics PO8 PI4
Growth in air + +
Growth anaerobically - +
Catalase + +
Oxidase - +
Carbohydrates[O/F/-] - )
Growth at 22T + ND
Growth at 42C + -~
Growth on nutrient agar + ND
Growth on MacConkey agar + d
Growth on KCN ND -

Carbohydrates [in peptone
medial, acid from:

glucose = +
lactose - .
maltose - ND
sucrose ND -
xylose = -
Aesculin hydrolysis ND +
Nitrate reduced = +
Citrate as carbon source d +
Indole ND -
Gelatin liquefaction - +
Urease - -
Phenylalanine - ND

+ Positive, —: Negative, d: 11~83% of strains are positive, F: Fermentative,
O: Oxidative, ND: Not determined.
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n:-ze,eku 13544 00081-01 KRI-O‘%Z

Fig. 6. Scanning electron microscopic photograms of the isolates: PO8 <A>
and PI4 <B> which grown on nutrient agar plate for 24 hours.
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A3 AASH T o AAFF R AR

3.1 FAA Y A9 EFF

Acinetobacter lwoff PO8® Chromobacterium lividum Pl4 ¥ F& jar fer-
mentoroll A P-1¥j=| & AL-g38la] 48AI1ZF wjFstAA AR T}e] ©tE FA 9
A%, B9 &g R QA FF & WE AL a2 ZAAE Fig. 8
of Yehuidct.

A lwofi PO8L % 12A13 ) ¥X¥H IFEEE {3t 4AT Fo A
7l =@3Aon A4ty FFEE ol uHHoR Frst 24A ol F
93%24 Hn FEL Uehd d8 WG BAT7R & ¥EE KolA gt
R glucose® WYE7|FEH A&H oz ZAste 36~48A100 N &3
2¥E At C lividum P49 7 %€ PORRT A{&4xrt ta £3 FAF
= ggton ojg bR A4t F4E AAH 3643 ol 8% F
9 FFEE YehU) Glucoses 24213F Foll A9 AwEo Q3|8 PO8
B 4vjgo] & FFE B4 ole® A lwoffi PO8H C. lividum P49
Are] F4%4E Shoda 5'90) Ba§ Arthrobacter globiprmisst v] ms}e]
B AL FASHY A globiprmise] HAEFEFEL F 8T%EA C
lividum PI49] 85%¢t vl & AolAx A lwoff PO8Y 93%7t A =&
FELIE & F AU

32. A XU QlAte] B XY

AAuFFol AXWR Qito] FFH Poly-P 84 & volutin granule
% metachromatic granuleg ¥A3=A &3t A, A lwoffi POSTF&
P-13 =] A wjFstA AZbd2 ARE 38 Laybourn'e] g4yies
ARE A7, 12/ WFE Bt 244309 B¢ IE AkE BYl2A AXE
d Qite] FFAEZA AL #A¥ F AUL. <F& Fig. 9>
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Fig. 8. Time courses of phosphate uptake by the strains Acinetobacter
lwofi POB and Chromobacterium lividum Pl4. The organisms were grown
in P-1 media at 30C, employing a jar fermentor of KF5L and the residual
concentrations of glucose and phosphate were analyzed.
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NEE 2834 Poly-PL #213}7] 9139 ZpO & w#3te P-19Au)
Aol A 2412 W e FAE 358k Shoda 579 WHL =2 Fig. 3¢ et
AELY S A on, 4714 dojR 1 (A #El8lg <14}, nucleotide %
A% Poly-P), I (B: 9A13), I (C: ZEAS Poly-Pst ¥4h), V (D:
gd F&E), V £y (B g4dez MEYEFTY Y FHAA3D
T LA Poly-PUHg 8% A)E& 24z Whatman 3MM Chr A9
3 ul¥ AHAIA X-ray WE AlFch 2 238 Fig. 10 <¥ 5> Yeh
KXt A lwoffi PO8%t C lividum Pl4 25 Alxdel <dxFelv} DNAS
RNAT Y &#4ito] o] 88 Roldo] AU oo AL FH3n AN
o},

33 WjgFzd
1) 2% 9 pH

AMFF HEL o7 98 HH 228 AEY ZAAE Fig. 11049 2
o] A lwoffi PO83} C lividum Pl4 2% 30~35TColA 4§ R QaA%He &
&o] ®gton, 30T ot 35Tl oz &H&o] Wgtrh olojM wjA|e] %7
pHE 6~89 W2 A5t A A3} Fig. 120149} o] PO8 7%l
= pH 759A, Pl4E= pH 7044 A& R AAFFY H & FUH 1942
ol 45 % AUEFE ¥ AH2= 2L pHE PO8Y 7% 30T, pH 7.5, P14
o] 7% 30T, pH 7.001%it}.

2) &4

P-1 718X 8] JEFNA glucosed 2L F= F 02% (wv)d] & &
Aoz AR UM vjgsty dYE I <¥-& Table 11>, A lwoff
PO82- glycerol® 583, 6@2%F HIZH WL PN Aol Fgon A
Fr R8E 433U glucose?t YAl 71 F& EA8E By FUoy, W
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Al maltose, lactose, galactose FolAE AXsAc}. C lividum P49 7%
I & glycerole]l glucose Bt} t] F& A&E Vel on a0 ALLd o
1o FelXs H-go] Bk

3) 244

Z18MA 285 NHCIE o2 §7F9 Aa422 01% (why) dAste
AFFd vAe 58 2AY 23, F 2F 25 dRdoty ¥ a4
Aol A5 L AUAFF F& P R Fou, wde P R
Aol o] 8-HA] XA AUFF ALE AZIHHUT <¥FF Table 12>

4) F7lo] &

P-1 712ujld] ©f o]@9 F710]9 Frle oA &skrh. <F& Table
13>

5) otv| x4t

4% A94Eel AE oW QAFF T&o vAE ofvlxAte] JIFL =4}
371 3 P-1MjARAgF NaHPO, & UAte2HA 200 ppm (o= 133
ppm)2E F A3}, glucose?t 95% °l3 AMIEUE o) S wlYF 362133
AR EH ZF ojv|xeitE FTFHLE 100 ppmol HEE Y/HE oL, o2

&0z A4 AReiFAA Al A3 (6, 12, 18, 244170 e 1At
FF A4S =AY <RE Fig. 13>. A lwoff PO8Y arginine, methio-
nine, lysine 59 A7}l oful it H7psA] &L g2 F o] vste] QAF
T &) F4HAN, asparagine, glutamine, cystein $& A} E Holx| ¢
tot. @@l C lividum Pl49] 7 $-& phenylalanine® #|9¥ asparagine,
tyrosine, glutamine, methionine, alanine, arginine R lysine % A7} 2

9 ofm|icite] thxFo] uld AUFF A F& IFE HAFUL
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Fig. 11. Effect of temperature on growth and phosphate uptake by Aci

netobacter lwoff PO8 <A> and Chromobaterium lividum P14 <B>.

NEEXN: ALK S



16 160
A

— 140
1.4 - €
3 &
8 - 120 &
[a) o
o c
~ 1.2 4 Q
a - 100 %
: g
= o &
- ]
8 10 £
(73
[+
=
C%) - 60 &
8 ¢

- 40

6 . : 20

6 # 8
1.4 160
B

1.3 4 — 140
E
=3 &
g 12 - 120
g g
= @
g 1.1 - - 100 ¥
£ s
= g
® 1.0 -8 &
v g
[}
2
<# 9 - - 60 ‘T
®

8 - - 40

7 . . 20

pH

Fig. 12. Effect of initial pH of medium on phosphate uptake by Acineto
bacter lwoffi PO8 <A> and Chromobaterium lividum PI4 <B>.
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Fig. 14. batect of subsequent addition of glucose and acetate on release of

phosphate during cultivation of Acinetobacter lwoff PO8 <A> and Chromo-
bacterium lividum P4 <B>.

} ¢ Addition of glucose and acetate (as sodium acetate).
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D & 49 £

B4ge AXUYE &5 9 dudoz A AARFES Yo e
ojuf ZHg QAL ALg3tA Hv MO Alg" QA & ADP, Pi $& ®ulH
AY oAl Qaate 2 P 52 g4ste Ao el A0 8 4y
Me FF9 Y] FA)6 2o A& FH} e AHCAA @
4 oA 2o F5o AR Qite] Axyoz BuEE=xE #F
317] Yste, Bl 24A7rFol glucose®t acetate® H7 & Fo 2 AFE
Fig. 14°] YeEMRAcl PO8Y 74 acetate® H7H3F F Aibo] tha RHIHAU
o1} glucose F7HAolE 28 A @ttt P49 73 $-ol& acetatest glucose 2
F QAR E L33 acetate 60 ppmell A FREE AAGE B

2) YAFH BLY ¥

HAEY giat&2He 8% 9% <Scheme 1¥ZE>& s+ A4 polyphos-
phate kinase (PPK)& ZA 37 918 T'Seyen$™9¢) uhdi3} Harold 529 %
Yoz &Ae §4& st

A2 T'Seyen T2 Wel wat 2EL N WSEHREE 0T 2FF0
A 3083 wgANE 2 uLE s Whatman 3MM ChrAle] FHAH3tz
Ebel®e) A7&rlz 4413 5 ¢k 15 cm AMNS F AR5 X-ray g2
2 Z3AZ . Fig. 1501 2922 Jehdule} 2ol Regho]l W& F-99 %
Bdo2 Bel A lwofi PO8H C lividum PI4¢] PPKol olste] c}afe]
Poly-P Al&ol A4ENSS ¥ 4+ AUt T'Seyen VL 5% TCAE
dg ANLeZ AT F$ ALAFY JA3E F Pi, pyrophosphate
(PPi), ATP, ADP, AMP %¢| 15%uj¢] Poly-P&} #&slo] ALvie 45
Ae wg ol Fdte Wdd 2 BEAFe UAES olFEA @I Rr Ftol W
& B3ld oiBictn stk E# Griffin $7¢) ©8d Ebel®e] 4uiz B
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Scheme 1. Polyphosphate cycle and its genetic control in bacteria.

MAA AHLPFL2 28 R 059 o2& WM 2 units (PP) °]49] o
¥ 2719 Poly-PE #dtgled, R #ol 0139 o Ab&el7t 230 units
22 335z FF ¥49 WAL Holx 500 units 2719 Poly-Pol
o, o] (NaPQs),2 AA3te] e BA3 5000000 4-83he Rejztz Ba
o} ot

& Harold $° ¢ wie) wg} [7-"PIATP 713 & ¥fdte NEERE
& 37ColM A|ZHdz gA7 F 2 200 L& Ar83te] PPKe #40l 9
8l 4A4€ Poly-P9] 4338 LSCZ &Asden, 2 HH}E Fig. 169 “&
Wik 2YelA BE vigtgto] PPKE HHg-ZE7|d) oz Agittrl 0%
% Az @38l PO8E 144 CPM/mg protein, PI4+= 86.4 CPM/mg protein®|
g0 ojl2on olF HFP FAHe] Rolxt AL ¥ F AU ol
885te] Wl 2 LB Whatman No. 291 H A%t X-ray UEL2 FHA
A 1 Z3E Fig. 1691 4 vehiilen xie BHEG HP9 HFET}
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dAFE & F AW

ol2A] §ist e oA 308e] HAF WEAL oA, ol FEF
PPKel osted & £419] Poly-P Al&el 448 € #$A¥ & AN, PPK
o BAE 42 A lwoff PO8Y Aol C lvidum Pl4RTH A A ES
<Fig. 17 &&>

3) AEA AL AA

A lwoff PO8E P-18ix|o] X 24417t w3t <L v 300 mL& Fig.
2048} e WYoez ZEAYE AR o2REH HFI ¢4EF IA,
Sephadex G-100 & o3}, DEAE-Sepharose o|€R¥ARvEIHYE AA
PPKE ¥-¥ AAsAch

B8y A 2EAY 50 mL (protein: 205 mg)2ZFE 20~90% X
gzo HAdEE FHEL 4ok )8 20 mM Tris-HCl €38 (pH
76)22 &3t £A8n 5 mL2 ¥&8e A AFH Mgz A
44 BAM PPKY BAE 707% A%shc Aavt AFHAL ¥R
7 2EAQ vStE 1.28 F7HEH L

Sephadex G-1002 ol3}: FAdryF JAFAHA d& Al® (Protein
11.8 mg, PPK: 71,080 cpm)& Sephadex G-100 Z#Heol FU3stx 20 mM
Tris-HCl 9249 (pH 76)22 £33t <¥ & Fig. 17>. B gz 507
66¢ AMog de A: FHL 2749 v REE A F UL, & FE
o] BEWME 57~62 Atolol A FUE PPKY 434%°) 433te B8l &
AR enz, o] $YL g ARZ AMgagen o H#YEE =H
Aol wdte] 144 F7Hg Aol

DEAE-Sepharose ol&mftazrtE 229 Sephadex G-100 & 3347
oA @& ¥%9 5 mL (protein: 64 mg, PPK: 49800 cpm)& DEAE-
Sepharose 2ol mgtRle] 2711, NaCl F= FHli 22 §&3HU-
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Table 14. Summary of purification steps PPK from Acinetobacter lwoff

PO8.
Puification ~ Vol 1ol Total - Specific gy Purification
step (mL) protein activity activity (%) actor
(mg) (cpm)  (cpm/mg) (-fold)

Cell lysate 50 205 114,600 5590 100 1
(NH4)2S04

precipitation 8 118 71,080 6024 70.7 1.2
(20~90%)

Sephadex

G-100 5 84 49,800 7781 434 14
(No. 57~62)

DEAE-

Sepharose 5 22 27,900 12682 24.3 2.3
(No. 33~38)

<¥ % Fig. 18> 2yolA ¢ go| dde] £& FHAL FJAUX 1), 35, 489
3 R0 1 F BYUE HAAM £ PPK 4o A3t Aoz §d
HAh metA 33~38Akoje] £ Y& F3IALH, o] HAAA HH FF
M2 %ol 243%¢l #lDsE PPK7L 34d ALz AAHNeH HBEE
vlokeo] u|3le] 2.3u) F7= QU

ol39] A& F¥slo Table 140] AE3tH o, ¢=& A7 A3y
RAYEE SDS-PAGEZ AFE A5 £33 60 kDaol o2& ©dd v
J Y=g AU <Fig. 19 2> @M Ahn 59 dFNM E colis] B4
PPK%: tetramero] i, #23¢] 69 kDaolgitk ¥Hiut Uck
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Fig. 15. Autoradiogram of reaction products of the polyphosphate kinases
from Acinetobater lwoffi PO8 <A> and Chromobacterium lividum Pl4 <B>.
Reaction samples were chromatographed on Whatman 3MM paper, employ-
ing the solvent system of Ebel'”. The paper was covered with X-ray film
and incubated for overnight, then the film was developed.
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A. lwoffi PO8

C. lividum PI4
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140 -
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v 40 -
e —@— A. Iwoffi PO8

20 -O-— C. lividum PI4
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Fig. 16. Optimization of reaction time for determination of polyphosphate
kinase by the radioisotopic method of Harold.
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2 shmBa g

Fig. 19. SDS-PAGE of the partially purified PPK from Acinetobacter lwoff
PO8.
Lane 1. Protein marker

2. Crude enzyme

3. Pooled fraction from gel filtration

4. Fractions 11~14 from DEAE-Sepharose chromatography

5. Fractions 45~50 from DEAE-Sepharose chromatography

6. Fractions 30~39 from DEAE-Sepharose chromatography
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44 A% FAAY 54

FAELA TE(FYAR 3FXY), g TULAA 2F, AAR £HA &
134 & oz Foled Sol29 FAHE FAsa o€ A A7), @
$ FA R R dig BAHE EAE vn GrigezA A4rbed &
AM2ZA zeolite( I )& QAEUjA|o}At 5.5 A peat, 22]%714} Lignocell, 18]
I gxuZY vermiculiteg =3 o|2¢| w} o]&¥F UFE FHIAU

ZZ &3 FAAE AHEstY ol2FAYE B4 vadged 1 ARE
Fig. 20~23°] oled2 EX3d AYEFALE Astn v|xB2A Table
158 FA3sct

A4 zeolite( 1) Ao 2E A9 & BE o]0 Wil oj:=A=
e FFHYE el AAY 2FALT S-Sz JMEAHE
zeolite(I1) } zeolite(lN+w= ol 2o i F2Y L 11.4~305 meq/100 g2 =2
A 258 Ry g0l F&4F| 016~0.87 meq/100 g2 FUL E ol E
& nHEolnE FHAWgA A8l .

Table 159141 HiEnpst ol ¢IxuAlo}at 5453 peat: zeolite( I)3} H]
% FIAY3e JeEARN, Lignocelld vermiculite®] %ol F2H&(Fe”
11.2~11.3; K" 4~46 meq/100 g), 28|32 87} e] A4E2¥ (3.7 meg/100
g)e FEEE dgolden, o|59 FF/HEL 45~90U/ Litre2 XALS 9| &
A& Ar2A FAH At wod

8 o)E9 YA R BAH ¥4 AIE Fig 24~26 R 279 e
229 Table 160] F+8 A& AUt FT A 7|17 FE5 5, @
953 £ Fo g FRHo] ZFE ol 2FFHYo| Frisle Bl U
Ao, TIEE JFo] FReE WZE Zeolite( 1)l A4 YA 2712
2y ¢ v EWHIG BET EAHII0] AT Aol§ Uel g2 peat R
gxjul ol vzt FFE&0] &L FFAU
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Table 15. Characteristics of the absorbents tested.

Absorbents Remarks (properties/supplier)

Lignocell Coir fibre pith (palm peat) from Sri Lanka; C/N(80:1); Air-
(Coconut peat) filled porocity, 10~12; Pore space, 94~96; Particle size*,
289.42+170.141m; <EAlKorea Inc.>

Rice hull BELANT0CT/IY %), «68353120857um <ZFFLAPEZHL>
Rice bran Defatted and imported; *179.82+123.04/m; <&EAFAHF)>

Peat Lake sedimentation from Indonesia; *40.34+37.66/m; <& = ujt}
2Esetn FELDF>

Green carbon  Active carbon black; *124.27%+124.86:m; <(F)F AN o) &>
2%8)
Perlite FE(HE), »6584163.61m; <4t&AHd>

Vermiculite EYNFA Silvergreen"SLS”; *81.93+46.35:m; <] 44>
Zeolite( I ) FE(LE); »2046+23.08um; <A 8EHF)>
Zeolite(II) M A8 Zeolite”" A"(4A); *2.85+2.31um; <73 22 (F)>
Zeolite(I) 4 F AL Greenlite’AK-PQ"; *3.20+3.18m; <N AR (F)>

Tobermolite ~ A %71XZ2E ALC (Calcium-Silicate=8}8) E48; +67.33
+11928m; <tz YATIseta ey 2>

*Particle sizes were analyzed by Fritsch Particle Sizer Analysette 22.
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Table 16. Maximal absorption rates* of various absorbents for some anions
and cations.

Absorption rate (meq/100 g)

Absorbents =
Fe?' K' NO; -N PO -P

Lignocell 11.18 2.16 0.24 0.2
Peat 9.46 399 0.12 6.01
Green carbon 946 1.16 0.19 157
Rice hull 2.92 1.70 0.79 0.51
Rice bran 3.49 0.90 372 0.84
Perlite 548 2.40 0.09 0.26
Vermiculite 11.28 4.60 0.21 043
Zeolite (1) 8.38 345 0.17 6.89
Zeolite (1I) 30.52< 13.66< 0.18 0.62
Zeolite () 24.40< 11.41< 0.16 0.87

* One gram of the absorbents was mixed with 10 mL of each solution in
15-mL plug seal cap tube and reacted at room temperature on a rotary
shaker for 8 hours, then the suspensions were passed through the
membrane filters with pore size of 0.45x#m and the residual concentration
of the ions were analyzed according to the methods of ion chromato-
graphy and/or atomic adsorption spectroscopy as described in the Text.

919 AgeM B zeolite(l) ¢ (M) Fol2o] g FHHL woy
QAo datie HHAARI} Bz F& AH(E Roln Ytk EE
YL $3ld =EF BdgEolu A5AY HA7|s} & A8 T
& Fite] gnne R Ex Fiol 9% dFAH AFAAE Fot EF
ol ol g VA9 UL FIUFe 2N B MAAY gFIH ALt
gAsted oY A2 23 A4 FHAIY)0129 EASA GBH
o] 2U3gECl catechol#e] HEAMH e HEHHT YHE #UAARF TLC

_65_

NSEH: NSTHUK SSEAREA HHES S SHM-0IMSSSH N ASHALIN/ 53



Table 17. Particle sizes and surface areas of the absorbents.

Particle size* Surface area** (m%/g)
Absorbents ™ fedian () Spec. SWIaC®  BET Langmuir Soor

Lignocell 28952+170.14 0.100 = - =

Peat 40.34+36.77 0.723 4824 6848 4.456
Green carbon  124.27+124.86 0.152 = = =
Rice hull 683.53+208.57 0.058 - - =-

Rice bran 179.82%123.04 0.286 0739 1117 0.630
Perlite 55.84+53.61 0.318 -~ - -
Tobomolite 67.33+119.28 0.529 = = -
Vermiculite 81.931+46.35 0.230 - - -

Zeolite (1) 29.46+23.08 0.771 73939 83735 71.164
Zeolite (1) 2.85%231 2.980 - = -
Zeorite (1) 3.20+3.18 3379 - - -

* Particle sizes of the absorbent materials were analyzed by Fritsch
Particle Sizer Analysette 22.

** BET surface areas were analyzed and determined by the ASAP 2400
system of Micromeritics.

A7 (ethylacetate) ZA A catechol (Rf=0.70)0] E=HUTDGE AILE HH
catechol®] 9&& t}g schemedt Zo] 7IASING. TeF, X-ray ¥49 34
o258 A4-Al A3gEo] FAHH cAMPS Co(l) Zstgreste] 3
o4 A ©vlFFel el 8 WM E Scheme 29 & g w7hY
32 7M13Y £ ALEBE, o|FHE YiH T4 AFELY W¥EE FIAT)
AR #3434 F A9 # Ak 222 FEAFoM BEAY <
A-24 AAYE 44 E =23 JYdes 43P oE2A IR o
@& gae AZA7 939 EXAEE 98 FFA = hydroxyl groupg 7}
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AE 754 FZE FA ¥ Aoz WolAy <FF Fig. 26~29>.

Phosphoric acid _ \
Al(OH2)3 ~
( ) Catechol / /
A 0 HO

M+/M++

/“ Catechol T——= Catechol-M*/M**

Q o o O
\\P/ \AI_ o Water O: \IPI /o\m—cJHZ
o N AN

(Insoluble salt)

Scheme 2. Hypothesis of catalytic cycle for the reaction between phosphoric
acid and aluminum hydroxide under catechol.
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Fig. 20. Absorption patterns of potassium ions by various absorbents.
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Fig. 21. Absorption patterns of ferric ions by various absorbents.
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Fig. 24-1. Particle size distributions of the selected absorbents.
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Fig. 24-2. Particle size distributions of the selected absorbents.

The particle sizes were analysed by Fritsch Particle Svizer Analysette 22
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Fig. 24-3. Particle size distributions of the selected absorbents.

The particle sizes were analysed by Fritsch Particle Sizer Analysette 22
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Fig. 25. BET surface area reports for the selected absorbents.
The surface areas were determined by the ASAP 2400 system of Micro

meritics).
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54. W&o dJuFH

Acinetobacter lwoff PO83} Chromobacterium lividum PI4, 1@l3 Halo-
monas sp. HS1-1, Alcaligenes sp. DS5 5& W3 shake flaskell A1 & 2] uj =] }
HEzAL FEH g <F9 33% F=x>, 239 jar fermentor (F3LE7
MK-25 2 KF-5L)2 parameter@& 73l oiFu]dg & 71xdolelg& €&
Ren, FaAete E¢E AT AMuFE Wi YA

A3 HS1-12 nutrient broth (half strength)oll A 36A13F ¥ SF Ho)A
#FF ~10° cells/mL #%¢] @Yz, #F PO143} PO8E P-1¥ixldA Z
Z 4NFE ~10°, 3BARFE ~109 =gt A7 5T wFY e
Z& vjR| (5-fold dilution)2 343}l A3} AHel AREFAUTE

Table 18. Viable titres of the culture broths for preparation of the mixtures.

Strain No Genus/species Remarks

. Phosphate accumulation;
PO8  Acinetobacter woff g6 10cells/mL 24-hr (P-1 medium)

Pl4 Chromobacterium Phosphate accumulation;
lividum 82 % 10%cells/mL 24-hr (P-1 medium)
. Denitrification;
D35 Alcaligenes sp. 1.1% 10%cells/mL 48-hr (mediums*)
_ Salt tolerance;
HS1-1  Halomonas sp. 20% 10°cells/mL 36-hr (medium#*)

* The medium described by Mycielski and Gucwa (1977).
++ Half-strength nutrient broth containing 1.5 M NaCl
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52. H& A9 A8

Aol YFuFEe vz AFE FAAS P 1-mm’ B (sieve
screen)& EFAFIHEAM Egje] (33x52X8 EE 16 cm)o] Wol BT #L
Aol A 34t $AAZ T Fig. 300) vebd uls} o] o Efules A
gstgod FRARSNA 71F FAYo] Y5 zeolite( 1) £EL3} BARE
EFAAL. £ A YT-FAA ETPEY FEUFE 20~60%7F HES
2R Gon SAFEY FEUFL 20% oldt2 &89 zipper bagel 12
t 28222 (#2AAEY M-TEG IFEIA7NE g, A& FE 4TeA
BESAA Ayl ALG3tA.

FAAR diF AAFE H7IFE Lignocell 60%(w/w), B ul7 30%,
zeolite( 1) 2096012, €47 RAF AZFY #AF A3t vl Azre
pHE 6oz 2AY "Yart ANen CaCOs® 28 %F& Lignocell 1.2~
1.4%, 2A 0|7 2%, zeolite( 1) 3% FF1A

Halomonas sp. HS1-13+ Chromobacterium lividum POl48] SZF<
zeolite( 1)9} EEstd HAA7IE S ARBFY FAgel &4 &%ed
zeolite( 1)o] 10% Lignocell (coconut palm peat)& E&% Aol TH F

Ao| FE o] HSI-1FFE 36X 7ol o], POI4#F & 240| ol <3x10'9) *

i

Table 19 Addition of water and calcium carbonate for the selected ab-
sorbents.

Amount of CaCOs

Amount of water to adjust pH 6<

Absorbents

(%, w/w) %, /)
Lignocell _
(Coconut peat) 60 1.2~14
Rice bran 30 2
Zeolite (1) 20 3
- 77 -
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Starter (Shake Flasks)

Bulk Cuitivation of Viable Cell Mass (Fermentor)

Mixing with Sterilized Absorbents
(Defatted rice bran, Lignocell, Zeolite, etc)
@: Zeolite( 1) 100%
@: Zeolite( 1) + 5% Lignocell
<EFU E>Q: Zeolite( I ) + 10% Lignocell
@: Zeolite( 1) + 5% Rice bran
®: Zeolite( 1) + 10% Rice bran
®: Zeolite( I ) + 5% Rice bran + 5% Lignocell

Passing through 16-mesh Screen
and Piling on Tray

Cultivation and Aging

Packing in Zipper Bag (or in vacuo)

Fig. 30. Procedures for mixing and aging of the absorbent mixtures
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ABFFF 1~2x10° F$F3o2 453t @B Acinetobacter lwoffi PO8 &
F& zeolite @82 3% Lignocell 89 7ol dito]7t AR 7243
olFol& 5x10°¢2 o2 A7t AU

Ao Wy AFFUE niste JFJ= (lyophilization) & 384
FE ARy PFEAZY Futsle A|EY Fug FAHo] FUiHE HE F
Qi BAYPAM HAEH TG A8 e] HAE A2z Badr

53. B9 BEA

AFEAA G v|YE ZA BiAe $4710F0 FEGF] Fa3jnE
S 20%0°| 32 &3t 292 zipper bagol XA3lo <Fig. 31> 423 4
TAAN BusaM a5 W3tg A 23 0UF A2 AF 2, 4T
dMe g 1013t A &S Jehdh 3T Ffode JRIHZA
vgte] A 2ojM 9 #Hagol AM AF 3& YehHAY <Fig. 32>. o2 L
Aze Y79 BEo] vny F3F Aojgtn B4 Yon o|FA BEHE
Eola 479 AR} E =R Hstds Aol 7|& ¢ viebge] v
FAA Y pHE A Y Wart AN,
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Fig. 31. Packages of the absorbent-microbe mixtures.
The preparations were packed in PE bags in vacuo.
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Phosphate—uptake bacteria
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Fig..32 Changes in viable counts during storage of the absorbent—microbe
mixtures. The preparations were packed in PE bags under atmospheric
pressure or in vacuo, then stored at 4C and 25C.
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AGA FAAY A2AAY 2 HEAY

6.1. ZE4A4

Zyold gwxoz Auisle offe 42 HcFES FA WEEF
g AFeo YolAYE & U8, BPAE HE A8 SN BF
e gz vz 33d 23, A AYTIA goty 271479 Ao] E
£ 44 Yol #AHA &sich <Fig. 33 R 34 FE>.

O 33(Capsicum annuum L) 3B(F%), $5405 ), AADLF(AME)

O EvulE(Lycopersicum esculentum MilL): <@¥> A 3101, =%,
<wre> mm, H, AAE, UNE

O 20)(Cucumis sativus L.): <3> ERAF(ME), AAF R FANy(F
%) <BES YA (FF) <E> 249(FF>, Bul(7dF)

2=-¥H(Citrus vulgaris Shrad.): AEE25NF %), FR(E ), eI HAE)

O 9 (Cucumis melo L): =A%), EMN(FF), FH(HE)

O &8 Cucurbita moschata Duch.): 4 EHFF/HE), EFANETD)

O u)%(Brassica pekinensis Rupr.): Z3XHE(FYF)

O A (Lactuca sativa L.): B 7HES)

62. EFelAM e Q4] FF

AF 9§ EgoMe QAAA A& ZAME7] 8t A lwofi PO8}
C lividum P48 AZF% E< (Top and sub soiDol AZF3 AdlA 75
2ol WARAYL SYPAAN EFSE fF3 Q4 Hae Qe ARE 54
3ok

500-mL ZA o] 300 gol ABE JREY (FANEFY EAHL o
Table 208} Z&; Fig. 359] F&¥3} FHe2¥H 0, 50, 75~80, 100%+F4
¥5: 0, 125, 187, 250 cmol/L2 Q4L $HEZ AANHE )& FHdx o
7ol Bl ABAA(A lwofi PO8T C lividum Pldol E% g3 ~10°7° cells
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Fo] HEF)et B& 713te 25ToA wjgstaA AE2 45U 94
EAAE 1Y o) EGFY HF FEYFL 271" F mass water content
(FR/EGTA) 24 25% 2 X34 48%2 2R, wigribdz o
A6 gx338=15 g)d EFANRE HAsxn 4 fE 2 Fau QNE AF
st N¥EANE A lwoffi PO8Y A& Fig. 369, C lividum Pl49] A&
Fig. 3701 Jeliiien], 22} Y749 d3t g g7 FisAct.

Fig. 36914 Benis} 2ol A lwoff PO8Y Z¢ EFW A=A ¥x
ZEse 7o A4 = uY 7] 397 5~25 ppm TE WHAA o
A 718& By 71e] VAN Fia Fastd 104 olFde HA &
of ol2e AY”|LHF 5 ppm o2 FAHUL Fig. 379 C lividum Pl49]
AT v W3lE Aoy fUQAY F4aEL P08 A¢ Eu
GtEste 4% Yehdd.

fFEQAY WH3E B ulg 27 14U3F 40~100 cmol/L A E 02 AY
Foll wet oA F@sir) aFde & Wslglel =7 fFAHULH, 7
Fo 4G F 71Tel FAALE FAQAN] S48 Flste BHE U
Bk ol @ W3l ALL A lwofi POSH C. lividum Pl4e] F TFolA
vlshA wRAEAC wFxr|e Wi e EY SR o2} Zelr}t
AoIM, EFFE 25%2] Z o FEHU] dv AX A F7rstAnst 32
&38hed Wl ¥3te] Fgole olEdt F7 Aol AU

8 AFF UMM E A lwoff PO8Y C. lividum P48 F dF ZF )
¥ 4F7A) FrhsAY ta gaste B3 ¥3 $3E 1w PO8Y
AL 4FFo e HYPNE FABUL, PUE 4FFAE G0 F7ke B
€ gt gty EYF Yare 4¥7F A2 JFFE F P08Y
~10° cells, PI49] ~10° cells®) A=At

63. XE @ 342 AejAH
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1/5000a ZEo] A3 16 g © B4 60 g& Al gt AA, AAY
g Z79 AFAPL +9F A3}, A ¢ o} T AW d4e BAHA
oy FARES /42 28 AFE A9 A= (471 E shear strength
s} puncture stength)?} THAALAE A&7 (HEF)AAN Bk HAL4 S +5
FA) AgFoN BolxE Age VERRGTH <Table 21>, AS$HI} #3F Y
e MY Y wo] Jonz Bl Age] Qe AREE F
Nl Aoz HAES on, ot BiAs & F5 2¥d 71U
= AR AFALL BAAA 9 A= A AARE Jels A
oz wwgd 2y oy A AN R AARUY Afee A

Table 21. Average shear and puncture strength of leaves from the tested

plants.
Shear/puncture strength (g)*
Plants
Plot I #= Plot [T #xx*
berila leaves 1942.63%549.78 1750.35 + 309.96
183,64+ 12.40 162,30+ 23.48
P 4794.82+9822.36 4850.25+ 1824.15
ry ave ND ND
2452.88+722.4 9566.27 + 655,56
Lettuce (1) 142.17+8.23 141.66+20.19
2992.90% 1161.64 736,96+ 494,16
Lettuce (2) 165,48+ 21.12 1445242293

+ The shear stength was determined by SMS Texture Analyer TAXT?2i,
using the HDP/BS blade as probe. And the puncture strength was
determined by the same instrument employing the SMSP-5 probe.

#+ Plot I: superphosphate (Control), **+1II: superphosphate+absorbent
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Table 22. Changes of soil composition during cultivation of cucumber in a
green house amended by the absorbent-microbe mixture.

pH EC T-N OM Av. P:OsEx. cation(cmol+/kg)
(1'5) (dS/m) (g/kg) (mgkg) K Ca Mg

Treatments

EG" 64 065 080 14 485 044 38 06

Control

(n:ne) EH? 63 092 077 14 447 040 32 07
L 64 084 070 14 470 033 35 07
EG 67 061 08 15 448 079 36 06

30 k

i ti: EH 62 053 08 14 438 068 34 07
IH 66 05 077 14 417 165 29 05
EG 64 056 082 14 454 041 37 06

:Aoixﬁ EH 64 031 077 15 462 042 33 06

LH 66 029 081 14 421 031 34 0.6

* Chemical properties were investigated at different growing stage of
cucumber; Vearly growth stage (1-week), Zearly harvest stage (8-week)
and Ylate harvest stage (16-week).

A28 AL $94 e g 49X giYyernz e R FILA
apol7}l USS &4 AT <Table 21, Fig. 38 & 39> <¥& Fig. 40~44>
3 A AMAPE 319 29| (Cucumis sativus L., F5FLH)9]
A% 9 4% gz vag Az, dEFe AYTL YR Aol
Ho] BAHA YRR, £ +HFo] JAJME 450 kg/a FEL2AM #9944 3
x solg JehlA ggtch EYdE0 AoJME Table 2201 vebd vist 2
o) ECE #|9)&ta drieE xelst gigled, AgTe AAMe =/ Aol
Zome AL B4 UL °1F A2 EFY chlorophyll §3o2 um3}d
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BE Q7N B 26 ug/gddl vlste 30kg-A LTl BE 17 pg, X
kg-Al 8PN B 15 g2 HAE Aolg Yehlich oA HiAlY
Algol AN EFS HEA Y& F FEE oUAE ANEFS] EFS
ZF TANEE AN E guiste d3ea € 5 Ao
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Fig. 33. Germination and initial growth of melon, cucumber, or Chinese
cabbage, of which seeds inoculated by the culture of- Acinetobacter lwoff
PO8 or Chromobacterium lividum PI4.
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Fig. 34. Sprout-growth of melon, -cucumber, or Chinese cabbage, when the
root media inoculated by the absorbent-microbe mixture.
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Fig. 35. Adsorption isotherm of PO -P in soil

A: Top soil (0~15 cm), A": Ashed top soil, B: Sub soil (beneath the top
15 cm)
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Fig. 36. Changes in free and available phosphates in soils with saturated
<o,o,a> and 25% moisture <®,®,4>, in which the precultured cells of
Acinetobacter lwoff PO8 were inoculated and incubated at 25°C.
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Fig.” 37. Changes in free and available phosphates in soils with saturated
<o0,0,a> and 25% moisture <®,® 4> in which the precultured cells of
Chromobacterium lividum Pl4 were inoculated and incubated at 25C.
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Fig. 38. Shear strength patterns of perilla leaves from plot I1(L) and O(R).

The shear strengths were analysed by SMS texture analyser TATX2i,
employing the HDP/BS blade as probe.
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Fig. 39. Puncture strength patterns of perilla leaves from plot I(L) and II
(R). The puncture strengths were analysed by SMS texture analyser

TATX2i; employing the SMSP-5 probe.
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A4z & =

NAsLe-2 EQA deEte 4FAH 4L FAA17] Astd, €94
AA B= ML 2oz 3= FHA A5G EYU BXI}HN 9FE
5 dAstE Y E ZAE EfHozsA 4dFY FAA-UYE HFAAE
MastnA dgsigen, AxE a4std oS3 A

1 9538 ge EA43 v £XE Ao 49 FEIAF
X FH3e FFH BuAgez ¥ 19239 AH}¢L EFMEE
w3 ezl n EQUAYE & ATHS AEF, S2vYEY EXE T
ek )8 B Y EFL FEUN, AEY TER By #F) FP
FERD & EXE BYo2A NO3-N# @7 dF3AH9 F8 H4UddE
gt

2. GFUANE, QAEHE, 23T T AE0NEE B Adstn FASA
t. Ao ERAMNE2HEH n=UWYAT Halomonas sp. HS1-1, €37
Alcaligenes sp. DS58 #2393, &2 A 82 ¥¥ autoradiography'del ¢
e AAAAHFE EAF g FAYSK] vzt ALY FFEe] L
PO8 2 POl149 27) #F 8 ALt ol &L Acinetobacter lwoff,
Chromobacterium lividum2.2 B FEH 29, jar fermentorol A Q4EFFES

AYe 23 PO8S MY 19%F 93%&E FF3Act
3. 598, 9 384, AAE 2AATE W o FA4Y, YA
8 27), WA % BET B3 & 5A3o vla HrigezA 4871ed

AMZA zeolite( 1)} QAxM|A|oit 3483 peat, 28]F 74t Lignocell, 3
g1 gxu 2 vermiculite® F3o] we}l o] §8F USS WA

_95_

ANE2EM  AEMUIX SFEHEAL WS /&

IIEOII

ZHI-0] 4 BHo Y. HSHIEIN /I SEF



4. IFEAA-vAE5HAY 24 @ AANE 95t QLI o
F9< FE}D EIWY ¢ uE, EXF R WY FE A7
Acinetobacter lwoffi PO8, Chromobacterium lividum Pl4Y ©4 Q024
glucose 2 glycerol, A4 dog2s g2Yolee Aol Ften AL 30
T, {4 pHE 4z 75 % 7000tk ©]59 4% H K4 polyphosphate
kinase #4& %3tz PO8Y A& AA|3tY E£At3o] ¢ 60 kDadS 3l
o AAGEE Y437 A# Jar fermentorol A S parameter® T L,
PO8L 24A3t Hldez ~10° cells/ml, PlUE ~10° $Fd =gsgenz
43l FRAARY EF sAMNAD ARE WA 1.2~3%9 CaCO:& ¥7t
3t pHE 60122 ZA3AULY zeolite(1) L& FARRZI}Y @A E
ZA 3k

@©: Zeolite( 1) 100%

@: Zeolite( 1) + 5% Lignocell

@: Zeolite( 1) + 10% Lignocell

@: Zeolite( 1) + 5% Rice bran

®: Zeolite(1) + 10% Rice bran

®: Zeolite(1) + 5% Rice bran + 5% Lignocell

gAY 4EFFe 445 10°~10° #8222 45z FERF 0%
2 5339 adE zipper bagel EASAYU AFEASAC. AAFHIT L
0Y BHF ALdA AF 2 4TAME AF 10138 FAEE VElyo] B
Hgol Fn dATY FfoT AF 322A4 thh FolAh

5. EAle Yot R SEAYE T3t JEXRAAH S AU x, IVFH
Fol Ul EY MFANUS $USUA SANH 2 SEH AN F4
Fde AR AT frel AL 27] 39T 25 ppme] B= HWHANA ta 7]
& Byoy 71zl AUAA A A 109 olFole HA FEd o
28 4¥7|1%F 5 ppm °32 FAHUL FEALY WUBE BA WY x
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7] 1493 40~100 cmole/Le] AZF oz tFsA F@s7 2Felle & QA
Aol 27 FAHNLH, 7 Fo 4YrI2F 7I%o] A AFE FEQY
o] 24384 F748te A3 FE Yetididh

REdA AL 3E HOAH s A, A R EAL AuHAAN §
A9 AFAHE vag A, FER o4 9 J¥ZY YL BIHA
gsten AT 4 A= F ALY} AFY Fol HEA A &ToM ¥
old QAT 53] MY AHREYE F2AIE ARE debIAG. A4d3
42 HLAYPIME 22 e AUt H2F L4 AFARE U
o
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Table 10. Profiles of cellular fatty acids from the isolates.

The strain PO8 The strain PI4
Fatty acid profile % Fatty acid profile %
140 Iso 5.72 10:0 30H 2.94
14:0 3.38 12:0 2.69
150 Iso 6.34 120 20H 6.21
15:0 Anteiso 60.83 12:1 30H 371
160 1.86 14:0 0.90
160 Iso 10.05 16:1 w7¢/15 Iso 20H  31.89
16:0 6.65 16:0 3554
170 Iso 0.40 17:0 cyclo 8.08

17:0 Anteiso 4.76 181 wT7c/wot/wl2t,
w9c/wl2t/wic, 8.04

w12t/wSt/w7c
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Fig. 7. Gas chromatograms of cellular fatty acids of the isolates: PO8 <A>
and Pl4 <B>.
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Fig. 9. Staining for the volutin granules in the cells of Acinetobacter lwoff
PO8, which grown on P-1 medium for 12 hours <A> and for 24 hours
<B>.
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Fig. 10. Intracellular location of polyphosphates in Acinetobacter lwoff PO8
and Chromobacterium lividum PI4.

Fraction I: Free Pi, nucleotide, and low molecular Poly-P,

Fraction I: Lipid,

Fraction II: Nucleic acids and high molecular Poly-P,

Fraction IV: Protein,

Fraction V: High molecular Poly-P.
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Table- 11. Effect of carbon sources on growth and phosphate uptake by
Acinetobacter lwoff PO8 and Chromobacterium lividum Pl4.

A lwoff POB C. lividum P14

Carbon source Growth Relative Growth Relative
(ODgs)  uptake(96) (ODsso)  uptake(96)

Arabinose 1.26 91 101 68
Xylose 1.68 89 0.53 1
Glucose 1.39 93 1.24 8
Saccharose 1.50 90 0.10 18
Maltose 0.12 31 0.03 19
Lactose 0.01 12 001 6
Galactose 0.34 22 0.44 67
Glycerol 164 93 1.12 90
Sorbitol 1.55 88 0.88 30
Mannitol 1.63 81 0.96 83

The organisms were grown on P-1 media which glucose (0.296) substituted
by various carbon sources for 24 hr, then the uptake rates of phosphate
were determined by the molybdenum blue method.
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Table 12. Effect of nirtogen sources on phosphate uptake by Acinetobacter
lwoff PO8 and Chromobacterium lividum PI4.

. Alwoff POS C. lividum PH4
Nitrogen
source Growth Relative Growth Relative
(ODsso)  uptake(9%6) (ODgo)  uptake(96)
NH4CI 1.32 93 1.25 86
NHsNO; 1.48 95 1.28 88
(NH4)2S04 1.52 96 1.34 90
(NH2):CO 1.41 92 1.31 34
NaNO3 1.08 65 0.99 45
KNOs 1.14 73 0.81 31
NaNQO; 0.25 2 015 1

The organisms were grown on P-1 media which NH.Cl (0.196) substituted by
various sources for 24hr, then the uptake rates of phosphate were determined by
the molybdenum blue method.

Table 13. Influences of inorganic ions on phosphate uptake by Acineto-
bacter lwofi PO8 and Chromobacterium lividum PI4.

A lwoff PO8 C. lividum Pl4
Metal source Conc. Growth  Relative Growth Relative
(ppm) (ODwo) uptake(%) (ODex)  uptake(%6)
Control 131 90 121 84
(NH.)eMo70m 5 127 85 1.18 73
- 4H,0 10 1.42 92 1.01 69
5 130 88 125 79
MnS0. 10 1.06 69 113 76
5 0.82 32 071 23
ZnS04 - THO 4 077 92 041 17
CuSO0x - 5H:0 5 034 7 0.16 4
CoClz - 6Hz0 5 0.15 4 021 5

The organisms were grown in a shaking flask with basal medium containg various
metal ions (5ppm and 10ppm),

NS EXM : AIETHELX

EELEETTER
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40 -
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B —~ Phe
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180 A O Met
O
160 - . -§- Al

PO,* (ppm)

0 30 40 50 60

Culture time (hrs)

Fig. 13. Effect of addition of amino acid during cultivation on phosphate
uptake by Acinetobacter lwoff PO8 <A> and Chromobacterium lividum PI4
<B>.

I : Addition of amino acids (100ppm)
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Fig. 17. Gel filtration of PPK from Acinetobacter lwoff PO8.
Column: glass column 2X110 cm, Sephadex G-100

Elution: 20 mM Tris HCI buffer, pH 7.6

Flow rate: 20 mL/min with fraction volume of 4 mL
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Fig. 18. lon exchange chromatography of PPK: from Acinetobacter lwoff
PO8 on DEAE-Sepharose.

One mL sample of the pooled fractions from previous GF step was loaded
on a Resource™ Q column and eluted with 50 mL of starting buffer then
NaCl gradient upto 0.8 M at the flow rate of 1 mL per min with fraction
volume of 1 mL. '
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Fig. 26-1. The plot of logOD+2 vs. time (sec.) for the reaction of catechol
to phosphoric acid at pH 7.0 and 55C <Upper>.

Fig. 26-2 The plot of pseudo first order rate constant (xisec’)) at pH 7.0:
the dependence of the ki constant for the reaction of catechol with phos-n
phoric acid according to the concentration of phosphoric acid <Lower>.
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Fig. 27. 3p_-NMR spectrum of catechol-phosphoric acid <Upper> and
catechol-phosphoric acid-aluminium complex in D20 <Lower>.
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Fig. 28. X-ray diffraction spectrum of catechol-phosphoric acid <Upper>
and catechol-phosphoric acid-aluminium complex <Lower>.
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MASS SPE Data File: NO3 16-5EP-95 14:41
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MASS SPECTRUM Data File: NO2 15~-SEP-95 16:32
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Fig. 29. FAB Mass spectrum of catechol-phosphoric acid <Upper> and

catechol-phosphoric acid-aluminium complex <Lower>.
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Fig. 40. Shear strength pattems of chikory leaves from plot 1(L) and I
(R).The shear strengths were analysed by SMS texture analyser TATX2i
employing the HDP/BS blade as probe.
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Fig. 41. Shear strength patterns of lettuce (1) from plot I(L) and I (R)
The shear strengths were analysed by SMS texture analyser TATXZ2i
employing the HDP/BS blade as probe.
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Fig. 42. Shear strength patterns of lettuce (2) from plot I(L) and H(R)
The shear strengths were analysed by SMS texture analyser TATX2i
employing the HDP/BS blade as probe.

=17~

NEEH: ALK SREHEA NS 2Ist SHM-0MESSEH NL. ASHAPEIN/SER



ipaeii]

i

!IIEH'E‘

A

.....
piidiis
sedian

funn

------

Stable Micro Systems - Texture Expert

EELEE
csswed
111

stnzk

il

Stable Micro Systems - Texture Expert

Fig. 43. Puncture strength patterns of lettuce (1) from plot 1(L) and TO(R)
The puncture strengths were analysed by SMS texture analyser TATX2i

employing the SMSP-5 probe.
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