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SUMMARY

I. Title

Removal of soil nitrate from greenhouse by soil microorganisms having nitrate uptake

activity

II. Objects and Significances of the Research

Excess amounts of fertilizer had been used to increase the productivity of vegetables and
crops. Therefore, too much salts have been deposited in the soils of greenhouse and have
been negatively influenced on the crop and vegetable cultivation, known as 'salt stress'. Salt
stress has been reported national—wide. Especially, in the soils of green and glasshouses, salt
accumulation causes a serious problem because of no rainfalls for leaching the soil salts. High
concentration of soil salt deteriorates the growth and development of plant and, thus, its
quality and productivity. Recently, there were various reports on the salt problems of
vegetable culture in the greenhouse.

It is a unique phenomenon in the domestic agriculture that salt stress is due to the nitrate
accumulation. Nitrgen fertilizers have been used more than those are actually necessary for
crop and vegetable cultivations. In order to maintain high quality and productivity, the excess
nitrate should be removed from the soils of green and glasshouse. Researches to develop the
method of salt removal, physiological and biochemical analyses to elucidate the mechanism of
salt stress, and the way of cultivation to overcome environmental problems, should be
performed step by step.

The purpose of this research work is to isolate soil microorganisms and use them for
microbial remediation of soil nitrate, in order to remove excess amounts of soil nitrate from

the cultivation area.



II. Contents and Scope of the Research

1. Isolation of soil microorganisms having high capacity of nitrate uptake from the soils of
green and glasshouse.

2. Identification of soil microorganisms by the analyses of biochemical characteristics and 16S
rRNA gene sequence.

3. Determination of optimal incubation conditions for the maximal nitrate uptake activity.

4. Conditions for the best microbial effects on the lettuce cultivation.

5. Development of commercial media for large—scale cultivation of soil bacteria.

6. Production of test microbial culture product and inspection of quality change during storage
period.

7. Improve the quality of test product and make a final commercial product.

IV. Results of the Research and Suggestions for Further Application

1. Results of the Research

A. Isolation and identification of soil microorganisms

Twenty microorganisms were isolated from the soils of greenhouse. Eight of them
were able to survive in the media containing high concentration of nitrate. Three of them
showed high activities of nitrate uptake and were identified as Enterobacter amnigenus,
Bacillus arbutinivorans and unidentified ZBacillus species by analyzing biochemical
characteristics and the base sequence of 16S rRNA gene. The nitrate uptake activity of
E. amnigenus has never been reported. Therefore, various characteristics of E. amnigenus
GG0461 were investigated and optimal conditions for the nitrate uptake activity were
analyzed, such as optimal temperature, pH, and carbon source. Stationary phase of
GG0461 growth was obtained after 10 h incubation and its cell density was 4x10° cfu
ml~'. It was concluded that GG0461 has a potential for biological removal of excess soil

nitrate.



B. Nitrate Uptake Activity of GG0461

Capability of GG0461 on the nitrate uptake has been investigated under various
conditions. Nitrogen sources were helpful for the growth of GG0461, although they were
not required for it. The microbial growth was stimulated by increasing the concentration
of nitrate in the media. The maximal nitrate uptake was obtained at 5,000 ppm (50 mM)
and the rate of uptake decreased to 60% at 10,000 ppm. The growth and nitrate uptake
activity of GG0461 were maximal at 37C. Kinetics of nitrate uptake were analyzed at
various soil temperature conditions. Nitrate uptake activity was increased at alkaline
conditions of culture media and it was accompanied with the acidfication of media. These
results imply that the major factor mediating bacterial nitrate uptake is a nitrate/proton
antiporter.

Effect of GG0461 on the nitrate removal was measured during the cultivations of
lettuce and Arabidopsis. When the bacteria of 5x10% c¢fu ml™* were treated on the soil, cell
density was decreased rapidly during first 5 days and then remained constant and
maintained at 1x10° cfu g~' soil. Microbial nitrate upatkes were evaluated. Nitrate content
in the soil was not rapidly decreased, and this is probably due to the lack of nutrients in
the soils and, therefore, poor growth of GG0461.

Nevertheless, at the salt stress conditions induced by high concentrations of nitrate,
the growth of lettuce was improved by the treatment of GG0461. When nitrate solutions
at the concentrations from 100 mM to 1.5 M were treated once a week, the growth of
lettuce was improved at the concentrations, 100—200 mM. These were due to the
supplement of nitrate as a nutrient. When the concentration of nitrate solution was
increased to 800 mM, the growth became deteriorated. At the concentration above 1 M,
salt stress was observed seriously. Positive effects on lettuce cultivation by GG0461
treatment were observed at the treatment of 800 mM nitrate solution. Positive effects on
Arabidopsis was also observed at 1,000 mM or higher. The growth of lettuce was

severely damaged at the treatment of the solution at concentrations above 1,000 mM.



C. Mass culture of GG0461 for commercial application

A method for large—scale cultivation of GG0461 was developed for the field application.
PAF media was good enough for GG0461 in a small—scale cultivation. Therefore, each
nutrient of PAF meida was replaced by a commercial product. When the commercial
products of fish—fermented amino acids, glycerol, and corn syrup plus two salts of
magnesium and phosphate were used, GG0461 took 35 h to uptake 5,000 ppm nitrate
although the growth rate of GG0461 was increased as much as that in PAF media.
Therefore, fish—fermented amino acids were replaced with tryptone, yeast extract, and
soybean meal. The optimal conditions for the growth and nitrate uptake by GG0461 were

obtained with 2% tryptone and 1% glycerol.
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H 2 & =ue 7l

ror
ol

A1 A =] Vet g

UN®] ZAtel] whzd AlA] BAA19] 20%7F o] AlZeh 93s werhal dejA] glon, & oe
Hao = e o] 35%0] ol&ttal & A SItk(Flowers & Yeo, 1995). Xl = d77dell <]
A7t FE AxAolY HAE o r o]Folx NaClell g A5gelE Av-atar ek 23t
o |l A= 7159 Wl BEY T A7 oled 14, &2
1A 2N I fFAx B B 247 A A Aol A|EH 0 o] Fol ]t

didels AEe] Ao diiE @RI diabbgel dFs FEE, U 22 $83 o
g A77F SHA R o]FoAtt AEATE EY T ATAFE o9 AAsETR dRcdeldd o
& Z2EH A o7 Aes of9A &3t Herk dele] A B AES 9% AL ofw
oA 7 oldd A5 Eate] A ARATEE oA o] o]F H AR 2HE FI
734 (homeostasis) 3} =E# 2ol o]gk z2]o] w9} oo mpE a5 3l 2|28 243515 Fsto
UEbES S18HtH(Mansell &, 1986). o]&9] 3o gt 2+F s aAhEe] 282 AAS
sxom, d¥det 2 dyute] ' HIZ(H-ATPase) 57} Na' % K' 59 23 2 ahE0] dFF
238 988 $%ho] gAYk Hasegawa 5, 2000). g7 ool W 7+ &Ate] 7)zke &
Qs 2EY 2 gefe F o] 7] A AR faxke] o] AlRMENeH, Atk

odgto] 2pAM|s] AFEolx gt FHE, SOS(salt overly sensitive) FAEE £3+ A3lshz] 23}

AESA o] ool Y AL Folo ARAWA T J15e FATl WA

L
ofr
rlo
il
I
L
itial
o,
ox
fo
)
ol

(Hasegawa &, 2000; Zhu, 2002)

Tl A o] Aiele Al EGETE Adkre] A AZsiAl vehdar dok AAk e -
Heboh AR slel Avlnel A8 gl s 497 B Aude o
e 99e =8 XA A4S Askre e o® yeht XA ulslMw e SEAl
7h #aL gk #ay apzlolA o] Aakel AlAw aavd AE FAE ol &3 W 5 ke WU
ol /pEH o, MAE H2{FE ARl FA7IE WY Sol H8HAH(Vilchez 5, 2001). B2
HAES o] &3 A A md=e] Arlskdas s ol 85k loR

of AAE WEUTE ANBY AL 3FFI Leld Qv vgEe e mE @14, 58 %
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AuAe] Qs ol GHTh(Steenhoud: F, 2001). L.okstwl, AT Aol olg Awe] AR
Aol Aol AZsHA eol, Mgt SA5E A EFIA mES o8 ANY AP

Adolu FAE Alejstae de] S85A &L Sk

A
=
1o,
>,

%,
=
=
x
=
>
rlr
k]
5
18
o
B
=5
fu
o,

A=) Az g AFA 7t o] Fo| AL gink. o] g
AR AEASS % EYY S B whEol a7t Zas A=) e EQbgetd
Atk EF] E%F3he 72 EGATY 7l 71R1sh AVdAiA] E4e] EC= w=AdH 8 A%
Z19] 2.5 dS/mET} 23} F7Fek Zlo] WA ow wS5EA YuhEHATEY, 1997 & Jung &
2000). YO AF7F A5 Adfshe dRHA AAAA A B4 EC SV B ssdREE
o] FABAE EYGAIR 28270l tiste] 2ARINS W, 2ol AFHANE doTl= 3.0 dS/m o]
o] EC g2 Hole Edelre F2 d4, dit
o] S7HEe RIS EHd 7=, 2004). 53], HAbe] daet dae] JAawp & Je=
WA Eo] olel tigh thHe] o] AlFg Ao FrE

B 7HA ARFF o 2 Na', Ca’f, Mg™', CIT, SO §ela, Hlad A%l 31e K7,
NH,", NO;~ % o]&}sll=dl (Bernstein, 1975), AlAAu|A] Eo A= NOs~ 2 Cl7 So] gdFsEo
Hlg|ste] Be Aoz vepstth (Kowalenko, 1980; Pleysier %, 1982) f-7]4#0] EgAF55xo 7]

ol\

o= s A 5 (Jung %, 1994)8 NO3;—N>S0,*">Na">Cl">P,0°> NH,—~N>Mg>Ca 2%
71} gthar &9 aL, o] S (Lee 5, 1987) CI'>NO; >S0,° >K" >Ca”" >Mg*'sso. &2 7]ojgria
atglch w3 &t 5 (Ha %5, 1997) & ZENAEMg >NO; >Cl >Ca’">S0," >K" o7 A&
o A= ClI7>S0,° >NO; >Ca’ ' >Mg" " >K" £ 02 7|oJ =7} vt B sttt o2 7|4
ol EFARsREe 7dsts Axs d7A vt gE2A F7bE QAR go]&o] ol
HjE) 7]e] w7t EohE Adle A7 BF dAET 8 5 (Ha &5, 1997)S FFAW AlA
A BEFS A A3 £ Ay @FFE) HE 5.84, AE0NA 249 dS m'E BEV} A
Err) 2u) o] wottha Buskel) md AlAN HEHEE AR wE9 AolE yEh Y
T FAA = 2.29(AE)—5.13 dS m (FE) 3 FAMAE 2.75(HE)—6.34 dS m ' (FE)ZA
FAMAZ O 23S Buskdoh 4 5 (Jung 5, 1994)2 A4 B4 BEAER 2A}
g Ayl AERT: REAA O Ei1, 392 9FES st R B Axeds, fad



2 do) e 2.5-3u), XA A7 1.2-1.89), ECE 2.8¥) A= Eria B

g sheA ] Al o EdT dRstrt SrteA HY, EYT ARl =
obAd zZhEof gk i R o] 5 Al (Eaton &, 1971)7F dojubar, So]9] 7Y
o8k Ao A3 (Ayers &, 1984), ZF&E9| uEA] 2ol 94 (Dunkle 5, 1983; Kang
s, 1996)5¢] Fals WA 2 But ofyg EYT WAEGY] WstE THA e A= dd S
o Eg]sFA Fg3t}t (Kwon %5, 1998a; Kwon %, 1998b). ¥ 5 (Kwon %, 1998)& 9 HFH
A Al AA A ] EYAELS AN Ay ddA NN = FFA Pseudomonassy At

METL e W ARANANA L WA Fusarium o] AR} Hkn washelvh

olef} o] AFHAol ot 2= ASEF U FH A= FFo] s HAF dRHAE F
A Qe At @asiA dojwth A S(Jung 5, 1975)8 Ay A-3150] w2 A9 E

(Kim &, 1996) A|AAA] EYS AE s o 2 A HAAEY] dF5E7F 54 52 30 mm ¥
e AR | oz, AERFHe] A&45 553 ASo] Fopivta RustHA dF 43|
S 9% AR A SR al, AEREde] & 5y ASo] Folxitial RashaA AR

o] A2 AEA AA(Lee 5, 1996)3171%= hiL, B Hoprh AF74] ARSSIIE Al
FA AT ANEHELR v e A AVEAEGe] Aa vuRs oA A (Kwak
5, 1997; Hong -5, 1998a; Hong -5, 1998b; Park 5, 2000; Lim &, 2007) & =dste] Bl H]
5 RS FoluA S S A S 9l A sEE A gl

SPolE FUTES BE AR F4Y F712 oloixv, A

Foll w2 weboy S 5 A7 A% 7Hsdol daS HIH(European Commission, 1997). &
AP

BF Q] FFFTN o) AR Watele FLEE ZASNA 5, 1997), AFl o§ AEdx

U oA BFAHS o] 83 Eoko] A A AL AR A Ho] glor} tiiio] A= Fw
AeAe] A4 A Al JFHAAT AT AAE FHoR AT d gddoRe

Pseudomonas, Bacillus, Flavobacterium, Hypomicrobium, Moraxella, Paracoccus, Azospillium,
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7 BEYuAEe] B 9 5 B
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9] 11.65 dS m' 74 W& WS BeiF, 2 Ao AMA A B E Braka 7] gt
of BFE Atk ol#lRk & Aol sPH e Frlel o3 nvlne] ARgE:, =oke] e
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Table 1. Salt contents and chemical properties of green and glass house soils

NHs—N NO3—N

Sampling 0.M." PaOs CEC®  EC' Microbial Strain
site (%) (mg kg ) (cmol(+)/kg) (dS/m) gk No.
Site 1. 7.3 2.6 671 15.2 5.75 4.29 2.57  E5711, E5712
Site 2 6.3 2.5 1180 19.0 0.35 6.66 106.54 -
Site 3 5.6 2.5 769 15.6 0.35 3.34  83.43 E0321, E0322
Site 4 6.5 2.7 893 14.5 2.55 5.82  49.05 E2592
Site 5 6.9 3.4 1418 25.1 6.30 7.81 9453 E6331, E6332
Site 6 5.2 3.1 921 27.1 11.65  9.13  141.46 E9944
Site 7 6.9 2.9 1014 18.5 1.00 8.34  21.32 E1094
Site 8 7.2 1.8 233 15.5 2.45 4.03  50.81 E2491
Site 9 6.8 3.0 1283 21.4 5.25 8.22  147.07 E5251
Site 10 6.1 1.5 940 12.3 0.40 3.31 6.62  E0461, E0462
Site 11 6.8 3.0 1042 19.7 5.20 8.31 151.31 E5271, E5272
Site 12 6.2 2.5 843 11.5 1.30 6.50  47.97 E1395
Site 13 5.4 1.4 147 12.9 1.75 7.06  100.45 E1792
Site 14 4.9 3.9 857 12.9 1.40 6.94  45.11 E1495
Site 15 6.5 2.3 478 15.3 3.60 5.18  67.32 -

'Sampling site: green and glass houses of various counties in Chungbuk province.
20.M.: organic matter.
*CEC: cation exchange capacity.

*EC: Electrical conductivity.
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Fig. 1. Growth curves of the isolated soil microorganisms. The microorganisms were
incubated in a PAF broth containing 50 mM KNOs. The inoculated broth was

agitated at 135 rpm and incubated for 15 hr at 30C.

50 | % i ?
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E 30l
(0]
T 1
5 20 —a—E0461
—w— E5272
10 —=—E6332
—e— E9944 l

O sl L N | L N | L PR
0.001 0.01 0.1 1
Tryptone-peptone (%)
Fig. 2. Nitrate uptakes by soil microorganisms. Microbial strains were cultured in the

modified PAF broth containing 50 mM KNOs. Tryptone and peptone were added

to the media with 1:1 ratio. The amount of nitrate remaining in the media was analyzed.
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Fig. 3. Electron micrograph of E0461 (GG0461).
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Arkgaeo] BHEg 0461 9] 85 flate]l A iAle] salE ek E0461 w5
2R L5488 Hv HeEA axgAI IMVIC HZAES A= <Table 2>¢F Tk IMVIC
(Indole+Methyl red+VP+Citrate) El~Eo| A E0461 w5+ 99 Fol|Aet o] ‘— + — +" A7E B
E. coilt E. aerogenesSt BA7Y A& HIARPAR] S AEL S HAE g diolu FHAQl
22 ggo] BaEE Holx| gkoton A& A 37t @ F = Fshrie] e 39S
BATh ¢, catalase FAAME G BYoH TR RSTESINA AFE 4 ddrh E o

AslelA Wb o 2 Api test kit (bioMerieux, Inc., France)E o]-&3f] 543 ZA3= Fig. 4.0 B}

ol
_E,

Api W olsle] E0461 5+ Enterobacterd &-E°] 98.9% %

Lt 16S rRNA #7302k 471M < 240l 2% &4

E0461 2] 16S ribosomal RNA #32 47144 42 b5 22 WHo s s}
Ak, B A #5F:9 chromosomal DNAE Wizard genomic DNA purification kit(Promega,
USA)E o]&3] #&3 3, 16S rRNA sequencing®] A}&3t=universal primer?l 27F
(5'=AGAGTTTGATCATGGCTCAG-3") <} 1492R(5'-GGATACCTTGTTACGACTT-3")
primerE AF&3te] PCR ZZ 39t =Z 5 PCR AHEES Wizard SV Gel and PCR clean—up
system(Promega, USA)E& o]&3te] AAsSG . AAE PCR A= ABI PRISM 3700
DNA AnalyzerE ©]-&3to] @714 Es &4t (Fig. 5). 97149 #2423+ BLASTN
I 2 WS o] g3l GENEBANKSY ribosomal DNA sequence®t H] 13} 2™, sequence?]
A=A 8 Clustal X9F Mega 2 program(Ver. 3.1)S o] &3}o] v w485 o)

E0461 5] 16S rRNA FxAE #241g 143471 971422 Genebank NCBIo| 553}
Rom(TFHE: EF426859), BLAST 4] w2 phylogenic treeE ¥71918te] Kimura?]
two—parameter 2@ wg} ZAAAE B H(Fig. 6). JF T oly Api HHEE &
A3etd HAALE AR AAEgEo] BYd E0461 w5 Enterobacterdl 7V 7t7te] 43}
= Aog ALY, E3F], A 98% oA O R Enterobacter amnigenus T ¢lo] ¥
Aok webA, 2 ATE Fate] WEFA Z2e E0461 v e EEE A9 L 7t
=)ol WA we} £ amnigenus GGO461= W),
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Table 2. Morphological and biochemical characteristics of the isolated strain E0461

Biochemical reactions Conventional API 20E
Shape short rod
Motility +
KOH test +
Gram stain —
Catalase +

Starch hydrolysis —
Tributyrin hydrolysis —
Casein hydrolysis —
Reaction in Litmus milk —
Voges—Proskauer test —

Methyl red test +
Indole production — —
Citrate utilization + +

Gelatin hydrolysis — —
H-S production — —

Arginine dihydrolase +
Lysine decarboxylase —
Ornithine decarboxylase +
Urease -

Acetoin production —
Fermentation/oxidation of

Glucose +
Mannitol +
Inositol —
Sorbitol +
Rhamnose +
Sucrose +
Melibiose —
Amygdalin +
Arabinose +
Cytochrome oxidase —
B—Galactosidase +

Trytophan deaminase —
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ONPG | ADH | LDC | ODC | CIT| H>S | URE | TDA | IND | VP| GEL | GLU | MAN | INO | SOR | RHA | SAC | MEL | AMY | ARA

Fig. 4. Biochemical identification of E0461 by the Api 20E test.
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GCCGAGGAGCTACAGCAGTCGAGCGGTACACAGGGAGCTTGCTCCTGGGTGACGAGCGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGG
ATAACTACTGGAAACGGTAGCTAATACCGCATAACGTCGCAAGACCAAAGAGGGGGACCTTCGGGCCTCTTGCCATCAGATGTGCCCAGATGGGATTAGCTAGTA
GGTGGGGTAACGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGACCAGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGC
AGTGGGGAATATTGCACAATGGGCGCAAGCCTGATGCAGCCAT-GCCGCGTGTATGAAGAAGGCCTTCGGGTTGTAAAGTACTTTCAGCGAGGAGGAAGGCATT
AAGGTTAATAACCTTGGTGATTGACGTTACTCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTA
CTGGGCGTAAAGCGCACGCAGGCGGTCTGTCAAGTCGGATGTGAAATCCCCGGGCTCAACCTGGGAACTGCATTTGAAACTGGCAGGCTAGAGTCTTGTAGAG
GGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAAAG
CGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGTCGATTTGGAGGTTGTTCCCTTGAGGAGTGGCTTCCGGAGCTAACGCGTTAAA
TCGACCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGA
ACCTTACCTACTCTTGACATCCAGAGAACTTACCAGAGATGGTTTGGTGCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAAT
GTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGGTTCGGCCGGGAACTCAAAGGAGACTGCCAGTGATAAACTGGAGGAAGGTGGG
GATGACGTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCATATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGACCTCATAAAG
TATGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACA
CACCGCCCGTCACACCATGGGAGTGGGTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGGCGCTACCACTTGATCGGGGTAA

Fig. 5. Sequence analysis of 16S rRNA gene of E0461.

a7 Klebsiella planticola AF 181574
99 EK!ebsieHa trevisaniiAF 129444
52 L Raoultella omithinolytica ABO04756
43 Raoultella terrigena AF129442

Kluyvera cryocrescens AF310218

Enterobacteramnigenus GG0461
9 [ Enterobacteramnigenus AB00474
4 Pantoea agglomeransDQ133596

79

Enterobacter nimipressuralis Z96077
Klebsiella cxytocaAJ871856
7 | Enterobacterashuriae AB004744

T — Enterobactercancerogenus Z96078

0.002

Fig. 6. Phylogenic tree based on 16S rRNA gene sequence. Comparison shows
that the position of E0461 related species of the genus Enterobacter amnigenus. Bar, 0.002

substitutions per site.
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Fig. 7. Effect of temperature on the microbial growth. £. amnigenus GG0461 was cultured

in the PAF broth at various temperatures.
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Fig. 8. Effect of temperature on the microbial growth. GG0461 was cultured in the PAF
broth at various temperatures. Optimum growth was observed at 37C and the growth

was suppressed at 47C.
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Fig. 9. Microbial growth measured with various carbon sources. The strain GG0461 was
cultured in the PAF broth containing 1% carbon sources. Bacterial growth was measured

in the presence of the indicated carbon sources.
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Fig. 10. pH—dependent growth of GG0461. The growth was measured at different pH.
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Fig. 11. Time course of growth and nitrate uptake by strain GG0461.
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Fig. 12. Effects of nitrate concentration on the microbial growth and nitrate uptake.
GG0461 was cultured for 12 h at 37C in the PAF broth containing the indicated

concentrations of KNOs. The growth is shown in the Inset.

2.0
1.5
$‘° 1.0
£
2
e 05}
O
0.0

Time (h)

Fig. 13. Effect of nitrate concentration on the growth of GG0461. It was cultured in the

PAF broth containing the indicated concentrations of KNOs.
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Fig. 14. Microbial nitrate uptakes measured with various carbon sources. The strain

GG0461 was cultured in the PAF broth containing 0.5 and 1% carbon sources.
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Fig. 15. Microbial nitrate uptake measured with various carbon sources.
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Fig. 16. Effects of culture media on the nitrate uptake of GG0461.
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Fig. 19. Effect of temperature on the nitrate uptake. GG0461 was cultured in the PAF

broth at various temperatures. The data were taken at 8 h of incubation.
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Fig. 20. Time course of nitrate uptake at various temperature.
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Fig. 21. Time—dependent growth at various amounts of inoculation. Growth curves
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Fig. 22. Nitrate uptakes by various amounts of inoculation. The size of inoculation was

from 1 to 50%.
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Fig. 24. Effects of pH on the nitrate uptake.

_52_



* —a—pH5
—@—pHG
‘\4\ —A—pH7

\t\ —w—pH 8
x\x‘X\!

_o—pg— 88—
PP [ ] §— o
"y g " E————— g

Fig. 25.

0 10 20 30 40 50
Time (h)

Acidification of culture media by the growth of GG0461.

_53_



Ko
=

ol 744 AA Ve
F3 641 7ke] o] oi 7]
— 54 —

g

Aol Fae] 54
7h AEST HT o
Arbole] FH7IAE 7] Slstel wixe] 21& wHrelZb GGo461 wE WYl ol
A2 pH WekE SASSITE AA PAF iAo AAMAS T1ekA @ dHlelA wFE wigaie v
A9 pH Wsts SAS o), v G 2004 Aol Eyth wiAe] pHIE 7185
= g7 Adelu dabele FF7F AxtkE AR #Fe] Aol F el Fhole
ook BT Aol JES vy mebM, w7 Al we wixe] pH WMEE S
Aetgle W, KNOs& 50 mM H7beh mixell = 59 A4, 5& Aol 2] F4o ue}
pH7} 27 Walats RS #5538l th(Fig. 26A). wixe] pH7E 87 99w, v FAIZo] wha}
pHE AAF grastol of 8413 %ol pH 7 A= FHskgieh uhd, pH 59 691 v oA =
A o] Aokl whEh A pH 6.5-7.0 AR skl WX o] 27] pH Ftell F¥si
Mg F pHi ®YF pH 6.5-7.00% walsgich
WAl Aol &S HUbeRA e 2ziCAM, FFo] gl whe wixe] pH Wahe Fal
o] & H7kA 9l A g-9k th=A vebdth(Fig. 26B). WA, w1 e pH7F AHQl 23 A = A
Aol & rlekle Wk Ze WakE mouh, wixsh 9714 W pHel HaTh -
ket vERE 10417 Fere] pH Wskghe 0.5 olatE uEbkkth ofad wiA A pHIF F
oz migtels A4S wixe] Aol fok wAgle] UEhy Aol Faehs g
Astehs Z& weln, pH 83 9ollA] ko] H7bAl wixe] pH7F FA38] AstEE &
Azkol o] Farell mE Ailel oA WstlS WoFrh o2 Ailelxe] 47 H e
gt Aol Yge RolFE otk A Fek Hise] AwdS SRlsh] flste] datde
7kt e e x31e] WA el GG0461 w5 AEskaL Wil
u v T Aol o] 7k ast.
WA E kol -o] fpel wheh Uehues AS Sl pH WEE F918ky] flste], dito]
A7bekA e wiAlol GGo461 w5 HFstal wjFe F, dito]2& F7hE stk
e ate] A5t 3owiAe] pH WakE SA4sin. wixe] pHE dAatele] <
pH 83 9= opglar, Adkel o] 7k o] AFel Mg &



8.5
8.0 -
7.5+
L 70¢
6.5 -
6.0 -
55 1 1 1 1 1
0 2 4 6 8
Time (h)
851 \’\O\QﬂﬁB
8.0 |
7.5} '\v————!—’——i‘*i\i
- 70l ‘\1_/"/4_———4———4
o
6.5 .\//._———_—‘
6.0 -
55 +F
0 2 4 6 8 10
Time (h)

Fig. 26. Effects of nitrate addition on the pH changes of the growth medium. pH changes
were obtained in the presence (A) and absence (B) of nitrate. Growth curves were

obtained with 5% inoculation of GG0461.
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Fig. 27. Effects of nitrate addition on the bacterial growth and pH changes in the growth
medium. GG0461 was cultured for 6 h to late logarithmic phase in the absence of nitrate.
Nitrate (50 mM) was added at 6 h of incubation, and growth (A) and pH changes (B)

were measured at pH 8 and 9.
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Fig. 28. Differences in pH change between the absence and presence of nitrate. ApH was

calculated by subtracting pH of nitrate—containing media from pH of culture in the

absence of nitrate.
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Fig. 29. Nitrate uptakes at various pH and incubation time.
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pH—dependence of growth and nitrate uptakes. Growth and uptake were measured after 8 h

incubation at various pH of culture media.
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Fig 31. Effect of chlorate on the growth of GG0461.
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Fig. 32. The inhibitory effects of chlorate was reduced by nitrate addition. The growth
curves were obtained in the presence of 10 mM chlorate and the indicated amount of

nitrate.
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—»— 50 mM

40

30 F

Nitrate (mM)
N
o
T

Fig. 33. Effects of chlorate on the nitrate uptake by £. amnigenus. Nitrate uptakes were

measured at various concentrations of nitrate in the presence of 10 mM chlorate.
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Fig. 34. Effects of chlorate on the time Tso taken for 50% nitrate uptake. Nitrate uptakes
were measured at various concentrations of nitrate in the absence and presence of 10
mM chlorate as shown in Figure 33. Times, Tsp, were measured and plotted against to

the initial concentrations of nitrate.
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Fig. 35. Effect of chlorate on the bacterial growth. The growth was measured at 50 mM
nitrate in the presence. The inhibitory effects of chlorate were obtained at the

concentrations above 20 mM.
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Fig. 36. Inhibitory effects of chlorate on the nitrate uptake. Nitrate uptakes were

measured at various concentrations of chlorate at the presence of 50 mM nitrate.
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Fig. 37. Dose response curve of chlorate on the nitrate uptake. The nitrate uptake was

measured after 10 h incubations as shown in Fig. 36.
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Fig. 38. Long—term survival of GG0461 in soil. GG0461 was treated to the soils and cfu

was measured for 22 days.
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Fig. 39. Changes in the concentration of nitrate in the soil treated with GG0461. The dot

line represents the nitrate concentration measured in the presence of GG0461.
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Fig. 40. Effect of potassium nitrate on the growth of lettuce plant. Lettuce was treated

with nitrate solutions of the indicated concentrations.

Fig. 41. Effect of soil microorganism on the growth of lettuce plant. Solutions of
potassium nitrate at the concentrations of 600, 800, and 1000 mM were treated as

indicated.
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Control GG0461
175 kg ha ' (600mM) 175 kg ha ' (600mM)

[290 kg ha " (1000mM)] 1290 kg ha ' (1000mM)|

Fig. 42. Cultivation of lettuce in the presence of nitrate salt and GG0461. The
concentrations of potassium nitrate solution was treated as indicated. Left: salt—treated

control. Right: salt and GG0461 treatment.
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Fig. 43. Effects of GG0461 treatment on the cultivation of lettuce. Lettuce plants were
cultivated for 15 days in the presence of various concentration of potassium nitrate with
and without GG0461 treatments. Fresh weight (A), dry weight (B), leaf length (C), and

number of leaf (D) were evaluated.
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Fig. 44. Effects of GG0461 treatment on the number of plants alive by the treatment of
nitrate salt. Lettuce plants were cultivated for 15 days under the treatments of potassium

nitrate solutions of the indicted concentration.

Table 3. Experimental schedule for the treatments of salt and bacteria

GG0461
Date Salt treatment
treatment
2007. 7. 17. sowing
July 31 transplanted
August 1 0 day 1
August 2 0 day 2
August 3 0O day 3
August 6 0O day 6
August 7 0O day 7
August 8 day 8
August 9 0O day 9
August 10 day 10
August 15 day 15
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Fig. 45. Effects of potassium nitrate on the growth of Arabidopsis thaliana. Salt solution
was sprayed to the surface of soil every 3 days. The concentration of salt solution was

from 50 to 500 mM.

Fig. 46. Effects of nitrate on the growth of Arabidopsis thaliana. Salt solution was sprayed on the

surface of soil every 3 days.
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Fig. 47. Effects of GG0461 on the growth of Arabidopsis thaliana. The salt solutions were

prepared at the indicated concentration and was sprayed on the surface of soil every 3 days.

_77_



o

Tor
oF

3=

olo

X

A5

A Al =

_?4
PAF ®j#]¢] tAA| = A& tryptone, MgSO4, KoHPO4, glycerol®}

ofo
oH

<!

ofo

=0

v

o

7k o

T

fite)

A ARE A

Sk

1
R

o]
PR

=
-

fsi3
=

J

*

=

tel PAF Hj~]

S

NS peptone tryptoneS

dE ARE ol &3 uiA AT

/1\_]:

2.

i1 e] Jidke PAF wj

ki3

PAF B} %ol 4 450l

=z 1
T

GG0461

Kol
=

A4 glycerol

1
.

Aoz

& 7

21 © 1} peptone

e T 5

o 2= AL tryptone

O % soybean meald &

olgle] A

o5

.

< PAF Hi#]

o A%

o, o5

s s

=2 u
=

7hske] WA

=
=

Fig. 4849} o] tryptone 2%

S

o], #F2o] AFS pH 794 HHE e

2% Ak

Yo7 tryptone

DR EREES

£ pH 894 pH 7& o] 33t}

“

3k vl x) ol GG0461

2% 2 7}

Y= 2FA| 7}
TSR oL S9A] tryptone

S

Folth (Fig. 50). 47ColA &= A

3|

H] L

o1& FEIt U

24k

%7}

8

1
N

2% WA o)A A o] At

_78_



a
o
T

SN
o
T

w
o
T

Nitrate
—=&—Con

—0—Trp 2%
—&—Yeast2 %
—w—Soy2%
——Trp1%/Yeast1 %
—<4—Trp1 % /Soy1%

-
o
T

Nitrate uptake (mM)
N
o
T

o
T

0 2 4 6 8 10

Fig. 48. Effects of various nitrogen sources on the microbial growth and nitrate uptake.
(A) Growth curves were obtained in the presence or absence of nitrate under the
indicated conditions. (B) Nitrate uptakes were measured in the presence of various

nitrogen sources

_79_



mM)
N o
o o
T T

w
o
T

Trp 2 % / Nitrate

Nitrate uptake (
N
o
T

—e—pH 6
—A—pH 7

10 |- —w—pH38

0 1 1 1 1 1 1
0 2 4 6 8 10

Fig. 49. Effects of tryptone and pH on microbial growth and nitrate uptake. Nitrogen
source of PAF medium was replaced with 2% commercial tryptone. (A) Growth curves.

(B) Nitrate uptakes.
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Fig. 50. Effect of nitrogen source on the microbial growth and nitrate uptake at various

incubation temperatures.
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Fig. 51. pH changes during the incubation of GG0461. (A) The acidification of culture

media during incubation. (B) The acidification rate of culture media at pH 7.0.
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Fig. 52. Time—dependent pH changes with nitrate uptake in the presence of nitrate at

different initial pHs.
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Fig. 53. Growth of E. amnigenus at various conditions. In order to develop artificial media
for the soil cultivation of E. amnigenus, various compositions of carbon and nitrogen

sources were tested.
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Fig. 54. Nitrate uptake of E. amnigenus. Nitrate uptake was measured at the conditions

of various nutrients, shown in Fig. 15.
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Fig. 55. License for the microbial fertilizer production using Enterobacter amnigenus

GG0461 obtained from the Government of Chungbuk Province.
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Fig. 56. Large scale production of microbial fertilizer. Bottom—right: Commercial product

of GG0461 culture.

_89_



o

A7

—
file)

]
=)
oy
=)
)
NF
s

GGO0461

Fel GG04613 574

<)

AEstel FHe el

ol
B

) o

=
T

il

o

Ao vepreie

dor A

f

7Vs

L

R

At

Fo} EFRA 27 E Table 49 A

Eis

T

il

St

Sho

]_

[e)
Bacillus

7F 81t

==
T

R

=z 1
=
e o

S

1]

o

&

ol Hom Fig. 574 A|A|
A

dHem, GS1

S

=
N
ar
1

o] o]

S|
&

st A71M Lol 98% ol

H7IME
o

T

pul

°ol-&

[e)

=
TFE BY Bacillus £2.2

Al

o] PCR

=z
T

hul

3t 37FA] +F

g
FAA BAAEZRE two—parameter ol whel ZABA 7 4 = o] phylogenic tree”’}

=]
Rln

!
arbutinivorans® GS2 ¥ Bacillusd| <

2. 16S rDNA 7] A

dojxtt (Fig. 58).

A AT

&

=9

of
)
I

ox

¢

B

o

el

Nlo

<

Bacillus cereus=

, GS4+=

al

rvze]

_zrl

olm

I

o]

CER:]
2% o

)

=
-

1

R

St

o]

=

A
==

b AES Aol

“

Aol A

e
fis

o]%s

FFEA B

3

_90_

o RS AlEe] AlEr g sl o]

golth.

GS2 #9F GG0461
k]

j{)r



Table 4. Isolated microorganisms and physicochemical properties of the soil

Microbial Strain oH 0.M.” P10s CEC’ gct  NHi=NNO;—=N
No. (%) (mg kg ") (cmol(+)/kg) (dS/m) — ——(mg/ke)———
GS 1
GS 2 6.18 0.5 79.5 4.3 1.33 22.33 37
GS 4

'0.M.: organic matter.
*CEC: cation exchange capacity.

*EC: Electrical conductivity.
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GS1 [ Bacillus arbutinivorans. ]

TNGNNCTGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAANCACTTCGGTGGTTAGCGGCGGACGGGTGAGTAACACGT
GGGCAACCTGCCTGTAAGACTGGGATAACTTCGGGAAACCGGAGCTAATACCGGATAATCCTTTTCCTCNCATGAGGNAAAGCTGAAAGTCGGTT
TCGGCTGACACTTACAGATGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCG
CGTGAGCGATGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGGAGTAACTGCCGGTACCTTGACGGTACCTAACCAGA
AAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTCCTT
TAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGAAGAGGAAAGCGGAATTCCACGTGTAG
CGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTTTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAAC
AGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCAC
TCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCG
AAGAACCTTACCAGGTCTTGACATCCTCTGACACTCCTAGAGATAGGACGTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTC
AGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCG
GTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACAAAGGGCTG
CAAGACCGCGAGGTTTAGCCAATCCCATAAAACCATTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCCGGAATCGCTAGTAATCG
CGGATCAGCATGCCGCGGTGAATAACGTTCCGGGGCCTTGTA

GS2 [ Bacillus sp. ]
TGGCTCAGGACGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAGACTCTTCGGAGTCTAGCGGCGGACGGGTGAGTAACACGTGGGCAA
CCTGCCTGTAAGACTGGGATAACACCGGGAAACCGGTGCTAATACCGGATAATCCTTTTCCTCTCATGAGGAAAAGCTGAAAGTCGGTTTCGGCT
GACACTTACAGATGGGCCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCC
ACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGAAAGTCTGATGGAGCAACGCCGCGTGAG
CGATGAAGGCCTTCGGGTCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGGAGTAACTGCCGGTACCTTGACGGTACCTAACCAGAAAGCCA
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGGTCCTTTAAGTC
TGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGGGACTTGAGTGCAGAAGAGGAAAGCGGAATTCCACGTGTAGCGGTGA
AATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGGCTTTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATT
AGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCT
GGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAAC
CTTACCAGGTCTTGACATCCTCTGACACTCCTAGAGATAGGACTTTCCCCTTCGGGGGACAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGT
GTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGCATTTCATTGGGCACTCTAAAGTGACTGCCGGTGACN
AACCGGAAGGAGGTGGGGATGACGTCCAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGATGGTACCAAAGGCTGCAAGAC
CGCGAGGTTTAACCAATCCCATAAAACCATTCTCAGTTCCGATTGCAAGCTGCAACTCGCCTGCATGAAGCCCGGATCGCTAGTAATCGCGGATCA
GCATGCGCGGTGGAAACATTTTCCGGGGCTTGTACA

GS4 [ Bacillus cereus. ]

TCAGGATGAACGCTGGCGGCGTGCCTAATACATGCAAGTCGAGCGAATGGATTAAGAGCTTGCTCTTATGAAGTTAGCGGCGGACGGGTGAGTAA
CACGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATTTTGAACTGCATGGTTCGAAATTGAAAGG
CGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAG
GGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAA
CGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTA
ACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTG
GTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCAT
GTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGA
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATT
AAGCACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGC
AACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGAAAACCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGT
CGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTAAGTTGGGCACTCTAAGGTGAC
TGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACAAAG
AGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGT

Fig. 57. 16S rDNA base sequences of the isolated soil microorganisms.
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Fig. 58. Phylogenic tree based on 16S rDNA gene sequence. Comparison shows

that the position of three species (underlined). Bar, 0.02 substitutions per site.
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