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Characterization of a Nitrogen Fixing Bacteria Mycobacterium hominis sp. AKC-10 Isolated from the
Wetland. Hong, Sunhwa, Ki Chul Shin, and Eun Young Lee*. Department of Environmental Engineerin and
Environmental Microbiology, Suwon University, Gyeonggi 445-743, Korea — Nitrogen is an element need to
grow plants growth. Plants take up nitrogen in the form of nitrate or ammonium. Most of plants absorb nitro-
gen source as fertilizers. But from 50 to 70% of fertilizers applied were washed away. This study was con-
ducted to isolate free-living nitrogen fixing bacteria from reed and to examine its beneficial traits for
developing sustainable biofertilizers. Enriched consortium obtained from a reed in Ansan was developed for
the fixing of nitrogen. Nitrogen fixing bacteria isolated from an enriched culture in Congo Red Medium was
analyzed by 16s rDNA sequencing. AKC-10 was isolated and shown to have excellent nitrogen fixing ability.
The optimum conditions of nitrogen fixing ability were 25°C (237.50 + 39.65 nmole - mg-protein™ - h™' and
pH 7 (168.335 + 12.84 nmole/hr mg-protein). It was identified as Microbacterium hominis [(AKC-10 (similar-
ity : 99%)]. This strain was had to IAA (indole-3-acetic acid) productivity and ACC(1-aminocyclopropane-1-
carboxylic acid) deaminase activity. Therefore, Microbacterium hominis AKC-10 stimulated plant develop-
ment in the soil, enhancing the efficiency of remediation.
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A v7] 5o 71239 Aix(dinitrogen; No)E 7 &
o] EZANEAI, wi-¢- SHH FEE o] FL qloiA] Al
RAEA7} 22 o] &3 4 giet(31]. whebA, o] A
=< ALE A, kRl e AAkd Y 22 HeHE
‘324 (fixation)’3}ed o|-8-8k}(31]. o|2jat &g 3= w|A
=2 AruAgMelgt F2r, AL T 7] S
Al AL QAL o8 F S dEEY o=
H3PA|A AR 3} A Sl 9lo] RS AlFs
o988 go}H[27, 29, 34, 36]. AATAAM|T-S AAA oA F
A1 ]Sl 7|As A7 e Qe A
AMFLZ2 = A F(Pisum sativum) <50l 71 3}= Rhizo-
bium leguminosarum, 7FX3-(Dolichos lablab) 41 7]43}=
Rhizobium phaseali, -5%2] (Melilotus suaveolens) <391 7|
3= Rhizobium meliloti, WP A2 (Sagina japonica) 4|
71 8V= Rhizobium trifolii, F 49 7| 3l= Rhizobium

Jjaponicum 1 WYol| Mesorhizobium, Rhizobium, Bradyrhi-
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zobium, Sinorhizobium LB Azorhizobium®] ol &3}=
Aoz e 9le18, 25].

AtdAlell s A2 S-S 7HE AT o] flel = vkt vt
Heom AEe QS FAse nlAllEe] EAlE=H], ol
AE A F3 A (plant growth-promoting rhizo-
bacteria, PGPR)¢] 2} F-Et}1, 2, 10, 16, 32]. PGPR-Z
Kloepperd} Schrothel] 2J8] 2522 #<2] =H3glem[16], o]
S AlE el FAEAL, el e sk
YAEES o]43l] AR Heh. FAMTE FAEAR
< Aaksle] A E Tz i E AEE HEsid, A
o] QAL AT EAE AAIY, o8 diAkE 53
of ZoF W] QI 22 n|E 7183} AlA AlEe] F5
3171 A7 =k wo d3s 13,16, 19, 201 A=
7HA] 42l )= PGPR-S Amaranthus sp., Azotobacter
chroococcum, Bacillus sp., Pseudomonas sp. L8] 3L Setaria
faberi 5] v}, o|F W= FF(Piper nigrum)2} EFIE
(Lycopersicon esculentum), "33(Lactuca sativa), *FH Malus
domestica), B+ZW l(Rubus idaeus) 18] 31, 2~$| EA| 2]
(Prunus avium lam) 58 A= AL 4 A7)l= Aoz
o424 sleh3, 4, 23, 30].
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=4 Blell 3 ol83le] e9d Bk A3 2 S T
HAZIEH13, 16]. o]l £ ATelre e Eoke] 435
o o]-8-stalat Al ezt A2 s FA1T 4 3l
E v8s 7R AIES ERlE SAS 2.

2F 22, 58 ¥ 21WS I}

FHE elsp) 918 ABAAE AR T, AR 3
31 A ] AN ol SRS f1FE ARSI
2312 A4 Table 1ol Jepisich A 2 Aae
WA WAEE7] 918 ofo]ubiel el 4°CE FAIEhe
skl 5 E2lE #l8ke] AH8-3 Burk’s medium
(CeH1206, 10 g/L; KH,PO,, 0.41 g/L; KoHPO,, 0.52 g/
LNa,SO,, 0.05 g/L; CaCly, 0.2 g/L; MgSO,-7H,0, 0.1 g/L;
FeSO,4-7H,0, 0.005 g/L; Na;MoO4-2H,0, 0.0025 g/L; Agar,
15 g/L), Congo medium(K,HPO4, 0.5 g/L; MgSOy4-7H,0,
0.2 g/L; NaCl, 0.1 g/L; yeast extract, 0.5 g/L; FeCl;6H,0,
0.015 g/L; DL-malic acid,5 g/L; KOH, 4.8 g/L; Agar, 20
g/L) 18]3 NFB medium(Malic acid, 5.0 g/L; K,HPOy,
0.5 g/L; MgSO47H,0, 0.2 g/L; NaCl, 0.1 g/L; CaCl,, 0.02
g/L; Na;MoOy4-2H,0, 0.002 g/L; MnSO4-H,0O, 0.001 g/
L; KOH, 4.5 g/L; biotin, 0.0001 g/L; Fe-EDTA(1.64% (w/
v)), 4.0 mL/L; Agar, 15 g/L; yeast extract(ZLA] vl =] of| A=}
A7t %), 0.02 gL)S °] 831t ZE =2 Al
2R3 78 iRt vl Al 7 FaEi
o] AavAAE Fe]g vl T4 sadnt S
UL Aage] A v EA H7]Fe] A 34T 5
Ho| Q= FFwke] AR = Sl AdElwA] o],
1235 A AF g Alge 27 250 mL AHEEEle=e) o
T4 90 mL} A8 10 g - F E3138le] zlehekr]el
1587k wieFsisdom, Alekl k7] E 30°C, 180 rppmo2 &
Adstiet. 1587 A s Als 5 EF 5 mLe £

> u

Table 1. Sampling site and nitrogenase activities of isolates.

Fslo] 250 mL APZHEEfATel] Y& F 50 mLe] A wl
Z](Burk's, Congo Red Z22]3L NFByl ¥ ¥ dFd7} 5
shajek st EEb kS BT 4He] A wix|=e] Al ul
Fo Al e, o|F &5 EElE dlel A A2
vkl o] AavAgsd S Frisidth. AAavAgsHE 71
3 ¢J= wjokd-S 1AWl R] (Burk's Agar, Congo Red Agar,
NFBA)l| =23t 755 ogall A XE 1 nmole
mg protein” -h? o] A} LJERA T AZol] HsiA] LA wl ]
=k st wiA] ] el whebA, Burk's Agar ¥iA]e]
ket 2] 7% 79 53t wiekskal, Congo Agar WA
12]3L NFB ager ¥iA]ol| =3t 5 3d 53t wioFsid
o mjeke T Ak 2okl wet EelEe] A wixle] =
% 291, 7} colony®] LT 5RE Trbakek
T2 ALTH 5HES HUsl7] 918 acetylene(CoHs)
<= ethylene(C,Hy) 22 3H A7]3= opAddl HIR[15]%
ARl A& 2 PSS 120 mL vialell 20 mL %]
(Congo Red Medium)Z 23, 3¢ 7F 30°C, 180 rpm>=
wieFsisict. wioksl A 3 B4 EA viallA 10%0] &
71(10 mL)E ol H F, T4 10%2] obAI= A 712(10
mLyE FY3KAet. op Ll 7k FU7 vial2 30°CE
A1, 180 rpmol|X 24A17F wlieksl ¥, ghlE]e] vhe=
olelal 7k~ gas chromatography(Hewlett Packard model
HP 5890, USA)Z A8ttt 224 ol AH&-3F column-
Porapak-N(Mesh : 2 m(L), 3 mm internal diameter)©] 3,
B Z7L oven 25 65°CE carrier gas(N,)y= 22 mL/
min®] 3L, injector &%= 100°C, detector= 150°CE }ict.
AL 35S A 5, AL A AR AAERES 5
A3}7] $18) Bradford 5(1976)2] wha Aeky S Al-g-s}
of ZAsct SAE A 82 | mLE £F 3k 1.5 mL
microtubeel] FY&F F, 12,000 rppm o E. 357+ A=
Aslolet. Al w2lal, AA el 1 mLe| HdeE
T F, 3 B2F EFEdH. L o 10 mLo| vialell &

. Activi
No Location Source (nmole/hr mgt-};)rotein)
1 Bukok-ri, Paju-si Gyeonggi-do Rhizosphere soil of soybean white (Glycine max) 1.33
2 Wetland park, Ansan-si Gyeonggi-do Lake water around reed (Phragmites communi) 137.56
3 Kunsa-ri, Seosheon-gun, Chungcheongnam-do  Soil around paddy field 1.78
4 Hyeon-ri, Gapyeong-gun Gyeonggi-do Lichen (Rhacomitrium canescens) and around soil 0.00
5 Sindun-myeon, Icheon-si, Gyeonggi-do Rhizosphere soil of rice (Oryza Sativa L.) 24.56
6 Wau-ri, Hwasung-si, Gyeonggi-do Rhizosphere soil of rice (Oryza Sativa L.) 0.00
7 Hyangnam-ri, Hwasung-si, Gyeonggi-do Rhizosphere soil of rice (Oryza Sativa L.) 0.00
8 Jeongok-ri, Yonchon-gun, Gyeonggi-do Rhizosphere soil of rice (Oryza Sativa L.) 0.00
9 Hyangnam-ri, Hwasung-si, Gyeonggi-do Rhizosphere soil of rice (Oryza Sativa L.) 0.00
10  Bibong wetland, Hwasung-si, Gyeonggi-do Reed (Phragmites communi), Lake water around 0.00
lotus (Nelumbo nucifera)
11 Jungnam-myeon, Hwasung-si, Gyeonggi-do Rhizosphere soil of rice (Oryza Sativa L.) 0.00
12 Hoengseong-si, Gangwon-do Livestock liquefied fertilizer 0.00




304 HONGetal.

71 ¥, 4 N2 NaOH 1 mLE F43 %, 30%7+(80°0)2]
Lol A FEslel. 2 ¥ dye reagent concentrate(Bio-
Rad protein assay, Bio rad laboratories, INC. USA): D.W.
= l4(viv)eE £33 F &£39E o 7x](Whatman,
USA)Z o]-&3le] ofFfslsict. T8t studl AEEAYE
4 N°| NaOH &jFel ) 40 puLE 25138k el F<ist
Aok 25, WA eRS 2 mL FYEke], S oA WA
Aok A AlZF 3 1A7E 71RF QP S, A uv/
VIS spectrophotometer(Model DR5000, Hach, USA), 595
nmel| A S AFsielet. T AT AR BEE
72 bovine serum albumin(BSA; Bio-Rad, USA)S A&
oAt

wjz)e] pH 5, 6, 7, 8 LE]3L 9= HE]sle] FFo A
2 314 K-S Frlsiadnt. pHe] 24-E Citric acid buffer,
Phosphate buffer, Glycine buffer, NaOH buffers- ©]-§-3}oq
ZA3)9131, 100 mLe] vialell Z}2ke] pH £ 20 mLE F
gk F, AKC-10 ¥iki& 2 mLE F33ke] 30°Cel|A 3
A7k wjekdt ¥, gas chromatographys 538 2433 %3
= A8k

123 A AF e Al5e] AATAHTHE Folst AAE
Table 1] “Yebfisict. 2 A3}, A7)% Mk 230X
AN 2 (Phragmites communiy ¥l 34 Al 82 A4
A FAX%H-2 137.56 nmole/hrmg protein®Z 713 -
T AL, A= o]H A AwHe wWite] EoFE 2456
nmole/hrmg protein® 2 Jepdet. & 12719] x|HeljA] A
1280 I57F 2=lEseH, o] 5 ARAZA | Sl
AL 4R Vel A A2 ARAZAS &

= 397 AufoFslal acetyleneZ koS WAl 244)7k] &
e FARBEs Aolng AfxAd S B 52
= 4577 FAEAH o8 572 A5 wekA gl
acetylene X|3HA|ZHS ZA| AR A9 S4E Hd 5
L1}, dubHel ARAZAE FAL AIZES 7)o w Alg
Adtelet. FE Bl 475 T F XY AlEE WA
2 ALy FHo| 3 &5 IF-E et i
23t o5 F AauAFHe| /M 53 TF 168
DNA -8 97149S BA3IT21]. 4% 5 the
National Center for Biotechnology Information(NCBI)
website2] basic Local Alignment Search Tool(BLAST)
algorithme E3l GenBank database®} VW] 2s}o] A1 510},
=3}, Al 54 (Phylogenetic Tree)S 12]7] $]3}o] Bioedit
Z2adoz J7|MIES AT v, Clustal X T2
Foz J7IMdS AFadd. A5 MEGA4 Z2 19
< ARl TEsIsdY TH st AATASS R o
T A7 = Ak A FHA A FH g 2N (Phragmites
communiyFH ] ZTFENA Mycobacterium hominis sp.
AKC-10(accession number : HM352852)°] £2]|=gic). £
23t 7= DNA 9714 4S A8 F A8 54

o o ¥

e |

-517 AT251194Microbacteriumsp

I ABO021324 BacteriumRSB-1

AM 181504 Microbacterium hominis

ABO032250BacteriumrI6
HM352852 Microbacterium hominis AKC-10
,7 GRP 1815786 Gordonia sp. S2RP-17
ll’l); EF460468 Gordonia sp. SD8

0.05

Fig. 1. Phylogenic tree illustrating the relationship of the Myco-
bacterium hominis sp. AKC-10.

ot 7] 918l phylogenetic treeE 2PAd3sle] PN (Fig.
1). #4% AKC-102] DNA 71492 = 1385 bp3l X,
NCBI Blast searchdt 23} AKC-102 "] A4S &
Z18}= Mycobacterium hominis sp. MAS1332}= 1370/
1371(99%)% 7} §-A181912 ™, Phenanthrened 5-3l 5=
78772} 1383/1385(98%)°] -frAHd= 7K1l Sl oZ 1}
Sy

dubd ez LA wWEte] AEd) T EL]
2o wo] EA3RAL glem[17], AE7HA] dEA ol Aa
IAM T FE  Azotobacter, Azomonas, Beijerinkia,
Deraxia 231 Rhizobium sp. 5-°] B3 F|3 J}H18, 25,
35]. £ AAFollA B2|¥ Mycobacterium hominis sp. AKC-
102 A|F7HA] By ALSTHA T = o8 AlFToE
Actinobacteria?} AR AlE &ell £33l 7S o 5 i+

2 #F9 Aa AT B4 e 2 e s
ZAFEIATE. o ARl vk ot nA s ofekE AL
7] $18) 15, 20, 25 Z18]aL 30°CE A8l AFE 33}
9ot 120 mLe] vialel Congo Red Medium 20 mL3}
AKC-109] wiefl & 2 mL U3, 474 58 =2 o
F71eA 170 rpm, 3 L3+ ksl §, 10%S] acetylene®Z
717342] 10%el 393 10 mLe] 3715 A3kt
3 viakZ 7]E wiFE AR Zzke] 2EellA] 24A]7F wi ok
= ¥, gas chromatographyS %3 A4vA 588 A3}
At

Mycobacterium hominis sp. AKC-102] 2|2 EA
olX7] 918l wiA ] pHe} wikEE=T Hejdte] AY
3 3FdTh(Fig. 2.). pHE] WSl whE &S A HT]
3 27| pH7} 5, 6, 7, 8 LB %A AKC-1075F2] A4
25EE TARISHFig. 2(a)). #WiAe] pH7E 59 9%
= w0 AavATHe] glolem, FAwi=|Ql pH 7oA
+ Aa3A%He] 237.50 + 39.65 nmole/hr mg-protein>-
2 7 $sideh

25 ALTA Algte] H7] Fo| ALaE aA=dH F
231 Qla} & shteltt. £ 15, 20, 25 12]3 30°CR
ZeEl3ted AKC-1077F9] AA4vA5HE ZAI Ch(Fig.
2(b)). ol®l 30°Ce|dellM T wiokS 3] & olfie= A
2 Al BEofellA AAshe dFe]7] dtel viAls)
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Fig. 2. Effects pH (a) and temperature (b) on the acetylene reduction activity test of Mycobacterium hominis sp. AKC-10. B, pH; [,

5 6 7 8 9
pH
temperature.
ATk AKC-1075= 25°Col| A A 432452 o] 168.335 +

12.84 nmole/hr mg-protein® 7P 953819131, %7} 15°C
ollA]= 0 nmole/hr mg-protein®Z 2 vk ol A= 2
25l gllet. dubdeg ezl ALvAAT-S F
# ] pHe} A =7} 77t 6.9-7.3 H 28-30°CE L&A
9] 2¥d ®2] FF AKC-102 1H8- 2% pH7} 72
dut AL e A By RS 43 3
Ao LxX 25°CE thE ALTA F5e) o S B
ot} 023t o= AKC-10 FFZ 223l Qdg<5A|2 7
o G X7} 22-24°C317] wEelzial Als

22| 2Fo

gt w5 F AavATHe| 7MY st I WA
o= Al EA 2 Fe] JAA(indole-3-acetic acid) A5
Y 22 we s Jrielela, BE A 33 v
got. 55 247 0.5 mg/mLe] tryptophanes %713t DF
W] (8] 5 mLell HE3led 30°CellA] 180 rpmOE 52U} w
oF3kdtt. DF wi#|e] 242 53} 3o} (NH4)S04, 2 g;
KH,PO,, 4 g; Na,HPOy- 12H,0, 15 g MgSOy-7H,0, 0.2
g; FeSO4-7H,0, 1.0 mg; B(as H3BO;), 10 pg; Mn(as
MnSO4-H0), 11 pg; Zn(as ZnSOy4-7H,0), 125 pg; Cu
(as CuSO4-5H,0), 78 pg; Mo(as Na,MoOy4-2H,0), 17 ng;
55, 1 L), o5 vloF 5, vllokl 3} Salkowski's reagent
(#3&F H,S80,, 150 mL; 577, 250 mL; 0.5 M FeCl;-6H,0,
75 mLYE 1 2ve] MR e F EEow HWQ
L Zol AleoA] 208-7F A X3} AR e
3} = A (DR5000 UV-Visible Spectrophotometer, HACH,
USA)E ©]83te] 530 nmol|lA F2==2 -7;“7‘4‘3]-03\3]- o™
A A" FF=E 72 SPSS(12.0K)E o] &3l 455 A
oA &2 HELF two sample t-testE T3 3]'33‘\‘;]'
(p<0.05).

o

ACC(1-aminocyclopropane-1-carboxylic acid) deaminase

AL v 22 ue s Frisidetd Pell ARl vl

]~(NH4)2804 4l 3 mM-/] ACCE ¥ DF mediume®]
oh). 2]&F 228 colonyg WAl A E3te] 30°CoA
180 rpm o2 4847k £}t HH‘Z}ERiE}. vk |17t et 5%
A o] fsle] 4x 7 600 nmo]]/q TIPS =3}
AT}, SPSS(12.0K)E o|-&3te] dF5 HE3A o vix
3} two sample t-test 2] X} —‘jr-"ﬂl < Y3l 59
ACC ol 9% 37}ai1eH7].

Siderophores 314 %= chrom azurol S(CAS) blue agar
plate assay WPHS o]83199t}H[28]. 1 L] CAS agars 9=
+ uh-e o237} 2} (1) dark-blue dye solution as a si-
derophores indicator(60.5 mg CASE 50 mL FfFF &
¢l ©& iron(Ill) solution 10 mL(1 mM FeCl;-6H,0, 10
mM HCDZ} 40 mL 55l 72.9 mg HDTMA & 9l
solutions &7 713t ¥, d#sehe} (2) medium solu-
tion(750 mL ZF5ell 100 mL 10x MM9 salts(60 g/L
Na,HPOy; 0.9 g/ KH,POy4; 5 g/L NaCl; 10 g/ NH4CI),
15 g agar, 3024 g PIPES 12T 12.0 g2 50%(w/w)
NaOHZ ¥ "3dled 50°CE A3 ¥, 30 mL casamino
acids(10%, w/v), 10 mL glucose(20%, w/v), 1 mL thiamine
-HC1(0.2%, w/v), ZL8]3L 3 mL L-tryptophane(1%, w/v)S
A71EehE 2 42§, petri dishell 30 mL3 =3 blue
agar plates RFESIHF. 27He] v]AE-S CAS agar plateo]
HE3te] 30°CoA 24417F F1E viekEl 2, colony FH
o] orange halo’} A== 7395 siderophores 34 FA
L7 Hrksiaict.

AKC-10 752] 21547 588 A8l Fig. 3ol =4

skl 2 A3}, AKC-10 5= 5402 Ak 4
2} 19 mg/L] 1AA ABAHs3 ACC deaminaseZA-S 714
31 9131, siderophores %S it A EA] 3222 &
Al (auxin), Z|#IZ= (gibberellin), /\]Eﬂ‘d(cytoklmn) a8]a
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Fig. 3. IAA productivity (a) and ACC deaminase activity (b) of Mycobacterium hominis sp. AKC-10 cultured in DF medium sup-
plemented with tryptophane and ACC, respectively. @, control (w/o inoculation); O, AKC-10. Star(*) means the difference from con-

trol (*p<0.05; **p<0.01).

7|el 32202 Ry} gt o] 59| 7% A= vs3t
A 2hgsle, 53] AlE AR 328 $419] 3 FR{al
IAAE A1E o] RS 54 3P 22 =2 EA
o= He)o] AL whlsltH11, 24, 26]. 1AAS] AARS- 4]
E el A 2R A7} gl ew[14], dubE o=
PGPRZ host 2150l 31 IAAS} ZHE A5 322 AR
Wil 3l pool®] AlFell &Jsl A& AR J&ks n]Al
o B3 FHoigloh37]. =3t ethylene> A1 EA 3 =2F-9
AF0F A1 E0 A vXE F83 84 Fo shiold,
Eofo] &) xEE A ethylene?] $x7t F715H
EltH22]. Ethylene dA3t sx2 &g wj= A& F
2] ARl SAA kg nAANE HAoEA e € W=
AlEe] B gakew Asjsial AEe] £7] A= Wt
A =12, 20, 22, 24]. o]&3} ethylene®] 5X5 43
T+ 71 ethylene®] A7 <¢l 1-aminocyclopropane-1-
carboxylic acid(ACCYE A|Asl= Zo|e}. 1AA 52| 73
+, G w5l vla 2 AAEFS e A RE ACC
deaminase@/3 ] 73-¢- T wioF AlZF 110 AZHE: 7|50
F4% ZHS HokS o 0.87 + 0.0002 AF3] =2 ACC
deaminaseZd S 7HA 2 9= A S sk 5 UAHp <
0.01). 1822 o]t AEAA F4 5H& 7L 3=
AKC-10 &7} 3Pl Exfjshdy AEe] AAs 3L, 1
2 Q3] Al B919 B8-S FUAIE 4 S AeE A}
RIS

HAtel 2

B A7 20094 2P 273 7]1718AH] (2010-05002-
0076-2)°] A|91-& "o} 3 Eglom o] A=

REFERENCES

1. Adenipekun, C. O. and O. S. Isikhuemhen. 2008. Biore-

mediation of engine oil polluted soil by the tropical white rot
fungus, Lentinus squarrosulus Mont. (Singer). Pak. J. Biol.
Sci. 11: 1634-1637.

2. Adeniyi, A. A. and O. J. Owoade. 2009. Total petroleum

hydrocarbons and trace heavy metals in roadside soils along
the Lagos-Badagry expressway, Nigeria. Environ. Monit.
Assess. Published online, 24 July.

3. Ahn, T. S,, J. O. Ka, G H. Lee, and H. G Song. 2007.

Revegetation of a lakeside barren area by the application of
plant growth-promoting rhizobacteria. J. Microbiol. 45: 171-
174.

4. Aslantas, R., C. Ramazan, and F. Sahin. 2007. Effect of

plant growth promoting rhizobacteria on young apple tree
growth and fruit yield under orchard conditions. Sci. Hortic-
amsterdam. 111: 371-377.

5. Bradford, M. M. 1976. A rapid and sensitive method for

quantitation of microgram quantities of protein utilizing the
principle of protein-dye-binding. Anal. Biochem. 72: 248-54.

6. Burd, G 1., D. G Dixon, and B. R. Glick. 2000. Plant growth-

promoting bacteria that decrease heavy metal toxicity in
plants. Can. J. Microbiol. 46: 237-245.

7. Dell’Amico, E., L. Cavalca, and V. Andreoni. 2005. Analy-

sis of rhizobacterial communities in perennial Graminaceae
from polluted water meadow soil, and screening of metal-
resistant, potentially plant growth-promoting bacteria. FEMS
Microbiol. Ecol. 52: 153-162.

8. Dworkin, M. and J. W. Foster. 1958. Experiments with some

microorganism which utilize ethane and hydrogen. J. Bac-
teriol. 75: 592-603.

9. Eckert, B., O. B. Weber, G. Kirchhof, A. Halbritter, M.

Stoffels, and A. Hartmann. 2001. Azospirillum doebereinerae
sp. nov., a nitrogen-fixing bacterium associated with the
C(4)-grass Miscanthus. Int. J. Syst. Evol. Microbiol. 51: 17-



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

CHARACTERIZATION OF A NITROGEN FIXING BACTERIA MYCOBACTERIUM HOMINIS SP. AKC-10 307

26.

Fijalkowska, S., K. Lisowska, and J. Dlugonski. 1998.
Bacterial elimination of polycyclic hydrocarbons and heavy
metals. J. Basic Microbiol. 38: 361-369.

Frankenberger, W. T. Jr. and W. Brunner. 1983. Method of
detection of auxin-indole-3-acetic acid in soil by high
performance liquid chromatography. Soil Sci. Soc. Am. J. 47:
237-241.

Glick, B. R. 2003. Phytoremediation: synergistic use of
plants and bacteria to clean up the environment. Biotechnol.
Adv. 21: 383-393.

Glick, B. R., D. M. Karaturovic, and P. C. Newell. 1995. A
novel procedure for rapid isolation of plant growth pro-
moting pseudomonads. Can. J. Miccrobiol. 41: 533-536.
Glick, B. R., D. M. Penrose, and J. Li. 1998. A model for
the lowering of plant ethylene concentration by plant
growth-promoting bacteria. J. Theor. Biol. 190: 63-68.
Hardy, R. F., R. D. Holsten, E. K. Jackson, and R. C. Burns.
1968. The acetylene-ethylene assay for N, fixation: labora-
tory and field evaluation. Plant Physiol. 43: 1185-1207.
Johnson, D. L., D. R. Anderson, and S. P. McGrath. 2005.
Soil microbial response during the phytoremediation of a
PAH contaminated soil. Soil Biol. Biochem. 37: 2334-2336.
Kahindi, J. H. P. 1997. Oxygen, hydrogen and nitrogen
fixation in Azotobacter. Soil Biol. Biochem. 29: 863-869.
Kalloniati, C., D. Tsikou, V. Lampiri, M. N. Fotelli, H.
Rennenberg, 1. Chatzipavlidis, C. Fasseas, P. Katinakis, and
E. Flemetakis. 2009. Characterization of a Mesorhizobium
loti -type carbonic anhydrase and its role in symbiotic
nitrogen fixation. J. Bacteriol. 191: 2593-2660.

Kennedy, I. R., L. L. Pereg-Gerk, C. Wood, R. Deaker, K.
Gilchrist, and S. Katupitiya. 1997. Biological nitrogen fixa-
tion in non-leguminous field crop: Facilitating the evolution
of an effective association between Azospirillum and wheat.
Plant soil 194: 65-79.

Koo, S. Y. and K. S. Cho. 2006. Interaction between plants
and rhizobacteria in phytoremediation of heavy metal-
contaminated soil. Kor. J. Microbiol. Biotechnol. 2: 83-93.
Koo, S. Y. and K. S. Cho. 2009. Isolation and characteri-
zation of a plant growth promoting rhizobacterium, Serratia
sp. SYS. J. Microbiol. Biotechnol. 19: 1431-1438.

Lebeau, T., A. Braud, and K. Jézéquel. 2008. Performance
of bioaugmentation-assisted phytoextraction applied to metal
contaminated soils: a review. Environ. Pollut. 153: 497-522.
Li, J. and R. J. Kremer. 2006. Growth response of weed and
crop seedlings to deleterious rhizobacteria. Biol. Control 39:

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

58-65.

Ma, Y., M. Rajkumar, and H. Freitas. 2009. Improvement of
plant growth and nickel uptake by nickel resistant-plant-
growth promoting bacteria. J. Hazard. Mater. 166: 1154-
1161.

Oldroyd, G. E., M. J. Harrison, and M. Udvardi. 2005. Peace
talks and trade deals. Keys to long-term harmony in legume-
microbe symbioses. Plant Physiol. 137: 1205-1210.

Pattern, C. L. and B. R. Glick. 1996. Bacterial biosynthesis
of indole-3-acetic acid. Can. J. Microbiol. 42: 207-220.
Prell, J. and P. Poole. 2006. Metabolic changes of rhizobia in
legume nodules. Trends Microbiol. 14: 161-168.

Schwyn, B. and J. B. Neilands. 1987. Universal chemical
assay for the detection and determination of siderphores.
Anal. Biochem. 160: 47-56.

Seefeldt, L. C., M. H. Brian, and R. D. Dennis. 2009.
Mechanism of mo-dependent nitrogenase. Annu. Res. Bio-
chem. 78: 701-722.

Siddiqui, Z. A. and K. Futai. 2009. Biocontrol of Meloido-
gyne incognita on tomato using antagonistic fungi, plant-
growth-promoting rhizobacteria and cattle manure. Pest.
Manag. Sci. 65: 943-948.

Smil, V. 2001. Enriching the Earth: In Fritz Haber, Carl
Bosch, and the Transformation of World Food Production. J.
Econo. His. 61: 874-875.

Smreczak, B., B. Maliszewska-Kordybach, and S. Martyniuk.
1999. Effect of PAHs and heavy metals on activity of soil
microflora. In: Bioavailability of organic xenobiotics in the
environment NATO ASI Series 64: 377-380.

Sokhn, J., F. A. A. M. De Leij, T. D. Hart, and J. M. Lynch.
2001. Effect of copper on the degradation of phenanthrene
by soil micro-organisms. Lett. Appl. Microbiol. 33: 164-168.
Udvardi, M. K., and D. A. Day. 1997. Metabolite transport
across symbiotic membranes of legume nodules. Annu. Rev.
Plant Physiol. Plant Mol. Biol. 48: 493-523.

Whang, K. S. 2001. Taxonomic characteristics of nitrogen-
fixing oilgotrophic bacteria from forest soil. K. J. Microbiol.
2: 114-119.

White, J., J. Prell, E. K. James, and P. Poole. 2007. Nutrient
sharing between symbionts. Plant Physiol. 144: 604-614.
Xie, H., J. J. Pasternak, and B. R. Glick. 1996. Isolation and
characterization of mutants of the plant growth-promoting
rhizobacterium Pseudomonas putida GR12-2 that overpro-
duce indoleacetic acid. Curr: Microb. 32: 67-71.

(Received May 26, 2010/Accepted August 24, 2010)



