KOR. JOUR. MICROBIOL April, 1994 p. 97~101

Vol 32, No. 2

f2uz o 2ACREE 2ot
Azospirillum Q| o|4E@e= BN

HAUZ - MY - 24BH - AT - 0|AB? - YIS

HI|SHTAN FHBLlITL ATHSCHS AZrn)
BT SIMHT RS AZTen)
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e A2IARQ Azospirillum 15778 E 314} o] RelFFEL 1.0X3.0m AR Ze
vibrioid ¥elo}gl o] AxM}A] monopolar single REE s}3r}). o] ReAFFEL A,
Yyeiy Ao w F ooz EHEded, 2% 1 35S 92922 glucosed % o]
2438147 biotin & 7AY A, IF 11 FFEL glucosed A3 o] §2kx] E#}% T biotin 1]
8743t £ semisolid T2 WAl A 48417 g wf 2§ I F5EL W9 vibrioid
YehdA & o] ojAUAN SA} weko g Wk pleomorphic $4-& B3l wtd, 2% 1 #FEL

LA 2t $F4E HA¥AC

olge] AATReY 2% 1 FFEL Azospirillum

lipoferum .2, 2R 1l Z5EL Azospirillum brasilense2. 2. ¥738}5ic}.

KEY WORDS [ nitrogen fixer, Azospirillum, nitrogenase activity.

W, 245 9 £e] 24 (thizosphere)ol 4 Uo
vhe AERE AaaAL v|AES AE A3 BA
w2} X Azotobacter, Clostridium, Bacillus, blue-green
algae, FA MF 59 free-living P[5 2%
A A4 14 (non-symbiotic nitrogen fixation)3}
Azospirillum, Klebsiella -l 2% ¥¥% Ai7H
(associative nitrogen fixation) 2.2 i e} A} (1, 6).
°)E AXTA ulYE FoX 53] dzospirillume &
AT 1~10%E A3, 271% 1.0X3.0 um
Ar2A o AL o] PE(0.5X 1.5 ym)Bc} A
H o2 =22 bacterial biomass ol &
4 = EF9] HSE B3} & HIFE 2AA|Yc)
=g FEe FejEdold el A& o7
FozRE Ardes AY FIFY U oz, F
g B2AA B Tl 8 A% §
2Hgo] A4t PAblx Y WHeq F AL
vlxl3 ich(8,11). zejvt 29 Azospirillum o
FE FFAEY FH Al webd vy 84
Ex HE Fo] ul§ Aoldictn BuFc}(2, 5.9,
10, 13, 14). ¥, Azospirillum-2 1925*3 Beijerinkell
o3 FAL AFulx| e Euigels Hzz U
s} Spirillum lipoferumolel WH=H) 1 F
Dobereinere ¥v} 2452 el MA|sh= Spi-
rillum lipoferum& semisolid A4 Wizl & o]&
sted enrichment wWike 2 A Felaads(3.4).
Tarrand2} Kreig 5% AA 7R Eeldt
Spirillum Lipoferum {13 @558 Azospirillum
lipoferum (S. lipoferum)3} Azospirillum brasilense =

97

EF3tgd o (12), L ¥ Azospirillum amazonense}
Azospirillum halopraeferans7} ©] R.1sle (4) dA)
BF 4%o] &2A s

£ dTlde A7IE ¥ FAGE dde] ¥ 2
HellA MAgH= AL A0PE F Azospirillum &
Adddoz Pt 2 FollA Anny Aol
S5 #5758 A T33O

ME Wy

B X

W 29 kol dzospirillumE #-2l3l7] $1351od
A& wixl= $A44 WA [nitrogen-free malate
vl Z], L-malic acid 50g, K.HPO, 0.5g, MgSO,-
TH,O 02g NaCl 0.1 g CaCl,, 002g, trace element
solution(Na.MnQ,-2H,O 0.2 g, MnSO,-H,0 0.235
g. H;BO; 028g, CuSO,'5H,O 0.008g, ZnSO,-
TH,O 0024g. &%F5 11) 20ml, bromothymol
blue (0.5% aqueous solution in 0.2 N KOH) 2.0 m/,
Fe EDTA(1.64% solution) 40ml/, vitamin
solution (biotin 0.01 g. pyridoxin 0.02g, /5 1))
1.0m/, KOH 4.0g, pH6.8, 7 1l semisolid
A=, 3 g agar/I15 °l8-3td}. Azospirillume} &=
TE2o& BMS #l= [potatoes 200g, L-malic
acid 25g. KOH 20g raw cane sugar 25g,
vitamin solution (biotin 0.01 g, pyridoxin 0.02 g,
Z% 11) 2 drops. agar 15g, pH 7.0, 255 11]&
o)-g3tglow, Fo Aol succinate-malate
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w] Z(MPSS v} 2], peptone 5.0 g, succinic acid 1.0g,
(NH(),SO0:+ 7TH,0 10 . FeCl; 6H;0 0.002 g, MnSO
+~H,0 0002g, pH 70, 255 1 )& ol &5tk (7).
EUAlR X

e Ago] Al ST 7Y T A= 335—‘1
FUAAT FAGE opbA e FoF T =
EPE ol P E XY ¥ Y9 E%}—
A 3td AFol AR5
Azospirillum®e| 22| ¥ SFEF MY

Azospirillum®] ¥-2]+ Dobereinerr} okgh A=
2] semisolid FAL WA o]83te] AA|B}}
(3). 10 m/9) semisolid ¥4 4= wiA]7} So{9le 25 m/
serum vialel EYAIE 0.1g8 92 HAE ¢ o2
30°Col A wl}slgge). 2~3d vl ok Azospirillum 2]
s 2 ezl A4 gARE g A%
pellicleo] 3A=ld ®4-2 butyl ZTFvi/lg vl n
7143& 10% ohddai oz X3 ¥ 20417 ukg
Al g, olMEd #UFAFE EFAsle Holx
30~100 nmol C,H,/hr/vial?] A4 w3 FA-E e}
He WgdE oA MZE semisolid T4 wiA] o]
Acjel o stsdch

24217t wiek¥ A= pellicled 1/ 20 mge]
yeast extractZ} 52 FAL: Y@ x|el streak-
ingdled 35°Cell A 157 Ax g5 4R [
3 colonyE AiwA ¥A4-& ey F BMS ﬂ}]
Aol A o} ¢ Fesick &5 —‘?LEH! 5%
A4 400~900 nmol C,Hy/hr/vial®] ¥ At 3A
44 Jehlle #5758 4 EFE *“"45}93‘4
22z Fe 83

¥-2)#F Bergey's manual of systematic bac-
teriology (7)ol we} wh<dd, Jelld, 24 £4&
zAslg ol HAHEe]R FALS MPSS Y Ajull 2] of 4
Ag F5E 8l 2% phosphotungstxc acid2
2 A% o}& Philips CM203 F3Axdu]7
o2 JAsAct
AW @l £3

AsxwA ¥4 $24L Dobereiner 59 ¥y (3)
& A3l 25m/ serum vialell 10 m/ semisolid
FA4L WxE Y3 FER 17— butyl IR =}
NE & ohE 10% ofAdNE F9i5kth 30°Col 4]
20417F wliokdE AJAIE oelaleks gas chromato-
graphy (Porapak R150 column, column temp. 37
°C. 20 m/ N, gas/min, hydrogen flame ionization
detector)& ol 83te] ZH3iyct Aoy g4 <
Ae 4 vialelA A7t Qs oddle 2
(nmol C-H /hrivial)& #7]3}gdch

ot % 2@
Bo|RFo| ujysty =4

Dobereiner”} iL2FgF semisolid F2 4 wx]+= 0.3
% agarZ X8t Qlo] Azospirillum FF7F A
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Fig. 1. Characteristic growth sequence of Azospirillum
/isolate in semisolid nitrogen-free malate media.
1) 3~4 hr after inoculation, 2) 1 day, 3) 2
day, 4) 3 day, 5) 4 day.

23E ¥ F de 274 9127]3 (0.0050~0.0075
atm pO;) Aei7} WA EH O 2 HE] 2~5Smm o}
R ol YAE7] wlF-o Azospmllum o3& AdH
2.2 gol#A] Eels] ¥ 4 slgich ol2} A BMS
Hel A o] 83t EERY FFE semisolid
FA4 iAo AM Fig. 13 & Azospirillum®] &3
A A% Aeg Bid @) F HF 3~4470)
ZAstd Z1E7E YAEY wig 1Y Fele FAR
gdog REA =HI 3d Fee HYd AP
pelliclee] o2 HE] 2~5mm 8o FAds=w
#, pHS] MR pellicle 2} wiz] Yo HH )4
Aoz Wslgdct ol9} o] semisolid F-H4: oy
Ao A 553 pellicleg YAsh= 7L dE nlE
714 ArnA MEFQA Aquaspirillum, Xanthobacten
Rhodospirillum, Rhizobium, Bradyrhizobium %3
Ju13] EY & e Azospirillum} Herbaspiril-
lum®} 5322 deiA glck(4). BMS 3l z)of| &)
o} wl colonyv wlYF 29 FelE  convex,
smooth, shiny, creamy 3lt}7} SUFREE= pink,
wrinkled%} 3ef2 wWslg]c)
2T Fe| HEsy Y

2ag Azospmllum AFEL Yo e £ 1

Fo2 ¥H53ic) Fig 2004 Bx ule} zke] MPSS
A Rlel X 244171 wiFolls 2§ I3} HFFE
EF IX3um Z7E depien 5Ae]l gla
short, plump .5’_°°¥°]t=111 °_}=7} FE A 24
Boolgl o), semisolid F-44: vix| oA 4847} wj
g3t WA} gl 17“—1 Hell w2} 2§ 11
T A2 2ok Wiy} gsledh 2§ 175
E& F70] 1.5 m& WA, 5m o) Hojxy
Sz} ke g W= pleomorphic £3¢ Jelc)
ol2{g} pleomorphism2 A. lipoferume] A% A<
EA0 24 malates] AHEtE A7) wix]e] advle)
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Fig. 2. Appearance of group | and group ! strains ot
Azospirillum isolates.
A and C, group 1 and group !l strains.
respectively, cultured in MPSS broth at 37°C
for 24 hr.
B and D, group | and group Il strains.
respectively, cultured in semisolid nitrogen-
free malate medium at 37°C for 48 hr.
Bar is equivalent to 10 gm.

Fig. 3. Transmission electron micrograph of Azo-
spirillum isolates cuftured on MPSS broth at
30°C for 24 hr.

The monopolar single flagellum can be seen
(12000X). Bar is equivalent to 1 gm.

Microbiological Characterization of Azospirillum sp. 99

Groug |

Fig. 4. Difference of growth of group | and group il
strain  of Azospirillum isolates in semisolid
nitrogen-free media containing glucose (G).
sucrgse (S, or lactose fL}) as a sole carbon
source.

29 388 Zog 4eA Qleh(7). =7 Yz
oA wiekit F fuel e & 2AMY A3} Fig 33
o] monopolar single #Rojgick o}zl o3
Mg A ADHFEQ peritrichous B2E A E
Azotobacter} bipolar URE 4 Herbaspirillum,
Rhodospirillum3}t 8= Azospirillumel 553
EAolch (7. 12).
227 Fo Yalstx Ry

g ol &Ml aF 13 Il 435 25 malate}
succinatex & o|48lelovl sucrosest lactoses
o]43tx] 2} E3| glucosed %A% 215 1 &F
B2 ujgzrlodle w7 253] pellicle & #8433
o}7b 3~49 2dell dep A EH2Z pellicleo]
ol st FAL Fo AL Mooy IF 1N
FFEL pellicles W3 dAsA Zsbhg o)$
ofstA] HAEchr A sxuyel (Fig 4). o2l
2 o) EBAML Demxia gummosa Aquaspirillum,
Comamonas, Pseudomonas®t TEE + Uve
Azospirillum®) 41k (7. 12). &8 2§ 1 55L&
biotin 874 ojd o) OF It FFEL B85k
biotine] d.a8x] ske}
22|25 ALIF $Y

¥-2l%l Azospirillum FF52 100 nmol C,Hy/hr
/vial °o)4e] Axmy AL Bgon, o)FdlA
400~900 nmol C.Hu/hr/vial?] 2 A2 ¥4
€ H3l F5& Table 1old B nle} o) 15 #
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Table 1. Comaparative nitrogenase actvity of Azo- Table 3. Systematic position of the isolates.
spirillum isolates.
Group of Isolate desi . Speci
Isolate No. Location ARA¢ strain isolated 03t designation pectes
19-1D-2 Asan-gun, Chungcheongnam-do 830 Group 1 19-1D-2; 10D-2; 19-1D-5 Azospirillum
10D-2 Pyongtaek-gun, Kyonggi-do 725 6D-2; 3D-1; 19-1D-3 lipoferum
19D-2 Asan-gun, Chungcheongnam-do 714 Group II 19D-2; 19D-5; 11D-2 Azospirillum
1SD-5 Asan-gun, Chungcheongnam-do 713 21-1U-2; 19D: 18-1D-5 brasilense
11D-2 Asan-gun, Chungcheongnam-do 711 20-2U-2; 4-1D-2; 19D-3
19-1D-5 Asan-gun, Chungcheongnam-do 637
21-1U-2  Asan-gun, Chungcheongnam-do 602
6D-2 Suwon-si, Kyonggi-do 598 ,
19D-5 Asan-gur_x. Chungqheongnam-do 562 g5tk & 1§ 1 358 94922 glucosed
3D-1 Suwon-si, Kyonggi-do 598 A o)t wiW 1§ NFASE A8 o)4sA
18-1D-5 Asan-gun, Chungcheongnam-do 543 . i TEw T
20-2D-2 Asan-gun, Chungcheongnam-do 562 232, 2% 1 #5552 biotin 8-74°lsley
4-1D-2 Suwon-si, Kyonggi-do 462 2% NFFEL  biotin v 7Aoo}t =&
19D-3 Asan-gun, Chungcheongnam-do 421 semisolid A4 v x| oA} 48A|7F whoFsled wiz]<]
19-1D-3 Asan-gun, Chungcheongnam-do 420 pH7} d7lelzAeR g e} 2§ 1 #FEL

“ Acetylene reduction activity measured as nmol C;H,
per hour per vial.

Table 2. Characterization of Azospirillum fsolates.

Isolates of Isolates of

group [ group II
cell width (um) 1.0-15 1.0-1.2
colony type pink, raised pink, raised
on potato media curled curled
biotin requirement + -
use of glucose + -
use of sucrose, lactose - -
use of malate, succinate + +
pleomorphic cells + -

in alkaline media

Folgith. TH = EGARA oetd RedFe
o} FeldFe Aaay 46 & zpo)7t ek
53] AFI £ 2199 A8FAA 373 TS F
el EollA AHF A8l LT B4o] 713
& 19-1D27F5 vlE8 A 19D-2, 19D-5, 19-1D-
5. 19D-1, 19D-3, 19-1D-3 #F 5 % 7@F5o|
2el=glc} (Table 1).
=2l2F e 53

B FFEL semisolid FAA iAo A] Azo-
spirillum 2] 553 Qs Eiql f42] 23t pellicled
B Adstd. BMS Hau el 4] pink. wrinkled &t
el colonyd HYH, ©D2YeZ  malates}
succinate2 & o) &3l =¥ o] FeFFEL
vibrioid ¥el2 AAvl%A] monopolar single #%
T /2 ARy daad #3448 Jehdgd of
el At e B FFE Azogpinillum2e 2 FA 3]
Ak (7). E£F ol Azospirillum FFEL A, 3
B EXAo] ule}l Table 28} o] F 2Fo8 ¥

5ol glolA 2, vibrioid oA & ©] HeiA]
WA S Reog Wil whd, IF 11 +FES 49
23 5L 2UE fAghe Sol T Al
A& veplch ol4ke] ZAFEHE Bergey's man-
ualel 273 2F 1| FFEL  Azospinillum
lipoferum 2.2, 283 1§ 11 55L& Azospirillum
brasilense 2.2 7}7} F-Aet¢dc} (Table 3). ¥ A7
Al SgF2 Fe=lo] Azospirillum  lipoferum,
Azospirillum brasilense2 247t 3% 4752 w9}
Azospirillum7}2] A& A4 Q7% AL3A FH7)
A7 AER F&3h o]4d AR sigdcrt
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ABSTRACT: Isolation and Microbiological

441-744, Kyonggi-do, Korea)

Characterization of Azospirillum from the
Rhizosphere of Oryza sativa L. in Korea .

Kim, Won-Gon, Hyan-Chang Seo!, Jong-Pyung Kim, Chang-Jin Kim, Ke-Ho Lee?,
and Ick-Dong Yoo* (Genetic Engineering Research Institute, KIST, Daejeon
305-600, 'Department of Food and Nutrition, Shingu Junior College, Sungnam
462-743, Kyonggi-do, and ?Department of Food Science and Technology,
College of Agriculture and Life Science, Seoul National University, Suwon

Fifteen strains of the nitrogen fixer Azospirillum were isolated from the rhizosphere of .
rice collected from Kyonggi-do and Chungcheongnam-do in Korea. They had strong
acetylene-reducing activity of 400 to 900 nmol C,H, per hour per vial and had a similar
morphology in succinate-malate medium: vibrioid cells having a diameter of 1.0 ym and
a monopolar single flagellum in liquid media. According to their physiological and
morphological characteristics, they were divided into two distinct groups, group I and group
Il. Group 1 strains were, unlike group II, distinguished by their ability to use glucose as
a sole carbon source in nitrogen-free medium, requirement for biotin, and formation of
wider, longer, and S-shaped cells in semisolid nitrogen-free malate medium. On the basis
of their characteristics, strains belonging to group I were identified as Azospirillum lipoferum,
while those belonging to group II were identified as Azospirillum brasilense.



