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Abstracts

This study was conducted to investigate the physiological characteristics and to isolate
plasmid DNA of R. japonicum strains

The results obtained were as follows;

Strains $117, 5118, 005, 011 and DY-1 were slow-growers and showed alkaline reaction,
whereas strains 5110, 8111, S114, $116, S120 and 010 were fast-growers and produced acid
reaction in YEM broth.

All the fast- and siow-growing K. japonicum showed gram negative and formed mucous
white colony on agar plate.

After 7 days, the cclonies of the fast-growers were between 2.0 and 4.0mn in diameter,
whereas those of slow-growers were approximately between 0.5 and 1.5mm. The fast-growers
were uniformly sensitive to the pH of 4.5 and tolerant of the pH of 9.5, whereas the reverse
was found for the siow-growers. All the fast-growers were able to grow in the presence of 2
% NaCl however the slow-growers were not grown.

All the microorganisms grew rapidly in simple mineral salt medium containing as the sole
source of carbon. Starch was rarely utilized. All the fast-growers utilized sucrose.

The slow-growing K. japonicum strains examined usually contained 1 to 3 plasmid DNA
ranging between 15Kb and 250 Kb, whereas the fasi-growing R. japenicum strains contained
1 to 3 plasmid DNA ranging from 20 Kb to 250Kh.
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Fig. 1 Growth curves and pH changes of two strains of R. japonicum in YEM broth
Growth: ©-0:5115 e-e;5117, pH changes:[1-[1;5115, B-W;5117
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Fig. 2 Growth curves and pH changes of two strams of K. japericum in YEM broth
Growth:0-0;5010 e-#;50t1, pH changes:[-[1;5010, l-M;S011
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Table 1. Growth and pH changes of R. japonicum in YEM broth OD(600nm}/pH changes

pH

strain No. 0 iz 24 36 48 60 72 84 96  108(hr.)
S110 0.02 0.04 0.11 0.34 0.59 0.78 (.88 0.94 0.96 0.97
£.80 6.90 6.70 £.70 6.72 6.71 6.70 6.69 6.55 6.51
5111 0.02 0.04 0.15 0.35 0.59 0.74 0.78 0.80 0.83 0.85
6.80 5.92 5.84 5.80 559 557 5.44 5.30 0.83 0.85
S1i4 0.02 0.03 0.17 0.34 0.55 0.78 0.83 0.85 0.87 0.87
6.80 7.02 6.96 6.72 6.60 6.51 6.37 6.31 6.31 6.30
S116 0.02 0.04 0.15 0.36 0.59 0.75 0.83 (.86 0.86 0.87
6.80 7.05 6.90 6.80 6.66 6.62 6.46 6.31 6.22 5.22
5120 .02 0.04 0.11 0.28 045 0.66 0.82 0.88 0.90 0.92
6.80 6.97 6.75 6.65 6.05 6.45 6.40 6.40 6.30 6.30
5118 0.02 0.03 0.03 0.06 0.20 0.49 0.65 0.78 0.82 0.83
6.80 7.15 7.10 7.02 7.00 6.97 6.95 6.95 6.95 6.90
005 0.02 0.02 0.03 0.06 0.13 0.27 0.40 0.63 0.75 -
6.80 7.15 7.15 7.05 7.03 7.05 7.00 6.95 6.95 -
117 0.02 0.08 0.23 0.46 0.74 0.90 0.96 0.97 0.96 -
6.80 £.80 6.75 6.75 6.60 6.50 6.31 6.21 o.74 -
201 0.02 0.05 0.25 041 0.78 0.92 0.97 0.97 0.57 -
£.80 5.85 5.81 5.66 0.62 540 h.32 5.21 5.20 -
321 0.02 0.03 0.05 0.21 0.33 047 0.70 0.82 0.83 0.83
6.80 769 7.67 7.55 746 7.36 7.10 7.03 6.62 6.62
606 0.02 0.08 0.8 .34 0.59 (.72 0.83 0.94 1.10 -
6.80 745 740 6.68 6.62 6.51 6.05 5.84 5.52 -




Table 2. pH changes in YEM broth of K. japonicum*

strain No. final pH OD(600nm)
O ast-growers _
534 59 0.84"
561 5.6 0.75
S62 5.8 0.88
563 5.5 0.92
580 6.4 0.85
5103 5.6 0.73
5104 54 0.79
S110 6.5 0.96
S111 5.2 0.83
5112 5.7 0.90
5114 6.3 0.87
5115 6.1 0.85
5116 6.3 0.86
5120 6.3 0.90
010 6.0 0.94
other fast-grower
117 8.5 0.90
201 54 0.92
220 5.2 0.90
606 6.5 0.72
slow-growers
S117 7.0 0.84
5118 6.9 0.82
5119 6.3 0.83
005 6.9 0.75
007 6.8 0.72
008 7.1 0.72
011 7.2 0.78
019 6.9 0.98
3407 45 0.73
DY-1 7.0 0.95

a: The initiat pH of YEM media was adjusted to 6.8
b: The cell densities of fast-growers and slow-growers were determined at 600nm after 60 and 96 hrs,

respectively.
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Table 3. Growth in TYC broth of fast- and slow-growing R. japonicum

strain No. 0 6 12 18 24 30 36 40¢hr.)
S110 0.06 0.13 0.20 0.61 (.87 0.95 1.00 1.02
S111 0.00 0.10 0.18 0.72 0.87 0.95 1.00 1.02
5114 0.06 0.15 0.37 0.80 0.87 0.93 1.00 1.00
S116 0.06 0.19 0.40 0.78 0.92 0.95 1.00 1.00
S120 0.06 0.10 . 0.18 0.56 0.84 0.97 1.10 1.20
5118 0.06 0.08 0.12 0.32 0.76 (.90 0.20 0.20
005 0.06 0.10 0.14 0.45 0.80 0.85 0.89 0.90
117 0.06 0.16 0.24 0.82 0.86 0.87 0.89 0.89
201 0.06 0.10 0.24 0.50 0.80 0.85 0.87 0.80
321 0.06 017 0.20 0.40 0.90 2.26 1.42 1.50
606 0.086 0.17 0.50 0.80 0.95 1.20 1.40 1.50
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Fig. 3 Growth curves in YEM broth of fast and slow growing R. jponicum
0-05117, e-e:011, [1-[1:5115, W-M; 010
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Table 4. Salt and pH tolerance of E. japonicum®

18 43t

ARk E e NaClah pHIESI{ES] ot 5%
€ & 49 btk Fast-growing®l e pHd.
Soll 40 @iEE WveERN A ghok3, pHOYS9 2%
NaClell A k& vepd 8H9, slow-growingTY
= ke #RE vehdgch 2 pHAS

o 4] fast-growing®! @ER010S o2 fast-
growing®iol| vlate] gegffo]l Ui W, slow
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pH9.50] &= fast-growing®! S1147F ©}2

fast #ie] #|3tod ko] ok By, slow-
growing® 34707 DY-1iitke thE slow-
growing®lel u)sla] Ajdos =L LS
vERY St

strain No. OD(600nm)
2% NaCl pH 95 pH 4.5
(fast-growers)
5110 0.62 0.67 0.09
S111 0.65 (.92 0.14
5114 0.35 0.52 0.12
5115 0.48 0.61 0.08
5116 (.53 0.64 0.07
5120 0.38 0.78 0.10
010 0.45 0.70 0.28
(slow-growers)
5117 0.09 0.15 063
5118 0.08 0.12 0.58
005 0.23 0.18 0.15
011 0.22 0.24 0.65
3407 0.78 0.82 0.12
DY-1 0.05 0.37 0.52
(Other fast growers)
117 0.37 053 0.14
201 0.54 0.61 0.07
321 0.50 0.26 0.38
606 0.57 0.45 0.17

a.Bacteria were grown in MM-M medium. The cell densities of fast-growers were measured with
absorbance at 600nm after 60 hrs and those of slow-growers were determined after 96 hrs.
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Table 5. Carbohydrates utilization of . jporicum®

t}. fast-growing®L WE sucroseE F|H3E
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stram No. Glucose Arabinose

Sucrose Maltose Starch

(fast-growers)
5110
S111
S114
5115
3116
8120
010
(slow-growers)
s17
5118
005
011
3407
DY-1
{(other fast-growers)
117
201
321
606 +

+ 4+ + + + + +
+ o+ + + 4+

+ + + + + 4+
_+_

+ o+
+ o+ 4+

+ o+ o+ o+
!

+ + + + + + +
+ +
!

|
|

+ o+ o+ +
+ +
|

+ 4+ +

+ —_
+ +
+ J— _

a: Quadruple plates of each carbohydrate were incubated at 28°C for 7days. Bacteria wrer grown n
basal medium (B-M) used by Graham et al.(+: Growth, —: No growth)
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Fig. 4 Agarose gel electrophoresis of ethanol-precipitated DNA from crude lysate of R. japbnicum.

Samples from strains 201(A), S110(B), S119(C) and ATCC 15955(D) were subjected to the
electrophoresis for 8hrs at 40V and those from strains 007(E), S104(F), S34(G) and S63(H)
for 2.5hrs at 100V.

* Agrobacterium tume feciens ATCC15955

beed

«~—Chr,

Fig. 5 Agarose gel electrophoresis of ethanol-precipitated DNA from crude lysate of R. japonicum

Samples from strains 011(A), 010(B), 308(C) were subjected to the electrophoresis for Shrs
at 40V and those from strains 321(D)and DY-1(E), for 5hrs at 60V.
____________ ; Chromosomal DNA,

; Plasmid DNA
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Table 6. Plasmids from fast- and slow-growing K. japonicum

plasmid designation

strain No. large plasmid small plasmid
534 -
S61 pRibla pRj61b
562 pRj62a pRj62b
563 - -
580 pRj80a pRj80b
5103 - -
5104 - -
5110 pRj110a pRj110b, pRj110c
S111 pRjllla pRjl11b
5112 - pRjl12
S114 pRjl14a pRjl14b
5115 pRj115a, pRj115b pRjll5¢c
5116 pRil16a pRjl16b
5120 pR120 -
5117 pRjl117a, pRj117b pRjLL7
5118 pRj118a, pRj118b pRj118¢
S119 - pRj119a, pR)119h
010 pRI010a, pRI010b pRj010c
003 pRj005a pRJ00Sb(?)
007 - -
008 - pRj008
o1l pRi01la pRj011b
019 - pRj019
DY-1 pRIDY-1a pRIDY-1b(?)
3407 pR13407a pR3407b
117 pRi117a, pRi1117b pRtii7e
201 pRm201a pRm201b
220 pRm220a pRm220b
308 = pRc308
321 pRc321 -
606 - pRp606a, pRp6O6p

(-:Not detected)



A B FHY WS plasmid DNAY
Bl MHH9Q moblity= o} Hilllsign o
Nt o g 1-3f9] plasmid DNA 2 &&3ta
Atk 2y AF7A) BEE rhizobiad] 4t
A RS olE Al large plasmid
DNAZ} frfesta Qohe Zolzlnh, K g
A plasmid DNAZ} W22 EHES 1-2@9
large plasmid DNA¢} 1189 small plasmid
DNAE &fatAy, @2 3EUE mobiitys
tERN = 1-2f# 9] small plasmid DNAvE &
Aiekal Sdch

TR M 53 AL HdAD EEE
fast-growing® 511, 51159} slow-growing”
5117, Sli8e| o, {Eifipka = 117, 010,
011, 005, 3407, 321 #kol Y.

S115, S117, S118, 1178#ES 25 2{E9)
large plasmid DNA2F 1482 small plasmid
DNAE Himige= &89, Slil, Sli4,
S116, S61, Se2@itke 1{8¢) large plasmid
DNA2} 1482 small plasmid DNAE TERo
st doden 0199 Sl2ftke F—
g frEe] & 1B small plasmid DNA v
FHT AU K BEAME @ 19
large plasmid DNATHE 4781 9= S120%
fz4tdl £EHSo] large plasmid DNA%
small plasmid DNA§ TEXo2 4437 9
A}, small plasmid DNA®E #3519
= AMEE rhizobme] 5 F E{EAHT RIF A
HEE HEREE 878 & A s
it

oy ERE FH Miol £ BiKS
ol #FESHE plasmid DNAY $ite MEgstT
small plasmid DNAE FIHE ] Ef-vector
syslem® F#EL HEFozH HiS DNA
RIS BESH B KEYE ¢ 9 B
el BH7E7h #E Tl & Aoz 47
Hrkh

6 anfdel KEZ2 RH 58Y AL BH
del iRy #it % plasmid DNAY S#S
HEY #Hhe oy 2

YEM $EHBel A1 8117, S118, 011, DY-1@k
= EFEEE7E =83 akaline RIS vehy
Rem, 5110, 5111, S114, S115, S116, S120,
OI0BitkE S 4EHE/ wZn EERKES L}
ER Sl

fast-growing %4 2} slow-growing R
japonicum: RFE SR e Fuy FEE
7hE 3% R fREle, §A BB ik
el e FLE®R colonyE sk BHETH #HHE
72U, fast-growing®9] colony= BEiEo] 2.0-
40mm% L, slow-growing 9] colony= )
2 05-1591. fast-growing®ie  pH4.5¢ A
G2 gol Baktto] 13, pHIS Wttte] s
W slowgrowing e Auldl2 el
HEY HHESE 2F 4FL JF KFiEo
24 glucosed FAstEom, 0107 3218 )
et RE #FL starche HF FHEHA
FaHem fast-growing® ol sucroseE F
stk

F#E R slow-growing R. japonicum? Ywukz
o2 15-250kb 22l 1-3fE9l plasmid DNA
g 3538le W, fast-growing R. japonicume
20-250kbfERE o} 1-3fE2) plamid DNAE &%
a1 slch

2% WK

1. Noel, R. K,, and J. G. Hol:Bergey's manual
of systematic bacteriology. Willians and Wil-
kins co., U. S. A.(1984) pp. 235-240

2. Keyser, H. H., Bohlool, B. B., Huk T. S. and



10.

. Higash,, S.:

D. F. Weber . 1981, Fast-growing Rhizobia
isolated from root nodules of soybean, Sci-
ence., 215:1631-1632

. Graham, P. H. and C. A. Parker: 1964, Di-

agnostic features in the characterization of
the root nodule hacteria of legumes, Plant
and soil., 20:383-396

. FElkan, G. H. : 1971, Biochemical and geneti-

cal aspects of the taxonomy of rhizobium
japonicum. Plant and soil,, Special Val. 1:85-
104

. Sadowsky. M. J., Keyser, H. H. and B. B.

Bohlool : 1983, Biochemical characterization
of fast- and slow-growing rhizobia that
nodulate soybeans, Int. J. Syst, Bacteridl,
33:716-722

1967, Transfer of clover
infectivity of K. trifolii to K. phaseoli as med:-
ated by an episomic factor, J. Gen, Appl,
Microbiol., 13:391-403

. Dunican, L. K. and A. B. Tierbey : 1974, Ge-

netic transfer of nitrogen fixation genes on

indigenous  vhizchivm plasmid, Biochem.

Biophys. Res. Commun.,, 57:62-72

. Casse, F., Boucher, C., Julliot, J. 5., Michel,

M. and J. Denarie;1979, Identification and
characterization of large plasmuds in rhizobi-

um melilotl using agarose gel electrophoresis,
J. Gen. Microbiol., 113:225-242

. Nuti, M. P., Ledeboer, A. M., Lepid, A. A.

and R. A. Schilpercort: 1977, Large plasmids

n different thizobium species, J. Gen.
Microbicl., 100:241-248

Prakash, R. K., Schilperoort, R. A., and M.
P. Nuti:1981, The large plasmids of fast

growing rhizobia ; Homology studies and lo-

11.

12.

i3.

14.

I5.

16.

17.

18.

14.

— Bl —

cation of strucural nitrogen fixation{nif)
genes, J. Bacteriol., 145:1129-1136
Klein, G. E., Jemison, P., Haak, R. A. and A.
(. Mathysse:1975, Physical evidence of a
plasmid in rhizobiwm jeponicum, Experientia.,
31:532-533.
Luyindula, N., Tahilenge, G., Lurquin, R. ane
L. Ledoux:1975, Etude des plasmides de rht
zoblum jJaponicum, Archives enterantionales
de physiologie et biochimie., 83:199-200.
Masterson, R. V,, Russell, P. R. and A. G.
Atherly:1982, Nitrogen fixation{nif) genes
and large plasmeds of rhizobum jeponicum, J.
Bacteriol,, 152:928-931
lee, K. H.: 1985
physiological characreristics of so6ybean root

nodule bacteria, 4 A8 =8

Isolation and

Stowers, M. D. and A. R. J. Eaglesham:
1984, Physiological and symbiotic
charateristics of fast-growing rhizobium

Japonicum, Plant and soil., 77:3-14

Boucher, C. and B. B. Bergeron: 1977, Intro-
duction of bacteriology phage Mu into pseu-
domonas solanacearum and rhizobium meliloti
using the R factor R 4, J. Gen. Microbiol,, 98,
253-263

Hahn, N. J. : 1966, the congo red reaction n
bacteria and its usefulness in the identifica-
tion of rhizobium, Canadian, J. of Microbiol.,
12:725-733

Kaeo, C. I. and S. J. Liu ; 1981, Rapid proce-
dure for defection and isolation of large and
small plamed, J. Bacteriol., 145;1365-1373
Dillon, J. A. R, and E. R. Nestmann: Re-
combinant DNA methodology, John Willey
and Sons, Inc., New York, (1985) pp. 147~



156 uptake and hydrolysis of disaccharide by fast

20. Meyers, 1. A., Sanchez, D., and L. P. Elwell: - and slow-growing species of rhizobium,
1976, Simple agarose gel electrophoresis Arch. Microbiol., 129:233-239
method for the identification and character- 22. Sciaky, D, Montoya, A. and M. D. Chilton:
1zation of plasmid deoxyriboucleic acid, J. 1978, Fingerprints of agrobacterium i
Bacteriol,, 1329-1573 plasmids, Plasmid., 238-253

21. Glenn, A. R. and M. J. Dilworth: 1981, The



