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Abstract 
Effect of components in the medium on the induction of the nitrogen-fixing activity in the 
free-living state of slow-growing soybean nodule bacteria, B.japonicum, was studied using 
five strains each of Hup+ and Hup-. Nitrogenase activity was expressed regardless of the 
oxygen concentration in a defined solid medium (G:M) while glutamine, malic acid and 
molybdenum were found to be the essential components for the expression of the nitrog e­
nase activity. Uptake hydrogenase activity was also expressed on the same nitrogenase 
induction medium (GM). Effect of the medium composition on the expression of the 
uptake hydrogenase activity was different from that for the nitrogenase activity. Glu­
tamine, malic acid and molybdenum, were not essential for the expression of the uptake 
hydrogenase activity. This newly developed method on defined solid medium can be used 
for the evaluation of the nitrogen-fixing activity of strains in Bradyrhizobium. 
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Introduction 

It is generally recognized that root nodule bacte· 
ria can not fix nitrogen in the absence of host 
plants. However, ni trogen.fixing activ ity has been 

observed in a medium containing plant cells since 
1971 •. 12

• ••> and in free·l iving Cllltures in a defined 
medium since 19752·'· "· "· 13· ' 81. For the induction of 
the nitrogenase activity, nitrogen source, carbon 
source, trace elements and coem:)'mes were neces· 
sary under low ox)'gen condit ions. However , the 

expression of the nitrogenase activity was observed 
only in a few strains of slow.growing rhizobia such 
as cowpea and soybean nodl! le bacteria. The factor 
for the expression of the nitrogenase activi ty of 
slow.growing nodl! le bacteria in the free-li ving state 
remains unclear. 

Hydrogen evol lltion by nitrogenase is considered 
to be a loss of energy in symbiotic nitrogen 
fixation' " · Therefore, the strains carr ),ing an en· 
zyme (hydrogenase) which is capable of oxidizing 

the evolved hydrogen by the nitrogenase are con· 
sidered to be valuable rhizobia. This enzyme is 
designated as uptake hydrogenase and hydrogen 
cycling is an important parameter for the energy 
loss in symbiotic ni trogen f i xation. Usually, the 
uptake hydrogenase activity is expressed under 
aerobic condit ions•·'· 10• " 1 in contrast to the ex pres· 
sion of the nitrogenase act ivity. However, the 
factors required for the expression of the uptake 
hydrogenase activity in the free. living sta te have 
not been determined. 

In these studies, sol id media with different 
compositions were l!Sed for the induction of the 
nitrogcnasc activity in the free. living state and the 
effects of nitrogen, carbon and trace elements were 
studied. The factors for the expression of the 
nitrogenase and uptake hydrogenase activit ies in 
the free·l iving state were eventually elucidated. The 

methods of cu lture could be applied to other strains 
of B. ja/Jonicmn for the evaluation of the 
nitrogenase and uptake hydrogenase act ivi ties. 



14 JARQ 27(1) 1993 

Materials and methods 

(1) Organisms: For the B. japonicum Hup• strains, 

J\1017, USDJ\110, JJB70, AIOIG and 22-7-2 and for 
the Hup- strains fRJ2101, JIR33st .. JIF6P. 5-28L and 
Jl0 l4 from the rhizobial collect ions of the Tokachi 
Federation of Agricultural Cooperatives (TF AC) 
were used as materials. 
(2) Media : LN 85'1 (Table I) for lhe uptake hydro­
gcnase activity as well as CS7' n (Table 2), CS7-Ma-
50"I (Table 2) and GM"> (Table 3) for the 
nitrogenase activity were used as induction media. 
An a liquot of 2 ml of each induction medium was 
injected into a via l 20 ml in capacity and ster ilized 
before use. 
(3) Inoculation of rhizobia : 0.5 ml bacterial solu­
tion initia lly cultured in 50 ml of yeast extract 
sucrose (YES) liquid medium•n for 5 days at 2s·c by 
shaking (130 rpm) was inoculated into each solid 
induction medium. 
(4) Assay of nitrogenase activity : Immediat ely 

after the inoculation of 0.5 ml bacterial culture into 
the vials, 15% (V / V) of C, H, gas was injected into 
each vial. The via ls were incubated at 28°C for 10 
days. The nitrogenase activity was assayed by the 
acetylene-reducing method and the amount of 
reduced ethylene by the nitrogenase was determined 
b1• gas chromatography (llitachi -073 type, FID). 
(5) Assay of uptake hydrogenase activity: Im­

mediate ly after the inoculation of the bacterial 
culture in to the vials, 5% (V /V) of H, gas was 
injected into each vial. for incubation at 2s•c for 10 
days. Hydrogen gas concentration in the vials was 
determined by gas chromatography (H itachi - 063 
type, TCD). 

Table 3. Components of GM medium'" 

t<, HPO, 
MgSO, . rn,o 
NaCl 
Na,MoO, • 2H, O 
FeSO, · 7H,O 
Glutamine 
Dl,·ma lic acid 
Mannitol 
Agar 
Distil led water 

Adjusted to pl! 6.8 with NaOH. 

0.5 g 
o.z g 
0.1 g 
0.1 mg 

15.0 mg 
0.3 g 
6.75 g 

10.0 g 
15.0 g 

1.0 I 

Table I. Components of LNRS modified medium71 

Nal·l, PO, · H,O 0. 15 g 

CaCI, • 211 ,0 0 . 15 g 

MgSO, • 711 ,0 0.25 g 

Iron EDTA 0.028 g 

MnSO, • H,O 0. 010 g 

11, BO, 3.0 mg 
ZnSO, • 71 l,O 2. 0 mg 
NaMoO, • 211,0 0 .25 mg 
CuSO, • 5 1-1,0 0.04 mg 
CoCI, · 6H, O 0.025 mg 
Kl 0 . 78 mg 
Inosito l 0 . 1 g 

Thiamine-MCI 0 .01 g 

Nicotinic acid l mg 
Prydoxa 1-1-1 Cl I mg 
Sucrose 0.5 g 

L-arabinose 1.0 g 

Sodium g luconate 0.5 g 

Sodium g lutamate 0 .5 g 

Yeast extract 0 . 1 g 

Agar 12.0 g 

Distilled water 1. 0 I 

Adjusted lo pl! 6.8 with concentrated IICI. 

Table 2. Components of CS7 nnd CS7 · Ma-50 media 

Medium 
Com1>0 11ent 

c.57111 CS7-Ma-50"' 

Kl-1, PO, 0.3 g 0.3 g 
CaCI, • 2H,0 0.1 g 0.1 g 
KCI 0.067 g 0.067 g 
MgSO, · 711 ,0 0.035 g O.o35 g 
Glutamine 0.29 g 0.29 g 
Myo-inositol 1.0 g LO g 

Na -succinate G.75 g 
DL-malic acid 6.75 g 
L-arabinose 3.75 g 
Mann itol 9.1 g 
MnSO, · 4H, O 8.7 mg 8.7 mg 
H,BO, 5.0 mg 5.0 mg 
ZnSO, • 7H,O 1.0 mg 1.0 mg 
1(1 1.0 mg 1.0 mg 
CuSO, • SH ,0 0.2 mg 0.2 mg 
NaMoO, • 21-1,0 0.1 mg 0.1 mg 
CoCI, · 6H,O 0.1 mg 0.1 mg 
FeSO, • 71-1 ,0 15.0 mg 15.0 mg 
Na-EDT A 22.2 mg 22.2 mg 
Thiamin-HCl 5.0 mg 5.0 mg 
Nicotinic acid 5.0 mg 5.0 mg 
Prydoxal -1-!CI 0.5 mg 0.5 mg 
Agar 15.0 g 15.0 g 
Distilled water 1.0 l 1.0 l 

CS7 medium was adjusted lo pH 6.8 with HCl and 
CS7 -Ma-50 medium was adjusted to t>H 6.8 with con­
centrated NaOJI. 



(6) Oxygen concentration in vials: Oxygen con­
centration in each vial during the induction of Lhe 
nitrogenase activity was determined also by gas 
chromatography (Hitachi -063 Lype, TCD). 
(7) Dry cell weight : Cell weighL in each vial 10 clays 
after the incubation was determined as fo llows : 5 
ml of a 0.85% NaCl solution was added into each 
vial. and 1.5 m/ of suspension cells was pipetted out. 
The dry cell weight was determined gravimetrically 
with a chemical balance after removal of the cells 

by centrifugation al 6,000 rpm, for 10 min and 
drying at 2s·c for 5 days. 

Results 

1) Nitrogenase activity 

Nitrogenase activity for each of the five strains of 
Hup• and Hup- on four different media under aer­
obic conditions is shown in Table 4. In the LNB5 
medium, the nitrogenase activity was not observed 
in any of the strains and the CS7 medium induced a 
very low nitrogenase activity in all the strains. 
However, the CS7-Ma-50 and GM media induced a 
high nitrogenase activity in all the strains used. 
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Differences in the components between the CS7 
and CS7-Ma-50 media were related to the carbon 
source ; the CS7 medium contained arabinose and 
sucdnate, whi le the CS7-Ma-50 medium contained 
mannilol and malic acid. 

These observations indicated that carbon sources 
were the most important factor for the expression 
of the nitrogenase activity. Furthermore, the CS7-
Ma-50 medium conta ined many inorganic 
components such as cobalt, copper and coenzymes, 
while the GM medium did not contain inorganic 
components and coenzymes except for molybdenum 
and iron. These results suggest that the addition of 
many inorganic components and coenzymes except 
for molybdenum and iron is not necessary for the 
induction of the nitrogenase activity. Expression of 
the nitrogenasc activity was observed under aerobic 
conditions in the CS7-Ma-50 and GM media. There­
fore, it is suggested thal the oxygen concentration 
in the culture vial was not related to the expression 
of lhe nitrogenase activity. 

Thereafter, the effects of the elimination of in­

dividual components from the GM medium were 
examined (Table 5). Elimination of mannitol and 

'fable ,1. Effect of various media on the acetylene-reducing activity and growth of rhizobia 

Strain 

Al017 

USDAllO 

JIB70 

A1016 

22-7,2 

!RJ2101 

JI R33st. 

JIF'6P 

5-281. 

1101,1 

LNB5 

o.o•> 
(1.8±0.17)"' 

0.0 
(1.9 ± 0.14) 

0.0 
(1.8± 0.18) 

0.0 
(1.4 ± 0.12) 

0.0 
() .5±0.13) 

0.0 
(2.,1±0.10) 

0.0 
(2.4 ± 0.28) 

o.o 
(2.6± 0.09) 

0.0 
(1.9± 0.13) 

0.0 
(2.1 ± 0.10) 

Medium 

C$7 

1.6± 0.33 
(3.1± 0.05) 
1.3± 0.37 

(3.2 ± 0.08) 
0.0 

(3.2±0.19) 
4.0± 2.2 

(3.0 ± 0.07) 
,1.1 ± 5.7 

(2.9 ± 0.12) 
1.3,±0.2 

(2.9±0.03) 
5.1 ± 2.3 

(2.7±0.07) 
0.3± 0.4 

(3.5± 0.02) 
6.01± 3.2 

(3.4 ± 0.05) 
3.0 ± 0.6 

(3.1± 0.33) 

CS7-Ma-50 GM 

187±30.2 255±27.6 
(3.2 ± 0.04) (3.0 ± 0.09) 
L51± 41.0 226±43.2 

(3.2± 0.07) (3.2±0.03) 
23± 7.0 28± 5.3 

(3.0± 0.04) (2.9± 0.ll) 
393± 29.9 302±46.5 
(2.8± 0.03) (2.6± 0.14) 
226± 25.3 166± 18.9 
(2.4 ± 0.07) (2.5± 0.U) 

293± 121 188± 45.7 
(3.0±0.08) (2.9± 0.04) 
124 ± 16.3 66±16.8 

(2.9± 0.19) (2.9±0.19) 
260± 21.0 235±27.9 
(3. 1 ± 0.01) (3.1 ± 0.05) 
lll ± 29.2 85±20.7 
(3.3 ± 0.04) (3.1 ± 0.03) 
96± 23.3 87± 19.0 

(2.5±0.06) (2.3± 0.05) 

Results are expres.,;ed as a va lue (mean ± SE) for five replicate cultures under aerobic conditions. 
a): Value is expres.<;ed as nmol of C,H, per 10 days in l mg on a dry cell weight. 
bl : Value is expressed as mg of whole dr)' cell weight during the LO day incubation period per vial. 
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Table 5. Effect of GM medium components on the 
nitrogcnase induclion a nd g rowth of 
rhizobin 

Removal or componcn1s S1rain 

in medium AIOl7 JIFGJ> 

Co111ple1c medium 129± 11.J•> 120± 24.1 
(3.3 ± 0.10)"1 (2.7 ±0.05) 

(- ) Glutamine 1± 0.'I 1± 0.1 
(2.0 ± 0.17) (2.0± 0.26) 

(- ) Mannitol 126± 14.9 153± 9.3 
(3.2±0.06) (2.3± 0.40) 

(- } Malic acid 0.0 0.0 
(4.0± 0.08) (•I.J ± 0.25) 

(-) Molybdenum 8±3.4 2±0.1 
(3.3± 0.19) (3.1 ± 0.09) 

(- ) Iron 186±•19.8 61±19.5 
(3.3± 0.19) (3.3± 0.10) 

See rhe r ootnotes or Table ,1. 

iron from the GM medium reduced the nitrogenase 
activity. However, a low nitrogenase activity was 
observed by the elimination of glutamine or mo·lyb­
dcnum. and no nitrogenase act ivity was observed 

when malic acid was removed. Therefore it is con­
cl11ded thal gl\ltamine, molybdenum and malic acid 
are essent ial for the induction of the nitrogenase 
activity. Since the growth of the cells was slow in 
the g lutamine-free medium, glutamine appears to be 
an essent ial component for cell g rowth in B. 
japonicum, This observation sugges ts thal 
symbiotic nitrogen-fix ing bacteria such as B. 
j11/Jo11ic11111 fix a very small amount of nitrogen in 
the free-living state compared with the 11011· 

symbiotic nit rogen-fixing bacteria, so that 8. 
jap011icmn can not grow sufficiently by nitrogen 
fixa1ion wi thout the supply of a nitrogen source. In 
other words, nodule bacteria can not fix a large 
amount of nitrogen in the free-living state for their 
cell growth. Therefore. energy (ATP) and reduction 
force can not be supplied for the induction of the 
nitrogenase activity in sufficient amounts in lhe 

free-l iving state. 
In the medium where molybdenum was removed. 

the bacteria grew in almosl the same way as in 
complete GM medium, while the nitrogenasc 
activity was very low. Therefore, molybdenum 
appears to be the most important element for the 

induction of the nitrogenase act ivity in the free· 
liv ing state. Malic acid was also an essential 
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Fig. l. Acetylene-reducing ac1ivi1y and ox)•gen con· 
sumption of A 1017 strain during incul>al ion 
period using vial under aerobic conditions 

component for energy (ATP) and reduction force 

allocation to nilrogenase. In the medium where 
malic acid was removed, cell g rowth was more 

active than in the GM complete medium. but the 
nitrogenase activity was not induced. 

The nitrogenase activity and oxygen concenl ra· 
tion during the incubation of the bacteria in tJ1e GM 

medium under aerobic conditions containing 15% 
acetylene are shown in Fig. I. The nitrogenase 
activity was induced at a hiith oxygen concentration 
in the gas phase, and the nilrogenase activity i11-
creased with lhe period o f incubation. Therefore, it 
was possible Lo induce the nit rogenase activ ity 
under aerobic conditions in the GM induction 
medium. 

2) Up/a/1e hydrogenase aclivily 
Uptake hydrogenase act ivity of each of the five 

I lup' and llur>- strains observed on follr differenl 
media under aerobic condit ions is shown in Table 6. 
None of the !fop- strains were ab le lo take ur> 
hydrogen on any of the induction media, while all 
the llup' strains took up hydrogen. 

The effect of .idditional components on the induc­
tion of the uptake hyclrogenase activity was tested 

using the 1-lup ' strain Al017 ancl Hup- strain JIF61' 
on lhe Gi\11 medium. The effects of the removal of 



Tnblc G. Effect of vario us media on t he upta ke hydrogcnasc activ it y and growt h of rhizobin 

Strain 

i\10 l 7 

USDi\ I JO 

JIB70 

A1016 

22-7-2 

IRJ2101 

JIR33st. 

JIP6P 

5-28L 

J 1014 

LNB5 

0.0" 
(2.0 ± 0.13)"1 

0.0 
(2.2± 0.4 I) 

0.0 
(2.0 ± 0.1 1) 

0.0 
(1.8 ± 0.)5) 

0.0 
(1.9 ± 0.14) 

0.0 
(2A ± 0. lO) 

0.0 
(2.4 ± 0.07) 

0.0 
(2.6 ± 0.10) 

0.0 
(2.1 ± 0. 19) 

o.o 
(2.0 ± 0.07) 

CS7 

0.0 
(3.1 ± 0.05) 

0.0 
(3.J ± 0.09) 

0.0 
(3.0 ± 0.03) 

0.0 
(3.0 :t 0.20) 

0.0 
(3.1 + 0.12) 

0.0 
(3. l ± 0.15) 

0.0 
(2.6± 0.09) 

0.0 
(3.5 ± 0.03) 

0.0 
(3.4 ± 0.08) 

0.0 
(3.2 ± 0.17) 

Medium 

CS7-Ma-50 GM 

0.0 2.26± 0.25 
(3.1 ± 0-06) (3.1 ±0.06) 

0.0 1.78± 0.13 
(3.2 ± 0.08) (3.1 ± 0.08) 

0.0 J.7•1± 0.11 
(3.0 ± 0.08) (2.9 ± 0.09) 

0.0 2.74±0.18 
(2.7 ± 0.09) (2.6 ± 0.08) 

0.0 2.69± 0.11 
(2.5 ± 0.08) (2.5± 0.07) 

0.0 0.0 
(3.2± 0.23) (2.9± 0.09) 

0.0 0.0 
(3.0± 0.12) (3.0 ± 0.15) 

0.0 0.0 
(3.1 ± 0.10) (3.2 ± 0.06) 

0.0 0.0 
(3A ± 0.05) (3.3± 0.13) 

0.0 0.0 
(3.0 ± 0.02) (2.9 ± 0.03) 

a): value is expressed as 1,mol of 11, per 1 day in t mg on a dry cell weight. 
As regards the others. SC<' 1he footnotes of T11ble ·I. 

Table 7. Effect of GM med ium components on the 
uptake hyd roge nnse activity n nd g rnwth of 
rhizobin 

Removal of components Strain 

in medium Al017 J IF6J> 

Complete med ium 1.25± 0.18 .. 0.0 
(3.6± 0.01 >·· (3. 1 ± 0.13) 

(- ) Ulutaminc 1.51 ± 0.25 0.0 
(2.4 ± 0.11) {2.2±0.02) 

(- ) Mllllnitol 1.13± 0.16 0.0 
(3.4 ± 0.01) (3.0±0.08) 

(- ) Malic acid 2.13± 0.26 0.0 
(3.8 ± 0.01) (-I.0 :!:0.02) 

(- ) Molybdenum 1.71 ± 0.18 0.0 
(3.4 ± 0.05) (3.0± 0.08) 

(- ) Iron l.76±0.24 0.0 
(3.5 +- 0.06) (3.0± 0.05) 

See the footnotes of Table 6. 0 2 4 
Incubation period (days) 

.,_. H, ;Al 0 17 0-0 JIF6 P 

17 

individual components of the medi um on the uptake 

hydrogcna!le activity are shown in Table 7. 1-1 up• 

strain AJOJ7 to()k llP hydrogen on a ll the media 

when individual components of the complete Gi\tl 

med ium were removed. wh ile the I l up- st rain JIP6P 
did not exh ibit the activity in any of the media. As 

described above. glutamine. molybdenum and malic 

acid were essentia l components for the induction of 

Fig. 2. Uptake hydrogenase ;ictivity of i\ 1017 (Hup•) 
and JIF6P (Hup- ) strains during incubation 
period using vial under aerobic conditions 

the nitrogenase activity, unl ike for the induction o f 

the uptake hydrogenase activity. 

Hydrogen uptake was observed at a high level on 
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the medium lacking glu tamine regardless of U1e 
small amount of cell growth and very low induction 
of nilrogenase activity. This observation indicates 
that the induction of the uptake hydroge11ase 
activity was not related to cell growth and that 
presumably energy (ATP) was produced by the 
hydrogen uptake and the energy was used for cell 
growth and for the uptake hydrogenase activity. 

Hydrogen uptake was also observed on a medlium 
lacking molybdenum which was not involved in the 
structure of the uptake hydrogenase protein in 
contrast to the nitrogenase proteins. Hydrogen up· 
take was also obse1·ved on the media lacking malic 
acid or mannitol as a sole source of energy (ATP) 
and reduction force of hydrogen uptake. 

Time course of hydrogen uptake during the in· 
cubation observed using the Hup+ strain AlOl 7 and 
Hup- JIF6P in vials is shown in Fig. 2. In a Hiup ' 
strain AlOl 7 for which hydrogen gas had been 
added to the incubation vial, hydrogen was taken up 
into the bacterial cells and maximum hydrogen 
uptake was observed 4 days after incubation. O il the 
contrary, a )fop- strain JIF6P did not show Uie 
uptake hydrogenase activity during the incubation. 

Discussion 

Although the oxygen concentration is one of the 
major limiting factors for the expression of the 
nitrogenase activ ity in symbiotic root nodules by 8. 
japonicwn, the oxygen concentration was noL an 
essential factor in the free·living state when defiined 
solid induction media were used (Table 4). The 
absence of limitation of the oxygen concentra t ion 
for nitrogen fixation in the new technique developed 
here may be ascribed lo lhe fact that since rhizol>ial 
cells grow on the surface of a solid induction 
medium covered with a liquid medium. the cells can 
grow without being in direct contact with oxygen in 
lhe gas phase. ll can be considered thal the oxygen 
concentration of the rhizobial cells on the growing 
surface of the solid medium decreased by the cover· 
ing with the liquid medium and the nitrogenase 
activity could be expressed without damage. 
· For the expression of the nitrogenase act ivity. it 

is necessary to supply glutamine as a nitrogen 
source, mal ic acid as a carbon source, molybdenum 
and iron, but not other trace e lements and co· 
enzymes. These elements can be considered to act 
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as follows : the nitrogen source such as glutamine is 
used for cell growth ; the carbon source is used for 
a respiration substrate such as malic acid to supply 
ATP and the reduction force ; molybdenum and iron 
are used for the components of FeMo protein in Lhe 
ni trogenase. 

In the bacteroids growing inside of the root 
nodules, rhizobia can grow and fix nitrogen using 
organic acid instead of sucrose'·'1• For the induction 
of the nitrogenase activity in the free.living stale, 
organic acid is also an essential element as a sole 
carbon source and malic acid was foLtnd to be the 
most effective. 

For the expression of the uptake hydrogenasc 
activity in the free,living state of B. joponicum, the 
addit ion of many inorganic components and CO· 

enzymes was necessary as previously reported•· 
•· ' 0• " 1• llowever. lhe uptake hydrogenase activity 
was expressed in the free.living state on s imple 
media such as GM medium . The uptak e 
hydrogenase activity therefore, may also be expre.."5· 
ed on the yeast extract mannitol (YEtvO medium 
and it is not necessary to add trace elements such as 
molybdenum, iron. coenzymes and organic acids 
such as malic acid. 

Recently there have been few reports on the in· 
duction of the nitrogenase and uptake hyclrogenase 
activities in the free·living state of s low.growing 
B. joponicmn. The experiments, we carried out, 
however indicate that the nitrogenase and uptake 
hydrogenase activities in the free.living state of 
slow.growing B. it1/1onic11m can be determined on an 
induction medium by the use of a simple GM 
medium. This induction technique can be applied to 
evaluate the abili ty of 8. jo/>onicum strains to ex· 
press· the nitrogenase and uptake hydrogenase 
activities without nodule formation if the activities 
in the free· living state are correlated with the 
symbiotic nitrogen fixation . 
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