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1. INTRODUCTION

The enzyme complex nitrogenase, which cata-
lyzes nitrogen reduction consists of two component
proteins [1,2]: component I, a molybdenum and
iron containing protein comprising two types of
subunits and component II, a dimer iron—sulfur
protein with identical subunits. The actual nitro-
gen reduction takes place on component I and this
component is called dinitrogenase; component II
which supplies component I with electrons is
called dinitrogenase reductase [3]. The nitrogenase
complex shows a remarkable structural similarity
[2] among widely divergent organisms. The genus
Rhizobium can be divided into two groups, viz.
slow and fast-growing species [4,5]. These two
groups differ in several characteristics. The fast-
growing rhizobia have a generation time of 2—4 h,
are acid producers, have laterally arranged flagella
and do not reduce nitrogen in the free-living form
[4,5]. The slow-growing rhizobia have a generation
time of 6—8 h, are alkali producers, have polar or
subpolar flagella and reduce nitrogen in free-living
and symbiotic form. Furthermore there are dif-
ferences in the metabolic pathways and DNA base
ratios. The results of Ruvkun and Ausubel [6] on
the sequence homology between the nif genes of a
fast and a slow-growing Rhizobium pointed to a
rather restricted homology. This result implies that
a substantial difference may exist between nitro-
genase proteins of fast and slow-growing rhizobia.
In this paper we report on the immunological com-
parison of component I proteins of fast and slow-
growing rhizobia by the use of radioimmuno-
assays. We have used this technique because com-
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parative immunological analyses of proteins from
different organisms have been useful in asserting
taxonomic relationships [7,8] and only small
amounts of proteins are required in this procedure.

2. MATERIALS AND METHODS

2.1. Growth conditions

The following combinations of fast-growing rhi-
zobia with legumes were cultured: Rhizobium
leguminosarum (PRE) — Pisum sativum (var. Ron-
do); R. meliloti (KA145) — Medicago sativa (var.
du Puits); R. phaseoli (KAA4T) — Phaseolus vulgaris
(var. Walcherse witte); R. lupini (GK82) — Or-
nithopus sativus. The combinations of slow-grow-
ing rhizobia with legumes were: R. japonicum
(SM), Rhizobium spp. (32H1) or Rhizobium spp.
(CB756) with Vigna unguiculata Walp (var. Black-
eye Early Ramshorn); R. lupini (RCR3211) — Or-
nithopus sativus. P. sativum was grown as described
before [9] at 18°C. The other legumes were culti-
vated and nodulated essentially under the same
conditions, but at 24°C. Bacteroids of the different
rhizobia were isolated from root nodules as de-
scribed before [9]. Klebsiella pneumoniae was
cultured as described by Eady et al. [10].

2.2. Nitrogenase purification

Bacteroids and K. pneumoniae were lysed an-
aerobically with a French press. Component I of
nitrogenase was purified by chromatography on
DEAE cellulose (DE 52, Whatman) and Ultrogel
ACA 34 (LKB) as described before [11]. Nitro-
genase component I of Azotobacter vinelandii was
a generous gift from G. Scherings {1]. For the com-
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ponent I proteins of the different organisms the
following abbrevations are used: Rlel, Rpl, Rml,
Rlul, Rjl, Rsppl, Kpl and Avl for the component
I proteins from respectively R. leguminosarum, R.
phaseoli, R. meliloti, R. lupini, R. japonicum, R.
spp., K. pneumoniae and A. vinelandii. Kpl and
Rlel were electrophorectically pure. The nitro-
genase component I proteins of the other rhizobia
were analysed by polyacrylamide gel electropho-
resis and were 70-90% pure, as determined by
scanning the gels after staining with Coomassie
Brilliant Blue [9].

2.3. Radioimmunoassays

Specific antisera against Kpl and Rlel were
raised in rabbits [11] and radioimmunoassays for
these two proteins were performed as described
previously [11]. Iodinated Rlel or Kpl (20 pug) and
1 pl of Rlel or Kpl antiserum was used in each
assay. The final volume was made up to 1 ml with
RIA buffer: 0.05 M phosphate (pH 7.5), 0.85%
(w/v) NaCl, 02% (w/v) bovine serum albumin,
001% (w/v) thimerosal, 1% (v/v) Triton X-100,
0.1% (w/v) sodium deoxycholate. Homologous or
heterologous CI was added and the assay mixture
was incubated overnight at 4°C. Component I—
antibody complexes were separated from unbound
component I by precipitation with protein A Se-
pharose CL-4B (Pharmacia). The pellet after cen-
trifugation (1 min, 10 000 X g) was washed 3 times
with RIA buffer. The pellet was suspended in RIA
buffer and radioactivity was quantified with Hy-
droluma (Lumac, Basel) in a Packard 2450 liquid
scintillation spectrometer. The abilities of the com-
ponent I proteins of the different rhizobia to in-
hibit binding of [1251]Rlel or [125]]Kpl to their
homologous antibodies was determined and con-
sidered to represent the degree of homology be-
tween that component I and Rlel or Kpl. Protein
was assayed by the Lowry method [12] with bovine
serum albumin as standard.

3. RESULTS

The immunological relationship between nitro-
genase component I proteins of different Rhi-
zobium species was studied with a radioimmuno-
assay specific for Rlel. The ability of component 1
proteins isolated from fast and slow-growing rhi-
zobia, to inhibit the binding of ['2°I]Rlel are
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% of 1251]-R11 bound

Fig.1. Inhibition of [IZ5]]Rlel binding by anti-Rlel-
serum as a function of amount of non-radioactive CI
added. (e——e) Rlel, (s—=2) Rpl, (0—0) Rml,
(X---X) Riul (GK82), (s——s) Rlul (RCR 3211),
(a—1) Rjl, (X—X) R. spp. (CB 756),
(o—a0o) R.spp. | (32H1).

shown in fig.1. The component I proteins of the
fast (Rml, Rpl, Rlul (GK82)) as well as the slow
growing rhizobia (Rjl, Rsppl, Rlul (RCR 3211))
tested, all were able to inhibit binding of [12°I]Rlel
completely. This indicates that these component I
proteins are able to compete with Rlel for all the
binding sites on the anti-Rlel. However, there is a
large difference in the binding affinity of the dif-
ferent proteins. Component I proteins of all fast-
growing rhizobia show an affinity for anti-Rlel
which is only slightly lower than that of Rlel; only
about twice as much component I protein of fast-
growing rhizobia was required to cause an equal
decline in the percentage of [!25[]Rlel bound as
with Rlel. In contrast about 200-fold larger quan-
tities of component I proteins from slow-growing
rhizobia were necessary to effect the same degree
of competition. Of the slow-growing rhizobia only
Rlul (RCR 3211) was exceptional in that it has a
competitive ability against Rlel similar to that
found for fast-growing rhizobia.

Also the immunological relationship between
Rlel on one hand and Kpl and Avl on the other
was determined. Figure 2 shows that Kpl has the
ability to inhibit the binding of Rlel completely,
while Av1 is only able to inhibit 80% of this bind-
ing. Therefore Avl is the only component I protein
tested which is not capable of blocking out all
the binding sites on Rlel. Figure 2 shows that 200
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Fig.2. Inhibition of [!2’[]Rlel binding by anti-Rlel-
serum as a function of amount of non-radioactive CI
added. (e—e) Rlel, (o—a) Kpl, (a——a) Av1.

times more Kpl or Avl than Rlel is necessary to
effect the same inhibition of binding of [!23I]Rlel
to anti-Rlel. This means that the component I pro-
teins of slow-growing rhizobia differ as much from
Rlel as Kpl and Avl do. Therefore we determined
whether component I of slow-growing rhizobia is
more related to Kpl than to Rlel. The ability of
component I from different rhizobia to compete
with [123]]Kpl for binding to anti-Kp1 was deter-
mined. Component I proteins of fast- as well as
slow-growing rhizobia had a similar low affinity
for anti-Kpl. In all cases (result not shown) about
200 times more Rhizobium component I was re-
quired than Kpl to effect an equal inhibition of
binding of labeled [']]Kp] to anti-Kpl.

4. DISCUSSION

The present results show that component I pro-
teins from four fast-growing rhizobia, Rlel, Rml,
Rp! and Rlul (GK 82) are very similar to each
other. This is in contrast to the component I pro-
teins from slow growers, which have a much lower
affinity for anti-Rlel, with only Rlul (RCR 3211)
as an exception. R. lupini (RCR 3211) is a slow-
growing Rhizobium, but its component I protein
falls within the range of the component I proteins
of fast growers, in the radioimmunoassay shown in
fig.2. Our results indicate that within the genus
Rhizobium two different types of nitrogenase com-
ponent I occur. One type is present in all fast-
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growers investigated; another is mainly present in
slow-growing strains (with the exception of Rlul in
strain RCR 3211, a slow-growing strain having the
‘fast-growing’ type component I). We cannot easily
explain this exception at present. One might con-
jecture that nif-genes being located on large indi-
genous plasmids [13—15] can be transferred by
conjugation [16] from one Rhizobium strain to an-
other and that strain RCR 3211 has acquired nif
genes from a fast-growing strain in this way. These
results confirm that rhizobia of the fast and slow-
growing groups are taxonomically not closely re-
lated. Our results are also in agreement with the
work of Ruvkun and Ausubel [6], who showed that
plasmid pRmR1 containing cloned rif sequences
from R. meliloti hybridizes strongly with DNA,
from other fast-growing rhizobia (R. legumino-
sarum, R. trifolii, R. phaseoli) but only weakly with
DNA from R. japonicum and R. spp (32H1) (slow
Zrowers).

In the competition assay with 125]-labeled Rlel
the component I proteins of K. pneumoniae and A.
vinelandii also show a low degree of competition;
this implies that their antigenic structures differ as
much from Rlel as component I proteins of slow-
growing rhizobia do. The reciprocal assay in which
competition against [!25I]Kpl for anti-Kpl was
tested, proved that all the component I proteins of
the rhizobia we have tested only have a low bind-
ing affinity for anti-Kpl. Ruvkun and Ausubel [6]
showed that a part of K. pneumoniae nif DNA
hybridized with nif DNA sequences of R. meliloti.
The homologous region is restricted to genes D
(component II) and H (subunit of component I) or
a part thereof. The extent of divergence between
the hybridizing part of R. meliloti and K. pneu-
moniae nif DNA is 8—20%. However the other nif
genes of K. pneumoniae, including gene K (subunit
of component I) do not hybridize at all with R.
meliloti nif DNA. This means that there exists a
large divergence between the K genes and con-
sequently between the nitrogenase component I
proteins of R. meliloti and K. pneumoniae.
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