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ABSTRACT

MIEANS, IRA M. (U.S. Departimieiit of Agiicul-
ture, Beltsville, Md.), HERBERT W. JOHNSON, AND
R. A. DATE. Quick serological method of classifv-
ing strains of Rhizobiwni japonicmnot in nodules. J.
Bacteriol. 87:547-553. 1964.- -A new method of
classifving strains of Rhizobia at japonica in sero-
logically by utilizing the conitents of nodules as
antigens is described. The method diff'ers froain
standard procedures only in the preparation of
antigens, but it is less time-consuming. Agglutina-
tion reactions of culture and nodule antigens w\ere
identical for 15 of the 17 strains investigated.
N'odule antigens of ineffective strain 24 failed to
agglutinate with any of the 17 antisera employed,
and nodule antigeins of strain 46 reacted with t-wo
antisera in addition to the tw-o with which the cul-
ture antigens reacted. Host genotypes affected the
reactions of nodule anitigens of strain 46, with the
reactions ranging from those typical for culture
antigens for some soybean (Glycine ntax) varieties
to reactions with heterologous antisera only for
other soybean varieties and six cowpea (Viqna
sinensis) varieties. Although nodule antigens of
most strains of B. japonicvntn reacted the same as
culture antigens, the inconsistent reactions of
nodule antigens of strain 46 suggest precautions in
the general use of nodule antigens. Indicated pre-
cautions are discussed.

AMost soils in areas of the United States where
soybeans [Glycine max (L.) Merrill] are produced
contain effective strains of nodulating bacteria
[Rhizobium japonicum (Kirchner) Buchanan]. In
experiments designed to compare strains of R.
japonicurm and inoculation techniques in such
soils, some method of identifying the strains in
the nodules of soybean plants is required. The
established procedure of serologically identifying

lPresent address: FAO Edifacio, Artigas, Rin-
con1 487, esc. 503, 'Montevideo, Uruguay.

strains by isolating the bacteria from1 nodules and
using whole cells in culture as antigens is so time-
consuming that it precludes experiments of the
scale required for adequate evaluation of strains
and inoculation techniques.

It seemis logical to assume that cells of bacterial
origin in the nod(ule have antigenic plrolerties in
common with the cells of a like bacterial genotype
in culture; and, if the bacterial cells in the nodule
could be used directly as antigen, the time re-
quired for the serological classification of strains
could be reduced. However, little information on
the antigenic properties of the contents of legume
nodules is to be found in the literature, and Jor-
dan's (1962) extensive review of the literature on
the bacteroids of the genus Rhizobium contains no
reference to the antigenic properties of bacteroids.
The objectives of this paper are: (i) t,o describe

a serological method of identifying strains of R.
japonicum that utilizes the contents of nodules as
antigens; and (ii) to present information on the
serological reactions of strains taken directly from
nodules, as compared with the reactions of the
strains in culture.

MATERIALS AND METHODS

The method (liffers from standard serological
procedures only in the preparation of antigens.
Antigens from nodules are prepared by placing
washed nodules individually in small vials and
crushing each one in 3 to 4 ml of physiological
saline. The resulting suspensions are then diluted
to the desired turbidity with physiological saline,
steamed, and pipetted into tubes. Most of the
nodule debris remains in the vials. Nodules
known to have originated from one strain fre-
quently are bulked to produce larger quantities
of antigen.

Reactions of culture antigens, unheated nodule
antigens, and nodule antigens heated at 100 C
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(steamed without pressure) for 30 mn were com-
pared. Antigens from cultures were prepared as
described by Vincent (1941).

Somatic agglutinations were carried out in the
normal way, using 10 X 75 mm tubes and incu-
bating at 52 C for 3 to 4 hr. All antisera were ti-
trated by the double-dilution method (starting at
1:100) against the homologous culture and nodule
antigens and against heterologous antigens which
reacted at the 1:100 dilution. For most of the
work, however, the final antisera dilutions were
1:100. All antisera were prepared from culture
antigens as described by Vincent (1941).
The concentrations of viable cells in culture and

nodule antigens diluted to identical optical densi-
ties were compared from plate and plant (Date
and Vincent, 1962) counts of serial dilutions of a
sample of the antigens employed in the serological
evaluation. Nodules used in the production of
antigens were produced by inoculation of soy-
beans or cowpeas [Vigna sinensis (Torner) Savi]
in sterile sand in jar assemblies used in previous
work (Johnson, Means, and Clark, 1958). Sero-
logical reactions of a selected group of eight
strains in nodules of soybeans (Lee variety) and
cowpeas (Brabham variety) were compared by
inoculating plants of both species with the same
cultures and preparing antigens from the result-
ing nodules. Similarly, the nodules of ten varieties
of soybeans and six varieties of cowpeas resulting
from strains 46 and 76 were compared.
Of the 28 R. japonicum strains employed by

Date (1962), 24 were used in the current work.
Four of the strains used by Date were omitted be-
cause of unstable culture antigens (74 and 128)
or the special-purpose nature of the antisera (127
and 129).

RESULTS

Culture vs. soybean nodule antigens. Reactions
of culture and nodule antigens (Lee variety) of 17
strains are recorded in Table 1. Data on seven
strains were omitted to simplify the presentation
because they were the same as those for other
strains represented.
The reactions of the two types of antigens of a

given strain were identical except for strains 24
and 46. The nodule antigens of strain 24 did not
react with any antisera, whereas the culture anti-
gens reacted with antisera 3, 6, and 24. Strain 24
was ineffective on both soybeans and cowpeas.
Although inoculation of these species with strain

24 resulted in many small nodules, the plants ap-
peared to be identical with those in the uninocu-
]ated checks. Culture antigens of strain 46 reacted
with antisera 4 and 46. Nodule antigens gave an
intermediate reaction with the same two antisera
and a weak reaction with antisera 3 and 24.

Antigens from dried nodules of the Lee variety
stored at room temperature for 6 months gave the
same results as antigens from fresh nodules for
each of the 17 strains.
The data for unheated nodule antigens were the

same as those for heated antigens reported in
Table 1 except for strain 46. However, the un-
heated antigens retained a slight turbidity, in
contrast with the complete clearing of heated
antigens. The turbidity was conspicuous only
when heated and unheated antigens were com-
pared directly and was not sufficient to permit a
distinction on the 1 to 3 scale employed.
Unheated nodule antigens of strain 46 reacted

2+ with antisera 3 and 24, and 1+ to 2+ with
antisera 4 and 46. Heated antigens reacted 1+
with antisera 3 and 24 and 2+ with antisera 4
and 46.

In general, agglutination of culture and heated
nodule antigens occurred at the same maximal
dilution of antiserum. Agglutination of culture
antigens of strains 46 and 123, however, occurred
at one dilution higher than did agglutination of
nodule antigens. Titers for homologous reactions
involving both types of antigens ranged from
1:800 to 1:6,400.

Soybean vs. cowpea nodule antigens. The reac-
tions of nodule antigens from seven of eight
strains were the same for Lee soybean and Brab-
ham cowpea nodules (Table 2). For strain 46,
however, the reaction characteristic of culture
antigens was intermediate for soybean nodule
antigens and absent from the cowpea nodule anti-
gens. The two antisera (3 and 24) with which the
soybean nodule antigens of strain 46 reacted and
the culture antigens did not were the only anti-
sera that agglutinated the cowpea nodule antigens
of strain 46. Unheated nodule antigens reacted
the same as the heated except for the slight resid-
ual turbidity and the change in the soybean
nodule antigens of strain 46 mentioned in connec-
tion with Table 1.
Both soybean and cowpea nodule antigens of

strain 24 failed to react with any of the antisera
used.

Culture antigens of isolates from the soybean
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TABLE 1. Somatic cross-reactions of 17 strains of Rhizobium japonicum-culture and heated
Lee soybean nodule antigens*

Antiserum
Antigen

3 6 24 4 46 31 38 62 76 117 94 110 122 123 124 125 130

3

24

4

46

31

38
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76

117

94

110

122

123

124

125

130

xxx xxx xxx - _

xxxxxxxxx --

x x

xxx

xx xx

- +++ -

_ XXX _

- xxx

xxx

xxx

xxx

xxx

xxx~

- xxx -

- xxx -

- xxx -

- xxx

xxx

xxx

IXXX
xxx

* Symbols: + = culture antigen; X = nodule antigen; + or X indicates minimal detectable agglutination; ++ or XX indicates
intermediate agglutination; +++ or XXX indicates complete agglutination.

and cowpea nodules used in preparing the anti- of host genotype on this strain should be investi-
gens that gave rise to the data in Table 2 reacted gated further. Ten varieties of soybeans and six
the same as the original culture antigens. varieties of cowpeas were inoculated with a cul-

Antigenic variation of strain 46. Differences in ture of strain 46 and with a culture of strain 76,
the reactions of antigens from soybean and cow- one of the strains of which soybean and cowpea
pea nodules of strain 46 suggested that the effect nodule antigens reacted the same. Heated and un-
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TABLE 2. Reactions of culture, soybean nodule, and cowpea nodule antigens of selected
strains of Rhizobiu?n japonicunt*

Type

Cu
So
Co

Cu
So
Co

Cu
So
Co

Cu
So
Co

Cu
So
Co

Cu
So
Co

Cu
So
Co

Cu
So
Co

Antiserum

3 6

I-

_

+v

24 46

±+
+++

31 38 76 117 110

* Cu = culture; So = soybean nodule; Co = cowpea nodule; + indicates minimal detectable ag-

glutination; ++ indicates intermediate agglutination; +++ indicates complete agglutination.

heated antigens l)repared from the resulting
nodules were tested against the antisera listed in
Table 1.
The antigens of strain 46 reacted with antisera

3, 4, 24, and 46. Since the reactions of antisera 24
and 4 were the same as those of 3 and 46, respec-

tively, only the data for the last two are pre-

sented.
Host genotype had a marked influence on the

reactions of the nodule antigens resulting from
strain 46 (Table 3). All cowNpea nodule antigens
reacted 3+ with antiserum 3 but failed to react
with homologous antiserum 46. Heating had
little effect on the reactions.

Reactions of heated soybean nodule antigens

from the ten varieties ranged from the character-
istic reaction of culture antigens of strain 46 to
reactions as diverse as those of cowpea nodule
antigens. Heating accented the reactions with
antiserum 46, but eliminated the reaction with
antiserum 3 in nodule antigens of four varieties.
Soybean and cowpea nodule antigens of all

varieties resulting from strain 76 reacted only
with antisera 76 and 117 (same as culture antigens
of strain 76), and all reactions were 3 +.

Culture antigens of strain 46 prepared from
isolates of nodules from the various soybean and
cowpea varieties reacted the same as the original
culture of strain 46.

Development of nodule antigens. Serological reac-

Antigen

Strain

3

24

46

31

38

76

117

110
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tions of unheated antigens prepared from nodules
of strains 3, 31, 38, and 46, sampled at successive
dates after planting of the soybeans, indicated
that the strains differed little in the time required
for the antigens to develop (Table 4). In general,
antigens were detected first about 2 weeks after
planting. Maximal reactivity of the antigens was
attained about 3 weeks after planting and was
maintained throughout the life of the plants.

Reaction of antigen of strain 46 with antisera
3 and 24 was detected about 3 weeks later and
disappeared about 3 weeks earlier than the reac-
tion of the strain with antisera 4 and 46.

Viable cells in cutlture and nodule antigens. Plate
counts of nodule and culture antigens, diluted to
the same turbidity as used in the agglutination
tests, indicated that the number of viable cells in
the nodule antigens of four strains (38, 46, 76,
and 110) was about 20 to 30% of that in culture
antigens of the same straiins (Table 5). Nodule
antigens of ineffective strain 24 contained only
about 10% as many viable cells as did culture
antigens.
The highest dilution of nodule antigens at

which inoculation of soybean seeds with 1 ml of
the solution resulted in nodulation was 108 for all
strains. Comparable results were obtained with
the 109 dilution of culture antigens of strains 24,
46, 76, and 110 and for the 108 dilution of strain
38.
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TABLE 3. Reactions of heated andunheated antigens
of strain 46 prepared from nodules of different

soybean and cowpea varieties*

Species and variety

Soybean
Grant ..........
Kent ...........
Hardee .........
Harosoy........
Blackhawk.....
Lee ............
Hood ...........
Improved Peli-
can ..........

Otootan ........
Kingwa..

Cowpea
Brabham.......
Buff............
Calva..........
Crowder........
Rice ...........
Toy Set........

Heated antigens
with antiserum

Unheated antigens
with antiserum

3 46 3 46

++
++

+++

+++

++

++
++
++

++

++
++
++
++

* Antigens were tested against antisera listed
in Table 1, but only those listed above, plus anti-
sera 4 and 24, reacted. Data for antisera 4 and 24
were omitted because they were the same as those
for 46 and 3, respectively.

DIscussIoN,

Serologically classifying the strain of R. japoni-
cumn in a soybean nodule directly from the antigen
in the nodule is vastly quicker than the usual pro-
cedure of isolating and producing antigen in cul-
ture. A single soybean nodule provides enough
antigen for testing against ul) to eight antisera by
the tube method, but the use of eight antisera
normally would require selecting the largest nod-
ules and would preclude evaluation of a random
sample. However, most soybean nodules investi-
gated were large enough to provide sufficient anti-
gen for evaluation against at least four antisera
by the tube method. The use of available micro-
techniques would allow this number to be ex-
panded sufficiently for almost any need. A com-
posite antiserum composed of up to six antisera,
each in the same concentration as when they are
used individually, also is used extensively to
classify nodules into a composite class. This is
especially useful with sanmples of nodules com-
posed primarily of two or three predominant sero-

logical types but containing several other infre-
quent types.
Although nodule antigens of most of the normal

strains of R. japonicum evaluated appeared to be
as reliable as culture antigens in the routine iden-
tification of strains, the effect of host genotype on
the serological reaction of nodule antigen of strain
46 suggests precautions in the use of nodule anti-
gens. If the influence of the cowpea host can be
assumed to represent the extreme expected from
different soybean varieties, the results from a
selected group of eight strains (Table 2) suggest
that for most strains host variety will have little
effect.
The results from nodule antigens of strain 46

are in sharp contrast with those of other strains.
The nodule environment provided by various soy-
bean genotypes and cowpeas apparently in-
fluences the serological reactions of the strain,
since isolates of strain 46 from nodules of the
various genotypes reacted the same. Whether
similar changes in serological reaction can be in-
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TABLE 4. Reactions of unheated antigens prepared froml soybean nodules of foutr Rhizobiumit
strains sampled on successive dates after planting of the soybeansa

Strain 3 antigen with antiserum

6

++

+++

-P-P-

+++-
-P-P-

+++-
+-+-+

24

++
+++
++±+

+A++
+++-
+-++
+++-

Strain 46 antigen with antiserum

3

++

+

4

+

++

++
++I
++I
++
++
++
++
++

24 46

_

++

++
++

++ ++
+_ ++

+ ++

++ ++
+ ++
+ ++

++

Strain 31 Strain 38
antigen with antigen witl
antiserum antiserum

31

++

I+++I+

38

++
++

a Symbols: + indicates minimal detectable agglutination; ++ indicates agglutination; +++ indi-

cates complete agglutination.
bPods on plants beginning to develop.
c Pods full size.
d Plants almost mature; nodules sound but green inside.
e Plants completely mature; nodules mushy but intact.

TABLE 5. Plate counts of soybean nodule and cultur'e
antigens of five strains of Rhizobiuint japoniucm

(viable cells per ml X 106)

Strain no. Nodule antigens Culture antigens

24 85 780
38 165 830
46 230 1,060
76 210 1,080
110 328 1,170

duced in culture by varying the culture medium
has not been explored.
The appearance and disappearance of the non-

homologous reactions of Lee soybean nodule anti-
gens of strain 46, at times closely approximating
the times bacteroids are supposed to develop and
deteriorate, suggest that bacteroids might be in-
volved in the unusual reactions. The incomplete
clearing of the antigenrs from nodules of some

genotypes also might be interpreted similarly.
However, it seems unlikely that bacteroid devel-
opment in nodules of the same age on different
soybean varieties v-aries sufficiently to explain
the effect of genotype (Table 3).
The serological reactions of nodule antigens

apparently are due entirely to the bacterial com-

ponent of the nodule. If host cells or products of
host cells were involved in the reactions, they
would be expected to have a general effect regard-
less of the Rhizobium strain in the nodules, rather
than to be associated with one serotype such as

strain 46. The complete clearing of the nodule
antigens of most strains indicates that, if bacter-
oid cells are present, they react the same as ma-

ture cells; otherwise, residual turbidity would be
expected. The reactions of antigens prepared from
nodules long past the stage at which bacteroid
cells supposedly deteriorate, however, appear to
be convincing evidence that bacteroid cells are

not a necessary part of the serological reactions of
nodule antigens.

Although difficulties in the use of soybean nod-
ule antigens have been encountered with only one

relatively infrequent serotype (strain 46), certain
precautions are indicated. Only 8 of approxi-
mately 200 stock strains in the Beltsville and
other collections that have been evaluated sero-

logically react the same as strain 46, but other un-
known combinations of bacterial and host geno-

types that fail to give the expected reactions
might occur in any given experiment. Such com-

binations have not been detected in extensive
field experiments conducted during the past 3

3

++
+++

+++
+++

Days after
planting

12
14
18
21
24
28
33
43
57b

69
82c
103d
120e

5
_
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years, but the following precautions are routinely
employed and are recommended: (i) Inoculate
proposed host genotypes in sterile culture in the
greenhouse with pure cultures of Rhizobiurn
strains to be used, and test serological reactions
of resulting nodules against identifying antisera.
(ii) Plant uninoculated seed of host genotypes in
greenhouse in soil taken from proposed experi-
mental area. (iii) Collect about 50 nodules from
these plants and ascertain serological reactions of
nodule antigens and of culture antigens prepared
from the same nodules.

These simple precautions permit identification
of test strains that might cause difficulty before
they are used in field experiments, as well as

strains in the soil that might complicate the iden-
tification of test strains. Step ii also permits the
selection of Rhizobium strains that are identifiable
serologically from the predominant types in the
soil.
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