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tio, however, 2 times difference between the highest and the
lowest was found. The S-HIAA/5-HT ratio was highest in
n.caudatus putamen, higher in n. ventromedialis and lowest in
n.suprachiasmaticus. These results suggest that the turnover
rate of serotonin, reflected by the ratio 5-HIAA/S-HT, is dif-
ferent in each brain area examined. Gaudin-Chazal et al."®
showed negative correlation between S-HIAA/5-HT ratio and
5-HT level in different structures of cat brain. In discrete rat
brain areas examined, however, such a correlation was not
found. Our highly sensitive method for simultaneous measure-
ment of serotonin and 5-HIAA by HPLC-ECD made it possi-
ble to study the serotonin neuron function even in discrete
hypothalamic nuclei.
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Summary. Slow-growing species of Rhizobium have a genome size almost double that of the fast-growing species. This provides
additional support in favor of their being placed in separate genera.
Key words. Rhizobium genus; genome size; rhizobia, slow-growing; rhizobia, fast-growing; taxonomic classification.

The genus Rhizobium (family Rhizobiaceae) comprises the bac-
teria responsible for infecting roots of members of the plant
family Leguminosae and inciting the production of morpho-
logically defined nodules in which they fix nitrogen in sym-
biosis. The existing classification of rhizobia recognizes 6 spe-
cies, i.€., Rhizobium leguminosarum, R.phaseoli, R.trifolii,
R.meliloti, R.japonicum and R.lupini, based on cross-inocu-
lation between the bacteria and their legume hosts, in the sin-
gle genus Rhizobium'. Of these 6 species, the first 4 mentioned
are fast growers as judged by in vitro growth on yeast extract
media. However, the existing classification is considered inade-
quate and can be treated as only tentative. This is mainly
because of mutual symbiotic promiscuity and the entire exclu-
sion of other groups, such as the ‘Cowpea miscellany’ group?;
these are slow growers and also symbiotically promiscuous.
The distinction between the slow-growing and fast-growing
rhizobia was recognized in the 8th edition of Bergey’s
Manual', where they are placed in 2 separate groups under the
genus Rhizobium. Studies on DNA base composition®, nucleic
acid hybridization®, internal antigens® and numerical taxo-
nomy® provide additional support in favor of their taxonomic
spearation. Based on these studies it has been further argued’
that these 2 groups of rhizobia should be placed in separate
genera, considering their differences in properties. The name
‘Brachyrhizobium’ has been proposed by Jordan® for a new ge-
nus to include the slow growers.

Knowledge of bacterial genome size has taxonomic implica-
tions” and is known to be useful in assessing the evolutionary
relationships'®. In a previous study, the genome sizes of 3 slow-
growing species of rhizobia were estimated!!. In the present

study the genome sizes of 5 species of fast growing and slow- -

growing rhizobia were measured for a comparison to probe the
proposal for splitting the genus Rhizobium into 2. Our study
further supports the justification of the proposal for the sepa-
ration of the 2 groups of rhizobia into separate genera.

Materials and methods. The bacterial strains: R.meliloti
(SU216), R.trifolii (T19), R.japonicum (SB16) obtained from

Dr K.R. Dadarwal, Haryana Agricultural University; and
R. phaseoli (CC365), R.leguminosarum (SU391) acquired from
Dr J. Brockwell, CSIRO, Australia, were used in this study.
The bacteria were grown in yeast extract mannitol medium at
28°C and harvested during the stationary phase of growth.
DNA was extracted and purified by a modification of Mar-
mur’s method!?. The final DNA preparation had absorbance
ratios 260 nm/280 nm and 260 nm/230 nm of about 2 and
greater than 2, respectively. The preparation had an amount of
RNA contamination of less than 4% as mesured by solubility
in cold perchloric acid’>. DNA was heared by partial depurina-
tion and alkaline cleavage'®. Hybridization was performed at
60°C in 0.12 M phosphate buffer, pH 6.8 (Na* = 0.18 M) to
the desired Cyt values. Cit was calculated as: optical dens-
ity,onm X time of incubation in h/2. Hybrid DNA was fractio-
nated by chromatography on hydroxyapatite columns'>"7, The
concentration of single stranded and reassociated DNA was
estimated from the column eluates and the percentage of reas-
sociation was calculated. The data were plotted on a log-Cyt
plot to estimate the Ct,, values of hybridization.

Results and discussion. Our previous study'' showed that
strains of slow-growing Rhizobium had a 2.5 to 3.5 times
bigger genome size than that of Escherichia coli. The genomes
of fast-growing rhizobia may well be smaller than those of
slow-growing rhizobia. For a mesure we compared the genome
size of a few fast- and slow-growing strains of rhizobia, by
comparing the Cyt,, of hybridization of rhizobial DNA with
that of E.coli B DNA. It has been shown that there is an ap-
parent proportionality between Cgt,, of hybridization and the
genome size of DNA!®. The figure shows the reassociation ki-
netic profiles of DNA isolated from R.meliloti (SU216),
R.phaseoli (CC365), R.trifolii (T19) and R.leguminosarum
(SU391), all of which are fast-growers, and of R.japonicum
(SB16) which is a slow-grower. All the DNAs hybridized to the
extent of 90% or more at a Cyt of 100. No significant hybridi-
zation was observed below a C;t of 0.1. All the curves followed
a second order kinetic pattern typical of bacterial DNA reasso-
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ciation. The DNA wused in this study was total cellular DNA
and therefore may have contained plasmid DNA, if present.
However, plasmid DNA being only a small fraction of total
DNA should not appreciably affect the data presented here.
C,t,, values were calculated from the Cyt corresponding to the
50% of observed maximum hybridization.

The C,t,, of DNA reassociation of the fast-growing species of
Rhizobium; R.meliloti (SU216), R.phaseoli (CC365), R.trifolii
(T19), R.leguminosarum (SU391), were found to be 4.1, 4.4,
3.9 and 4.9, respectively. These values are considered to be
very close to each other. On the other hand the DNA of R.ja-
ponicum (SB16), a slowgrower, has a Cgt,, of 9.8 which is
about double that of the fastgrowing species studied, indicat-
ing that it has a genome size almost twice that of the fast-

Genome size estimates for strains of Rhizobium

Strain Calculated genome size
in daltons x 107°

R.meliloti (SU216) 3.22

R. phaseoli (CC365) 3.46

R. trifolii (T19) 3.06

R. leguminosarum (SU391) 3.84

R.japonicum (SB16) 7.69

R. japonicum (CC409) 7.62%

R.lupini (RL3001) 5.42%

R.sp. Cowpea (U8) 6.91%*

*Values are quoted from our previous study'!.
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The kinetics of reassociation of DNA of Rhizobium species. The sam-
ples were sheared by partial depurination and alkaline cleavage, made
up to 0.12 M in phosphate buffer, pH 6.8, denatured by heat and incu-
bated at 60°C. Kinetic points were then taken. Each point was analyzed
by fractionation on hydroxyapatite. E.coli B DNA was determined to
have a Cyt,, of 2.8 (not shown here). R.rrifolii (T19), @—®; R.meli-
loti (SU216), A~—=A; R.phaseoli (CC365), O——C; R.leguminosarum
(SU391), &—aA; R. japonicum (SB16), O—-{1.
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growing ones. The DNA of E. coli B was found to have a Cjt,,
of 2.8. The table presents the calculated genome size of the
strains of fast- and slow-growing rhizobia. E.coli B has a mo-
lecular weight of 2.2 x 10° daltons for the genome size". The
value has been used as a primary molecular-weight standard
for measurement of the rhizobial DNA genome by proportio-
nality relationship of Cyt,, of reassociation. The values for the
genome size of R.japonicum (CC409), R.lupini (RL3001) and
R.sp. Cowpea (U;) were obtained from our previous study'
and have been used for comparison (table). The genome sizes
of the fast-growing and the slow-growing species fall in the
range of 3.1 to 3.9 x 10° and 5.4 to 7.7 x 10° dalton, respec-
tively. The fast-growers and the slow-growers, therefore, have
genome sizes in 2 distinct ranges of values and the 2 groups
differ by a factor of approximately 1.5 to 2. If this is confirmed
in general for the 2 groups of rhizobia, this difference would
support the proposal’ to establish 2 distinct genera.

2 classes, distinct as regards their genome size, have already
been found in mycoplasma®. On the basis of that, and of the
frequency distribution of prokaryotic genome sizes, an evolu-
tionary scheme by genome duplication has been suggested!’. If
increase in genome size is a primary step of evolution, we feel
that slow-growing strains of rhizobia having a larger genome
size are to be considered more advanced in the evolutionary
scale than their fast-growing counterparts.
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Summary. In experiments on the influence of microscopic capillaries on the growth of Escherichia coli, Brevibacterium linens,
Micrococcus flavus and Bacillus cereus, a distinct delay in growth was observed. The difference in counts was greatest after 8 h.
Later a slight equilibration of counts was noted. With B. cereus, only slight or no spore formation was observed under microcapil-
lary conditions.
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