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Sixty-one strains of the root-associated nitrogen fixer Spirillrrtn lipyfi~rrittr exhibited a similar 
morphology in peptone - succinate salts medium: vibrioid cells having a diametel- of I.Okm. 
When grown in broth the cells had a single polar flagellum. but when grown on agar at 30°C lateral 
flagella of shorter wavelength were also formed. The DNA base composition was 69-71 mol % 
guanine + cytosine when determined by thermal denaturation. DNA homology experiments 
indicated the occurrence of two distinct but related homology groups: 46 strains were in group I 
and 15 strains were in group 11. Group I 1  strains were distinguished by their ability to use glucose 
as n sole carbon source fo~.  growth in nitrogen-free medium, by their production of an acidic 
reaction in a peptone-based glucose medium, by their requirement for biotin, and by their 
formation of wider. longer, S-shaped or helical cells in semisolid nitrogen-free malate medium. 
The results indicate that two species exist, and on the basis of theircharacteristica i t  is proposed 
that they be assigned to a new genus, Azospirillum. Strains belonging to group Il are named A. 
lipoferurrr (Beijerinck) comb. nov., while those belonging to group 1 are named A. brasilerzse sp. 
nov. Strain Sp 59b (ATCC 29707) is proposed as the neotype strain for A .  lipqfi.rlo~r, and strain Sp 
7 (ATCC 29145) is proposed as  the type strain for A .  brtrsiletrse. 

TARRANLI. J .  J . ,  N. R. KRIEG et J .  DOBEREINER. 1978. A taxonomic s t ~ ~ d y  of the Spirillirt~r 
lipqferrrt~r groi~p, with descriptions of a new genus. Azospirillrrtn gen. nov. and two species, 
Azospirillrrttl lip~ferrittr (Beijerinck) comb. nov. and Azospirillrrtn hrrrsiletr.se sp. nov. Can. J .  
Microbiol. 24: 967-980. 

Soixante et une especes de Spirillior~ lipqferlrtn associees aux ~xcines  et fix;itrices d'azote 
presentent des morphologies semblables dans les milieux mineraux avec du succinate et  la 
peptone; les cellules ont I;) forme de vibrion avec un diametre de 1 km.  Lorsque les cellules se 
developpent dans des bouillons, elles possedent un seul flagelle polaire; par contre sur lagelose B 
30°C elles presentent aussi un flagelle lateral plus court. La composition de I'ADN est de69ii7 1% 
de guanine + cytosine. Desexperiences sur I'homologie de I'ADN indiquent la presencede deux 
groupes homologues distincts, mais presentant une parenti: 46 espkces ont kt6 classees dans le 
groupe I et 15 dans le groupe 11. Les especes du groupe 11 sont differenciees par leur capacite 
d'utiliser le glucose comme seule source de carbone pour lacroissance dans un milieu sans azote, 
par la p~,oduction d'une reaction acidique sur un milieu h base de glucose et de peptone, par leur 
besoin en biotine et par la formation sur un milieu malate semi-solide sans azote, de cellules en 
forme de S 011 d'helice plus larges et plus longues. Les resultats montrent qu'il existe deux 
especes, et d'apres leur c~u-acteristiques nous proposons de les classer dans un nouveau genre: 
Azospirilhrn. Les especes appartenant au groupe 11 sont designees A. lipoferum(BelJe~.inck) comb. 
nov.. tandis que celles appartenant au gl-oupe I sont designees A. brasilerzse sp. nov. L'espece Sp 
59b (ATCC 29707) est designee comme le neotype de A .  lipqfer.irrn et I'espece Sp 7 (ATCC 29 145) 
est designee comme le representant typique de A .  brasile~lse. 

[T~xduit  par le journal] 

Introduction tion was given to this organism until 1974 when 
The bacterium known as Sp i r i l l u i~  l i pc~ f i rum was Dobereiner and Day (1976) isolated it from the 

first described by Beijerinck (1922, 1925). Except I-oots of certain tropical grasses in Brazil. The root 
forafew scattered reports (Becking 1963; Schroder pieces exhibited nitrogenase activity as indicated 
1932; G. Giesberger 1936, Ph.D. Dissertation, by acetylene reduction, and the nitrogen-fixing abil- 
Utrecht Univ., Netherlands) relatively little atten- ity of the plants has since been confirmed by dem- 
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onstrating incorporation of 15Nz into the plant tis- 
sue (De-Polli c.t (11. 1977). Since 1974 S. lipoferrrtn 
has been isolated from the roots of a variety of 
forage grasses, legumes, grain crops, and soils 
(Dobereiner pt nl. 1976; Kumari et 01. 1976; Von 
Biilow and Dobereiner 1975). The organism is 
Gram-negative, motile, genel-ally vibrioid in shape, 
and contains poly-P-hydroxybutyrate (PHB) 
granules (Dobereiner and Day 1976; Okon et 01. 
1976~1, 1976b). When growing in N-free media it 
seems micl-oaerophilic because of a lack of 
oxygen-protection mechanisms for its nitrogenase 
(Day and Dobereiner 1976; Dobereiner 1977; 
Dobereiner and Day 1976; Okon et (11. 1976~).  In 
continuous culture an increased oxygen supply in- 
creases nitrogen fixation and growth provided that 
the oxygen in solution in the medium does not 
exceed 2.5 pM (M. A. T.  Vargas and R. F. Han-is 
1977. International Symposium on Limitations and 
Potentials of Biological Nitrogen Fixation in the 
Tropics. Summary of Papers. Univ. of Brasilia, 
Brazil, p. 115). When supplied with fixed nitrogen 
S. lip(tfi'rlltn grows as an aerobe (Okon et (11. 
1976~1). The salts of organic acids such as malate, 
succinate, lactate, and pyruvate have been found to 
be satisfactory oxidizable carbon and energy 
sources (Okon et (11. 19760, b). Certain strains were 
found to require low levels of yeast extract for 
growth in mineral media (Dobereiner et 01. 1976; 
Okon et  01. 19760) and to grow on glucose as the 
carbon source, whereas strains that did not require 
yeast extract failed to grow on glucose. Based on 
these and several other observations the existence 
of two or  possibly three groups of organisms within 
the species S. lipc!f'erlln~ was proposed by several 
authors (Krieg 1977; Krieg and Tarrand 1978; 
Neyra ef (11. 1977; Okon et (11. 19760; M. J .  Sam- 
paio, L .  de Vasconcellos, and J .  Dobereiner. 1976. 
International Symposium on Environmental Role 
of Nitrogen-fixing Blue Green Algae and Asymbio- 
tic Bacteria, Uppsala, Sweden; J .  J .  Tarrand and 
N. R. Krieg. 1977. Abstk. Annu. Meet. Am. Soc. 
Microbiol. p. 159; M. E .  Tyler and J .  R. Milam. 
1977. Abst. Annu. Meet. Am. Soc. Microbiol. p. 
160; M. E. Tyler, J .  R. Milam, and D. A. Zuberer. 
1977. International Symposium on Limitations and 
Potentials of Biological Nitrogen Fixation in the 
Tropics. Summary of papers. Univ. of Brasilia, 
Brazil. p. 77). 

by DNA homology experiments, how many species 
are represented by the various strains of the S. 
lipofelun~ group; (ii) to learn which phenotypic 
characteristics can, by con-elation with the genetic 
data, serve to distinguish such species; ( i i i )  to pro- 
vide a general characterization of the organisms; 
and (iv) to investigate the problem of which genus 
would be the most appropriate for the organisms. 

Methods and Materials 
s ~ r ~ l i l l . ~  U.YC(/ 

The various strains studied are listed in Table 1. Upon receipt, 
each strain was checked for purity by streaking twice on mod- 
ified peptone - succinate salts (MPSS) agar (Caraway and Krieg 
1974). Stock cultures were maintained in the N-free semisolid 
malate medium of Day and Dijbereiner (1976) cont:1ining0.005% 
yeast extract. Strains requiring yeast extract were transferred 
biweekly: the remainder. were t~xnsferred monthly. All stock 
cultures were grown at 30°C. The strains were also preserved 
toward the end of the s t~rdy  by suspending the cells in nutrient 
broth containing 10% dimethyl sulfoxide and freezing in liq~rid 
nitrogen. 

Morpl~ology 
Cell dimensions were determined from photomicrographs 

taken by phase-contrast microscopy. The magnification was 
accurately determined from similar photographs of stage mi- 
crometer. The type of flagellation was determined by electron 
microscopy using preparations shadowed with tungsten oxide. 

A medium of thefollowing composition was used (g/t'): yeast 
extract (Difco). 0.05; KZHPO,, 0.25: FeS0,,7H,O, 0.01: 
Na2Mo04.2H20, 0.001: MnSO,.H,O, 0.002: MgS04.7H10. 0.2: 
NaCI, 0.1: CaCI, .2HZ0, 0.026; (NH4)2S0, ,  1.0: biotin, 0.0001; 
brom thymol blue (aqueous). 0.0375; agar(Difco), 15.0. The p H  
was adjusted to 7.1 with KOH. Each sugar was sterilized by 
filtration and added aseptically to the sterile basal medi~rm t o  
give a final concentlxtion of 1.0% The  sugar media were then 
added to sterile microtiter plates (flat-bottomed wells, NUNC),  
about 0.16ml per well. All of the wells of a given plate contained 
the same kind of  sugar. The method of Wilkins and Walker 
(1975) was used for filling and inoculating the wells, by use of a 
replicator constructed of a plastic block with projecting wire 
brads. The replicator was sterilized by alcohol and by s ~ r b -  
sequent exposure to an intense source of ultraviolet light: i t  was 
then inoculated from a master microtiter plate where each well 
contained a different strain (0.16ml of a 48-h-old MPSS broth 
culture). By pressing the replicator onto the master- plate. each  
wire brad was inoculated, and the replicator was then pressed 
onto a microtiter plcite containing the sugar medium. Thus,  each 
br-ad would inoculate a par-ticular strain into a particular well of 
sugar agar. The replicator was returned t o  the master plate 
before inoculating another plate of sugar medium. A number of  
wells located at various positions were not inoculated and 
served as controls for sterility of the medium and also t o  indicate 
that migration ofculturesfromone well t o  another did not occur. 
After inoculation, the plates were covered with sterile lids and 

As indicated by Krieg and Hylemon (1976), the incubated at 37°C for 72 h. The pH of each well was then deter- 

taxonomic status of s. l;pqfc.ru,,I has been uncer- mined with a small p H  electr.ode as described by Wilkins and 
Walker (1975). The p H  of uninoculated wells ranged from 5.7 t o  

tain. Therefore, the objectives of the present report 6.2, presumably bec21use of absorption of carbon dioxide. 
were: (i)  to determine by the use of deoxyribonu- Acidification of the medilrm by a strain was considered positive 
cleic acid (DNA) base composition, and especially if the pH of the well was 3.9-5.0. 
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TARRAND ET AL.  

TABLE 1. Origin of D. l ipofer~it~~ strains 

Strain No. Country Place Plant roots or soil Isolated by: 

Sp 4 
SP 7 
Sp 13 
Sp 13v 
Sp 34 
Sp 35 
Sp 51e 
Sp 52 
Sp T60 
Sp 67 
Sp 75 
Sp 80 
Sp 81 
Sp 82 
Sp P1 
Sp P2 
Sp F4 
Sp F6 
Sp Br 8 
Sp Br 11 
Sp Br 13 
Sp Br 14 
Sp Br 21 
Sp A2 
Sp A7 
Sp A8 
Sp MT 20 
Sp MT 21 
Sp L69 
Sp Col l c  
Sp RG 8a 
Sp R G  16a 
Sp RG 20b 
J M  6A2 
JM 6B2 
JM 24B4 
JM 28A2 
JM 52B1 
JM 73B3 
JM 73C2B 
JM 73C3 
JM 75A1 
JM 82A1 
JM 119A4 
JM 125A2 
Cd 
Sp 59b 
Sp USA 5b 
Sp R G  6xx 
Sp R G  8c 
Sp R G  9c 
Sp RG 18b 
Sp RG 19a 
Sp R G  20a 
Sp Co l2b  
Sp C o l 3  
Sp C o l 5  
Sp Br 10 
Sp Br 17 
Sp A3a 
Sp S la  

Brazil Rio de Janeiro J. Dobereiner 

Wheat 
Sorgham 

Wheat 
Maize 

Soil 

Millet 

Soil 
Maize 
Soil 

Wheat 

Maize 
Rice 

Pmricr/trl 
Soil 

Wheat 
Soil 

Wheat 
L0Ii/lt/t 
Wheat 
Maize 

M//sn sp. 

Pnt/ic/i~?/ I / / ~ . Y ~ I / / / I I I /  

Maize 

Pnt/ic/itrl /t/a,ritt////t/ 
Maize 
Millet 

Cj~trorlotr rlnctylorr 
Wheat 

Soil 
Wheat 

Digitnrirr 
Wheat 
Maize 

Brnclrinrin 
Hypnrrhctlin / . / f i r  

Soil 
Maize 
Grass 
Grass 

Peru 

U.S.A. Gainesville S. H. Schank 

Brazil Brasilia J. Dobereiner 

Nigeria 
' 5  

Brazil Mato Grosso 

Londrina 
Colombia 

Brazil J. Dobereiner 

Ecuador 

Venezuela 

U.S.A. Gainesville 

Riverside 
Rio de Janeiro 

Pulln~an 
Passo Fundo 

D. L. Eskew 
Brazil J. Dobereiner 
U.S.A. 
Brazil 

Columbia Papayan 

Brazil Brasilia 

Senegal 
Sweden 

Dakar 
UDDsala 
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Acidification of glucose media was also determined by 21 tube 
method using liquid microtiter plate medium, liquid microtiter 
plate medium with K2HP0, increased to 0.5gle. and also a 
peptone-based medium having the following composition (g/t'): 
peptone (Difco), 2.0; (NH,)ZSO,, 1 .O: MgS0,.7H20, 1 .0; glu- 
cose (sterilized by filtration). 10.0; FeC1,.6H20, 0.002; 
MnSO, HZO, 0.002; and brom thymol blue (aqueous), 0.025. 
The pH was adjusted to 7.1 with KOH. The ability to ferment 
glucose or fructose was tested anaerobically by placing tubes of 
peptone-based broth or microtiter plate broth in jars containing 
Gas-Pak catalyst (Bioquest); the jars were then evacuated and 
refilled once with nitrogen and three times with hydrogen. The 
jars were incubated at 37°C for 2 weeks. The ability to grow with 
glucose under anaerobic conditions was also tested by the use of 
streaked plates of solid media. 

Reqtriret?letrf,fi)r bioritr 
Preliminary evidence by an aux:inoglr~phic method indicated 

that certain strains required biotin forgrowth. S~~bsequently,  the 
following procedure was developed for distinguishing these 
strains. The medium used had the following composition (gl!): 
KLHP04,  0.5; succinic i ~ ~ i d  (free acid), 5.0; FeSO,.7H,O. 0.01; 
Na2Mo0,~2H,O. 0.002: MgS0,.7H20, 0.2; N C I .  0.1: 
CaCI2.2HZO, 0.026; (NH,)ISOJ, 1.0. The pH was adjusted to 
7.0 with KOH. Media with and without biotin (0.0001 g/P) were 
prepared. Cultures grown in MPSS broth were inoculated into 
25 rnl o f+  x nutrient broth (Difco) and incubated at 37OCfor48 h. 
The cells were harvested by centrifugation, washed twice in 
10 ml of sterile distilled water, and suspended in water to a 
turbidity of 20 Klett units (blue filter, 16-mm cuvettes). One- 
tenth millilitre ofthissuspension was used to inoculate each 5-ml 
volume of medium. Incubation was for 48h at 37'C. In cases 
where slight growth occurred in the medium lacking biotin. 
compared with much heaviergrowth in the medium with biotin, 
a second serial tl-ansfer (0. I ml) was made to media with and 
without biotin to confirm the requirement. 

Ofller Pl~ysiologicrrl Tesls 
Physiological tests were performed as described by Hylemcn 

er ol. (1973) except as indicated below. Tests for nitrate reduc- 
tion and denitrification were performed asdescribed by Neyraer 
trl. (1977). For the indol test, cells were cultured for 48 h in I .O% 
tryptone broth (Difco) containingo. 1% tryptophan; E.scllrric11io 
c01iw;~sused as a positivecontrol. The ability touse glucose as a 
sole carbon source for growth in N-free medium was tested by 
using the N-free semisolid medium of Day and Diibereiner 
(1976) with the following modifications: brom thymol blue was 
omitted, malate was replaced by I% glucose (sterilized by filt1.a- 
tion), and 0.00001% biotin was added. The medium was inocu- 
lated directly from cultures grown in semisolid malate medium 
and the growth response at 37'C was observed in 3 days. The 
following procedure was also used. Cultures grown for 48h in 
25 ml off  x nutrient broth were harvested by centrifugation and 
suspended in l0ml of sterile water; 0.05ml of this suspension 
was added to the surface of each tube of medium. The medium 
used was as described above but also contained brom thymol 
blue (aqueous). The growth response was observed for 2 weeks. 

For qualitative determination of sole carbon sources used, a 
modification of the defined medium described by Hylemon ef (11. 
(1973) was used. The level of K2HP0, was increased to 0.2%; 
0.00001% biotin and 1.5% purified agar (Difco) were added. 
Before adding the CaCO, and biotin, the medium was acidified 
to pH 2.5 with HCI to dissolve precipitates. I t  was then adjusted 
to pH 7.0 with KOH. Cells were prepared as for determination of 
the biotin requirement, except that the final suspension was 
adjusted to 30 Klett units instead of 20. Two millilitres of sus- 
pension were used to seed 20 ml of molten medium (45°C) in a 
Petri dish. After solidification of the medium, sterile 7-mm discs 
punched from Beckman electrophoresis filter paper (Cat. No. 

319328) were dipped into 5% solutions of carbon sources 
sterilized by filtration. (Solutions oforganic acids were adjusted 
to pH 7 with KOH before use.) The paper discs were then placed 
near the periphery of the seeded agar plates (three discs per 
plate). The plates wese incubated at 37'C for 72 h. Any visible 
zone of turbidity around the discs, asjudged with the naked eye 
by holding the plates against a dark background near a light 
source, constituted a positive growth response. 

DNA Brrse Cotnpo.siriatr 
DNA used for determination of base composition was pre- 

pared as previously described (Hylemon er rrl. 1973). A final 
concentration of 5OPg/ml was made in 0.025M sodium phos- 
phate buffer (pH 6.8) containing 0.01% sodium dodecyl sulfate. 
The preparations were dialyzed in this buffel. together with the 
DNA fromE. coli B. Melting point (Tm) values weredetermined 
using a Gilford thermospectrophotometer containing a tempel-a- 
ture sensor in the cuvette. The Tm value for E. coli B was 
normalized to 90.5'C, and the Tm values of the test strains were 
increased by the same factor to give Tm valuesfor 1 x SSC. The 
moles % guanine + cytosine (mol % G + C) values were cal- 
culted by the formula of Marmurand Doty (1962). 

DNA Hotnology Experitnetlfs 
For some initial DNA homology experiments, the DNA used 

for binding to membrane filters was prepared by the method of 
Marmur and Doty (1962); for most experiments, however, the 
DNA was prepared by the hydroxylapatite (HA) method of 
Johnson (1978). Comp2u.ative DNA homology experiments 
using both types of prepalxtions indicated that it made little 
difference which of the two types of DNA was used for binding 
to filters. Thermal denaturation and binding to filters were done 
as described by Johnson and Cummins (1972). Filters with 
bound DNA were incubated before use in the following mixture 
at 73°C for 30min to prevent non-specific binding of competitor 
DNA or radioactive homologous DNA: bovine serum albumin 
(fraction V), 0.03%: polyvinyl pyrrolidone, 0.02%; Ficol (Phar- 
macia Fine Chemicals, Uppsala, Sweden). 0.02%. 

Competitor DNA was prepared by the HA method and was 
subjected to brief sonic oscillation befol-e denaturation. The 
DNA was adjusted to 3 mg/ml in 0.001 M HEPES buffer (N-2- 
hydroxyethyl-pipel-azine-N'-(2-ethane)sulfonic acid) contain- 
ing 0.02M NaCI. NaOH was added to a concentration of 0.25M 
and the solution was incubated at 45°C for 15rnin to allow 
denatul'ation of the DNA and also hydrolysis of any residuxl 
ribonucleic acid (RNA). The solution was quickly cooled in an 
ethanol-ice bath and neutralized with an equivalent amount of 
HCI. The DNA was dialyzed against 2.2 x SSC (I x SSC = 
NaCI. 0.15M; sodium citrate, 0.15M; pH = 7.0) and adjusted to 
a final concentration of 1.5 mg/ml with 2.2 x SSC. 

For preparation of radioactive homologous DNA, cultures 
were grown with 12P or "P (as orthophosphate). The use of 
isotopes of phosphorus was necessitated by the failure of strain 
Sp  7 to incorporz~te sufficient sadioactivity into its DNA when 
supplied with various tritiated precursors of DNA synthesis 
(thymine, thymidine, adenine, and deoxyadenosine). The DNA 
was extracted by the HA method, dialyzed against 0. I X SSC, 
and denatured by heatingat 100°C for 20 min. 

DNA homology experiments were performed asdescribed by 
Johnson and Cummins (1972). All incubations were performed 
at 25°C below the Tm of the DNA, i.e., at 73°C. 

Results 
DNA Base Composition 

If significant differences were to occur in DNA 
base composition among a number of strains, this 
alone would be strong evidence for the existence of 
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TARRAND ET AL. 97 1 

TABLE 2. Melting points (Tm values) and mol 
G + C values for the DNA of I I strains of the 

S. I ~ [ I o / ~ ~ I . ~ I I I I  group 

Averagc M o l X G  + C 
Strain Tm, 'C" (? 1%) 

SP 7 98.1 
Sp 13 98.0 
SP 4 97.8 
Sp 35 98.2 
Sp 82 98.4 
Sp 75 98.2 
Sp 51e 98.2 
Sp T6O 98.4 
Sp 59b 97.9 
Sp RGxx 97.8 
Sp USA 5b 97.6, 97.8" 

"Normalized to I :. SSC vnlucs rclntivc to  L'. coli B DXA. 
thc cnsc o f t l ~ c  sccond veluc yivcn tllc D N A  was prc- 

1p;lrcd by t l ic I ~ I A  method rati icr than by the rnclhod o f  
h lnr rnur  and Do ly .  

more than one species. However, as indicated in 
Table 2, the mol % G + C values for I 1  strains 
isolated from different regions and different plants 
were all very close to 70%. This similarity indicated 
that the strains could possibly, but not necessarily, 
all belong to a single species. 

DNA Ho~nology Experi17zents 
The results of the DNA homology experiments 

are presented in Table 3. It can be seen that when 
strain Sp 7 was used as the reference strain, the 
other strains fell into two distinct but related 
groups: group I contains the strains with homology 
values of about 70% or higher, and group I 1  con- 
tains the strains with homology values in the 
30-50% range. In the reciprocal situation where Sp 
59b was used as the reference, those strains (group 
11) which had exhibited low homology with Sp 7 
now were found to have high homology with Sp 
59b; conversely, those strains (group I) which had 
exhibited high homology with Sp 7 were now found 
to have low homology with Sp 59b. 

DNA homology values for strains of various 
bacterial genera were also determined, using Sp 7 
and Sp 59b as references. The bacterial strains used 
were chosen because they had mol% G + C values 
and (or) other characteristics similar to those of S. 
lipoferrun. As indicated in Table 4, no DNA homol- 
ogy values higher than about 20% were obtained for 
these strains. 

Characteristics Correlated with tlze Two Homology 
Groups 

Certain characteristics could be correlated with 
the two DNA homology groups of S. lipoferum 
(Table 5). Only group I1 strains exhibited a re- 
quirement for biotin. Only group I1 strains were 
able to grow in semisolid N-free medium with glu- 

TABLE 3. DNA homology values for strains of 
the S. li[~ofi.rrrir~ group 

DNA honlology values, 

Strain Ref. = Sp 7 Ref. = Sp 59b 

SP 7 
SP 4 
Sp 13 
Sp 13v 
Sp 34 
Sp 35 
Sp 51c 
Sp 52 
Sp T6O 
Sp 67 
Sp 75 
Sp 80 
Sp 81 
Sp 82 
Sp PI 
Sp P2 
Sp F4 
Sp F6 
Sp Br 8 
S p B r  1 1  
Sp Br 13 
Sp Br 14 
Sp Br 21 
Sp A2 
Sp A7 
Sp A8 
Sp M T  20 
Sp M T  21 
Lp L69 
Sp Col Ic 
Sp R G  8a 
Sp R G  16a 
Sp R G  20b 
JM 6A2 
J M  6B2 
JM 2484 
JM 28A2 
JM 5281 
JM 73B3 
JM 73C2B 
JM 73C3 
JM 75A1 
JM 82AI 
JM 119A4 
JM 125A2 
C cl 
S p  59b 
Sp USA 5b 
Sp RG6xx 
Sp R G  8c 
Sp R G  9c 
Sp R G  18b 
Sp R G  19a 
Sp R G  20a 
Sp Col 2b 
Sp C o l 3  
Sp C o l 5  
Sp Br 10 
Sp Br 17 
Sp A3a 
Sp S l a  

4 1 
4 1 
46 
5 2 
3 5 
40 
3 7 
3 8 
4 1 
38 
ND" 
50 
3 3 
42 
39 
35 
49 
34 
3 7 
35 
32 
49 
48 
48 
46 
40 
45 
49 
40 
45 
45 
47 
52 
49 

100 
70 
73 
72 
73 
73 
72 
76 
72 
76 
73 
74 
73 
70 
73 

'ND no t  done. 
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TABLE 4. DNA honiology values for bacteria of various genera, with S. 1ipofer11111 
strains used as reference 

DNA honiology values, '% 

Genus and species ATCC No. Ref. = Sp 7 Ref. = Sp 5913 

'Type strain. 
DNitrogen fiser. 
= N T  = not tested 

cose as the carbon source. Only group I1 strains 
appeared to possess some fermentative ability, as 
first noted by Dr. Max E.  Tyler and Dr. James R. 
Milam, Department of Microbiology and Cell Sci- 
ence, University of Florida, Gainesville, Florida 
(personal communication). We found group I1 
strains to be capable of acidifying glucose or fruc- 
tose media anaerobically, of forming a small 
amount of gas (less than 5% of the volume of the gas 
vials), of exhibiting slight growth in sugar broth 
anaerobically, and of forming minute colonies on 
sugar plates anaerobically. Yet group I1 strains 
grew far better aerobically than anaerobically, and 
like group I should be considered to have mainly a 
respiratory type of metabolism. 

In peptone-based glucose broth, only group I1 
strains caused acidification, as indicated in a pre- 
liminary report (Krieg 1977). By the microtiter 
plate replicator method, only group I1 strains pro- 
duced a pH of 4.5 or less with glucose; however, 2 
of 46 group I strains produced a weakly acidic reac- 
tion. In liquid microtiter plate medium, 6 of 46 
group I strains caused acidification as evidenced by 
a yellow color; when the level of K,HPO, of this 
medium was increased to 0.5g/t,  these group I 
strains produced only a yellow-green color in 48 h, 
while all group I1 strains produced a deep yellow 
color. Consequently, it appeared that group I 
strains, if capable of oxidizing glucose, produced a 
weaker reaction. Such group I strains were incapa- 
ble of causing acidification of glucose media under 
anaerobic conditions. 

In stock cultures of four group I1 strains (Sp Br 
17, Sp RG 9c, Sp RG 20a, and Sp Col 5) variants 
appeared after continued transfer; these variants 

were no longer capable of acidifying the peptone- 
based glucose broth. They could cause acidifica- 
tion of microtiter plate glucose broth, but when the 
level of phosphate was increased to 0.5g/e they 
produced only a yellow-green color in 48 h. Their 
ability to ferment glucose or fructose was also di- 
minished. The variants still exhibited a require- 
ment for biotin, could use glucose as a sole carbon 
source for growth in N-free semisolid medium, and 
exhibited the characteristic morphology ofgroup I1 
strains when cultured in semisolid N-free malate 
medium + 0.005% yeast extract (see below). 

Concerning morphology, both groups I and 11 
had a similar appearance when cultured for 24 h in 
MPSS broth, namely, short, plump, slightly curved 
motile rods averaging 1.0pm in diameter and hav- 
ing a length of 2.1-3.8 pm (see Fig. 1 A ,  B, and C). 
Many cells had pointed ends, and PHB granules 
were visible. When a loopful from an MPSS broth 
culture was transferred to semisolid N-free malate 
medium + 0.005% yeast extract, group I1 strains 
tended to become wider (1.4- 1.7 pm), longer (5 p m  
to over 30 pm), and many S-shaped or helical cells 
appeared in 24-48 h (see Fig. l E  and F). Group I1 
strains also tended to become non-motile or only 
sluggishly motile in the semisolid malate medium. 
The long cells seemed eventually to undergo frag- 
mentation into shorter, ovoid cells; many of these 
later became large and pleomorphic and were filled 
with highly refractile granules, probably of PHB. 
Some of these large cells appeared to be com- 
partmented. In contrast to group I1 strains, group I 
strains retained an appearance in semisolid malate 
medium similar to that in MPSS broth, remaining 
predominantly short and vibroid (see Fig. ID); after 
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TABLE 5. Distinction between D N A  homology groups on the basis of phenotypic 
characters 

% of strains positive 

Homology 
group I 

Honlology 
group I1 Test 

Glucose used as sole carbon source 
for growth in N-free senlisolid 
mediunl 

Acidification of glucose media: 
Microtiter plate method; 72 h 4h 

(pH 5.2-5.8) 
0 

13' 
(deep yellow) 

100 
(pH 5 4.5)  

100 
100 

(deep yellow) 

Peptone-based glucose broth, 96 h 
Microtiter glucose broth; 48 h 

Microtiter glucose broth with 
2 x phosphate; 48 h 13' 

(yellow-green) 
100 

(deep yellow) 
Acidification of n~annitol, ribose, and 

sorbitol (microtiter plate method; 
72 h) 

Acid froni glucose and fructose 
anaerobically; slight growth also 
occurs; 2 weeks 87, + 1 3 x  variable' 

In senlisolid N-free nialate nlediuni + 
0.005% yeast extract, cells become 
wider, longer (often S-shaped o r  
helical), and nonmotile;  24-48 h 

Sole carbon sources (by paper disc 
test: 72 h) 
u-Ketoglutarate 
Mannitol 
Sorbitol 
Ribose 
Glucose 

100 
80, + 7% variabler 
67, + 13% variableq 
40, + 27% variable" 

100 

"When the rncdiitrn \\,as i~~ocu la led  dil.cctly from cultures gro\vn in rn;tlale ~nedillm, some group I 
s t rai~is  fornicd a slight pcllicle in the depths o f t h e  rncdillm; t l i i  initial gro\vth I:~tcr dispersed. In 
conlrasl, group I I  slrains formed a pclliclc which within 3 days n~igrittcd closc lo lhc surlhce of the 
~nediitrn and became \.cry dense. The  difkrence in response bct\vecn the t a o  groups \\.as \,cry p rw 
nounced. I1 is possible that carry-over o f ~ r ~ a l a t e  in the inoculum may have bccri rcspons~ble for ;l!i!, 
slight gl.o\\,th o f ~ r o u p  I .  Wiicr~ n.aslied iiiocula \\ere t~scd,  no group I strain exhihiled grou.lh duritis 
incubation for 2 uccks. In contr:tst group I 1  strains fornicd an  i n i t ~ ; ~ l  pclliclc ye~ierally within ;I week: 
once formed, the pcllicle migrated closc to ~ h c  surface o f  the medium iund bccnmc very dense. 

"Strains of  group I producing the s.eakly acidic rcactlon \vcre 34 and Fb. 
?5tr;tins of gro,tlp I producing :~cidic reactions \\ere 34, FG, A?, A7, T60, and S2AI.  
Wcsal ivc slrnlns: Rr 10, Br 17, and Col 3.  
c'Vi~riahle strztins: R r  10 and Br 17. 
JNegativc slrains: Br 10 ar;d Br 17. Variable sfr i~in:  Col ?. 
"Negative strains: Br 10. Br 17. and Col 5. Variable s t r i~ins:  R G  6xr and RCJ Sc. 
"Negative strains: Rr 10, B r  17, USA 5b, Col 5, and R G  Gxu. Variitble sLr;ttns: RG 'Jc. Col 2h, 

Col 3 .  ; ~ n d  50h ". 
' P o ~ i t i \ ~ e  s!rains: TGO, 67, F6,and 34. The growth ol'thcsc strains ilppei~rcd lo be ueakcr  Illam Ibr 

group 11 strams. 

several weeks, however, some S-shaped cells 
could be observed (see reference by Krieg 1976, 
Fig. 2) as well as some large, pleomorphic, 
granule-filled forms. Similar pleomorphic forms 
were also observed under washout conditions in 
chemostat cultures. In batch cultures group I 
strains retained their motility for a month or longer. 

the type of flagellation. When cultured in MPSS 
broth at either 30 or 37"C, the cells exhibited a 
single polar flagellum. When cultured on MPSS 
agar at 30"C, however, the cells exhibited numer- 
ous lateral flagella in addition to the polal-flagellum. 
The lateral flagella possessed a shorter wavelength 
than the polar flagellum and they also appeared to 
be thinner, as judged from the shadowed prepara- 
tions (see Fig. 2). Although some lateral flagella 
were also observed on cells cultured on agar at 
37OC, the lower temperature appeared to be much 
more favorable for their formation. The occurrence 

Other Characteristics of the Struins 
Additional characteristics of the strains of both 

homology groups are summarized in Table 6. One 
of the most interesting characteristics concerned 
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FIG. 1. Appearance of strains of S. lipofer?rrn by phase-contrast microscopy. A-C: strains Sp 7, Sp 59b. and Sp RG 20a, 
respectively, cultured in MPSS broth at 37°C for 24 h. D and E: strains SP  7 and Sp59b, respectively. cultured in semisolid 
nitrogen-free mnlate medium + 0.005% yeast extract for 48h; E = strain Sp RG 20acuItured similarly but for only 24h. The 
bar = 10 wm 

of lateral flagella appeared to be similar to the or nutrient agar colonies of S. lipoferum tend to 
situation described for Pseilclotnonas stutzeri develop a light pink pigment. However, certain 
(Doudoroff and Palleroni 1974), Vibrio parnl7cre- strains formed very deep pink colonies on MPSS 
molytic~rs (Shinodaand Okamoto 1977), and Vibrio agar: Sp  13v, Sp RG 8a, and Cd. Strains Sp 13v and 
algit~olytic~rs (Boer pt cil. 1975). Sp RG 8a were spontaneous mutants derived from 

As already noted by Okon et cil. (1976ei), potato ordinary light pink strains. Strain Cd was isolated 
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FIG. 2. Electron micrographs of (A) strain Sp 7, (B) strain Sp 59b, and (C) strain BR 17 cultured on MPSS agar at 30°C. Both 
the single polar flagellum and also numerous lateral flagella of shorter wavelength can be seen. 14000 x . 
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TABLE 6. Additional physiological characteristics of DNA homology groups 1 and I1 
- 

% of strains positive 

Test Group I Group 11 
~ -- -- ~ 

Oxidase, phosphatasc, urease, 
csculin hydrolysis, anaerobic 
growth with nitrate 

Starch and gelatin hydrolysis, 
production of water-soluble 

fluorescent pigment, indol 
production 

Acid from fructose 

Acid from : 
arabinose 
g9actose 
i-lnositol 
xylose 

Acid from lactose, maltosc, sucrose, 
rhamnosc, cellobiose, erythritol, 
tlulcitol, and melibiose 

Catalase 
Strong 
Weak 
Negative 

Growth in  presence of 1% bile 
Growth in presence of 3% NaCl 
Dissimilation of nitrate to nitrite 
Dissimilation of nitrate to gas 
Optimum temperature of 36-38-C 

Sole carbon sources (by disc method) 
Succinate, malate, lactate, 
oxaloacetate, fumarate, pyruvatc, 
Ij-hydroxybutyrate, gluconatc, 
glycerol, fructose 
Propionate 
Galactose 
Arabinose 
Citrate 
Malonate 

89, + 2% variable" 
76, + 4% variable" 

0 
0,  + 9% variable" 

87 
13 
0 

98' 
51 (weak) 

100 
79" 

100" 

100 
98 

65, + 15% variable 
74, + 9% variable 
96, +4% variable 

0 

100 
93" 
13' 

80, + 7% variable'! 

100 
93, + 7% variable 
80, + 13% variable 
67, +27% variable 

100 
0 

 negative strains: F6, 7-60, 34, a n d  P2. Variable strain: 67. 
bNegative strains: Br 14, T60, 82A1, RG 16a, 51e, 34, 7, 4, P2, 24B4, 28A2, and  Col 2b. Variable strains: 67 

and F4 
;~os i t i ve  strains: 59b and Col Zb. 

group I, variable strains were 34, Br l I. 28A2, and  82AI .  In group If, strains Col  3 a n d  Br 10 were nega- 
tive and  strain Br 17 was variable. 

'Negative strains: RG 2Oa, Col 2b, Col 3, Br 10, and Sla. All o f  these are group I1 strains. 
,Strain P2  was negative. 
9Tested by accumulation o f  N1O under C I H l  (see reference by Neyra ct~i l .  1977). Denitrifying strains o f  

group I were 7, 13, 13v, 51e. T60, 67, P I ,  Br 8, Br l l ,  Br 13, M T  21, L 69, Col Ic, RG ZOb, 6A2, 682, 2484,  
28A2, 52B1, 75A1, 82AI.  119A4, and  CLI. Strains 52 and  81 were variable. Denitrifving strains of group 11 were 
59b, USA 5b,  RG 6xx, RG 8c. RG 18b, RG 19a, Col 2b, Col 3, Br 17, A3a, and ~ l ' a .  Strain Col 5 was the only 
group I1 strain tested which did not denitrify. The  following strains were not tested fo r  denitrification: 4, F6,  
RG 8a, RG 9c, and  Br 10. 

hEleven strains were tested: 8 strains f rom group I and 3 strains from group 11. 

as a deep pink strain from Cynoclon dactylon roots Discussion 
by Eskew et al. (1977). The three deep pink strains Studies by Johnson (1973) have indicated that in 
all exhibited nearly 100% homology with the refer- the DNA homology range of 80-100% the major 
ence strain Sp 7, in which no such deep pink col- variations that are being measured are differences 
onies have yet been found. Studies of strain Cd by in genome size and alterations in the linear ar- 
Eskew et 01. (1977) indicate that the pigment is rangements of cistrons, whereas in the homology 
probably a 6-  or c-type cytochrome. range of 30-50% differences in the base sequences 
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of the cistrons become increasingly impel-tant. 
DNA homology values of 70% have been consi- 
dered to represent a sufficient degree of genetic 
relationship as to warrant consideration of the 
strains as belonging to a single species (Brenner 
1973; Johnson 1973). Conseq~lently, we believe 
that the results of our DNA homology experiments 
with S .  lipc$erirtn strains indicate that two distinct 
but related species exist, and also that the species 
belong together within the same genus. 

Within group I a continuum of homology values 
exists from about 70 to 100%, with Sp 7 as the 
reference strain. In contrast, none of the group I1 
strains exhibited more than 76% homology to the 
reference strain Sp 59b, suggesting the possibility 
that group I1 might consist of two subspecies--one 
containing Sp 59b, and the other containing the 
remaining strains. However, whether the latter 
strains exhibit high homology with each other has 
not been detel-mined. On the basis of phenotypic 
characteristics, so far there appears to be no corre- 
lation of any particular charactel-istics with lower 
or higher homology values within either group I1 or 
group I .  

Cot7~iderciriot7s of fl7e Generic Statrrs c!j'llze Strait7.s 
On the basis of their vibsoid and sometimes heli- 

cal shape, and also their preference for the salts of 
organic acids as carbon source, S .  iipof'erutn was 
originally assigned to the genus Spit.ill~rm Ehren- 
berg by Beijerinck (1925). However, this genus is 
presently restricted to very large microaerophilic, 
helical organisms having bipolar tufts offlagella and 
whose mol % G + C is about 38 (i.e., organisms 
resembling Spirill~ltn ~~olitfeit~s) (Hylemon er rrl. 
1973). Consequently, the genus Spirillutn is not 
appropriate for S .  lipc$erirtn strains. 

If significant DNA homology were to occur be- 
tween S .  lip(?f'erirtn and an established member of a 
particular genus. this would provide a firm basis for 
assigning S .  iipo$errrtn to that genus. As indicated in 
Table 4, however, none of a number of strains from 
varous genera having certain similarities to S .  
lipqf'e,vrtn were found to exhibit homology values 
higher than about 20%, when strains Sp 7 and Sp 
59b were the reference strains. Such values are not 
considered to be significant (Johnson 1973). DNA 
homology studies are in fact most useful at the 
species level rather than the genus level of 
taxonomy, and lack of significant DNA homology 
would not preclude assignment of an organism to a 
particular genus. It is likely that ribosomal ribonu- 
cleic acid - DNA (rRNA-DNA) studies would be 
useful at the genus level, since they indicate 

broader relationships between strains than are evi- 
dent from DNA-DNA st~ldies (Johnson and Fran- 
cis 1975; Palleroni er ell. 1973). In the absence of 
such studies, however, assignment of S .  lipoferutn 
strains to an appropriate genus must 
presently be done on the basis of phenotypic char- 
acteristics. 

Among the known aerobic nitrogen-fixing bac- 
teria Derxicr giuntnoser seems to resemble S .  
lipoferrrt7z most closely. I t  has a mol % G + C of70, 
has a cell diameter similar to that for S .  Iipofer~rnz, 
possesses PHB granules, and has been isolated 
from tropical soils (Becking 1974b). However, 
Detxicr is a straight rod, is incapable of reducing 
nitrate even to nitrite, and does not grow on malate 
or succinate. I t  forms agummy slime or capsule and 
possesses only a single polar flagellum. For these 
reasons we believe that S .  1ipofet.rrtn should not be 
assigned to this genus. 

Because of the curvature of the cells and also the 
formation of S-shaped or even spirillum-shaped 
cells under certain conditions, S .  lipc!fi.lvm might 
resemble members of the genus Aqrrcrspirillrrtn 
(Hylemon er ell. 1973). However, S .  lip(!fet.rltn 
would be atypical for this genus because it has (i) 21 
higher rnol % G + C value (70% compared to 
50-65%); (ii) a generally vibroid shape rather than a 
helical shape; (iii) an ability to grow anaerobically 
with nitrate and to denitrify; (iv) only a single polar 
flagellum when grown in broth or lateral flagella 
when grown on agar; (v) an ability to oxidize 21 

number of carbohydrates; (vi) some fermentative 
ability (by group 11); (vii) a vitamin requirement (by 
group 11); (viii) lack of catalase activity (by some 
strains of group 11); (ix) nitrogenase activity; and 
(x) an association with plant roots. Although some 
species of Aq~rrrspirill~rtn are not typical of the 
genus in certain respects (Krieg 1976), the combi- 
nation of atypical characteristics given above 
would seem to provide a firm basis for excludings. 
lipc!f'erutn from the genus Aqiraspit~iilirtn. 

On the basis of DNA base composition, S. 
lipojer~rtn would be excluded from the nitrogen- 
fixing genera Azotnot~ers and Beijerinckirr (Becking 
19740 ; Johnstone 1974b). The genus Azobacrer has 
a rnol % G + C of 63-66, however, and one of the 
species (A. pcrspnli) is associated with root sul-faces 
(Johnstone 19740). Yet Azorohacter species have 
respiratory protection for nitrogenase, whereas 
S .  lipqf'errrtn lacks such protection. Moreover, 
Azofobacfer species are large and ovoid in shape, 
have only peritrichous flagella, and form thick- 
walled cysts (Johnstone 1974~) .  The genus 
Rl~izobirrtn is far more highly specialized for sym- 
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biotic nitrogen fixation than is S .  li/~c$~>rritn. There- 
fore, both A;.otol~trcrer and Rhizobirrtn would seem 
to be inappropriate genera for S .  li/~c?fi.rrr/n. 

On the basis of purely phenotypic characteris- 
tics, such as vibrioid shape, ability to reduce ni- 
trate, the occurrence of lateral flagella in addition to 
a single polar flagellum, and ability to ferment as 
well as to oxidize sugars, the genus Vil~rio (Shewan 
and Veron 1974) might seem to be the most suitable 
for S .  lipof rrrm. However, the mol % G + C for the 
genus Vihrio (40-50%) is far too low to permit 
inclusion of S.  1ipodet.rrtn. Certain oxidative. 
polar-flagellated, vibrioid bacteria have been as- 
signed to the genus Cotntrtnotltr~ (Davis and Park 
19621, for which the type species is C .  tet.t.igetlrr. 
This species is similar to certain members of the 
genus P~c~rr t lo t?~ot~tr~ ,  especially P. te.stostet.oni 
(Hugh 1965). C ~ I ? ~ N I ? ~ O I I ( I J  tert.igetla has a mol % G 
+ C of 64 (Sebold and Veron 1963) and is incapable 
of catabolizing any sugar. Consequently, i t  would 
appear that this genus would not be appropriate for 
S.  li/~($et.rrtn. 

Members of the genus Pserrdo~noncrs resemble S.  
li/~c?filrrrm in certain respects. For example, P.  J ~ L I I -  

zeri has a type of flagellation similar to that of S. 
li/)c!fi~t.rrtn and can also denitrify (Doudoroff and 
Pallel-oni 1974). The mol % G + C for the genus is 
58-70, and vibrioid organisms are not excluded by 
the definition of the genus (Doudoroff and Palleroni 
1974). The occurrence of some fermentative ability 
in group 11 of S .  l ipc$er~~i~~,  however, would 
exclude S .  lipc?fi.rrrtn from the genus. Moreover-, 
unlike plant-associated pseudomonads, S.  lipo- 

fit.rrttl is certainly not pathogenic for plants; indeed, 
i t  is beneficial. 

Some interesting similarities exist between S.  
Ii/~oderrrtn and the polar-flagellated organism 
Rl~oclospil-illrrtn r~rbr~rtn. For example, R .  t.rrbr~un 
requires biotin, can grow aerobically in the dark, 
has a vibrioid shape, and produces a pink pigment. 
The mol % G + C for R .  r~rbr~1171 is 64-66 (Pfennig 
and Triiper 1974). One of the most interesting 
similarities is that like R .  r~rbr~rtn but unlike other 
nitrogen-fixing organisms, the Fe protein compo- 
nent of the nitrogenase complex of S .  lipojelum is 
almost inactive upon isolation and must be acti- 
vated by an activatingfactor that is interchangeable 
with the factor from R .  rubrum (Burris et al.  1977). 
Unlike S .  lipoferlrtn, R .  ruhr~rm has bipolar tufts of 
flagella. Moreover, R .  rubtvn~ is photosynthetic 
whereas S.  lipyferum does not appear to be photo- 
synthetic. Strains Sp 7 and 59b were incapable of 
growing in deep, petrolatum-sealed tubes of pep- 
tone - succinate salts agar under illumination. 
Since all species of Rlzociospirillu~n are capable of 

using succinate as an electron donor for photosyn- 
thesis (Pfennig and Triiper 1974), if the two strains 
of S. Ii/~oferrrm had belonged to this genus they 
should have been able to grow under these condi- 
tions. 

In our opinion, the best course to pursue with 
regard to the generic placement of S. 1ipodi.rrrm 
would be to assign the organisms to a new genus. 
We believe the name Azospirill~rtn woiild be suit- 
able for this genus for the following reasons: ( i)  
The name Spit.iIlrrtn lipoferrr~n, designated by 
Beijerinck in 1925, has become a familiar one since 
the work of Dobereinel- and Day in 1974, and reten- 
tion of the term "spirillum" in the new generic 
name would minimize confusion among those who 
are working with these organisms. (ii)  Although 
mainly vibrioid, the organisms can exhibit S- 
shaped or helical cells under certain conditions. (iii) 
Certain spirilla, such as Aq~rcrspil-illrrtn (~q~rcrticrrtn, 
A .  tieliccrtrrtn, A .  tnetamorph~rm, and Ocetr~l- 
ospirillrrtn jcrpo~lic~r~n, generally have less than one 
helical turn, but are nonetheless included with 
other spirilla (Hylemon et crl. 1973). (iv) Like 
spirilla, S .  1ipofet.urn strains have intracellular PHB 
granules, have mainly a respiratory type of metab- 
olism, and seem to grow well on the salts oforganic 
acids as carbon sources. 

A description of the genus follows: 
Azospirillurngen. Nov. ( A .  zo. spi.  I-il' lum. French 
noun tizote, nitrogen; Greek noun spirtr, n spiral; 
spi l l~rn~,  a small spiral; Azospirill~rm , a small nitro- 
gen spiral.) Cells generally vibrioid, but may be 
S-shaped or helical in semisolid N-free malate 
medium + 0.005% yeast extract. Cell diameter 
about 1 p.m. Motile in liquid media by a single polar 
flagellum; on solid media at 30°C numerous lateral 
flagella are formed in addition to the single polar 
flagellum. Prominent intracellular granules of PHB 
are present. Slime not formed. Possess mainly a 
respiratory type of metabolism, but some fermenta- 
tive ability may also be present. Under severe oxy- 
gen limitation nitrate is dissimilated to nitrite, ni- 
trous oxide, or nitrogen gas. Molecular nitrogen is 
fixed under microaerophilic conditions. Oxidase- 
positive. Grow well on salts of organic acids such as 
malate, succinate, pyruvate, o r  lactate; certain 
carbohydrates may also serve a s  carbon sources. 
Optimum temperature, about 37°C. Isolated from 
soils and from roots 01- various plants. The rnol % G 
+ C of the DNA is about 70 by thermal denaturation 
methods. The type species is Azospirillum lipo- 

fel-urn . 
In the genus Azospirill~rnl, two species would 

presently occur. Although Beijel-inck's cultures are 
no longer extant, i t  seems likely that his organism 
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belonged to group 11. Beijerinck referred to the 
development of his spirilla in solutions ofglucose or 
mannitol inoculated with soil, although the spirilla 
were later displaced by overgrowth with Azotohnc- 
ter and Clostriclirlt?7 (Beijerinck 1925). When malate 
was used as the carbon source, no such displace- 
ment occurred. Moreover, Beijerinck (1925) pro- 
vided drawings of cells cultured in sugar medium. 
Beijerinck's cells could also exhibit a helical shape. 
All of this strongly supports the idea that group 11 
organisms were involved. Consequently, we be- 
lieve that the name Azo.spirillrr~~ lipcfi~t.rrn7 shoi~ld 
be applied to group 11 strains. For group I strains, 
we propose the name Azospirillrrt?7 brcrsiler~.se. De- 
scriptions of the two species follow. 

Azospirillum lipoferurn (Beijerinck) comb. nov. ( l i  . 
pot fe. rum. Greek noun lipus, fat; Latin verb f e r o ,  
to carry; Modern Latin adjective lipctfprrrs, fat- 
bearing). Capable of using glucose as a sole carbon 
source for growth in N-free semisolid medium con- 
taining biotin. Capable of aerobic growth and acid 
production in peptone-based glucose medium. 
Media containing ribose. mannitol, or  sorbitol are 
usually acidified. Acidification and scant growth 
usually occur in glucose or fructose media under 
anaerobic conditions. Biotin required for growth. 
In semisolid N-free malate medium + 0.005% yeast 
extract, cells tend to become wider (about 
1.4-1.7 pm), longer (often S-shaped or helical), and 
non-motile. The neotype strain is Sp  59b (ATCC 
29707). Reference strains Sp RG6xx, Sp Br 17, and 
Sp  RG 2021 have been deposited with the American 
Type Culti~re Collection (ATCC) under the num- 
bers 29731, 29709, and 29708, respectively. 

Azospirillum brasilerlse sp. nov. ( b r a  s i  len' 
se. Pertaining to the country of Brazil, South 
America). Not capable of using glucose as a sole 
carbon source for growth in N-free semisolid 
medium. No acidification of peptone-based glucose 
medium OCCLI~S ;  acidificiltion of peptone-free media 
buffered with phosphate may occur, but the reac- 
tion is weaker than with A .  lipoferrrm. Media con- 
taining ribose, munnitol, or sorbitol are not acid- 
ified. No fermentative ability for sugars is present. 
Vitamins are not required for growth. In semisolid 
N-free malate medium + 0.005% yeast extract, 
cells tend to remain about 1.0 pm in diameter, 
short, vibrioid, and motile; S-shaped cells may 
occur in old cultures. The type strain is Sp  7 (ATCC 
29145). Reference strains Sp Cd and Sp 35 have 
been deposited with the ATCC under the numbers 
29710 and 2971 1, respectively. 
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