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Serological Studies of Spirillum lipoferum'·' 
FRANK B. DAzzo AND jAMF.S R. Mn.AMa 

ABSTRACT 

Serological tests including tube agglutination, di
rect and indirect immunofluorescence, immunodiffu
sion, immunoelectrophoresis and capillary precipitin 
techniques were examined for possible use in the de
tection and identification of Spirillum lipoferum. 
High titer goat antiserum was prepared against S. 
lipoferum strain 13t. This antiserum was more reac
tive with 7 day old cells than with 3 day old cells (ag
glutination titers of 640 versus 160) of S. lipoferum 
l3t. The antiserum reacted with a wide variety of S. 
lipoferum strains. The antiserum possessed immuno
logical specificity and bound to surface cross reactive 
antigens of Panicum maximum 285 grass roots which 
supports a N 2-fixing association with S_ lipoferum. S. 
lipoferum could be distinguished from Azotobacter 
paspali by analysis of their soluble antigens using im-
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munodiffusion and immunoelectrophoresis. These find
ings indicate that various serological techniques can 
aid in the detection and identification of S. lipoferum. 

Additional Index Words: Analytical serology, Soil 
microbiology, Nitrogen fixation, Grass-Spirillum as
sociations. 

INTRODUCTION 

Spirillum lipoferum is reported as a free living soil 
bacterium capable of forming a N 2-fixing association 
with roots of various C, plants (4, 14). Because of the 
potential importance of this association with various 
agricultural crops as well as range grasslands, informa
tion on the microbial ecology of this diazotroph is 
needed. Serological techniques have been very useful 
in elucidating the microbial ecology of other soil 
microorganisms (3, 8, 12) and it seemed reasonable to 
apply these techniques to studies with S. lipoferum. 
The purpose of this study was to investigate the feasi
bility of using various 8erological techni'!ues as an aid 
in the detection and identification of s_ ipoferum_ Of 
utmost importance is the need for detailed information 
on the specificity of the antisera. From the ecological 
point of view, only antisera that are species or strain 
specific are likely to be of value (8). 
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MATERIALS AND METHODS 

Cultures of bacteria. Spirillum lipoferum strains 76, 
84, JD7, 13t, L-1, SpUSA5b, 51-e, and Azotobacter 
paspali were obtained from J. Dobereiner, Rio de 
Janiero, Brazil. S. lipoferum 7 was purchased from the 
American Type Culture Collection. Escherichia coli, 
Enterobacter aerogenes, Bacillus cereus, B. megater
ium, Pseudomonas fluorescens, Proteus vulgaris, and 
Micrococcus luteus were obtained from the Depart
ment of Microbiology, University of Florida. Rhi
zobium trifolii 0435 was obtained from A. N. Mac
Greggor, Palmerston North, New Zealand. The cul
tures were maintained on trypticase soy agar slants 
(TSA) at 37 C, except R. trifolii 0435 which was grown 
in a chemically defined medium at 22 C (10). In addi
tion, the antigenic composition of S. lipoferum 13t 
was examined after growth in a N-free malate medium 
( 14). 

Preparation of antigens. S. lipoferum 13t and A. 
paspali cells were grown as unshaken cultures in 
trypticase soy broth (TSB) for 3 days at 35 C. Cells 
were collected by centrifugation at 10,000 x g for 10 
min, washed twice in saline (0.14 M NaCI) and re
suspended to a final density of 9-10 mg dry weight per 
mi. Because it was unknown whether S. lipoferum and 
A. paspali were pathogenic to goats, the primary im
munizations consisted of heat killed cells (80 C for 10 
min). 

Soluble antigens for immunoprecipitin analyses 
were obtained by sonication (1). Washed cells were 
suspended in phosphate buffered saline (PBS, pH 7.2, 
[I]). The suspensions were transferred to an aluminum 
tube (cold shoulder cell, Branson Heat Systems, Plain
view, N.Y.) maintained at 0-4 C in a salt-ice bath and 
sonicated at maximum power output (75 W) with a 
Branson sonifier (model Wl40). Sonication proceeded 
for 120 sec at 15 sec intervals (I). The sonicated prep
arations were centrifuged at 27,000 x g for 30 min at 
4 C. The supernatants were concentrated by dialysis 
at 4 C against PBS containing 20% (wt/vol) poly
ethylene glycol (av. mol. wt. 15,000 to 20,000, Mathe
son, Coleman, and Bell, Norwood, Ohio). The protein 
content was estimated by the method of Lowry et al. 
(9) and adjusted to 10 mg of protein per ml with PBS 
so as to enable strict comparisons of the soluble anti
gens from the different strains tested. 

Preparation of antisera. Bacterial cell suspensions 
were emulsified with equal volumes of Freund's in
complete adjuvant (Dileo, Detroit, Michigan) and 
used to prepare antisera in young adult goats main
tained at the Research Animal Farm of the University 
of Florida. The immunization schedule, routes of in
jection, and agglutinating titers of test bleedings are 
presented in Table I. The blood was clotted at 37 C 
for 2 h and then held at 4 C for 2-4 h. The clot was 
removed, the serum was centrifuged at 620 x g. the 
supernatant was preserved with merthiolate (Thi
merosal, Sigma Chemical Co., St. Louis, Mo.) at a 
1:10,000 dilution and was stored at -20 C for future 
use. 

Serological tests. Tube agglutination, immunoftu
orescent, immunodiffusion, immunoelectrophoretic, 
and capillary precipitin analyses were conducted . 

Tube agglutination. Sera were inactivated at 56 C 
for 30 min, then used to detect cell surface antigens 
using saline as the diluent (13). Cells (48 h at 37 C) 

TABLE 1.-IMMUNIZATION m· GOATS WITH Spirillum lifwferurn 
13T AND Azotob(lcter pQspalz, 

Day Jnjectionsa Comments 

I l ml sc + im I 0 cc normal serum 
7 I ml iv no adjuvam 

30 Imlsc+im 
37 lmlsc+im ag titer: Sl-64, Ap""' 128 
65 lmlsc+im 
80 Imlsc+im 
93 ag titer: Sl-640, Ap=320 

Sl (il)>I280 
100 lmlsc+im 
104 exsanguinate goat immu-

nized with spirillum 
lipoferum 13t 

RSymbols: sc=subcutaneou~; jm =intramuscular; iv-intra
veneous; ag=agglurination; if=immunofluorescence; Sl=S. lipo
ferum 13t: Ap=A. paspali. 

were removed from TSA slants, washed twice in saline 
at 1,000 x g for 5 min each, and resuspended in saline. 
Stable cell suspensions were separated from nondis
persable floes by passage through small glass wool col
umns (3). This step was essential for some strains (e.g., 
SpUSA5b) in order to avoid positive autoagglutinated 
controls that would otherwise invalidate the test. De
grees of agglutination were defined as follows: (-)no 
agglutination; (I+) small (<0.1 mm) clumps, cloudy 
background; (2+) clumps larger than 0.1 mm, cloudy 
background; (3 +) large clumps, clear background; 
(4 +) one clump, clear background. 

Immunofluorescence. This technique involved the 
labeling of antibody molecules with fluorescent dyes 
through covalent bonds to yield fluorescent solutions 
whose biological activity was essentially uualtered. The 
antigens (in this case, the surfaces of the cells) were 
detected in the 44direct" technique by reacting with 
conjugated antisera directed agatnst the antigen. The 
"indirect" or "sandwich" technique detects bound un
conjugated antibody by reacting it with conjugated 
antibody prepared in a different animal. The degree 
of fluorescence was rated on an arbitrary scale of 
brightness and should be used only for comparisons of 
reactivity among strains examined by the same in
vestigator. 

Preparation of the conjugate. The -y globulin frac
tion was isolated from the goat anti-S. lipoferum 13t 
antiserum and conjugated with fluorescein isothiocy· 
anate (FITC, Nutritional Biochemicals Co., Cleve
land, Ohio) according to standard procedures (7). The 
conjugated antiserum was separated from the free dye 
by gel filtration on a Bio-Gel P-2 (Bio-Rad Labora
tories, Richmond, California) polyacrylamide gel col
umn (2.5 x 30 em), eluted at 4 C (2 mljmin) with 2.5 
mM phosphate buffered saline (pH 7 .2). Peak frac
tions having an OD of 2 or greater at 280 nm were 
pooled, and then evaluated for efficiency of dye separa
tion and serological characteristics by electrophoresis 
in agarose at pH 8.6 as /reviously described (2). 
Pooled fractions were store at -20 C for future use. 

Fluorescent antibody tests. The direct and indirect 
fluorescent antibody testsj including controls for auto
fluorescence and nonspecific ·staining. were performed 
on bacteria according to standard procedures (7). 
Sterile seedling roots of Panicum maximum containing 
root hairs were also examined with FITC-labeled goat 
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anti-S. lipoferum 13t diluted I: 10 using procedures for 
examining surface antigens of clover roots (3). Slide 
preparations were mounted in buffered glycerol ([11), 
pH 9, Difco). Microscopy was performed with Lehz 
Ortholux and Wild Heerbrugg fluorescence micro· 
scopes each equipped with an HBO 200W mercury 
lamp light source, KG! heat absorbing filter, BG38 red 
absorbing filter, BG12 excitation filter, OGl, K470, or 
K490 barrier filters in combination with transmitted 
dark-field illumination. 

Immunoprecipitation. Immunodiffusion and im
munoelectrophoresis of soluble antigens released from 
cells by sonication were performed as previously de· 
scribed (1). Antibody directed against components of 
sterile TSB was examined by capillary precipitin and 
immunodiffusion tests. 

Photography. Precipitin lines in agarose were iJ. 
luminated with a Quebec colony counter (lid off), 
photographed on High Contrast Copy film (ASA 25, 
Eastman Kodak, Rochester, N. Y.) exactly 14 inches 
(35.6 em) from the subject, and printed on Agfa No. 6 
high contrast paper (Agfa.Gevaert, Keverkusen, Ger· 
many). The use of various color films for photograph· 
ing fluorescent antibody stains has been examined (5). 
Satisfactory results were obtained using Ektachrome 
tungsten type B film (ASA 125, Kodak) with exposures 
up to 30 sec. 

RESULTS AND DISCUSSION 

The immunization schedule is reported in Table I. 
Approximately 450 ml of goat antiserum against S. 
lipoferum 13t were obtained. The endpoint aggluti· 
nating and indirect immunofluorescent titers with S. 
lipoferum 13t were 640 and > 1280, respectively. This 
result reflects the increased sensitivity of the latter test. 

Tube agglutination. The effect of the age of the S. 
lipoferum 13t culture on the endpoint agglutinating 
~iter was examined. Duplicate titrations were per
formed on 3 and 7 day old cultures. A higher aggluti· 
nation titer of 640 was obtained from the older cul
ture as compared with -younger culture having a titer 
of 160. A summary of characteristics differentiating 
young and old cultures of S. lipoferum is presented in 
Table 2. The cultural characteristics are used to screen 
for further study those bacterial isolates from grass 
roots which grow on a N -free malate medium. It would 
be interesting to determine if -young and old cultures 
differ in their ability to enter nitrogen fixing root as
sociations with grasses. In the Rhizobium-clover sym· 
biosis, it is established that R. trifolii cells are more 
infective if the inoculum is taken from the stationary 
phase as compared with the exponential phase of 
growth (C. Napoli, personal communication). 

1' ABLE 2.-CUARACI'ERISnCS oF Spirillum lipoferum CULTIJRES. 

Young cells 
(2·3 days) 

rods 
kss reactive to antiserum 

less pigmented 
smooth surface colonies 

Old cells 
(5·7 days) 

bent rods to spirals 
more reactive to antiserum 

~ore pi~ented 
reticulated surface colonies 

Tube agglutination tests were performed on a 
variety of bacteria to investigate the specificity of the 

goat anti-S. lipojerum 13t antiserum. This antiserum 
(undiluted and I: 10 dilutions) did not agglutinate E. 
coli, E. aerogenes, B. megaterium, B. cereus, M. luteus, 
P. fi.uorescens, and P. vulgaris. These preliminary re
sults indicated a desirable degree of immunological 
specificity for the antiserum. Many more identified 
bacteria need to be evaluated before the final degree 
of specificity of this antiserum can be assessed. 

Several otherS. lipoferum strains isolated from var· 
ious grass roots were coded, and then tested in a blind 
study for reactivity with anti·l3t using tube aggluti
nation and immunofluorescence. All the strains ex
amined except strain 84 (87% of total) were aggluti· 
nated by undiluted and 1:10 antiserum (Table 3). As 
shown, the degree of agglutination by anti·l3t anti
serum varied with the different strains and was best 
with strains 13t and 7. 

TABLE 3.-CELL AGGLUTINATION oF' Spirillum fipuferum STRAINS 
WITH ANTJ..{jpirillum fipoferum J3T ANTISERUM. 

Antiserum dilution 
Strain undilute 1:10 1<100 control" 

13t 3+ 2+ 2+ 
USA5b 2+ 1+ 
7 4+ 3+ 1+ 

76 2+ 1+ 
84 
JD-7 3+ 1+ 1+ 
L-1 1+ I+ 
51-e 3+ 3+ 1+ 

'Saline cell suspensions of some strains requiTed filtration 
through glass wool to remove nondispersable floes. 

Anti-S. lipoferum 13t antiserum gave positive tube 
agglutination and immunofluorescence with several 
unidentified grass root bacterial isolates that were culT 
turally similar to S. lipoferum. All of the unidentified 
isolates demonstrated potential nitrogen fixing abilities 
as measured by the modified acet-ylene reduction tech
nique of Gaskins and Carter (6). A more detailed de
scription of the cultural. physiological, and serological 
characteristics of these potential diazotrophs is forth
coming. 

Immunofluorescence. In order· to perform the di
rect immunofluorescent test, goat anti-S. lipoferum 13t 
y globulin was conjugated with FITC. The conjugated 
and unconjugated dye were separated as two resolvable 
peaks by gel filtration. Electrophoresis of peaks I and 
2 in agarose indicated that the conjugate (peak I) was 
free of unreacted dye (peak 2) and formed two pre
cipitin bands when diffused against the soluble soni
cated antigen preparation of S. lipoferum 13t (Fig. 1). 
Thus the identity of peaks I and 2 were confirmed and 
the dye-antibody conjugate retained its immunological 
reactivity with antigens. 

There are several important controls to test for 
unwanted fluorescence in immunofluorescent studies. 
Usually the low level of autofluorescence in bacteria 
does not complicate their study with fluorescent anti
body. S. lipoferum 13t and A. paspali were tested for 
autofluorescence and found to be negative. Autoflu
orescence of root tissue is best controlled by proper 
choice of the barrier filter. Several barrier filters have 
been examined, and in our experience the K470 bar
rier- filter performs most satisfactorily for examining 
root tissue (3). With this optical system, conjugated 
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Agarose Electrophoresis 
IDmA pH8.6 4Dmin 

FITC* 
I 

0 ~ 
0 (~-J* + 
0 I " I ~* S.l.l3t 

Fig. 1.-Agaro~c d~ctrophoresis analysis of p~:aks I anj ~ at 
pH 8.6. Stars indicate fluorescent spots when viewed und~r long 
wavelength llV light (2,000-2,800 A 0 ). Peak I was idcmified as 
the H~orescein iso£hiocyatiate (FITC)-antibody conjugate free of 
twcon.Jugated .FITC. Peak 2 had an elect.rophoret."c mobili~v 
id_emical with FJ'rC and did not form any imrnunopredpitate~ 
With soluble antigens of Spirillum Upoferum 13t, 

antibody produces a yellow-green immunofiuore~cence 
which contrasts well against a blue background of 
autofluorescent root tissue (3). In contrast with auto
~uoresc~nce, ?onspecific staining appears only after 
mcubauon wtth labeled serum (7). In the indirect 
test: nonspecific staining is tested by incubation of the 
antigen directly with the conjugated anti-globulin. 
These tests were negative for FITC-labeled rabbit 
anti-goat y globulin incubated with S. lipoferum 13t 
and A. paspali. A control for the specificity of the in· 
direct test involves incubation of antibody-coated anti
gen with FITC-labeled anti-globulin prepared against 
a different animal. S. lipoferum 13t and A. paspali 
were incubated first with goat anti-S. lipoferum 13t 
and anti--:J. paspali, ~ml}hen with FITC-Iabeled sheep 
anti-t~bbit y glob~hn. These controls were negative. 
Cells Incubated With normal preimmune serum were 
negative (no indirect immunofluorescence). Bright 
immunofluorescent cells of S_ lipoferum 13t and A. 
paspali were obtained by specific direct and indirect 
immunofluorescent tests (indirect immunofluorescence 
shown in Figs. 2 and 3, respectively). Youn3 cells (2 

Fig. 2.-Indirect immunofluorescence of Spirillum lipoferum 
strain 18t at 7 days of age. 

Fig. 3.-Indirect immunofluorescence of Azotobacter paspali 
cells at 7 days of age. 

days) of S. lipofcrum 13t were definitely rod-shaped, 
bt~t older cultures (7 days) were bent rods and short 
spirals which were aligned end"to-end_ The A. paspali 
cells were predominantly diplobacilli attached end-to
end. All the S. lipuferurn strains were p.3sitive for im
munofluorescence except strain 84 in which it was 
marginal to nonexistent (Table 1). S. lipoferum I3t 
~hawed a strong !mm~nofluorescence using FITC con
jugated goat antt·S. lzpoferum 13t after growth in the 
~-free malate medium. This result indicated that S. 
bpoferum 13t possessed similar or identical surface 
antigens .when supplied with combined nitrogen or 
when fixmg N 2• As a consequence, the successful de
tection and identification of S. lipoferum 13t by im
munofluorescence is independent of whether or not 
the organism is fixing N 2 • This observation is im
portant for in situ studies involving the localization of 
s .. lipoferum in soil. It is recommended that a 1:10 
dilution of goat anti-l3t antiserum b~ used for the 
s~reeni!lg of possible S. lipoferum isolates using the 
duect tmmunofluorescent test. As a first alternative, 

TABLE 4.-IJ:HCT IMMUNOfLliORESCF.NCE OF spirillum lipoferum 
STRAI!\:.'1 WITH GOAT A:\TI- 13T ANT:SERUM. 

Strain 

Sp USAsb• 
Sp 7• 
Sn 76" sP s4n 
Sp I3ta 
sp 1ae, 
JD Sp 7" 
Sp J,.JA 
Sp tlcfl 

Antiserum. dilution 
1:10 I:IOO 

I+ I+ 
4+ 3+ 
2+ I+ 
I+' 
4+ 2+ 
4+ 1+ 
3+ 2+ 
4+ 2+ 
1+ I+ 

"Cells grown .In Trypricase Soy Agar. 
~Cell~ grown in nitrogen·free malale rn~dium. 
~Marginal fluorcscetwe with many cells non-fluorescent. 
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tube agglutination could be used. Positive reactivity 
can be considered as supportive but not unequivocal 
evidence for the identification of S. lipoferum. 

Sterile grass roots bound specific goat anti-S. 
lipoferum l3t immunoglobulin. There are two con
sequences of this result. First. nonspecific staining 
creates serious limitations of fluorescent antibody tech
niques to detect S. lipoferum in or on root tissues of 
P. maximum due to the degree of background im
munofluorescence. Proper serum adsorption or dilu
tion may reduce this problem to a workable minimum. 
Second, this result opens the new and exciting area of 
investigation as to the mode of attachment to roots 
and the mechanism of plant host selection among S. 
lipoferurn cells living in soil. The factors responsible 
for determining which plants successfully develop root 
associations with S. lipojeTum have not been eluci
dated. The basic mechanism o( host specificity in the 
Rhizobium-clov~r root nodule symbiosis is believed to 
b: mediated by specific binding of cross reactive sur
face antigen'i of the bacteria and the roots of the host 
by a clover carbohydrate-bindin~~ protein having 
2~deoxyglucos~ specificity (3). Preliminary observa
tions of immunofluorescent cross reactions like those 
occurring with S. lipoferurn 13t and P, maximum have 
led to the development of this model for host specific
ity in the Rhizobium trifulii-dover symbiosis. 

lmmunoprecipitation, Since S. lipoferum I 3t was 
grown in TSB, the possibility of antibody production 
against components of this medium was investigated. 
Immunopreci pitates were not formed when sterile TSB 
was reacted with goat anti-S. lipoferum 1 3t antiserum 
using capillary precipitin and immunodiffusion tests. 
In immunodiffusion plates, anti-S. lipoferum 13t 
formed 4 intense immunoprccipit:n b:.mds when dif
fused against the soluble antigen preparation of soni
cated S. lipoferum 13t cells (Fig. 4). Anti-A, paspali 
formed one band when diffused against the soluble 
antigen preparation of A, pasj>ali cells. There were no 
precipitin bands detected in the heterologous antigen
antibody systems, indicating a lack of soluble anti
genic relatedness between S. lipoferum 13t and A. 

paspali within the limits of sensitivity of this test. The 
resolution of antigen-antibody reactions was greatly 
improved when the antigens were tested by immuno
electrophoresis. The mixture of soluble antigens of S. 
lipoferurn 1 3t was resolved into 1 l precipitin bands 
by electrophoresis at pH 8.6 (Fig, 5),. Both negative 
and positive charged polyelectrolyte antigens were de
tected by this technique. None of these antigens was 
cross reactive with A. paspali. R. trifolii 0435 pro
duced one soluble antigen which had a net negative 
charge and was cross reactive with S, lipoferum 13t, A 
soluble antigen unique to A. paspali was detected with 
anti-A. paspali antiserum. This antigen had a net 
negative charge at pH 8.6. Thus, it is clearly evident 
that these immunoprecipitin tests could easily dis
tin;:;uish between S. lipoferum l3t and A. paspali. 

Fig. 4.-lmmunodiffusion patterns of sonicated soluble anti
gens of Spirillum lipoferum Hit and Azotobacter paspali with 
their homologous and hC£erologous goat antisera. W~lls con· 
tained (A) aiHi·S. lipnfnwn 13t anti~erum; (B) S. lljmferum 
antigens; (C) A. jwspali antige"ns (D) atJti-A. flliJf)ali amiscrum. 

5.-Immunoelectrophoresis patterns of Spirillum lipoferum 13t, Az.otobacter paspali, and RhizotJium frifolii 0435 using goat anti· 
liPi>ferum and anti·A. pw>pali anti~en1m. 'Veils (t.mtained (A) A. fmsjmli antigem; ('R) ,\'. lifrofnum <Intigens; (C) R. trifolii antigens. 

contained (I) anti-A. paspali; (2) anti·S. lipvferum. 



126 SmL AND CRoP SciENCE SociETY oF FLORIDA 

In summary, high titer goat antiserum against S. 
lipoferum was prepared. It was found that 7 day old 
cells of S. lipoferum were more reactive with this 
antiserum than 3 day old cells. The antiserum reacted 
with a wide variety of S. lipoferum strains and other 
unidentified potential diazotrophs isolated from vari
ous grass roots and culturally similar to S. lipoferum. 
This antiserum possessed immunological specificity 
and bound to surface cross reactive antigens of 
Panicum maximum grass roots. S. lipoferum 13t could 
be distinguished from A. paspali using immunodif
fusion and immunoelectrophoresis. It is concluded that 
it is feasible to use various serological technisues as an 
aid in the detection and identification of S. ltpoferum. 
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