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Summary-Sixty-three A:ospiri&um strains isolated from different plants and locations were examined for 
antibiotic resistance. All showed high-level resistance to trimethoprim (MIC 3 1024pg ml-‘), and 
jI-factam antibiotics. Repending on the B-Iactam used. 60.3 to 93.6% of the strains were resistant to 
>, 512 pg ml-‘. Lower-level resistance occurred with aminoglycosides: neomycin and gentamycin (32 pg 
ml-‘) inhibited growth of all strains as did streptomycin (256 fig ml-‘) and spectinomycin (512 cg ml-‘). 
Chloramphenicol and tetracycline inhibited the growth of 98.4% of the strains at concentrations of 8 pg 
ml-‘. The /I-lactamase activity of 14 penicillin-resistant strains (MIC ) 128-1024 pg ml-‘) was studied 
and found generally to be associated with the presence of an inducible enzyme. Little correlation was, 
however, found between the MIC value and that of the induced or uninduced enzyme levels. Antibiotic 
resistance and high /I-lactamase activity could be advantageous to some ArospiriNum for multiplication 
in the rhizosphere and root infection, 

tNTRODLiCftON 

Antibiotic resistance is a common feature of bacterial 
isolates from the clinical environment and it is lx- 
lieved that antibiotic therapy has contributed to their 
selection. However, such resistance also occurs in 
clinical isolates from the “pre-antibiotic” era 
(Falkow, 1975) and in soil isolates (Diibereiner and 
Baldani, 1979; Cole and Elkan, 1979; Van Elsas and 
Pereira, 1986) even though the latter environment is 
only infrequently exposed to the antibiotics was used 
by man. It has been suggested that antibiotics pro- 
duced in the soil play a role in the selection of 
resistant bacteria (Falkow, 1975) and this notion has 
been the subject of controversy and diverse opinion 
(Waksman, 1956; Soulides, 1964; Gottiieb, 1976; 
Szabb Ed al. 1985; Williams and Vickers, 1986). Soil 
microorganisms show intrinsic antibiotic resistance 
as well as defined mechanisms of resistance 
(McLaughlin and Ahmad, 1984). The latter are essen- 
tially of four types: alteration in transport system or 
permeability, alteration of target site by synthesis of 
an insensitive or alternate target, loss of the hy- 
drolytic system and enzymatic inactivation of the 
drug (Neu, 1982; Foster, 1983). In relation to 
/I-lactam antibiotics, at least three mechanisms of 
resistance are known: a change in the affinity constant 
of the ~iciilin-binding-proteins (PBP), a decrease in 
membrane permeability, to the drug due to the low 
availability of the hydrophilic pathways (pot-ins), and 
the enzymatic inactivation of the antibiotic by #J- 
lactamases (Foster, 1983; Chopra and Ball, 1982). 

We describe the antibiotic resistance pattern of 
Arospirillum isolates with a generally low suscepti- 
bility to b-lactam antibiotics. The basis of this pheno- 
type in relation to the production of /?-lactamases is 
assessed. 

MATERIALS AND METHODS 

Media and growth conditions 

Azospiriflum cultures were maintained on trypti- 
case soy agar slants (Tyler et al., 1979) at room 
temperature. Inocula were prepared in 8 ml vials 
containing 3 ml of liquid nitrogen-free malate 
medium (NFb) (Dobereiner et al., 1976) supple- 
mented with 0.02% NH,CI and incubated for I8 h at 
32=C. 

Minimal Inhibitory Co~ce~rrations (MIC) 

The MIC of each antibiotic was determined in 
~ptone-su~inate-salts (Hylemon er ai., 1973) agar 
plates hefd for 24 h at 32°C. Antibiotics were first 
diluted in distilled water or a suitable solvent, mem- 
brane-filter sterilized (pore 0.45 pm, Millipore, Co.) 
and then mixed with molten agar (approx. 45°C) 
to obtain the desired antibiotic concentration 
(2-1024 pg ml-i, 2-fold increasing concentrations). 
Antibiotic solutions were prepared immediately be- 
fore use. Control plates with the solvent but without 
antibiotic were also prepared. A sterilizable multi- 
point inoculator assembly was used to inoculate the 
plates with about IO’-IO’ cells of each of the 63 
strains. The MIC for a specilic antibiotic was 
taken as the concentration at which growth was first 
inhibited. 

Anribiotics 

The antibiotics used were: streptomycin, spectino- 
mycin, trimethoprim and tetracycline (Sigma Chemi- 
cal Co.); dicloxacillin and kanamycin (Bristol); 
penicillin G (Lakeside); cephaloridin (Glaxo); sul- 
benicillin (Takeda); carbenicillin (Pfizer); neomycin 
(Chinoin); gentamycin (Scheramex) and chloram- 
phenicol (Parke-Davis). 
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Table I. Isolated bacterial strains identified as hxnirilfum brajifmse 

Strains designation 

UAP 26 
UAP 27, UAP 28 

Plant species 

Zeu mays [Rh) 
Z. mays {Rh) 

Location 

(1) 
12) 

UAP 29 z. mais (Sr) t2t 
UAP 30. UAP 31. UAP 34. 
UAP 38. UAP 40. UAP 45. 
UAP 47, UAP 154 Z. moys (Rpf (3) 
UAP 50, UAP 151 Z. mays (Sr) (3) 
UAP 155, UAP 156, UAP 157 Z. ma.u (Rp) 1% 
UAP IS8 z. moys (Sr) (5) 
UAP 51, UAP 53 cy?w&J~ duciyfon (%I (4) 
UAP 52 C. &r&a (Rp) (41 
UAP 54, UAP 55 Bra&aria mcfca (Rh) (4) 
UAP 56 B. murico (Sr) W 
UAP 58 Panfcum ma,rfmum (Rh) (4) 
UAP 59. UAP 60, UAP 63 
UAP 64 P. marimum (Sr) (4) 
UAP 61, UAP 62 P. muximum (Rp) (4) 
H 01. H 03, H lb. H 18, 
H 20. H 26, H 33. H 36. 
H 47. H 48. H 53, H 200 Agnve fowcwydes (Rh) 11) 
H 10 A. fiwcrqdes (5r) 1%) 

Rh-rhizosphere (soil shaken off roots), Rp-rhiiopianc (root surface ah 
three washings), Sr-~&ICC-sterilized root (im~~oo for IQ min in 1% 
Chloramine T). 

(1) MCrida, Yucadn State. M&co (25%%#” N and 89-38’43’ W). 
(2) Paraiso, Tahasco State, Mdxico (18”2Y N and 93’12’ W). 
(3) La Goad&p. Veracrw State, MCxico (20’42 N and 9P4l’Jo” W). 
(4) Tecpan, Gucrrwo State, MGnico (17’13’10” N and 100”37’%” W). 
(5) fiquiipan. Michoa& State. MSxico (19’59’31” N and tO2”43’16” W). 

Bacrerial strains 

The Arospirillum strains used are listed in Table 1. 
Strains UAP 01. UAP 02, UAP 04, UAP 06, UAP 07, 
UAP 09, UAP It?, UAP t 1, UAP 12, UAP 13, UAP 
14, UAP IS, UAP t6 and UAP 17 were isolated from 
Cactaceous plants (Mascarua-Espana et af., 1988). 
Other strains were isolated from diverse plants (un- 
publish~ data). In addition, A. bra~ife~e Cd and 
Sp 245 were kindly provided by Y. Okon, A brasil- 
ena A2 6 LNTA A and tt. fi~~~rurn Ax 30 XNTA 
A by E. Rodriguez Cbceres, whiie strain Sp 7 
(ATCC 29145) was from the American Type Culture 
Collection. 

Growth conditions for j34actamase assay 

Cells were grown for 15-18 h at 37Y in a rotary 
shaking incubator in IO ml test tube containing 5 ml 
of cuhure medium prepared as follows: peptone 
0.25%, yeast extract t&l% t malic acid OS%, CaCl, 
0.002% NaCl C?.Ol%, MgSQ O.Oi% and MnSO, 
0.001%; pH was adjusted to 6.8 with KOH 20%. A 
0.1 ml inoculum of the bacterial suspension ( IO6 cellsf 
was then subcuttured to 50 ml of the same medium in 
a 250 ml flasks and grown at 37°C in a rotary shaking 
incubator. When the cells had reached late iogar- 
ithmic phase (approx IO0 cells ml-‘) the inducer 
(benrylpenicillin 0.2 mg ml-‘) was added. /I-Lacta- 
mase was fully induced after 3 h and at this time the 
cells were harvested by centrifugation at SOOOg for 
20min at 4°C. 

The pellet was resuspended in 5 mM “his-HCl 

buffer pH 7.5 (IO ml g-t of cells) containing 5 rnM 
EDTA. Egg lyzosyme solution (5 mg ml-‘) was 
added (final concn of 0.3 mg ml-‘) and lysis allowed 
to proceed at 4°C for 3 h. The lysates were then 
centrifuged at lt.OOOg for 20min at 4°C and the 

cell-free supernatant containing fi-lactamase retained 
and dialyzed for 12 h at 4”C, against two changes of 
50 mM Na*HPO,-NaH:PO, buffer, pH 7.5. Samples 
were then stored at -20°C. 

#?-Lactamase assay 

fl-Lactamase activity was determined using a slight 
modification of the iodometric meth~ (Sawai er of., 
1978). p-Lactamase in I.25 ml of SO mhi sodium 
phosphate buffer (pH 7.0) was held at 30°C for 5 min 
in an assay tube, to which 0.25 ml of the benzylpeni- 
ciilin solution (0.2mmol ml-r of buffer) was added 
and immediately mixed. After incubation at 30°C for 
30min, the enzyme reaction was stopped by the 
addition of 2.5 ml of the iodine reagent. After stand- 
ing at room temperature for IO min, the absorbance 
of the mixture was measured at 540 nm. The iodine 
reagent, the blanks (A and Et) and the ~uanti~~tion 
of the amount of substrate hydrolyzed were carried 
out (Sawai er af., 1978). One unit of enzyme activity 
was defined as the quantity of the enzyme that 
hydrolyzed 1 pmol of substrate min”’ at 30°C and 
pH 6.5. The activity of the enzyme sample test was 
calcuiated in terms of units ml-‘. 

RESULTS 

Sixty-three Azaspirillum strains isolated from di- 
verse plants and different locations in Mexico and 
other countries (Table I and Materials and Methods) 
were examined for atrtibiotic resistance. Table 2 
shows that high-level resistance to t~methop~m and 
&lactam antibiotics was extremely common. Lower 
levels of resistance occurred with aminogly~os~des 
and other antibiotics such as chloramphenicol and 
tetracycline. For the fl-lactam antibiotics, resistance 
was highest to ~ephalo~d~ne (93.6% of the strains 
were resistant to $5 12 gg ml- ‘) and penicilhn G 
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Table 2. Susceptibility distribution to 13 antibiotics among 63 Arospirillwn strains 

MlC bg ml-‘) 

Antibiotics 2 4 8 16 32 64 I28 256 512 1024 >I024 

Trimerhoprim 

Cephaloridine 

Penicillin G 

Diclonacilhn 

Carbenicillin 

Sulbenicillin 

Streptomycin 

Specrinomycin 

Kanamycin 

Neomycin 

Gentamycin 

Tetracycline 

28.6 
(18) 

I .6 14.3 

(1) (9) 
3.2 23.8 58.7 
(2) (1% (37) 

6.3 
(41 

1.6 14.3 33.3 
(1) (9) (21) 

19.0 79.4 
(12) (50) 

14.3 

(9) 
15.9 
(10) 

1.6 
(If 

12.7 
(8) 

44.4 
(28) 

1.6 
(1) 

Chloramphenicol 27.0 31.7 39.7 1.6 

(37) (20) (25) (0 

1.6 
(0 
4.8 
(3) 

23.8 
(15) 
6.4 
(41 

80.9 
(51) 
6.3 
(4) 

1.6 
(1) 

3.2 
(2) 
7.9 

(5) 
25.4 
(16) 
22.2 
(14) 
4.8 
(3) 

4.8 
(3) 

4.8 6.3 15.8 
(3) (41 (10) 
4.8 12.7 22.2 

(3) (8) (14) 
tiy 12.7 22.2 

(8) (14) 
22.2 42.9 20.6 
(14) (27) (73) 
19.0 3.2 4.8 
(12) (2) (3) 
20.6 I.6 
(13) (1) 

1.6 
(1) 

1.6* 98.4 
(I? (621 

38.0 556 
(24) (35) 
61.9 II.1 
(39) (7) 
49.2 11.1 
(31) (7) 
46.0 14.3 
(29) (91 
3.2 1.6 
(2) (1) 

‘Percent of susceptible strains. 
bParenthcses indicates number of susceptible strains. 

(88.9 of the strains were resistant to g256pg ml-‘), 
and lowest to sulbenicillin. Streptomycin and specti- 
nomycin were least active against the Azospirilla 
(52% resistant between 32-512pg ml-’ and 44% 
resistant between 32-256 pg ml-‘, respectively). 
However, the highest streptomycin resistance levels 
(MIC 64-512pg ml-‘) were exhibited by isolates 
from the rhizoplane and sterilized roots of different 
plants (Table 3) and this was also the case for high 
level s~ctinomycin-resistance (MIC 64-256pgml-‘ ). 
interestingly, strains that were similarly resistant 
were isolated from the rhizosphere of Agaue four- 
croydes (Table 3) but not (with one exception) from 
the rhizosphere of other plants. 

The aminoglycosides kanamycin, neomycin and 
gentamycin (< 32 pg ml-‘) were highly active against 
93.6, 100 and 100% of the Azospirilla respectively. 
However, the most potent of all the antibiotics tested 
were chloramphenicol and tetracycline (8 pg ml-‘) 
which inhibited 98.4% of the strains. 

Because of the common occurrence of penicillin-re- 
sistance A:ospiriflum, it was of interest to determine 
whether these organisms produced a p-lactamase and 
whether or not it was inducible. Fourteen strains of 
different origin, most with MICs ranging from 512 to 

Table 3. Comparative number of kospirihm strains resistant IO two 
antibiotics in relation to the isolation source 

Number of resistant strains isolated from 

Antibiotic Steriliad 
(MIC in pg ml-‘) Rhizosphere Rhizoplane roots‘ 

Strcptomycinb 
(64-512) 9 10 I4 

Spectinomycin’ 
(64-256) 4 I2 I2 

‘Surface-sterilized for IO min in I% Chloramine T. 
“8 of 9 strains isolated from R. fiurrro~des. 
<3 of 4 strains isolated from R. fourrro~&s. 

2 1024pg ml-’ were studied. Table 4 shows that 
inducible j?-lactamase activity occurred in I2 strains 
but at different levels. Four strains (UAP 30, UAP 51, 
and UAP 62) showed significant enzyme activity even 
in the uninduced state. The activity obtained gener- 
ally ranged from 7 to 38 U ml-’ but two exceptional 
strains, UAP 5 I and UAP 17, exhibited levels of 266 
and 247 U ml-’ respectively. 

No correlation was observed between the levels of 
enzymatic activity and the MIC. For example, UAP 
51 and UAP 07, both with a high MIC (1024pg 
ml-‘) had induced levels of p-lactamase of 266 and 
IS U ml-’ respectively. Moreover, H 200 also with a 
high MIC and UAP 58 with the lower MIC exhibited 
no detectable enzyme activity at all. 

Table 4. induced /?-lactamase activity in adI-free extra& of 
Arospidium 

g-Lactamase activity 
unitsb ml-’ 

Strain MIGPn’ Without Inducer 
designation (!=I8 ml“) inducer added’ 

UAP 51 1024 1.2 266.0 
UAP 17 512 0.2 247.6 
UAP 62 1024 8.0 37.0 
UAP 55 1024 2.6 15.1 
UAP 07 1024 0.1 IS.0 
UAP 30 512 2.4 14.4 
H 01 1024 0.0 12.2 
UAP IO 512 0.0 12.2 
UAP 01 1024 0.6 II.9 
UAP IS 256 0.0 8.2 
UAP 56 1024 0.1 7.3 
UAP 06 1024 0.4 3.7 
H 200 1024 0.0 0.0” 
UAP 58 128 0.0 O.Od 

‘Minimal inhibitory concenrration of benzylpenicillin. 
bpmol substrate hydrolyzed min-‘. 
%enzyipenicillin (200~8 ml-‘) was used as inducer. 
$7~f_actamase activity was not induced. 



DISCCSSION 
Our results revealed high-level resistance to 

cephaloridine and penicillin G. Vasconcelos er al. 
(quoted by Ddbereiner, 1979) reported resistance to 
penicillin G and also to cephaioridine using the 
“sensidisk test”; whilst Bashan and Levanony (1985) 
reported a low inhibition of A. brusifense Cd strain by 
penicillin G added to King B medium. On the other 
hand, Franche and Elmerich (1981) examined A. 
&x&rum and A. brusifeme strains and found that 
most were resistant to penicillins. However, they 
pointed that all the wild type strains used were 
sensitive to cephaloridine. while we found great resis- 
tance to this antibiotic (MIC & 1024pg ml-’ in 
93.6% of the strains). We believe that the differences 
in the results might be due to the various origins of 
the strains examined, or might be due to the diverse 
methods and culture media used to determine 
Axupirifhm resistance to the antibiotics. ft is known 
that the composition of the culture medium affects 
the degree of resistance (Houang et af., 1983). 

The high and consistent resistance of most of the 
A~ospirjllum strains to the /I-lactam antibiotics (MIC 
> 256 gg ml-‘) seems t5 be a characteristic feature of 
the genus. This resistance is difficult to explain if it is 
taken into account that the soil is not exposed in 
general to antibiotics used by man, which might 
contribute to the selection of antibiotic-resistant bac- 
terial populations. However, indirect evidence sug- 
gest that antibiotic production occurs in the soil 
(Parker, 1962; Kloepper and Schroth, 1981; Gurusid- 
daiah er al., 1986). The production of such substances 
in soil may be a selective pressure mechanism causing 
antibiotic resistance. 

All strains were found to be highly resistant to 
trimethoprim {Table 2); simiIar resuIts were reported 
by Singh and Wenzet (1982). We have to point out 
that the presence of peptone in the medium used 
(~ptone-su~~inate-salts) is inhibitory to the action of 
this antibiotic (Koch and Burchall, 1971). Neverthe- 
less, it is possible that either trimethoprim resistance 
may be plasmid encoded as it occurs in other bacteria 
(Foster, 1983) or Axspirilfum is intrinsically resistant 
to trimethoprim. 

It is well known streptomycin-resistant bacteria are 
stimulated in the rhizosphere of grasses and legumes 
(Brown, 1961). Moreover, there is indirect evidence 
for the production and accumulation of streptomycin 
on the root surface or within roots (Baldani et al., 
1982). Taking these observations into account, the 
high resistance to streptomycin and spectinomycin 
showed by the A:ospiriflum strains we isolated from 
the rhizoplane or surface-sterilized roots (in compari- 
son with those isolated from the rhizosphere), suggest 
a selective antibiotic pressure in siru. It will be 
necessary to obtain further evidence to support this 
hypothesis. 

It has been reported that p-lactamase is present in 
some Azospiriifum strains, however, the method used 
in that assay did not measure enzymatic activity 
(Franche and Elmerich, 1981). To our knowfedge 
there are not reports of B-lactamase activity in 
Azospirilla. 

We observed that the /I-lactamase enzymes had 
very different levels of activity in the strains tested. 
Similar variability in the levels of inducible /I- 

lactamase activity have been found in clinically iso- 
lated bacteria: even when a particular R-factor is 
considered, enzyme synthesis varies greatly from one 
strain to another and from one species to an other 
(Richmond and Sykes, 1973). 

Several studies on different strains of Rhixbium 
ja~o~jcurn have suggested that in this organism the 
synthesis of p-lactamase does not correlate with 
resistance. In our results was no correlation, but there 
was a correspondence between presence of fi-Iacta- 
mase and ,&-Iactamic antibiotic resistance. 

The high enzymatic activity found in the strains 
UAP 51 and UAP 17 suggests that enzymatic inacti- 
vation of the /.I-lactam drug may be the main mech- 
anism of resistance. In the strains (UAP 55, UAP 07, 
UAP 56 and UAP 01). with a much lower activity, 
other mechanisms may be involved. it is worth noting 
that the strains UAP 51 and UAP I? which had the 
highest levels of #X-Iactamase activity were isolated 
from inside roots. Dijbereiner and Baldani (1979) 
found that bacteria isolated from within roots show 
higher resistance to several antibiotics than those 
isolated from soil, rhizosphere or washed roots sug- 
gesting that antibiotic resistance and associated char- 
acteristics would be advantageous for muItiplication 
in the rhizosphere and root infection. The high 
8-lactamase activity showed by some strains of 
A:ospiriilum could probably contribute to such ad- 
vantages. 

Inducible j-lactamase has also been found in 
Rhkobium japunicum (Cole, 1977). whereas Gram- 
negative bacteria from clinical sources in general have 
constitutive enzymes (Richmond and Sykes, 1973). 
The inducible nature of the /?-lactamases found in 
A:o~pirif~um suggests that these antibiotics are not 
always present in soil. In fact, it has been suggested 
(Brian, 19.57) that the antibiotics could be readily 
degraded or absorbed on soil colloids. They would 
probably accumulate only when abundant suppiy of 
substrates is available, the rhizosphere being the 
region where such production could take place 
(Parkinson, 1971). 

In conclusion, the high resistance showed by 
A:ospirillum strains to the p-lactam antibiotics seems 
to be a intrinsic characteristic, this fact could give the 
bacteria an advantage in the cofonizat~on of rhizo- 
spheres and roots, if antibiotic pressure occurs in situ. 
The inducible /3-lactamase could be associated with 
p-lactamic antibiotic resistance, The values for MIC 
and enzyme activity did not necessarily correlated 
suggesting that more than one mechanism of resis- 
tance contributed to the resistance phenotype. 
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