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Abstract 

The stability of rifampicin resistance in plant growth-promoting Pseudornonas putida strain WCS358 
was studied in potato rhizosphere in the field. Three out of seven rifampicin-resistant mutants of strain 
WCS358 were selected in this study. Their specific growth rate, competitive growth in liquid medium 
and colonization of potato roots in non-sterile soil, was comparable to that of their parental strain. 
These rifampicin-resistant mutants were used to treat potato seed tubers, which were thereafter sown in 
the field. To test the stability of the rifampicin resistance in the field, about 1200 fluorescent 
Pseudomonas isolates obtained from underground plant parts at 82, 95,109 and 130 days after seeding, 
were tested for rifampicin resistance and for agglutination with an antiserum specific for strain WCS358. 
All fluorescent Pseudomonas isolates that showed a positive agglutination reaction with the antiserum, 
were also rifampicin-resistant. Twelve agglutination-positive isolates, selected at random, were all 
identified as strain WCS358 from patterns of lipopolysaccharides after sodium dodecyl sulphate- 
polyacrylamide gel electrophoresis. Thus, rifampicin resistance seems to be a stable marker in the 
mutants of strain WCS358 tested, also under field conditions. 

It is concluded that rifampicin resistance can be used as a reliable marker for ecological studies on 
rhizosphere pseudomonads. 

Introduction 

Efficient root colonization by introduced bacteria 
is essential for biocontrol of root pathogens (Bull 
et al., 1991) and for plant growth promotion 
(Bakker et al., 1986; Schippers et al., 1987). 
Rifampicin resistance is the most commonly used 
marker to study population dynamics and surviv- 
al of plant growth-promoting and disease-sup- 
pressing Pseudomonas spp. after their intro- 
duction in the rhizosphere (Bahme and Schroth, 
1987; Bull et al., 1991; Burr et al., 1978; Geels 
and Schippers, 1983; Kloepper et al., 1980; 

Loper et al., 1985; Suslow and Schroth, 1982; 
Weller, 1984). However, it cannot be excluded 
that rifampicin resistance can change characteris- 
tics in the Pseudomonas strains used, or is 
unstable under field conditions. 

Among Rhizobium spp., spontaneous rifam- 
picin resistance (Rift) was associated with di- 
minished symbiotic effectiveness and nodulating 
competitiveness (Lewis et al., 1987; Pankhurst, 
1977). Certain Rift mutants of P. fluorescens 
were less able to compete with the parental 
strain in sterile soil (Compeau et al., 1988). No 
detailed studies have been reported concerning 
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the stability of rifampicin resistance in fluores- 
cent pseudomonads under field conditions. 

The present study investigates the reliability of 
resistance to rifampicin as a marker to monitor 
the population dynamics of plant growth-pro- 
moting Pseudomonas putida strain WCS358 in 
the rhizosphere of field-grown potato. Rifam- 
picin-resistant (Rifr) mutants of strain WCS358 
and the wild-type strain were compared with 
respect to their specific growth rates and com- 
petitive growth in vitro, composition of 
lipopolysaccharides (LPS), and to their root 
colonization in non-sterile soil. Stability of rifam- 
picin resistance in P. putida WCS358 was de- 
termined at regular intervals up to four months 
after introduction of the Rifr mutants in the 
rhizosphere of field-grown potato by reisolating 
Pseudomonas isolates from the rhizosphere and 
assaying these isolates on both rifampicin resis- 
tance and immunological reactions specific for 
strain WCS358. 

Specific growth rates 

Specific growth rates of P. putida WCS358 and 
the Rift mutants were determined in liquid 
King's B and minimal medium (Evans et al., 
1970) supplemented with 0.2% glucose (MM) at 
21°C by measuring the optical density of the cells 
at 660nm after a 20-fold dilution in fresh 
medium of an overnight culture of the cells in 
appropriate media. Three replicates per treat- 
ment were used. 

WCS358 antiserum 

Immunoglobuline was prepared against P. putida 
WCS358 in rabbit at the Research Institute for 
Plant Protection at Wageningen, the Netherlands 
as described by Vruggink and Maas-Geesteranus 
(1975). Antiserum was harvested two weeks 
after the last injection. 

Methods 

Pseudomonas putida strain WCS358 and 
selection of rifampicin-resistant mutants 

Wild-type P. putida WCS358 has been studied 
extensively in relation to its plant growth-pro- 
moting properties and root colonization (Bakker 
et al., 1986; Geels et al., 1986; Geels and 
Schippers, 1983; Hofstad et al., 1985; Marugg et 
al., 1985; de Weger et al., 1986). Rifampicin- 
resistant mutants of P. putida WCS358 were 
obtained by transferring colonies of this strain to 
King's medium B (King et al., 1954) agar plates 
containing increasing concentrations (50, 100, 
150, 200, 250/zg mL -1) of rifampicin (Serva). 
The stability of these Rifr mutants, including a 
rifampicin-resistant mutant of WCS358 (358-G) 
obtained by Geels and Schippers (1983), was 
tested by subculturing the Rifr mutants on King's 
B (KB) agar 15 times for 48h at 27°C and 
comparing the number of colony forming units 
(cfu) after dilution plating of suspensions on KB 
and KB with rifampicin after each subculturing. 
The Rifr mutants were stored at 4°C on KB 
supplemented with rifampicin (250/zg mL-1). 

Specificity of the antiserum 

High specificity of an antiserum obtained for P. 
fluorescens strain WCS374 was described by 
Bakker (1989). Specificity of the antiserum ob- 
tained for strain P. putida WCS358 was tested by 
growing twenty-five potato stem-cuttings in soil 
cropped to potato once every three years derived 
from the Experimental Farm 'De Schreef', lo- 
cated near Lelystad, the Netherlands as de- 
scribed by de Weger et al. (1987). After 7 days, 
rhizosphere suspensions were prepared by shak- 
ing root segments (0.3 g) of each stem-cutting 
vigorously for 30 sec in glass tubes containing 
2 mL 0.1% (w/v) proteose peptone (Difco) with 
2 g glass beads (0.11 mm diameter). Dilutions of 
suspensions were plated on modified KB 
medium (Geels et al., 1986) and after 48h 
incubation at 27°C, 300 colonies were selected at 
random from the KB plates. Agglutination of 
these 300 isolates with the antiserum (1:400 
dilution in PBS -0 .9% NaCI buffered with 
10 mM sodium phosphate-pH 7.2) was tested on 
10-well multitest slides (Flow Laboratories, 
UK.). 



Stability of rifampicin resistance in Pseudomonas putida 137 

Assay for competitiveness 

Growth of Rifr mutants in competition with the 
parental strain was studied after inoculation of 
25 mL of KB or minimal medium with 0.1 mL 
(109 cfu mL -~) of parental strain WCS358 and of 
the Rift mutants. Immediately after inoculation 
of the media and at 6, 10 and 24 h of incubation 
at 21°C, samples were taken and serial dilutions 
were plated on KB agar plates containing 0 or 
150/xg mL ~ rifampicin to determine the popu- 
lation densities of the parental strain and the 
Rift mutants. At 24h, 0.1mL of the mixed 
cultures was added to 25 mL of fresh medium 
and this procedure was repeated three times. 
Three replicates per treatment were used. Re- 
suits were analyzed by analysis of variance. The 
T-method (Sokal and Rohlf, 1981) was used to 
calculate minimum significant difference (MSD). 

Isolation and analysis of LPS 

Isolation and characterization of LPS of the 
parental strain and of Rifr mutants of WCS358 
was determined as described by de Weger et al. 
(1986). Cell envelope samples were obtained by 
differential centrifugation of the cells after ultra- 
sonic treatment. Samples containing 10 to 20/~g 
protein were treated with proteinase K, after 
which 10-fold dilutions were applied per lane. 
Gels were stained with silver reagent (Tsai and 
Frasch, 1982). 

Root colonization assay 

Root colonization of rifampicin-resistant mutants 
and their parental strain was determined as 
described by de Weger et al. (1987). Ten rooted 
potato stem-cuttings per treatment were bacter- 
ized and grown in soil cropped to potato once 
every 3 years (1 : 3 rotation) at the Experimental 
Farm 'De Schreef'. Characteristics of this soil are 
described by Hoekstra (1981). Stem-cuttings 
were grown for 7 days in a controlled environ- 
ment chamber with a 16h light period (ir- 
radiance 60.000 mW m 2) at 16°C and 73% RH 
followed by an 8 h dark period at 12°C and 86% 
RH. Root samples (0.1g) were then taken at 
0-2cm, 2-4cm and 6-10cm from the stem- 

bases and vigorously shaken for 30 sec in glass 
tubes containing 2mL 0.1% (w/v) proteose 
peptone and 2 g glass beads (0.11 mm diameter). 
Appropriate dilutions of these suspensions were 
plated on modified KB supplemented with 
300/zM pseudobactin 358 (KBPs358-medium) 
(Raaijmakers et al., 1991) and on modified KB 
supplemented with 150 ~g mE i rifampicin for 
determining populations of the parental strain 
and of the rifampicin-resistant mutants of strain 
WCS358, respectively. KBPs358-medium has 
been developed as a selective medium to reiso- 
late P. putida strain WCS358 (Raaijmakers et 
al., 1991). Colonies growing on the KBPs358- 
medium were further identified by selecting 
approximately 100 isolates and testing them for 
agglutination with the antiserum against strain 
WCS358 (1:400 dilution in PBS pH 7.2) on 
10-well multitest sides (Flow laboratories). Re- 
sults were analyzed by the Kruskal-Wallis test 
followed by non-parametric multiple compari- 
sons by the simultaneous test procedure (Sokal 
and Rohlf, 1981). 

Stability of the rifampicin-resistance marker 
under field conditions 

Pregerminated seed tubers (Solanum tuberosum 
c.v. Bintje) were treated with a mixture of 
rifampicin-resistant mutants of strain WCS358 
(358-1B, 3B and G) as described by Geels et al. 
(1986). Seed tubers treated with 1% (w/v) 
sodium carboxymethylcellulose (CMC) or with 
the rifampicin-resistant mutants of WCS358 were 
seeded by hand in different plots in a 1 :3  
rotation of potato at the Experimental Farm 'De 
Schreef'. Each plot contained 10 treated plants 
divided over two rows and was guarded by 14 
non-treated plants. Each treatment was repli- 
cated in four plots. At 82, 95, 109 and 130 days 
after seeding, for each treatment 10 plants from 
a single plot were harvested. Samples taken from 
roots (0-50cm depth), underground stems, 
stolons and progeny tubers were shaken vigor- 
ously for 30sec in glass tubes containing 2g 
0.11 mm (diameter) glass beads and 2 mL sterile 
0.1% (w/v) proteose peptone in distilled water. 
Dilutions of suspensions were plated on modified 
KB plates. After growth for 48h at 27°C, ap- 
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proximately 300 isolates were randomly selected 
from the modified KB plates and tested for 
agglutination reaction with antiserum directed 
against strain WCS358 and for growth on modi- 
fied KB with 150 tzg mL -~ rifampicin. A random 
selection of twelve isolates that reacted positively 
with the antiserum and that were also able to 
grow on KB containing 150/xg mL -~ of rifam- 
picin, was analyzed by SDS-PAGE to determine 
if these isolates were identical to P. putida 
WCS358. 

Results 

Growth characteristics of  the rifampicin-resistant 
mutants of  strain WCS358 

50/xg mL -~ and showed a diminished colony 
size. Two Rift mutants (358-1B, 358-3B) and a 
Rifr derivative obtained by Geels and Schippers 
(1983) (358-G), which were resistant to rifam- 
picin up to 250/zg mL 1 and showed normal 
colony size, were selected for further studies. 
The three rifampicin-resistant isolates, inocu- 
lated separately or as a mixture, exhibited com- 
parable specific growth rates as the parental 
strain in both liquid KB and minimal medium. 
The specific growth rates of the wild-type strain, 
mutants 358-1B, 358-3B and 358-G and a mix- 
ture of the Rifr mutants, were respectively, 0.34, 
0.32, 0.38, 0.32 and 0.34h -~ in KB and 0.20, 
0.19, 0.22, 0.23 and 0.23h -~ in minimal 
medium. 

Six different Rifr isolates were derived from P. 
putida WCS358 by stepwise increases in rifam- 
picin concentrations in KB plates. Rifr mutants, 
selected from the medium containing 250txg 
mL -1 rifampicin, behaved differently when 
grown on KB with rifampicin concentrations up 
to 250/~gmL -1. Four of the six isolates could 
only withstand concentrations of rifampicin up to 

Specificity of  WCS358 antiserum 

Except for strain WCS358 and its Rifr mutants, 
none of three hundred Pseudomonas isolates 
derived from rhizospheres of potato stem-cut- 
tings grown in non-sterile soil obtained from the 
Experimental Farm 'De Schreef' reacted with 
the antiserum raised against strain WCS358. 

l o g  c f u / m l  l o g  cfu/ml 
10 10 

WT ~ Rlfr A -[3- WT -~-  Rlfr 

6 ~ J ~ ' 6 , L , , 

o 20 40 eo 80 loo o 20 40 eo so 

t ime  (h)  t ime  (h)  

B 
1 0 0  

Fig. I. Competit ion between wild-type P. putida WCS358 (WT) and a mixture of rifampicin-resistant mutants 358-1B, 358-3B 
and 358-G (Rifr) in KB (A) and MM (B) during 3 daily transfers in fresh medium. 25 mL of KB or MM was inoculated with 
0.1 mL of a mixture of WT and Rifr mutants (1 : i ratio). After  24 h of growth, 0.1 mL of the mixed culture was transferred into 
fresh medium (25 mL) and this was repeated two times. 
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Assay for competition 

The initial proport ion of the cfu mL -1 of Rifr 
mutants and the wild-type strain WCS358 were 
maintained in both KB and minimal medium 
throughout  the experiment (Fig. 1). 

Composition of  LPS of Rifr mutants of  
WCS358 

No differences were found in composition of 
LPS between the wild-type strain and the Rift 
mutants when analyzed by SDS-PAGE (Fig. 2). 

Root colonization of  the Rifr mutants of  
WCS358 

The effect of rifampicin resistance on root- 
colonization capacity was examined in soil ob- 

tained from the experimental fields using a root 
colonization assay. Numbers of cfu of all strains 
tested decreased rapidly with increasing depth. 
No significant differences (p  = 0.05) were ob- 
served between the parental strain and the Rifr 
mutants (Table 1). All isolates selected from the 
KBPs358 medium reacted with WCS358 anti- 
serum. 

Persistence of  rifampicin resistance under field 
conditions 

By using both immunological characteristics and 
rifampicin resistance as markers for identifying 
WCS358, the stability of the rifampicin-resist- 
ance markers could be monitored throughout  the 
growing season. Fluorescent Pseudomonas iso- 
lates were isolated from underground parts of 
potato plants originating from tubers t reated 

Fig. 2. SDS-PAGE of LPS from wild-type P. putida WCS358 (lane 1, 17, 18), Rift mutants 358-1B (lane 2), 358-3B (lane 3), 
358-G (lane 4) and a random selection of twelve Rift Pseudomonas isolates obtained from underground plant parts of bacterized 
seed tubers 109 and 130 days after seeding, reacting positively with WCS358 antiserum (lane 5-16). 
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Table 1. Potato root colonization of wild-type P. putida 
WCS358 and its rifampicin-resistant mutants 

Strain Log cfu (g-~ root) at a depth (cm) of 

0-2 2-4 6-10 

WCS358 6.2a* 3.9a 2.4a 
358-1B 6.6a 3.4a 1.9a 
358-3B 6.5a 4.2a 2.1a 
358-G 6.3a 3.7a 1.1a 
Mixture of 

358-1B,-3B 
and-G 6.5a 3.9a 1.1a 

*Values in each column with the same letter are not 
significantly different at p = 0.05, based on non-parametric 
multiple comparisons by STP (Sokal and Rohlf, 1981). 

with a mixture of strains 358-1B, 358-3B and 
358-G. At  82, 95 and 130 days after seeding, all 
Pseudomonas isolates with a positive response to 
the ant iserum against strain WCS358 also grew 
on a medium containing 150/zg mL -1 rifampicin 
(Table  2). LPS patterns of  a random selection of 
twelve isolates showing both rifampicin resist- 
ance and agglutination with WCS358 antiserum 
were similar to those of P. putida WCS358 (Fig. 
2). In the control t rea tment ,  none of the isolates 
reacted with WCS358 antiserum or were rifam- 
picin-resistant. 

Discussion 

Antibiot ic  resistance has attained widespread use 
as a marker  for populat ion studies of bacteria. 
When  markers  are used for studying survival and 
populat ion dynamics,  however,  the fundamental  
premise  is that marked  and unmarked  organisms 
behave  similarly. Selection of chromosomal-me-  

diated antibiotic resistance often results in asso- 
ciated genetic changes which influence ecologi- 
cally important  traits (Andrews, 1986). Rifam- 
picin resistance has been repor ted to diminish 
symbiotic effectiveness (Pankhurst ,  1977) and 
nodulating competi t iveness (Lewis et al., 1987) 
of Rhizobium spp. Davies and Whitbread (1989) 
repor ted an increase in the number  of non- 
fluorescent colonies when Rift  mutants  of strains 
of fluorescent Pseudomonas were cultured in 
liquid KB medium in the presence of iron. 
Diminished growth rates in both  minimal and 
enriched media and alterations in membrane  
protein profile induced by rifampicin resistance 
were noted for P. fluorescens strain Pfl-8 and 
were associated with a lesser ability to compete  
with the parental  strain in sterile soil (Compeau  
et al., 1988). This was not observed for rifam- 
picin resistant mutants  of P. putida strain Ppl -1  
in in vitro studies (Compeau  et al., 1988). In the 
present  study, Rifr mutants  f rom P. putida strain 
WCS358 exhibited specific growth rates similar 
to that of the parental  strain. No differences 
were noted in competit iveness of mutants  358- 
1B, 358-3B and 358-G when compared  to the 
parental  strain during 4 successive periods of 24 
hours of growth in low-iron medium (KB) and 
minimal medium (Fig. 1). In addition, no signifi- 
cant differences with the parental  strain were 
noted in the root-colonizing capacities of  these 
strains in non-sterile soil (Table 1). Therefore ,  it 
seems unlikely that the fitness of  these mutants  
in potato rhizosphere is significantly different 
from that of the parental  strain. 

Another  fundamental  premise in the use of a 
marker  is the maintainance of its stability for at 
least the duration of the experiment .  Problems in 

Table 2. Percentage of fluorescent pseudomonads, derived from underground plant parts grown from bacterized potato seed 
tubers, identified as WCS358 using immunological procedures and rifampicin resistance a 

Days after No. of isolates Isolates Rifampicin- 
seeding tested reacting with resistant isolates (%) 

358 antiserum (%) 

82 304 25.0 25.0 
95 304 17.8 17.8 

109 335 33.7 33.7 
130 297 29.6 29.6 

a Rifr mutants of P. putida WCS358 were applied to pregerminated seed tubers which were sown in the field. After 82, 95, 109 and 
130 days of growth, fluorescent Pseudomonas isolates were derived from underground plant parts. Isolates were tested on 
agglutination with antiserum against WCS358 and on resistance to rifampicin. 
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this respect may be anticipated with mutants that 
are not able to grow on a medium containing the 
same concentration of rifampicin as the medium 
from which they were selected. In our study 4 of 
the 7 Rifr mutants of P. putida strain WCS358 
showed this diminished resistance to rifampicin 
in vitro. A similar phenomenon was observed in 
in vitro studies for P. putida Ppl-2 by Compeau 
et al. (1988). Usually, persistence of antibiotic 
resistance is screened in vitro, but it is not 
known to what extent edaphic factors may lead 
to loss or modification of the marker. Geels and 
Schippers (1983) suggested that the rapid de- 
crease of the initial high numbers of rifampicin- 
and nalidixic acid-resistant strains of Pseudo- 
monas spp. obtained from the roots of potato 
plants grown in non-sterile soil under greenhouse 
conditions might be due to loss of resistance to 
these antibiotics. Only a few detailed studies 
concerning the stability of antibiotic resistance in 
the field have been published, however, they do 
not involve rifampicin resistance. Brockwell et 
al. (1977) monitored streptomycin-resistant 
strains of R. trifolii after seed inoculation of 
clover using serological methods as a second 
determinant. During 41 months in the field, 
there was at least a 95% correlation between 
these two methods. Similar results were obtained 
by Renwick and Jones (1985), who reported a 
significant correlation between a fluorescent 
ELISA procedure and a combined streptomycin 
and spectinomycin resistance as methods to 
enumerate R. trifolii in root nodules and in soil. 
The present study notes a 100% correlation 
between immunological procedures and rifam- 
picin resistance: all Pseudomonas isolates which 
showed a positive response towards the anti- 
serum specific for strain WCS358 were also able 
to grow on a medium containing rifampicin. 
Furthermore, a selection of isolates positively 
responding towards both selection procedures 
could all be identified as P. putida WCS358 by 
means of SDS-PAGE. These results strongly 
indicate that no loss of the rifampicin-resistance 
marker occurred in strain WCS358 during 4 
months in the field. It is concluded that rifam- 
picin resistance can be used as a reliable marker 
for ecological studies on rhizosphere pseu- 
domonads. However, its reliability should be 
carefully checked in advance for each strain. 
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