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ABSTRACT 

Five transposon TnS mutants of bean rhizobia (Rhizobium 

leguminosarum b.v. phaseoli) and the wild type strain were used in 

ecological studies to evaluate the efficacy of transposon TnS as a 

phenotypic marker in rhizobia for ecological studies in two Sonoran desert 

soils. All mutants possessed chromosomal insertions of the transposable 

element. 

Survival of each mutant strain was compared to that of the wild 

type strain under non stress, moi sture stress and temperature stress 

conditions in Pima silty clay loam and Brazito sandy loam. The genetic 

stabil ity of TnS in terms of transposition of the element within the 

chromosome and the TnS coded antibiotic resistant phenotype was determined 

in cells recovered throughout the survival period. 

Under non stress conditions, the viable TnS mutant population 

decreased in size. n'lo mutant's showed significantly (p<O.Ol) lower 

populations than the wild type at the end of 30 days in the silty clay 

loam. In the sandy loam, four of the five mutant populations were 

significantly lower than the wild type. TnS was genetically stable in 

both soil s. 

Under moisture stress conditions, the decline of the TnS mutant and 

wild type populations corresponded to a decline in soil moisture content. 

The finer textured soil afforded more protection to the cells than the 

coarse textured soil. There were no indications of TnS instability under 

moisture stress. 



13 

In both soils under temperature stress, sizes of all populations 

declined rapidly and after 12 days, the mutant cells when screened using 

the Tn5 coded markers were significantly less in numbers than the wild 

type indicating a loss of Tn5 coded antibiotic resistance phenotype. 

There were no significant differences in numbers between wild type and 

mutant cells when screened using only the intrinsic markers. DNA:DNA 

hybridizations confirmed that the lack of Tn5 coded antibiotic resistance 

phenotype was probably not due to a deletion or transposition of the 

element. 

Under non stress conditions Tn5 is a useful ecological marker, but 

each Tn5 mutant has to be evaluated independently under specific 

environmental conditions to determine the efficacy of Tn5 as an ecological 

marker. 
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CHAPTER 1 

I NTRODUCTI ON 

Recombinant DNA techniques have led to the engineering of bacterial 

strains with potential practical applications that include enhanced N 

fixation, waste treatment and frost protection of plants (Amy et al., 

1985; Milewski, 1985). There has however been increased concern over the 

potential danger that genetically engineered microorganisms (GEMs) pose, 

if they are released into the environment (Rissler, 1984; Sinclair and 

Alexander, 1984). In order to assess the possible environmental risks 

associated with the release of GEMs, the development of suitable detection 

techniques for monitoring GEMs in the environment is needed. 

Recent studies have focussed on the factors that govern the 

survival of GEMs in the environment, and also the potential for genetic 

exchange between introduced strains and the indigenous soil microorganisms 

(Singleton and Anson, 1983; Van Elsas et al., 1987; Khalil and Gealt, 

1987; Zeph et al., 1988). Of late transposable elements have been recog

nized as a valuable tool for tracing microorganisms in soil or waters 

(Frederickson et al., 1988). Since transposons code for antibiotic 

resistance, bacterial strains labelled by a transposon can be traced in 

the environment by using selective antibiotic plating media. In addition, 

since transposons have a known nucleotide sequence it is possible to use 

gene probes for DNA:DNA hybridizations to identify strains labelled by the 

transposable element. Molecular biological methods that are used to detect 

DNA sequences can be ut il i zed to detect part i cul ar genes or organi sms 

containing these genes in the environment (Holben et al., 1988). 



15 

Studies were needed to identify the effect of transposons on the 

survival and fate of bacterial strains in the environment. These studies 

would provide information concerning the effect the extra DNA sequence has 

on bacterial survival. Additionally, the effect of environmental stress 

factors on the survival of strains, and the stability of the Tn5 coded 

antibiotic resistance phenotype of the cells needed to be evaluated. 

These data would provide information as to whether stress factors could 

alter survivability and genetic stability of these cells. Finally, the 

potential for transfer of the transposable element had to be determined. 

This laboratory study was designed to determine whether the transposon Tn5 

could be used as an efficient ecological marker for bean rhizobia 

(Rhizobium leguminosarllm b.v. phaseoli) in Sonoran desert soils. Members 

of the genus Rhizobillm are gram negative rod shaped cells present 

predominantly in the rhizosphere of leguminous plants. They are involved 

in the conversion of atmospheric dinitrogen into ammonia within the 

nodules of the plants. This process, termed biological nitrogen fixation 

is of major importance in legume cultivations, since nitrogen is often the 

limiting factor. Recombinant DNA techniques have recently allowed the 

development of strains with enhanced nitrogen fixation efficiency (DeJong 

et al. 1982). 

The specific objectives of this study were to evaluate: 

1) the survival of five Tn5 mutants of bean rhizobia in two 

different Sonoran desert soil textural types viz., a silty clay loam and 

a sandy loam soil. 

2) the Tn5 coded antibiotic resistance phenotype of the cells 

during survival in soil. 
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3) whether environmental factors such as temperature stress and 

soil moisture stress, affects the survival of the Tn5 mutants or the Tn5 

coded antibiotic resistance phenotype of the cells or the genetic 

stability of the transposon in terms of transposition. 

4) whether gene (transposon Tn5) transfer occurs between the Tn5 . 

mutants and a related soil bacterium Agrobacterium tumefaciens. 
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CHAPTER 2 

LITERATURE REVIEW 

Survival of Rhizobia in Soil 

Bacterial survival in soil is affected by both biotic and abiotic 

soi 1 factors, and often depends on the interaction of these factors 

(Stotzky and Krasovsky, 1981). There have been many reviews of the factors 

that affect the survival of rhizobia in soil (Alexander 1977; Lowendorf 

1980). Survival of inoculant rhizobia has been shown to depend on abiotic 

factors such as moi sture stress, soil temperature, soil texture as well 

as biotic stress (Danso and Alexander, 1974; Danso et al., 1975; Bushby 

and Marshall, 1977). 

Influence of Biotic Factors 

Protozoa have been shown to influence the survival of rhizobia 

added to soil. Danso et al. (1975), compared the survival of R. meliloti 

and R. trifolii strains in sterile and non sterile soil, and observed a 

decline in numbers in non sterile soil, which corresponded to an increase 

in the numbers of protozoa. In non sterile soils, the bacterial popula

tion did not continually decrease, but rather stabil ized around 107 

cells/gram soil from an initial count of 4 X 108 cells/gram soil. Drozanski 

(1972) reported that Acanthamoeba sp were capable of lysing R. trifolii. 

However Anusuya and Sull ia (1985), in an in vitro study found that the 

soil fungus Trichoderma reduced the number of nodules forming on a legume 

root, while another common soil fungus Penicillium had no effect. Evans 

et al. (1979), using controlled conditions, found that the virulent 
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bacteriophage NT1 was capable of inducing changes in the persistence and 

symbiotic effectiveness of a strain of R. trifolii. At increased 

temperatures, these effects were more pronounced. 

Vidor and Miller (1980) using fluorescent antibody techniques 

reported that biotic factors were controlling R. japonicum populations in 

moist soils. Boonkerd and Weaver (1982) similarly reported that cowpea 

rhi zobi a were affected by bi ot i c factors in conjunction with moderate 

temperatures. It is thus evident that it is not a single microbial agent 

that is responsible for inducing biotic stresses in soil, but rather a 

spectrum of antagonistic agents that interact in a complex and not yet 

clearly understood manner. 

Influence of Soil Moisture and Temperature 

It has been reported that soi 1 moi sture and soi 1 temperature 

influence rhizobial survival interactively. Danso and Alexander (1974) in 

their study with R. mel iloti observed a decrease in numbers as the 

temperature was increased from 6°C to 36°C in silty loam and loamy fine 

sands. Munevar and Wollum (1981), studying the growth of R. ,japonicum 

strains in a wide range of temperatures, noted that the maximum tempera

ture limit for growth was 38°C. The decline in numbers was particularly 

marked between 38°C and 42.3°C. Boonkerd and Weaver (1982), working with 

cowpea rhizobia in soil, showed that survival was reduced at 35°C compared 

to 25°C, and that there were differences between strains with respect to 

their temperature tolerances. Using a sterile soil system at 40°C, they 

found that under "moist" soil conditions, the population did not decline 

during 45 days, in contrast to a non sterile soil system where numbers did 
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decline. This was indicative that soil temperature, moisture content and 

biotic factors interacted and influenced survival. 

Mary et al. (1986), working with.8.. melilotii reported that the 

doubling time was not affected by a reduction in the water activity (aw) 

to a level of 0.99 in the broth medium in which it was grown, but a 

reduction below 0.99,decreased the yield of cells at the stationary phase. 

These results were similar to those reported by Singleton et al., (1982). 

Mary et al. (1986), used different salts to reduce water activity, and 

found that regardless of the solute used, a reduction below 0.99 decreased 

the growth rate and yield of cells. 

It was also noticed that the age of the cells used in the study 

affected the survival when subjected to water stress, since it was found 

that cell s at the stationary phase survived better than those at the 

exponential phase. Also, a reduction of water activity on desiccated 

strains did improve the survival rate. The observation that the age of 

cells affected survival was also observed by Chen and Alexander (1973), 

who proposed that cell age might influence osmotic tensions, and therefore 

account for the differences between young and old cells of rhizobia in 

their capacities to withstand cycles of desiccation and freeze drying. Dye 

(1982), however, reported very 1 ittle difference between young and old 

rhizobial cells in their capacities to withstand desiccation and freeze 

drying cycles. Antheunisse and Arkestein-Dijksman (1979) reported that the 

survival rate of some selected bacteria depended on the rate of drying, 

and that the number of viable cells after slow drying was much higher when 

compared to those after rapid drying. 



20 

Boonkerd and Weaver (1982), working with cowpea rhizobia, noticed, 

that there were more viable rhizobia after 45 days incubation in dry soil 

as compared to a saturated soil when incubated at 35°C. There was however 

no decrease in the rhizobial populations when maintained under moist, 

sterile conditions. 

Bushby and Marshall (1977), showed that there were differences 

between slow and fast growing rhizobia with regard to desiccation 

tolerances, since it was shown that slow growing rhizobia were more 

tolerant of desiccation that fast growers. They noticed that survival of 

fast growers was enhanced if montmorillonite was added, but at the same 

time, the survival of slow growers decreased. It was also found that the 

addition of montmorillonite as a suspension, was detrimental to both fast 

and slow growers. They proposed that there was no relation between desic

cation tolerance and resistance to low water activity. 

Osa-Afiana and Alexander (1982) reported that the survival of 

cowpea rhizobia and R. ,japoniclIm following desiccation was directly 

related to moisture content and humidity. Sparling and Cheshire (1979), 

suggested that after a cycle of wetting and drying, the surviving rhizobia 

faced reduced competition from the other microflora. Pena-Cabriales and 

Alexander (1983) reported that as soils dry out, rhizobial populations 

also decrease, and that organic matter in soil did not afford protection 

against desiccation. Osa-Afiana and Alexander (1979) when working with 

the effect of soil moisture on rhizobial survival, noticed a decline in 

numbers in flooded soils, and identified organic acids including butyric 

acid as being responsible for the decline in numbers. Skyring and Thompson 

(1966) and Soulides and Allison (1961) had earlier reported that the 
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nutrients made available during drying and wetting cycles in soils 

depended on the organi c matter content of soil s. Pena-Cabri al es and 

Alexander (1983) did not however find any relation between growth of 

cowpea rhizobia in soil and cycles of drying and wetting. 

Fuhrmann et al. (1986), examined the effect of low soil moisture on 

clover rhizobia and showed that population levels under desiccated 

conditions were affected by soil types and rhizobial strains. Population 

levels were the lowest at -70MPa. Miller and Pepper (1988) have shown that 

the survival or persistence of lupin rhizobia in soil was influenced by 

soil moisture and it varied with soil texture. 

Influence of Soil Texture 

Survival of R. japonicum and R. leguminosarum isolates were found 

to be affected by soil texture (Mahler and Wollum, 1981). The rhizobial 

populations were adversely affected by extremes of textural types. Numbers 

were the lowest in sands and clay loam soils and highest in sandy loams, 

silt loams, and sandy clay loam soils. Bushby and Marshall (1977) , had 

earlier reported that extracellular polysaccharides did not influence the 

survival of R. trifolii in sandy soils. A direct relation was found 

between the survival of rhizobia and the percent silt and clay and also 

organic C content (Gsa-Afiana and Alexander, 1982). Schlinkert-Miller and 

Pepper (1988), have reported the survival of lupin rhizobia depended on 

the interaction of soil texture and soil moisture. Amendments to soil such 

as mannitol and montmorillonite did not affect the survival of rhizobia 

in soils (Bushby and Marshall, 1977; Pena-Cabriales and Alexander, 1983). 
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Influence of Soil pH 

There have been many studies on the effect of pH on rhizobial 

growth and survival in both pure culture and also in soil. Rhizobial 

strains and species differ in their sensitivities to varying pH levels. 

In an early study, Bryan (1923), compared the survival of,R. melilotii , 

,R. trifolii and ,R. japonicum and reported that ,R. melilotii was unable to 

survive below pH 5.1 while ,R. japonicum was able to survive even at a pH 

of 4.2. This report was later supported by the finding of Vincent (1958) 

who showed that liming of acidic soils promoted the survival of ,R. 

melilotii. These studies have shown that ,R. melilotii is the Rhizobium 

species most sensitive to acidic soil conditions. Lowendorf et al. (1981) 

compared the survival of ,R. melilotii, ,R. phaseoli and a cowpea rhizobium 

in acid and limed soils. The cowpea rhizobium was found to survive in the 

acidic soil (pH 4.4) whereas, ,R. melilotii and ,R. phaseoli decreased in 

numbers rapidly. It was shown that in limed soils, all three species 

maintained their population densities. It was also shown that both biotic 

and abiotic soil factors combined with soil pH in affecting rhizobial 

survival. Thorton and Davey (1983), have also shown that variation in 

sensitivity to soil acidity exists among ,R. trifolii strains and also 

among di fferent host-l egume symbi oses. There have been few publ i shed 

reports dealing with the effect of alkaline soil conditions on rhizobial 

survival. Shoustari and Pepper (1985) studied the survival of two strains 

of mesquite rhizobia from different ecological origins in three alkaline 

soils. The strain native to a desert survived the best in the soil of pH 

8.2, which contained 1% organic carbon. The non desert strain did not 

survive as well as the native desert strain in the soil of pH 8.2. 
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Survival of both strains was the lowest in the soil of pH 9.5, but again 

the native desert strain survived better. 

Influence of Soil Salinity 

Botsford (1981) evaluated the effects of different salts normally 

found in arid land waters, on the survival of R. melilotii. Sodium 

chloride upto 250mM did not influence viability in soil, but magnesium 

phosphate and acetate were inhibitory even at 200mM. Singleton et ale 

(1982) compared the survival of rhizobial strains isolated from high, low 

and non saline areas, and found that even though salinity slowed the 

growth of all strains tested, salt tolerance was not dependent on the 

ecological origin of a particular strain. They also showed that many 

rhizobial strains could survive and grow in salt concentrations that were 

inhibitory to legumes. Shoustari and Pepper (1985), studying rhizobial 

survival in three desert soils with differing salinities, found that 

survival of a desert and commercial strain was the lowest in the soil of 

extreme sal i nity. They have reported that the desert stra i n survi ved 

better than the commercial strain in the soils with a salinity range of 

7.2dSm-' to 1.9 dSm-'. The non desert commercial strain declined by over 3 

log units within 14 days in all the three saline soils. 

Influence of Soil Amendments 

Chowdury (1977) showed that two species of Rhizobium did not grow 

in unamended, non steril e so il but responded to organ i c carbon and 

nitrogen amendments. Pena-Cabriales and Alexander (1983) worked with R. 
phaseoli and R. japonicum strains and noted that there was no significant 

increase in numbers in unamended soils. There was a significant increase 
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in numbers in non sterile soils which was directly related to mannitol 

concentration which was used as an amendment. They also demonstrated, in 

the same study that germinating seeds and rhizosphere effects stimulated 

rhizobial numbers in soil. Organic amendments such as peptone and 

methionine had no effect on the survival of R. melilotii and R. trifolii 

(Danso and Alexander, 1974). 

Addition of powdered montmorrilonite caused a progressive increase 

in the numbers of fast growers surviving desiccation in soil, but when 

montmorrilonite was added as a suspension to the soil it did not enhance 

survival (Bushby and Marshall, 1977). Slow growing rhizobia did not 

exhibit any characteristic survival pattern, but in one instance, when 

montmorrilonite was added, R. japonicum survived less than in an unamended 

control soil. Sugars eg., maltose, glucose and sucrose protected fast 

growers, but glycerol generally decreased survival of fast growers. 

Overall it was however found that sugars had the greatest protective 

effect on both fast growing and slow growing rhizobia. 

Survival of Genetically Modified Bacteria in Soil 

There has been of late, increased interest in the survival and fate 

of microorganisms deliberately released into the environment (Milewski, 

1985). This has been due to recent releases of genetically engineered 

microorganisms (GEMs) to prevent frost damage, extraction and concentra

tion of metals from ore, and enhanced recovery of oil (Milewski, 1985). 

Liang et al. (1982), studied the survival of bacteria that have the 

potential to be used for the development of GEMs, in soil. In sterile 

soil, they observed a 100 fold increase over a period of 25 days, while, 
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in non sterile conditions, the numbers decreased steadily after an intial 

increase. Devanas and Stotzky (1986) studied the fate in soil of an ~. 

coli strain harboring a "recombinant" plasmid containing a Drosophila sp. 

gene. They studied the survival of this plasmid-containing strain in 

sterile and non sterile soil. Under sterile conditions, the cells 

increased by over 2 log units, while in non sterile conditions, the 

numbers decreased by around 2 log units, over a period of 25 days. Walter 

et al. (1987), working with recombinant plasmids in Pseudomonas spp. and 

~. coli, reported a similar finding. The survival and growth of ~. coli 

in sterile soil is significant since soil is not the natural habitat for 

this bacterium. Walter et al. (1987), reported that the presence of the 

recombinant plasmid did not affect the survival pattern of the strains. 

Devanas et al. (1986), also reported that the survival of ~. coli in soils 

was not affected by the size of the recombinant plasmids. 

Genetic Stability of Bacteria in Soil 

One of the concerns about the release of GEMs into the environment 

is their genetic stabil ity, that is, the potential for transfer of DNA 

from GEMs to indigenous microflora or between recombinant bacteria them

selves (Curtiss, 1976; Rissler, 1984). The hazards of interspecies DNA 

transfer may be greater if the engineered DNA from a GEM is transferred 

into microorganisms which colonize the natural environment. Potential 

risks would arise from increases in gene expression of engineered DNA in 

non target organisms or changes in substrate specificity which could cause 

an unexpected competition for nutrients in nutrient limiting conditions. 

There is also concern regarding the possible establishment of engineered 
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genes in new species causing unintended exposure of species and ecosystems 

to novel products of genetic engineering (Walter et a1., 1987). 

Recent studi es have documented the exchange of genes between 

bacteria (reviewed in Freife1der, 1987; Beringer and Hirsch, 1984). Gene 

transfer c~n be mediated by bacteriophage transduction, by transformation 

with DNA, or by the conjugal transfer of autonomously replicating p1asmids 

(Beringer and Hirsch, 1984). There have been inadequate data dealing with 

genetic exchange between microorganisms in a soil environment. There is, 

however, the potential for the exchange of genetic information among soil 

bacteria (Slater, 1984). Restriction fragment length polymorphism (RFLP) 

analyses show that classes of p1asmids in two field populations of 

Rhizobium leguminosarum bv. viceae tend to be associated with specific 

classes of chromosomal RFLP patterns. Additionally, the data does provide 

evidence that plasmid transfer does occur (Young and Wexler, 1988). 

Bishop et a1. (1987), had earlier demonstrated that transformation 

of Azotobacter vine1andii by genes from Rhizobium trifo1ii that code for 

a surface antigen. There are also reports dealing with in vitro plasmid 

transfer between species of the soil bacterium Bacillus spp. (Gonzalez and 

Carlton, 1981; Battisti et a1., 1985; Van E1sas and Periera, 1986). 

Johnston et a1. (1982), have shown that bean rhizobia p1asmids even when 

labelled with the transposon Tn5 were transmissible to other bean rhizobia 

during conjugation. It has also been reported (de Jong et a1. 1982), that 

recombinant p1asmids from different strains of bean rhizobia are trans

ferrable between different strains of bean rhizobia and could alter the 

effectiveness of the recipient strains. These results suggest that plasmid 

transfer between soil bacteria may be a mechanism whereby beneficial or 
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deleterious changes are introduced into a given soil bacterium. Beringer 

et al. (1978), have shown that a Mu::Tn5 recombinant plasmid was transfer

rable between three Rhizobium species. Schofield et al. (1987), charac

terized different isolates ofR. leguminosarum bv.trifolii growing within 

a limited area. Their observation of similar Sym plasmids in different 

host chromosomal backgrounds and of different Sym plasmids in similar host 

chromosomal backgrounds, as well as of a recombinant plasmid suggest that 

genetic exchange and recombination had occurred in that soil population. 

Weinberg and Stotzky (1972) reported conjugational gene transfer 

and recombination between introduced 1. coli strains in sterile soil. 

Krasovsky and Stotzky (1987) later reported conjugation and recombination 

among 1. coli strains both in sterile and non sterile soil. Graham and 

Istock (1978), reported probable transformation between Bacillus subtilis 

strains in sterile soil. However, this exchange was found to be DNAse 

independent, probably indicating that the soil influenced the action of 

the enzyme. They found that the exchange involved linked genes. R-plasmid 

transfer via conjugation was reported in 1. col i by Trevors and Oddie 

(1986) in sterile soil and water, under favorable conditions. An in vitro 

intraspecific transfer of recombinant plasmids within 1. coli that con

tained genes from Drosophila sp. has been shown to be unaffected by the 

presence of heterologous DNA (Hamer, 1977). 

Transfer of the transposable element Tn5 in soil, between plasmids 

have been reported when Azospirilum sp. and R. trifolii were mixed in the 

rhizosphere (Plazinski and Rolfe, 1985). Van Elsas et al. (1987) detected 

plasmid transfer between species and strains of Bacillus sp. in sterile 

loamy sand at 27°C. This transfer was determined to be conjugational rather 
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than transformational. Transconjugant numbers were shown to increase with 

the addition of nutrients and bentonite clay. Temperatures below 27°C and 

a moi sture content 1 ess than 20-22% decreased the number of transcon

jugants. In a non sterile soil, the recipient population decreased rapidly 

and hence no transconjugants were detected. When bentonite clay was used 

to afford protection to the recipients, transconjugants were detected in 

the early stages of their incubation. 

Zeph et al. (1988), reported transduction of f. coli in soil by the 

temperature sensitive specialized transducing derivatives of bacteriophage 

Pl. In non steri 1 e soi 1 the number of transductants was independent of 

either montmorillonite or kaolinite amendment. Transduction of the indige

nous soil bacteria by the introduced phage was not however unequivocally 

demonstrate r '. Devanas and Stotzky (1986) when studying the fate in soil 

of a recombinant f. coli plasmid, detected no loss of the chimeric DNA in 

soil. Fredri ckson et a 1. (1988)" reported that Tn5 mutants were stabl e 

with respect to the kanamycin resistant phenotype even after growth for 

33 gene rat ions whil e the Tn5-vector integrates that contained vector 

sequences along with TnS DNA sequences were found to be unstable in soil. 

Walter et al. (1987), reported that the presence of recombinant plasmids 

did not appear to significantly affect the survival of these bacteria in 

soil . 
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Genomic Instability in Rhizobia 

Reiteration of DNA sequences is a common feature in eukaryotes, 

while in prokaryotes, it is relatively infrequent (Sapienza and Doolittle, 

1982). Reiteration of nif gene sequences has been reported in rhizobia 

(Quinto et al., 1982). There are many reports that nif gene sequences are 

reiterated in different organisms eg Clostridium sp., Azotobacter sp. and 

Rhizobium sp. (Chen et al., 1986; Jacobson et al., 1986; Donald et al., 

1986). 

In rhizobia, besides the nif sequences, other sequences such as the 

regul atory regi ons and insertion sequences are found to be repeated 

(Better et al., 1983; Kaluza et al., 1985). Quinto et al. (1985), have 

shown that the Sym plasmid of bean rhizobia contains three such reiterated 

regions. Two of these regions contain the nifH, nifD and nifK genes, while 

the other regions contain only the nifH gene. NifH, nifD, and nifK are the 

three structural genes for the nitrogenase enzyme. The reiteration of the . 
genes has been shown to be present in other rhizobia species such as R. 

fredii and R. melilotii (Better et al., 1983; Gottfert et al., 1986). In 

the genus Halohacterium, these repeated elements appear to be the sites 

for homologous recombi nat ion, thus providi ng the apparatus for genomi c 

rearrangements (Sapienza and Doolittle, 1982). Kaluza et al. (1985), have 

found deletions of the nif region in R. ,japonicum having their end points 

within the repeated sequences. 

Very often, rhizobial strains vary in colony features and symbiotic 

properties. Because of this, cultures have to be maintained either in a 

lyophilized form, or at very low temperatures (-70°C). 
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There have been reports that Rhizobium spp. cells when exposed to 

stress conditions undergo genomic rearrangements which have the potential 

for altering symbiotic properties. Soberon-Chavez et al. (1986), detected 

the loss of symbiotic properties when R. leguminosarum bv. phaseoli 

stra ins were incubated at 3loC. They showed that genomi c rearrangement 

occurred within the Sym plasmid. Zurkowski (1982), reported the loss of 

nodulation ability in R. trifolii after high temperature incubation. 

Djordjevic et al. (1982), reported a loss of infectivity when R.trifolii 

was repeatedly passaged through nodules and agar media. Flores et al. 

(1988), have provided strong evidence that genomic rearrangements occur 

frequently in rhizobia under laboratory conditions within certain 

restricted regions of the genome. Very often, the same rhizobial strains 

from different laboratories vary in colony features and symbiotic pro

perties. Because of this, it appears that cultures need to be maintained 

either ina 1 yophil i zed form, or at very low temperatures (-lOOC to 

minimize rearrangements. 

Detection of Microorganisms in the Environment 

The prospective release, either deliberate or by accident of 

genetically engineered microorganisms into the environment requires that 

they be detected and monitored in the environment. McCormick (1986) has 

listed various techniques including direct plating employing spontaneous 

antibiotic resistance, colorimetric media in which specific bacteria 

produce a characteristic color, direct staining, enrichment media, spent 

media analyses and protein product fingerprinting. In addition, there are 

immunological techniques llsing fluorescent antibodies (Schmidt et al., 
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1968}, and molecular techniques utilizing DNA probes (Sayler et al., 

1985). 

Direct plating utilizing spontaneous antibiotic resistance 

mutations are not favorable since there have been reports that such 

mutants may have reduced competency as compared to their wild types (Jones 

and Bromfield, 1978; Hagedorn, 1978). This reduced competency is likely. 

to be accentuated in the face of environmental, biotic and abiotic stress 

conditions. Direct plating would also lead to errors when "viable but non 

culturable" cells are plated on selective media (Roszak et al., 1984). 

Antibiotic resistance coded by R-plasmids is environmentally unstable 

(Trevors and Oddie, 1986). Studies have shown that such plasmids are able 

to be transferred to other bacteria by conjugational systems (Weinberg and 

Stotzky, 1987; Van Elsas et al., 1987). Fluorescent antibody detection 

has also been found to have certain drawbacks including cross reactivity 

and interference by soil colloids. These have been listed by McCormick 

(1986) . 

Transposable elements have recently been recoganized as a valuable 

tool for labelling strains genetically (Kleckner et al., 1977). Transpos

able elements (transposons) are mobile DNA sequences which also code for 

antibiotic resistance (Kleckner, 1981). The insertion of transposons into 

either the chromosome or the plasmid causes mutations, which can easily 

be detected (Kl eckner et a 1., 1977). The presence of a transposon ina 

cell serves as a double identification system enabling the use of both the 

antibiotic resistance coded by the transposon as well as the use of gene 

probes specific to the transposon thereby making use of DNA:DNA hybridiza

tion protocols also (Holben et al., 1988). Transposon insertions have 



32 

several advantages over spontaneous mutations. Spontaneous anti bi ot i c 

resistance is due to mutations that affect cell wall permeability, meta

bolism, alterations in ribosomal proteins (Lewin, 1985) and rRNA nucleo

tide sequence (Sigmund and Morgan, 1982). Transposon Tn5 coded antibiotic 

resistance is due to a coded protein that enzymatically detoxifies the 

antibiotic (Davies and Smith, 1984). The mutation is well characterized 

(de Bruijn and Lupski, 1984) and multiple insertions occur at low 

frequencies (Reznikoff, 1982; Fredrickson et al., 1988). 

Transposon Tn5 as an Ecological Marker 

Only recently have transposable elements been used as ecological 

markers (Van Elsas et al., 1986; Fredrickson et al., 1988). They have 

reported that the transposons were stable for over 50 generations under 

non selective conditions. Fredrickson et al. (1988), evaluated the 

efficacy of Tn5 as an ecological marker when using DNA:DNA hybridizations 

to detect Tn5 labelled bacterial' strains. They report that Tn5 has the 

potential to be used since the transposon was very stable in the bacterial 

genome and biochemical impairment occurred only rarely. 

Transposon TnS is a 5770bp prokaryotic transposable element that 

encodes resistance to aminoglycoside antibiotics kanamycin and neomycin, 

in a bacterium (Berg, 1977). The resistance is due to the production of 

the enzyme neomycin phosphotransferase type II (NPTII) (Reznikoff, 1982) 

A 2700bp region is flanked by two 1535 bp long, inverted repeats. 

The gene coding for the antibiotic resistance is within the central 

region. The insertion sequences IS SOL and IS 50R differ by a single base 

pair that causes a premature termination of the reading frame of the IS 
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SOL. The IS SOL also has the promoter for the NPTII gene. Thus the IS SOL 

coded protein is non functional in "transposition" related activities 

(Reznikoff, 1982). 

The reading frame that is prematurely terminated by the mutation 

actually codes for two proteins. For the functional IS SOR element, these 

are protein 1 and protein 2. Both proteins play important but different 

roles in the process of transposition. Mutants that produce protein 2 but 

not protein 1 are transposition defective, indicating that protein 1 is 

the transposase. Biek and Roth (1980), have shown that TnS transposition 

is regulated ie., the frequency of TnS transposition into a cell that 

already possess a TnS copy is very low. Isberg et al. (1982), reported 

that protein 2 has this regulatory role. They have shown that protein 2 

inhibits transposition by inhibiting transposase activity and thus not its 

synthesis. 

Bacterial survival in soil is thus influenced by several interact-, 

ing abiotic factors eg., moisture, temperature, texture and salinity. It 

has also been documented in literature that bacterial persistence ;n soil 

is influenced by biotic factors due to competition by indigenous 

microflora. Genetic instability of transposable elements could arise from 

deletions, transpositions or manifested by a loss of transposon coded 

antibiotic resistance phenotype. 

Bacterial growth in soil is significantly different from that seen 

in pure cul tures. Even though extensive data is scarce, there is 

available data which shows that the generation time is much slower in 

natural conditions than under laboratory conditions. In soil, an increase 

in population size of an introduced strain signifies that cell division 
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exceed cell death while a decrease does not indicate whether there is any 

demonstrabl e cell ul ar growth or whether cell death is the only event 

taking place. 
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MATERIALS AND METHODS 
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The bean Rhizobium (Rhizobium leguminosarum biovar phaseoli ) 

strains CE-3 and CFN-350 were kindly supplied by R.Palacios (Centro de 

Investigacion sobre Fijacion de Nitrogeno, Mexico). CFN-350 is a Tn5 

insertion mutant of CE-3. Strains UAZ-301, UAZ-302, UAZ-303 and UAZ-304 

are also Tn5 insertion mutants of CE-3, generated in our 1 aboratory 

employing the suicide plasmid vector pGS9. A plasmidless Agrobacterium 

tumefaciens strain GMI 9023 and the Escherichia coli strain HB 101 

containing the helper plasmid pRK 2013 were also kindly supplied by R. 

Palacios (CIFN, Mexico). The £. coli strain MV-12, harboring the suicide 

vector plasmid pGS9 was generously supplied by D.F.Bezdicek (Washington 

State University, Pullman). Plasmid pRZ 102::Tn5 harbored in ~ coli HB 

101 was kindly supplied by D. P. Bourque (University of Arizona). All 

strains were lyophil ized and stored at 4°C. For short term storage, 

rhizobia strains were maintained on Yeast Extract Mannitol (YEM) agar 

(Vincent, 1970) (Appendix A) slants at 4°C. The Agrobacterium sp. strain 

was maintained on Peptone Yeast extract (PY) agar (Noel et al., 1984) 

(Appendix A), and the £. coli strain was maintained on Luria Bertani (LB) 

agar (Maniatis et al., 1982) (Appendix A) amended with kanamycin, neomycin 

and chloramphenicol (100 ug/ml). 
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Soil s 

The soils used in the survival studies were the Brazito sandy loam 

and the Pima silty clay loam. These are two soil types commonly found in 

the Sonoran Desert of the Southwestern United States. Brazito sandy loam 

was collected at site located 8 km from the University of Arizona campus 

and the Pima silty clay loam, collected at a site 6 km from the University 

campus. The soil samples were sieved « 2mm) , analyzed (Table 1) and 

stored in plastic water tight buckets at 4°C in a field moist condition. 

Culture Media 

The bacteriological medium used for routine culturing of rhizobia 

strains was Yeast Extract Mannitol agar (YEM). The Tn5 mutants were 

selected during transposon mutagenesis on Rhizobium minimal salts (RMS) 

agar (Frederickson et al., 1988) (Appendix A). 

For selective isolation of the Tn5 mutants and the wild type from 

soil samples, the intrinsic antlbiotic resistance and the resistance 

encoded by the transposon was employed. The wild type strain (CE-3) was 

intrinsically resistant to nalidixic acid (10 ug/ml) and streptomycin (500 

ug/ml), while the Tn5 mutant strains were resistant not only to nalidixic 

acid and streptomycin, but also to kanamycin and neomycin (30 ug/ml). 

Hence for selective isolation of inoculated strains from soil samples, 

Peptone Yeast extract agar (PY) amended with the antibiotics kanamycin 

(30ug/ml), neomycin (30ug/ml), cycloheximide (300ug/ml) (antifungal 

agent), nalidixic acid (10ug/ml) and streptomycin (500ug/ml) was used for 

Tn5 mutant strains and the latter three antibiotics for the wild type 



Table 1. 

Texture 

Pima Silty 
Cl ay Loam 

Brazito 
Sandy Loam 

Properties of Soils. 

pHI EC2 1 Total.N 
(dSm- ) (%) 

7.8 0.51 0.05 

8.2 0.33 0.01 

1 pH measured 1:1 saturated paste. 

2 Electrical conductivity. 

P04-P 
(mg/l) 

<1 

1.03 

Org.C Sand 
(mg/Kg) (%) 

0.40 50.2 

0.21 81.0 

Silt 
(%) 

35.3 

9.8 

Clay 
(%) 

14.4 

9.1 

W 
'-I 
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strain. The antibiotics were filter sterilized and added to the media 

prior to preparation of plates. 

Indigenous actinomycete populations of the soils were based on 

population counts obtained on Actinomycete Isolation (AlA) agar (Difco 

Labs, Detroit, MI). Indigenous bacterial population were based on 

population counts obtained on Soil Extract (SEA) Agar (Appendix A) 

prepared from the two soils. 

Development of TnS Insertion Mutants 

The Tn5 labelled strain CFN-3S0 was obtained using S-17 (pSup 5011) 

as the donor strain for transposon mutagenesis (R. Palacios, personal 

communication). The other Tn5 insertion mutants were generated as follows: 

Logarithmic phase cultures of a donor (.E. col i MV 12) and the 

recipient (CE-3) were centrifuged in Eppendorf tubes for 5 minutes at 

14000 rpm. The pellets were washed thrice in 0.85% saline, and resuspended 

in 100ul of 0.85% saline. Donor ahd recipient cells were mixed in a 1:1 

ratio in Eppendorf tubes and placed on sterile 0.45 urn nitrocellulose 

(Millipore rn HA type) filters. The filters were placed on YEM agar and 

incubated for 10 hours at 27°C. 

The fi lters were 1 if ted and pl aced in steri 1 e petri di shes. Two 

milliliters of 0.85% saline was then used to wash the cells off the 

filters. This cell suspension was then serially diluted and plated on RMS 

agar amended with kanamycin (30 ug/ml), neomycin (30 ug/ml), streptomycin 

(500 ug/ml) and nalidixic acid (10 ug/ml). Donor cells were inhibited from 

developing on the RMS agar due to the presence of the antibiotics 

streptomycin and nalidixic acid (intrinsic markers of the recipient 
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cells). Donor and recipient cells were also plated on the same media to 

serve as controls. The plates were incubated at 27°C for 6 days. The 

presumptive Tn5 mutants growing on the plates were replica plated on 

selective media to confirm the mutant phenotype (kanamycin and neomycin 

resistance). The strains were identified as possessing the Tn5 as 

probable chromosomal inserts based on evidence cited in the Results and 

Discussion section. 

Mean Generation Times of the Rhizobia Strains 

The mean generation times of the five Tn5 mutants and their wild 

type were determined in order to evaluate whether the presence of the Tn5 

element in the cells would affect their generation times. Refrigerated 

slant cultures were used to inoculate 25 ml of YEM broth and the culture 

shake incubated, till mid log phase of growth at 100rpm on a rotary shaker 

(Lab-Line Instruments, Inc). Two hundred milliliters of YEM broth was them 

inoculated with 0.5 ml of the mid' log phase culture and the flasks shake 

incubated for approximately 100 hours. At periodic intervals, 1 ml 

subsamples were removed, serially diluted and samples plated on YEM agar. 

The plates were incubated at 27°C for 4 days. The mean generation time was 

calculated on the basis of the log colony forming units per ml (CFU/ml) 

(Appendix C). 

Determination of Maximum Growth Temperature 

Refrigerated slant cultures were used to inoculate 25 ml of YEM 

broth, and the cultures shake incubated at 100 rpm till mid log phase of 

growth (24 to 48 hours). Forty milliliters of YEM broth contained in 25 

x 200 mm culture tubes were inoculated with 0.5 ml of the mid log phase 
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of growth. The strains \'Jere incubated stationary for a maximum of 100 

hours at temperatures ranging from 27°C to 40°C. Incubators and water baths 

(+/-l°C) were employed for this purpose. At periodic intervals, subsamples 

were serially diluted and plated on YEM agar to determine the viable cell 

counts. 

Testing for Antibiotic Injury 

The media employed to selectively isolate the transposon mutants 

from non sterile soils contained high concentrations of antibiotics. The 

following study was conducted to determine whether antibiotic injury was 

occurring. 

The Tn5 mutant (CFN-350) was shake incubated in YEM to obtain a log 

phase culture. Twenty five ml was centrifuged for 10 minutes at 5000 rpm. 

The pellet was resuspended in water and the soil inoculated with this cell 

suspension (108 cells/ml). 

Different soil dilutions (0.1 ml) containing the inoculated cells 

were added to a 9.9ml water blank and the entire volume filtered through 

a Millipore filtration system. The filters were then placed on a Whatman 

#1 filter paper saturated with 0.1% peptone and incubated for 2 hours. 

These filters were then placed on the selective media and the plates 

incubated at 27°C. 

Suitable dilutions were also directly plated on selective media 

without the resuscitation step on the peptone saturated filter. A 

comparison was then made between the numbers of bacterial colonies that 

developed following the two different procedures. Similar studies were 

performed throughout the course of the different studies. 
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Survival Studies in Soil 

Soil Preparation 

For survival studies, both sterile and non sterile soils were used. 

Sterile soil samples were obtained by autoclaving at 121°C and 15psi for 

one hour on two consecutive days. Survival studies in soils were conducted 

in 500ml Nalgene Mason jars. 

Inoculum Preparation 

Bacterial strains used in survival studies were shake cultured in 

YEM broth for 48 hours at 27°C at 100rpm until mid log phase of growth. The 

cells were pelleted by centrifugation at 5000 rpm for 10 minutes, and 

resuspended in sterile deionized water. This cell suspension was used for 

inoculation of soils. The amount of inoculum used was in the proportion 

of O.lml per gram soil. After inoculation, the cells were thoroughly mixed 

into the soil sample using a surface sterilized spatula. The soils after 

inoculation had a moisture content averaging 12% based on a dry weight 

basis. A minimum of three replications were employed for all the survival 

studies. 

Recovery of Cells From Soil 

Bacterial cells were extracted from the soil samples at periodic 

intervals by use of a modified sucrose density centrifugation technique 

(Wollum and Miller, 1980). 

Ten grams subsamples were placed in a 500 ml Mason jar and mixed 

with 95 ml of sterile 1% CaC03 using a single blade rotary stirrer for 5 

minutes. A 5 ml subsample was placed in a 60 ml centrifuge tube containing 

10 ml of sucrose solution (1.33g/ml), and vortexed vigorously for 1 
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mi nute. Fi fteen ml of sucrose was then 1 ayered underneath the sucrose

soil-calcium chloride suspension. Samples were centrifuged for 10 minutes 

at 2500 X g. Five milliliters from the upper layer which contained 

bacteria but no soil particles was removed and added to a 95 ml sterile 

water blank. Serial dilutions of this were made and the aliquots plated. 

Enumeration of Bacteria 

Extracted cells from the soil samples were plated on either of the 

two types of selective media or YEM agar depending on whether sterile or 

non sterile soil was used and whether the cells contained the Tn5 insert. 

Sterile Soils 

Tn5 mutant cells: From sterile soils, aliquots containing the Tn5 

mutant cell s were pl ated on PY agar amended with 30 ug/ml each of 

kanamycin and neomycin. Plating was also done on YEM agar. This was done 

to check the stability of Tn5 coded antibiotic resistance phenotype . . 
Differences in numbers would have indicated either loss of the Tn5 insert 

or a possible inactivation of the Tn5 element. 

Wild type cells: Aliquots containing the wild type (CE-3) cells 

were plated from sterile soils on YEM agar. 

Non Sterile Soils 

Tn5 mutant cells: From non sterile soils, aliquots containing the 

Tn5 mutant cell s were pl ated on PY agar amended with 30 ug/ml each of 

kanamycin and neomycin, nal idixic acid (10 ug/ml), streptomycin (500 

ug/ml), and cycloheximide (300 ug/ml) 
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Wild type cells: Aliquots containing the wild type CE-3 cells were 

plated on PY agar amended with nalidixic acid (10 ug/ml), streptomycin 

(SOO ug/ml) and cycloheximide (300 ug/ml). 

Survival and TnS Coded Antibiotic Resistance 
Phenotype Under Non Stress Conditions 

The survival ~f the TnS mutant cells and the stability of the anti

biotic resistance phenotype (kanamycin and neomycin resistance) coded by 

the transposon Tn5 was studi ed in soil under non stress 1 aboratory 

conditions for periods ranging from 28 to 32 days. 

Mason jars containing the inoculated soils were covered with 

Parafilm to avoid moisture loss and incubated at 2SoC. These covers were 

briefly opened each day during the survival study period, to allow for 

aeration. The moisture content of the soils measured at the time of 

i nocul at i on was rna i nta i ned throughout the ent ire i ncubat i on peri od by 

periodic additions of sterile deionized water. 

At periodic intervals, 10 gm subsamples were removed from the jars 

and the bacterial cells extracted from the soil. The extracted bacterial 

cells were enumerated on selective media, and the stability of the TnS 

coded antibiotic resistance phenotype was also checked using selective 

media. 

Survival and Tn5 Coded Antibiotic Resistance Phenotype 
Under Increasing Moisture Stress Conditions 

The effect of increasing moisture stress on the survival of the TnS 

mutant cells and the stability of the phenotypic expression of the Tn5 

element (kanamycin and neomycin resistance) was evaluated. The soil 

samples were inoculated \·,ith the bacterial strains and the moisture 
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content at the time of inoculation was determined. The Mason jars were 

loosely covered with Parafilm and the soil samples incubated for 12 days. 

During this period, moisture evaporated from the soils and thus increasing 

moi sture stress conditions were s imul ated as the soil s underwent the. 

"drying out ll process. Periodically, subsamples of the soil were removed, 

the moi sture concentration determi ned, and the survi vi ng bacteri a were 

extracted and enumerated using selective media. Selective media were also 

employed to detect any instability with respect to the Tn5 coded 

antibiotic resistance phenotype. 

Survival and Tn5 Coded Antibiotic Resistance Phenotype 
Under Extreme Temperature Stress Conditions 

The survival of the TnS mutant cells and stability of the 

antibiotic resistance phenotype coded by the Tn5 element was studied under 

an extreme temperature stress condition (40°C). The soil samples were 

inoculated with mid log phase cultures and incubated in a 40°C incubator 

(Lab-Line Instruments Inc, IL). The moisture content at the time of 

inoculation was maintained throughout the 12 day incubation period by 

regular additions of sterile deionized water. Periodically, soil 

subsamples were removed and the surviving bacterial cells were extracted 

and enumerated using the selective media. Selective media was also 

employed to detect any loss of antibiotic resistance phenotype by Tn5 in 

the cells during survival under the extreme temperature stress. 

Indigenous Microbial Populations in Soil 

The two soil samples were analyzed for their indigenous bacterial 

and actinomycete population. Uninoculated soil samples were incubated at 
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the same conditions as those that were employed for the survival studies. 

At periodic intervals, one gram subsamples were removed, serially diluted 

and aliquots plated on either soil extract agar or actinomycete isolation 

agar. The plates were incubated at 27°C for five days. 

Determination of Tn5 Stability in Cells 

Detection of Loss of Tn5 Element 

Random colony lifts using nitrocellulose membrane filters were made 

of the TnS mutant colonies forming on the intrinsic antibiotic selection 

media during the various survival studies. These colonies were then 

probed for the presence of the TnS element using a gene probe specific for 

the Tn5 el ement. 

Four pieces of chromatography paper were cut and sequentially 

saturated with: 

i. 10% SDS (Appendix 8) 

ii. O.SM NaOH, l.SM NaCl 

iii. O.SM Tris pH 7.0, l.SM NaCl (Appendix 8) 

iv. 2X SSPE (Appendix 8) 

The filters containing the colonies, were placed with the DNA side 

facing up, onto the first of the chromatography papers and incubated for 

S minutes. The filters were then sequentially transferred to each of the 

other chromatography papers and then finally dried at 37°C for 16 hours. 

Plasmid DNA and Probe Preparation 

Large scale DNA preparation of the plasmid pRZ 102::TnS was done 

using the alkaline-lysis method of Maniatis et al., (1982). Plasmid DNA 

was purified by ultra centrifugation in a cesium chloride gradient and the 
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plasmid band removed and extracted 4 times with isopropanol containing 

10mM Tris pH 8.0 and SM NaCl, to remove ethidium bromide. The DNA was 

precipitated using ethanol. 

32p labelled DNA was made using a nick translation kit (Bethesda 

Research Laboratories). 32p dCTP was used as the labelling nucleotide. The 

labelled and unlabelled DNA were separated using the spun-column method 

and the specific activity of the probe quantified by liquid scintillation 

(Maniatis et al., 1982). 

Prehybridization and Hybridization 

The filters were floated in SX SSC (Appendix B) until wetted and 

transferred to a sandwich box containing the prehybridization solution 

(Appendix B), and washed with agitation for 2 hours at 37°C. Filters were 

placed in Seal-a-Meal™ bags with filters back to back. SX SSC was added 

to the pouch and the pouch sealed after removal of air bubbles. The 

pouches were incubated in a water bath at 65°C for 2 hours. 

Probe DNA (106-108 cpm/ug DNA) and salmon sperm DNA (250 ug/ml) was 

added and the pouches resealed and incubated in a 65°C water bath for 12 

to 18 hours. The filters were then removed from the pouches, washed thrice 

in 2X SSC at 65°C and twice in 0.2X SSC at room temperature. Autoradio

graphy was carried out at -70C using XAR x-ray film (Kodak). 

Detection of TnS Transposition 
Within the Genome 

Six isolates obtained from each of the various survival studies 

involving the TnS mutants were analyzed for detection of possible TnS 

transposition within the chromosome during survival in soil under non 
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stress conditions, and also under temperature and moisture stress 

conditions. 

Genomic DNA preparations were made of the isolates as follows: 

Fi ve ml of broth cultures were incubated for 24- 48 hours. The 

cells were spun down at 8000 rpm for 5 minutes, and then resuspended in 

250 ul of 50mM Glucose, 10mM EDTA, 25mM Tris. To this, 250 ul of lysozyme 

(8 mg/ml) was added and then incubated on ice for 10 minutes. 

Fifty ul of 10% SDS was then added and incubated for another 10 

minutes on ice. To this, 29 ul of freshly prepared proteinase K (1 mg/ml) 

was added and then incubated at 50°C for at least 3 hours. 

One milliliter of TE Buffer (pH 8.0) (Appendix B) was added and 

organic extractions were done using phenol, phenol-chloroform and 

chloroform-isoamyl alcohol. Sodium acetate was added to a final concentra-

tion of 0.3M and the DNA precipitated using ethanol. The DNA was then 

redissolved in TE buffer (pH 8.0) and stored at -20°C until further use. 

The genomic DNA extracted from the isolates were analyzed using the 

restriction endonuclease ECoR1 (Promega). The restriction fragments were 

separated on a horizontal (1%) agarose gel and a Southern blot was 

prepared. The fragments (23 kb to < 0.1 kb) were screened by using a 

probe specific for TnS to detect any transposition of the TnS element. 

All the above molecular methodologies \'/ere done using standard 

protocols (Ausubel et al., 1987). 

Potential for Transfer of TnS from TnS Mutants 
to Agrohacterillm tllmefaciens GMI 9023 

Agrohacterillm tllmefaciens strain GMI 9023 is a plasmidless strain 

(Rosenberg and Hughet, 1984) which served as a suitable recipient strain 
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for gene transfer studies (Martinez et al., 1987). The purpose of this 

study was to evaluate whether the Tn5 element which was chromosomally 

located, had the potential for transfer to other soil genera, of which 

Agrobacterium spp. are predominant members. 

Conjugation Protocols 

Different conditions \'/ere tested to find out whether the Tn5 

markers (kanamycin and neomycin resistance) were transferrable in vitro. 

(i) High density culture method: Evaluation of the potential of the 

Tn5 mutant strains to serve as donors of the Tn5 element to the model 

recipient strain was carried out in 10 ml PY media. The Tn5 insertion 

mutants were used as donors and the Agrobacterium strain GMI 9023 used as 

the recipient. The Agrobacterillm strain was resistant to rifampicin (200 

ug/ml). Both donors and recipients were inocul ated (109 _1010 CFU/ml) at 

late log phase of growth and the flasks incubated in a stationary condi

tion at 27°C for 14 days. Samples were removed on day 2, day 5 and day 14 

and transconjugants were screened on PY media amended with kanamycin and 

neomycin (30 ug/ml) and rifampicin (200 ug/ml). 

(ii) Low density culture method: The same donor and recipients as 

that used in (i) were employed. However the intial cell counts of the 

donors and the recipients were around 105-107 CFU/ml. The donor cells and 

the recipient cells were incubated together for a period of 12 days at 27°C 

as a stationary culture. Samples were removed on day 1, 7 and day 12 and 

screened for transconjugants on PY media amended with kanamycin and 

neomycin (30 ug/ml) and rifampicin (200 ug/ml). 
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(iii) Transconjugation by Helper Plasmid: An 1. coli strain HB 101 

carrying the plasmid pRK 2013 which is a helper plasmid carrying the tra 

genes was employed in promoting transfer of the Tn5 element from the Tn5 

mutants to the model recipient Aqrobacterium strain. 

Forty microliters of the recipient strain and 20 ul of the 1. coli 

strain carrying the helper plasmid was spread on a PY medium without any 

antibiotic selection. The plate was allowed to air dry for 10 minutes. The 

bean rhizobia Tn5 mutants were then spotted using a toothpick onto this 

plate. The plate was then incubated for 24 hours at 30°C. All colonies that 

developed on the media were then replica plated on thre PY media plates, 

one amended with 30 ug/ml kanamycin and neomycin and 200 ug/ml rifampicin, 

the second PY medium without any antibiotic selection to serve as a 

control to verify viability of cells after incubation and the third PY 

medium amended with rifampicin (200 ug/ml) to confirm viability of the 

recipient cells. 

The transconjugant Aqrobacteri lim coul d then be i dent ifi ed as those 

that develop on the media amended with kanamycin, neomycin and rifampicin. 

By comparing the colonies on the PY media without antibiotic selection to 

colonies on PY media with antibiotic selection it was possible to find 

those Aqrobacterillm colonies that had received a plasmid with the Tn5 

element, following mobilization of the Tn5 element from the chromosome to 

the plasmid. A plasmid profile analysis followed by a DNA:DNA 

hybridization of the transconjugants would determine the presence of the 

Tn5 harboring plasmid 

(iv) Broth matings involving Helper plasmids: This protocol 

(Appendix D) was based on the technique reported by Walter et al. (1987), 



50 

which is a modified version of a technique that was originally described 

by Hinshaw et a1., (1969). The donor cells and the recipient cells were 

grown up in PY media with shaking until mid log phase of growth. The cells 

harboring the helper plasmid was grown up in LB medium.-

Five m1 of donor and recipient cells were spun down (8000 rpm; 10 

min) and washed with 5 m1 of sterile Tris pH 7.5 buffer. The cells were 

resuspended in 5m1 of Tris pH 7.5 buffer. One m1 of donor and recipient 

cells were inoculated into 5 m1 of PY media along with 50 u1 of cells 

containing the helper plasmid. The cultures were incubated statically for 

96 hours at 27°C. At periodic intervals a1iquots were removed, serially 

diluted and plated on selective media (PY amended with kanamycin and 

neomycin (30 ug/ml) and rifampicin (200 ug/m1) to select tranconjugants. 

(v) Membrane Filtration mating: The donor, recipient and helper 

plasmid containing cells were washed and resuspended as described above 

(Appendix E). One ml aliquot of donor and recipient cells along with 50 

u1 of the helper plasmid containing cells were added to 10 ml of Tris 

buffer (pH 7.5). This suspension was filtered through 0.45 um membrane 

fi lter, and the fi lter placed on PY medi a at 27°C for 100 hours. The 

filters were then removed and vortexed for 1 minute in 1ml of Tris buffer 

(pH 7.5). Serial dilutions were made and aliquots plated on media 

selective for transconjugants. 

Data Analysis 

Each treatment was replicated three times with a completely 

randomized design. Following an analysis of variance, significant 

differences between the wild type strain and the mutant strains were 
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identified by the least significant differences method at the 0.01 level 

of significance, to keep Type I error low. Most of the experiments have 

been repeated at least twice. 
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To obtain Tn5 transposition to Rhizobium leguminosarum b.v. 

phaseoli replicons (chromosomal and plasmid), the suicide plasmid vector, 

pGS9 was used (Selvaraj and Iyer, 1983). Presumptive Tn5 mutants were 

isolated on RMS plates amended with streptomycin (500 ug/ml), nalidixic 

acid (10 ug/ml), kanamycin and neomycin (30 ug/ml). These presumptive 

mutants were further replica plated on PY amended with kanamycin and 

neomycin (30 ug/ml) to confirm their mutant phenotype. 

The transconjugation frequency (Cuppels, 1986) based on the 

inheritance of the kanamycin and neomycin resistance markers was 50% 

signifying an efficient system for transposon mutagenesis (Appendix F). 

The suicide vector plasmid pGS9, based on the p15A replicon system was 

found to be effective at generating stable Tn5 insertion mutants of bean 

rhizobia. Occasionally when the selection pressure for Tn5 was maintained, 

a second copy of Tn5 linked to vector sequences has been found to exist 

as a cointegrate within the genome (Rostas et al., 1984). These coin

tegrates could be eliminated when the mutants were grown in non selective 

medium and no second copy of Tn5 remained. All the randomly selected five 

mutants used in this study were stable with respect to the kanamycin and 

neomycin resistance markers under non selective conditions, when incubated 

under non selective pressure for over 50 generations. 

The suicide plasmid vector pGS9 consisting of the p15A replicon and 

the N type conjugal genes has a definite advantage over the pJ8 4J1 
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vector, in that it does not contain Mu DNA and this is not 1 ikely to 

induce secondary genetic changes in the Tn5 mutagenized genome (Selvaraj 

and Iyer, 1983). The frequency of Tn5 induced auxotrophy reported for 

plant associated bacteria range from 0.08% for a slow growing strain of 

R. japonicum to 3% for R. meliloti and Erwinia carotovora subsp. 

carotovora strain (Anderson et al., 1985; Boucher et al., 1981; Meade et 

al., 1982; Rostas et al., 1984). None of the mutants selected for this 

ecological study were auxotrophic mutants since they were originall 

screened for on the Rhizobium minimal salts agar. 

The Tn5 insertions were presumably chromosomal. The Tn5 element 

could not be transferred to a plasmidless Agrobacterium strain when inter

species transconjugation was performed. DNA:DNA hybridizations of plasmid 

profiles (Appendix G) generated from the five mutants using a Tn5 gene 

probe suggested the chromosomal localization of the transposon (Fig. 1 ). 

To further investigate the location and specificity of the Tn5 insertions, 

genomic DNA from the five Tn5 mutants was prepared and analyzed in each 

case. Since Tn5 does not contain an EcoRl site (Jorgensen et al. 1979), 

EcoRl restriction digests of the genomic DNA carrying a single Tn5 insert 

should show a unique fragment which should hybridize with TnS DNA. The 

genomic DNAs were digested, resolved on a 1% agarose gel, transferred onto 

GeneScreen Plus membrane (New England Nuclear, MA) and probed with a 32p 

1 abell ed pRZ 102:: TnS DNA. Fi gure 2 shows that each of the mutants 

employed in the studies had a unique single EcoRl fragment containing TnS. 

The insertion site of the element in the mutants was not site specific. 
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Fig. 1. Southern blot analysi,s of plasmid profile of bean rhizobia 
strains. Lane A: CE-3, Lane B: CFN-350: :Tn5, Lane C: UAZ-
301: :Tn5, Lane 0: UAZ-302: :Tn5, Lane E: UAZ-303: :Tn5, Lane F: 
UAZ-304::Tn5. 
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Fig. 2. Southern blot analysis of EcoRI digested genomic DNA of bean 
rhizobia strains. Lane A: CFN-350::Tn5, Lane B: UAZ-304::Tn5, 
Lane C: UAZ-303: :Tn5, Lane D: UAZ-302::Tn5, Lane E: UAZ-
301::Tn5. 
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Mean Generation Times of the Rhizobia Strains 

The five different Tn5 mutants used in the study were compared to 

the wild type strain with regard to their generation times. Since the 

insertion of the element was different, the insertions could have had 

varied effects on the rhizobia strains. Auxotrophic and symbiotic mutants 

of Rhizobium spp. have been reported (Hom et al., 1984; Cuppels, 1986) It 

is also possible that the transposon insertion could have modified the 

generation times of the rhizobia strains. The five Tn5 mutants and the 

wild type strain had generation times around 3 hours, and did not show 

large variations. 

Since reiteration of gene sequences is a common feature in rhizobia 

(Martinez et al., 1985), this could be a reason why some of the mutant 

strains did not exhibit any significant difference in their generation 

time as compared to the wild type strain. 

Determination of Maximum Growth Temperature 

The five different Tn5 mutant rhizobia strains were evaluated to 

determine the maximum temperature at which growth would occur (Tables 2, 

3, 4 and 5). All the five Tn5 mutants and their wild type behaved simi

larly in that growth was evident only below a temperature of 38°C. Some 

of the strains exhibited cell viability up to 40°C. These results agree 

with that of Munevar and Wollum (1981), who reported that a. japonicum 

strains exhibited growth until a temperature limit of 38°C. Forty degrees 

Celsius was found to be an extreme temperature limit in terms of restrict

ing rhizobia cell proliferation. Even though the cells were subsequently 

incubated at room temp for a minimum of 24 hours, some of the strains 



Table 2. Growth of bean rhizobia strains in liquid culture at 37°C. 

Strain 

CE-3 

CFN-350::Tn5 

UAZ-301::Tn5 

UAZ-302::Tn5 

UAZ-303::Tn5 

UAZ-304::Tn5 

Incubation 
Period 
(hours) 

131 

131 

131 

131 

131 

131 

1 Very turbid growth. 

Initial 
CFU/ml 

7.2 x 105 

6.8 x 105 

6.3 x 105 

5.6 x 105 

7.0 x 105 

7.2 x 105 

Final 
CFU/m1 1 

>107 

>107 

>107 

>107 

>107 

>107 
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Table 3. Growth of bean rhizobia strains in liquid culture at 38°C. 

Strain 

CE-3 

CFN-3S0: : TnS 

UAZ-301::TnS 

UAZ-302::TnS 

UAZ-303: : TnS 

UAZ-304::TnS 

Incubation 
Period 
(hours) 

97 

97 

97 

97 

97 

97 

Initial 
CFU/ml 

1.9 x 105 

1.S x 105 

6.3 x 105 

3.2 x 105 

1.4 x 105 

3.0 x 105 

, Lowest detection limit was 10 CFU/ml. 

Fina 1 
CFU/ml' 

< 10 

< 10 

< 10 

< 10 

< 10 

< 10 

S8 



Table 4. Growth of bean rhizobia strains in liquid culture at 40°C. 

strain 

CE-3 

CFN-350::Tn5 

UAZ-301::Tn5 

UAZ-302::Tn5 

UAZ-303::Tn5 

UAZ-304: : Tn5 

Incubation 
Period 

(hours) 

132 

132 

132 

132 

132 

132 

Initial 
CFU/ml 

7.2 x 105 

6.8 x 105 

6.3 x 105 

5.6 x 105 

7.0 x 105 

7.2 x 105 

, Lowest detection limit was 10 CFU/ml. 

Fi nal 
CFU/ml' 

1.8 X 102 

4.3 X 102 

< 10' 

< 10 

2 X 10' 

< 10 
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Table 5. Growth of bean rhizobia strains in liquid culture at 45°C. 

Strain 

CE-3 

CFN-350: : Tn5 

UAZ-301::Tn5 

UAZ-302: :Tn5 

UAZ-303::Tn5 

UAZ-304: :Tn5 

Incubation 
Period 

(hours) 

105 

105 

105 

105 

105 

105 

Initial 
CFU/ml 

2.0 x 105 

2.0 x 105 

2.0 x 105 

2.0 x 105 

2.0 x 105 

2.0 x 105 

, Lowest detection limit was 10 CFU/ml. 

Fi nal 
CFU/ml' 

< 10 

< 10 

< 10 

< 10 

< 10 

< 10 

60 
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exhibited no growth indicating that temperatures around 38°C was detrimen

tal to the cellular growth and was not due to heat shock. This result is 

in agreement with Munevar and Wollum (1981) who noted maximumtemperature 

limit for rhizobial growth was 38°C. In the desert soils of the South

western United States, the upper 10 cm of the soil very often reach 40°C 

in summer (Schlinkert-Miller and Pepper, 1988) and for these reasons the 

survival and genetic stability of the TnS mutants was studied at 40°C as 

an extreme temperature stress level in soil. 

Testing for Antibiotic Injury 

There are problems associated with the enumeration of microbial 

numbers from environmental samples (Atlas, 1982; Roszak and Colwell, 

1987). One of the primary problems is associated with the "viable but non

culturable state" of the microorganisms. This is a condition where bac

terial cells are intact and alive when tested by indirect measurements of 

specific activities associated with viability, but do not undergo cell 

division in or, on routinely employed bacteriological media. This problem 

could be further magnified with the use of antibiotic agents for selective 

isolation of particular strains from environmental samples. This particu

lar study was performed to find out whether rejuvenation of the cells 

extracted from the soi 1 sampl es on fi lters saturated with 0.1% Peptone 

would resuscitate the "injured" cells and allow for detection of larger 

numbers of cell populations on antibiotic amended media. This study did 

not show any evidence of antibiotic injury occurring, most likely due to 

the low concentrations of the antibiotics being employed and also because 
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of the i ncubat i on peri od (4 to 5 days) that the cell s were gi ven to 

develop into colonies before enumeration. 

Survival and Tn5 Coded Antibiotic Resistance 
Phenotype Under Non Stress Conditions 

Survival in Sterile Soils 

The survival of the Tn5 mutant CFN-350 and the wild type CE-3 was 

studied in sterile Pima silty clay loam for a period of 28 days (Fig. 3A). 

Both strains survived in the sterile soil and increased in population 

size. Except for day 20, the populations of both strains were similar. 

Also, except for day 28, there was no significant difference (p<O.Ol) 

between the counts of CFN-350 obtained on the media selecting for the Tn5 

coded antibiotic resistance and the media selecting for the intrinsic drug 

resistance markers. 

The survival of the Tn5 mutant CFN-350 and the wild type CE-3 in 

sterile Brazito sandy loam is shown in Figure 3B. There was no significant 

difference in their survival. There were also no significant differences 

in the counts obtained for CFN-350 using the Tn5 coded drug markers and 

the intrinsic markers. 

In the silty clay loam, the populations of both the Tn5 mutant and 

its wild type strain increased by 100 fold over the 28 day period. In 

the sandy loam however, populations remained relatively constant showing 

only a marginal increase, probably indicating the influence of soil 

texture on microbial survival even under sterile conditions. However, note 

that the initial cell populations were different. The lack of growth in 

the sandy loam may be attributed to the high inoculum size. However, the 

protective effect of clays has been well documented in literature (Mahler 
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Survival and Tn5 coded antibiotic resistance phenotype of CFN-
350::Tn5 in sterile soils (A) Pima silty clay loam. (B) 
Brazito sandy loam. Points with different letters on a given 
day are significantly (p<O.Ol) different. 
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and Wollum, 1981; Schlinkert-Miller and Pepper, 1988). Devanas and 

Stotzky (1986) also reported a 100 fold increase of an .E.. coli strain 

containing a recombinant plasmid containing .E.. coli strain when added to 

a sterile soil sample. 

It could also be argued that the 100 fold increase in population of 

both the Tn5 mutant cells and the wild type cells in sterile soils was 

a result of unconsumed media being added along with the inoculum. The 

cells were, however, washed with distilled water prior to soil inoculation 

to avoid exogenous nutrients being added along with the cells. Compeau et 

al. (1988), in their studies with rifampicin resistant Pseudomonas putida 

and Pseudomonas flollrescens noticed a similar 2 log unit increase in 

population numbers even when the inoculum was originally grown up in 

minimal media and added to a sandy loam soil. Van Elsas et al. (1987), 

also reported a similar increase in inoculated Bacillus sp populations in 

a loamy sand. Walter et al. (1987), reported a similar finding when 

studying the survival of Pseudomonas spp. and .E.. col i strains in a 

filtered soil extract solution. 

In the sterile silty clay loam, there was no significant difference 

(p<O.Ol) between the counts obtained on YEM agar and on the Tn5 selective 

media during most of the incubation period indicating stability of the 

Tn5 coded antibiotic resistance phenotype (Fig. 3A). The significant 

difference on day 28 in the sterile silty clay loam and not in the sandy 

loam is intriguing since, based on the survival pattern, the silty clay 

is apparently a more favorable soil type to the Tn5 mutant than the sandy 
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loam. Devanas and Stotzky (1986) found recombinant plasmids to be stable 

in sterile soils during a 27 day survival study. 

Survival in Non Sterile Soils 

The survival and TnS coded antibiotic resistance phenotype of the 

Tn5 mutants in non sterile Pima silty clay loam as compared to their wild 

type strain CE-3 is shown in Figures 4A through 4E. None of the Tn5 mutant 

strains showed any significant increase in population numbers as was seen 

with the TnS mutant CFN-3S0 in the sterile silty clay loam. Each of the 

mutants behaved differently in terms of their survival as compared to the 

wild type. Some mutants eg., UAZ-301 and UAZ-303 showed a significant 

difference (p<O.Ol) in the surviving populations as compared to the wild 

type CE-3, while the other TnS mutants such as CFN-350 and UAZ-304 

exhibited similar patterns to the wild type during the 30 day survival 

study. There was however an overall decrease in the population cell counts 

for all the mutants. There was also no significant difference between the 

population counts of the TnS mutants based on the intrinsic drug markers 

and the Tn5 coded markers suggesting stability of the TnS coded antibiotic 

resistance. 

Figures SA through SE represent the survival and TnS coded 

antibiotic resistance phenotype of the TnS mutants in non sterile Brazito 

sandy loam for 30 days. All five mutants decreased in population numbers 

by over 2 log units under non sterile conditions. By day 30, four of the 

five Tn5 mutant populations \'Jere significantly different (p<O.Ol) when 

compared to the wild type (CE-3) population. However, there were no 

significant differences in the counts of the Tn5 mutant cells when 
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Fig. 4. (cont/d) Survival and TnS coded antibiotic resistance phenotype 
in non sterile Pima silty clay loam. (8) UAZ-301::TnS. 
(C) UAZ-302: :TnS. Points with different letters on a 
given day are significantly (p<O.Ol) different. 
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Fig. 4. (cont'd) Survival and TnS coded antibiotic resistance phenotype 
in non sterile Pima silty clay loam. (0) UAZ-303::TnS. 
(E) UAZ-304::TnS. Points with different letters on a 
given day are significantly (p<O.Ol) different. 
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Fig. 5. (A) Survival and Tn5 coded antibiotic resistance phenotype of 
CFN-350: :Tn5 in non sterile Brazito sandy loam. Points with 
different letters on a given day are significantly (p<O.Ol) 
different. 
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Fig. S. (Cont'd) Survival and TnS coded antibiotic resistance phenotype 
in non sterile 8razito sandy loam. (8) UAZ-301: :TnS. (C) 
UAZ-302::TnS. Points with different letters on a given 
day are significantly (p<O.Ol) different. 
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Fig. 5. (cont'd) Survival and Tn5 coded antibiotic resistance phenotype 
in non sterile Brazito sandy loam. (0) UAZ-303::Tn5. (E) 
UAZ-304::Tn5. Points with different letters on a given 
day are significantly (p<O.Ol) different. 
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screened on the two types of cul ture medi a to determi ne stabi 1 i ty of 

phenotypic expression of Tn5. 

In the sterile silty clay loam, the populations of the Tn5 mutant 

CFN-350 increased by over 2 log units while in the same soil under non 

sterile conditions, the population decreased slightly. In the sandy loam, 

the population levels.remained stationary when sterile, and decreased 

significantly when non sterile. These results strongly suggest the 

interaction of biotic factors on bacterial survival in soil. Biotic 

factors have been reported to influence the survival of rhizobia added to 

soil (Danso et al. 1975). The influence of biotic stress on bacterial 

survival even in aquatic environments has been reported by Amy and Hiatt 

(1989). The survival studies in sterile soil also show that this biotic 

stress factor was in operation in the case of the Tn5 mutant CFN-350. 

In the sandy loam soil, the Tn5 mutant CFN-350 population remained 

stationary under sterile conditions, while under non sterile conditions, 

the population decreased. This contrasts with that of the silty clay loam 

where populations increased in sterile soil and decreased only slightly 

when non sterile, indicating the abiotic interaction of soil texture and 

biotic factors on survival. This result could also be due to the inherent 

differences in the nutrient status of the two soils with the silty clay 

loam having increased amounts of N, P and organic C (Table 1). Soil 

texture has been shown to affect survival of rhizobia strains with fine 

textured soils offering more protection than coarse textured soils (Mahler 

and Wollum, 1981; Schlinkert-Miller and Pepper, 1988). The silty clay 

loam was more favorable to bacterial survival than the sandy loam when 

considering factors such as pH and salinity (Table 1). In the silty clay 
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loam the pH was more favorable to the microrganisms than the sandy loam. 

Lowendorf et al. (1981), have reported that R. phaseoli is very sensitive 

to pH change. Also, in the silty clay loam, the clay content was higher 

than the sandy loam. Clay has been reported to afford protection to the 

microorganisms in soil (Osa-Afiana and Alexander, 1982). A direct 

relationship was found between the survival of rhizobia and the percent 

silt and clay and organic C content of the soil. There was an inverse 

relationship between survival and the content of sand in the soil. 

There was no direct re 1 at i onsh i p between the s i mil arity of the 

generation time of the TnS mutants and the wild type, and the survival of 

the mutants and the wild type. In the sandy loam, by day 30, four of the 

five TnS mutants showed a significant difference in the surviving 

population as compared to the wild type. The posssible explanation for 

these 1 arge di fferences in survi val in the sandy loam coul d be because 

of soil texture. 

Though some mutants showed significant differences in survival 

due to the effect of TnS insertion in the cell's genome there were however 

no indications of lack of stability of the antibiotic resistance phenotype 

coded by the transposable element, or the loss of the element entirely. 

It is noteworthy to mention that even though some of the mutants exhibited 

significant differences in survival due to the presence of the 

transposable element, these mutant cells maintained both the TnS element 

and its associated phenotypic expression, indicating that the TnS marker 

served as a suitable detection system to study the ecology of the rhizobia 

strains under these non stress conditions. The lack of significant 

differences in the survival of some of the TnS mutants and the wild type 
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conform to the earlier report by Walter et al. (1987), that the presence 

of ch i meri c DNA has no sign ifi cant effect on the survi va 1 of some 

bacterial strains. It should be added however, that similar survival 

patterns could be expected only if the chimeric DNA is in a "neutral II 

region of the genome. Halter et al. (1987), noted significant rates of 

decline of I. coli and Pseudomonas spp. containing recombinant plasmids 

in non filtered (non sterile) soil extracts. Devanas and Stotzky (1986) 

have reported no loss of a recombinant pl asmid from I. col i under non 

stress conditions. 

Under these non stress, non sterile conditions in Brazito sandy 

loam which was non stressed with respect to moisture and temperature, the 

Tn5 insertion does not appear to serve as a good phenotypic marker for 

ecological studies in some instances. All the Tn5 mutants except for CFN-

350, showed significant differences from that of the wild type suggesting 

that the presence of the Tn5 element appeared to be disadvantageous to the 

cell in terms of its survivability. 

It is thus evident from the survival pattern of these Tn5 mutants, 

that each Tn5 insertion is an independent event and the behavior of each 

mutant under the same conditions could vary greatly. These data strongly 

suggest that each Tn5 insertion mutant must be independently evaluated in 

order to determine whether a particular insertion in a particular strain 

serves as an effective marker system for ecological studies. 

Survival and Tn5 Coded Antibiotic Resistance Phenotype 
Under Increasing Moisture Stress Conditions 

Non sterile Pima silty clay loam and Brazito sandy loam were 

separately inoculated \'Jith Tn5 mutants or wild type. The soils were 
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allowed to dry for 12 days at 25°C thus creating moisture stress condi

tions. 

The silty clay loam had an initial moisture content (dry weight 

basis) of 12%. For this soil, moisture contents of 9.9%, 8.6% and 8.5% 

correspond to water potentials of -1, -5 and -15 bars respectively. The 

sandy loam also had an initial moisture content of 12%, and in this soil, 

moisture contents of 4%, 3.4% and 3.3% correspond to water potentials of 

-1, -5 and -15 bars respectively. Figure 6 represents the decreasing 

moisture levels in the two soil types over the incubation period of 12 

days. 

The coarser textured Brazito sandy soil dried out faster than the 

finer textured Pima silty clay loam. The silty clay loam had water 

potentials of -1, -5 and -15 bars after 6.5 days, 8.4 and 8.5 days 

respectively. The same water potentials were reached after 6.5 days, 7.2 

and 7.4 days in the Brazito soil even though its initial water potential 

was less negati-ve than the Pima silty clay loam. Thus, the two soils 

exhibited different moisture retention patterns during drying which are 

due to differences in their texture. The silty clay loam had a final 

moisture content around 1%, while the sandy loam had less than 1% as a 

final moisture content at the end of the study. In both these soils, a 

moisture content of 1% represents a water potential far less than -15 

bars. Figures 7A through 7E represent the surviving populations of the Tn5 

mutants during the 12 day moisture stressed conditions in the silty clay 

loam. Even though the five mutants were different in terms of their 

generation times and location of the Tn5 insert, all the mutants exhibited 

a similar survival pattern. There was a noticeable decline in numbers only 
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Fig. 7. (Cont'd) Survival and Tn5 coded antibiotic resistance phenotype 
under moisture stress in Pima silty clay loam. (8) UAZ-
301::Tn5. (C) UAZ-302::Tn5. No significant (p<O.Ol) 
differences between the strains. 
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under moisture stress in Pima silty clay loam. (0) UAZ-
303: :Tn5. (E) UAZ-304: :Tn5. Points with different 
letters on a given day are significantly (p<O.OI) 
different. 
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after 8 days incubation which corresponds to a soil water potential of -

15 bars. Except for the mutant UAZ-303 (Fig. 7D) that was significantly 

di fferent from the wil d type on day 8, none of the others showed any 

significant difference (P<O.Ol) from that of the wild type in terms of the 

numbers of surviving cells. However, by the end.of 12 days, there was no 

significant difference between the wild type and any of the mutants. Even 

at moisture contents of around 1%, the Tn5 mutant cell population averaged 

around 105 CFU/gm soil. 

Cell numbers obtained on media selecting for Tn5 markers and 

intrinsic markers showed that none of the mutants showed any significant 

difference in the antibiotic resistance phenotype expressed by the Tn5 

element. This indicates that the antibiotic resistance phenotype was 

stable under these moisture stressed conditions. 

In the sandy loam soil, as the moisture stress increased, the Tn5 

mutant cell population declined steadily from an initial count of 108 

CFU/gm soil to final population levels of around 105 to 106 CFU/gm soil 

(Figures 8A through 8E). None of the mutants showed any significant 

difference in the surviving population as compared to the surviving wild 

type population at the end of the 12 day period. However on day 8, three 

of the mutants, CFN-350, UAZ-301 and UAZ-303 did show significant 

differences in population numbers from that of the wild type on the same 

day. However cell counts of all mutants decreased even after two days. 

This is likely due to the faster rate of desiccation of the Brazito sandy 

soil when compared to the Pima soil. Thi s result agrees with that of 

Antheunisse and Arkestein-Dijksman (1979) who reported that survival 

depended on the rate of drying. The number of viable cells after slow 
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Fig. 8. (Cont/d) Survival and TnS coded antibiotic resistance phenotype 
under moisture stress in Brazito sandy loam. (B) UAZ-
301::Tn5. (C) UAZ-302::TnS. Points with different 
letters on a given day are significantly (p<O.OI) 
different. 
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Fig. 8. (Cont'd) Survival and TnS coded antibiotic resistance phenotype 
under moisture stress in Brazito sandy loam. (0) UAZ-
303: :TnS. (E) UAZ-304: :TnS. Points with different 
letters on a given day are significantly (p<O.Ol) 
different. 
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drying was reportedly higher when compared to that after rapid drying. 

Fuhrmann et al (1986), noted a relationship between population levels, 

desiccated conditions and the soil type. There was however no significant 

difference (p<O.Ol) between the counts of the mutant cells obtained on the 

two different media screening for lack of phenotypic expression coded by 

the transposable element, among any of the mutants. 

Soil water potential and soil texture have been found to play 

important roles in the survival of R. ,japonicum and R. leguminosarum 

isolates (Mahler and Wollum, 1981). The lack of significant difference in 

the final surviving populations of the mutant and the wild type indicates 

that the presence of the TnS element in these cells did not appear to be 

functioning as a disadvantage to the host. In both soils, even at moisture 

levels around 1%, TnS mutant cells averaged around 105 CFU/gm soil. This 

is likely due to the fact that the water activity would still be greater 

than 0.99 even at this low moisture content. In this study the rate of 

drying was relatively slow, allowing organisms to survive. The significant 

difference in the survivors of the wild types and some of the mutants on 

day 8 in both the soil types appear to be correlated with a sudden decline 

in moisture content in the soils on that day (Fig. 6). It is probable that 

a more rapid decline in moisture, would result in a corresponding decline 

in numbers of rhizobia. This decline is seen occuring among all the 

mutants as well as the wild type cells. The significant difference in the 

numbers of some of the mutants and the wi 1 d type coul d be due to the 

presence of the chimeric DNA in those cells. 

The lack of significant difference in the counts obtained using the 

intrinsic drug resistance markers and the transposon coded drug markers 
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indicate stability of the TnS element and its associated antibiotic 

resistance phenotype. 

Survival and TnS Coded Antibiotic Resistance Phenotype 
Under an Extreme Temperature Stress Condition 

The survival and phenotypic expression of the five TnS mutants 

under a temperature stress level of 40°C in the silty clay loam is 

represented in Figures 9A through 9E. Both the mutant cells and the wild 

type cells decrease by apprOXimately 3 log units during the course of the 

12 day i ncubat ion. Each of the mutants showed di fferences in thei r 

survival as compared to one another. 

When the mutant cells were screened using the antibiotic markers 

coded by the transposon TnS, by day 8 there were significant differences 

(p<O.Ol), between the surviving populations of the wild type and that of 

the mutant cells. There were however no significant differences between 

the surviving populations of the wild type and the mutant cells when the 

mutant cells were screened using only the intrinsic markers of the wild 

type. We could detect this discrepancy since the mutant cells and the wild 

type cells were inoculated separately into the soil samples. There was 

was a significant difference (p<O.Ol) between the counts of the surviving 

mutant cell population when screened using the intrinsic markers and the 

drug markers coded by the transposon. 

The rate of decline in population numbers are the same between the 

mutants and the wil d type. From day 10 onwards for CFN-3S0 and day 8 

onwards for the other four mutants there were sign i fi cant differences 

(p<O.Ol) between the wild type cells and the TnS mutant cells screened 

using the TnS coded drug resistance. All wild type cells and mutant cell 
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(p<O.OI) different. 
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Fig. 9. (Cont'd) Survival and Tn5 coded antibiotic resistance phenotype 
under temperature stress in Pima silty clay loam. (8) 
UAZ-301: :Tn5. (C) UAZ-302: :Tn5. Points with different 
letters on a given day are significantly different. 
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Fig. 9. (Cont/d) Survival and Tn5 coded antibiotic resistance phenotype 
under temperature stress in Pima silty clay loam. (D) 
UAZ-303::Tn5. (E) UAZ-304::Tn5. Points with different 
letters on a given day are significantly different. 
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populations showed significant population decreases during the first six 

days of the incubation. After this, cells seemed more adapted to the 

temperature stress and the populations were more stable. 

Figures lOA through IOE represent the survival and antibiotic 

resistance phenotype of the Tn5 mutants under the same temperature stress 

conditions in the Brazito sandy loam soil. In this soil too, there were 

clear indications that when the Tn5 mutant cells were screened using the 

markers coded by the transposon, the counts obtained were significantly 

lower than those when obtained on media screening for only the intrinsic 

resistance markers. In this soil type, each of the mutants behaved 

differently with respect to one another and to their survival in the finer 

textured silty clay loam. The final surviving population of the mutant 

CFN-350 was significantly different from that of the wild type. Even the 

populations based on the counts obtained on intrinsic drug resistance were 

significantly lower when compared to the wild type. This effect is 

different from that seen in the silty clay loam. 

The mutants UAZ-301, UAZ-302, UAZ-303 and UAZ-304 behaved di f

ferently in that their surviving populations (based on the intrinsic 

drug resistance) decreased significantly from that of the wild type 

population on either day 6 or day 8. However by day la, the population 

based on intrinsic markers had increased to levels similar to the wild 

type. 

Cell counts based on the Tn5 marker suggest that during survival 

under temperature stress conditions, the presence of the Tn5 element 

appears to function as a disadvantage to the cells thus causing reduced 

survival of these mutant cells. However, in the silty clay loam, the 
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Fig. 10. (A) Survival and TnS coded antibiotic resistance phenotype of 
CFN-3S0: :TnS under temperature stress in Brazito sandy loam. 
Points with different letters on a given day are significantly 
(p<O.Ol) different. 
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Fig. 10. (Cont/d) Survival and Tn5 coded antibiotic resistance phenotype 
under temperature stress in Brazito sandy loam. (B) UAZ-
301: :Tn5. (C) UAZ-302: :Tn5. Points with different 
letters on a given day are significantly different. 
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Fig. 10. (Cont/d) Survival and Tn5 coded antibiotic resistance phenotype 
under temperature stress in Brazito sandy loam. (0) UAZ-
303: :Tn5. (E) UAZ-304: :Tn5. Points with different 
letters on a given day are significantly (p<O.Ol) 
different. 
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mutant cells showed no significant differences in survival when compared 

to the wild type when screened using the intrinsic antibiotic resistance 

markers. It was thought that the mutant cells may be del et i ng the TnS 

element in its attempt to survive this extreme environmental stress 

condition. DNA:DNA hybridizations done on random colony isolates showed 

that all colonies tested positive for the presence of major sequences of 

the TnS element, implying that the cells did not lose atleast the entire 

TnS element. Heat shock was not found to be the reason for this lack of 

antibiotic resistance phenotype since over 500 surviving mutant cell 

isolates when incubated for a minimum of 48 hours at 27°C, still did not 

grow on media amended with kanamycin and neomycin. 

In the sandy loam soil in part i cul ar, the presence of the TnS 

element appear to be deleterious to the mutant cells, causing them to 

survive less well. This is evident particularly in the mutants UAZ-301, 

UAZ-302, UAZ-303 and UAZ-304 on day 8 when the population of these mutant 

cells screened on intrinsic drug markers, show significant difference from 

that of the wild type. It is interesting to note that the numbers obtained 

on the intrinsic marker media increases from day 8 to day 12 suggesting 

that a percentage of the surviving cell s have adapted to the stress 

condition. These mutant cells have ceased expressing the TnS coded drug 

resistance markers but have been able to maintain the intrinsic drug 

resistance. 

It is evident that the TnS element does not function as an 

effective phenotypic marker for ecological studies under these temperature 

stress conditions, particularly in the sandy loam soil. This instability 
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of antibiotic resistance phenotype thus appears to be particularly 

sensitive to the interaction of temperature and soil texture. 

There are reports that when exposed to stress conditions, Rhizobium 

spp. undergo genomic rearrangements (Berry and Atherly, 1984). Flores et 

al. (1988), when working with genomic rearrangements of bean rhizobia did 

not detect any change in the position of a TnS element, even though 

changes in the overall DNA fingerprint pattern and plasmid profiles were 

seen. There appears to be no other reported evidence of instability of 

antibiotic resistance phenotype occurring in transposable elements under 

environmental stress conditions. Under these temperature stress conditions 

the TnS mutant cells even though maintaining major TnS DNA sequences no 

longer express its phenotypic expression and while doing so are able to 

maintain population levels similar to that of the wild type. 

It coul d be argued that the TnS mutant cells that no longer 

expressed the TnS coded drug resistance were ecologically similar to the 

wild type, though possessing the foreign or chimeric TnS DNA sequences. 

It appears that the TnS mutant cells if screened on media with the TnS 

coded drug markers, may be underestimated. Use of DNA:DNA hybridizations 

with a TnS gene probe may lead to positive signals that do not reflect the 

actual numbers of viable TnS mutant cells expressing the TnS coded drug 

resistance. It would give a true estimate of cells with TnS, but would 

however overestimate cells showing antibiotic resistance phenotype coded 

by TnS. 
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Indigenous Microbial Population 

Figures llA through llF represent the indigenous bacterial and 

actinomycete populations present in soils when subjected to either 

moi sture or temperature stress condi t ions. Bacteri al popul ati ons were 

generally higher than the actinomycete populations. Serial dilution and 

plating of soil samples to estimate total indigenous soil microrganisms 

inevitably leads to an underestimate of total soil populations, since all 

viable count procedures are selective for certain microorganisms (Atlas 

and Bartha, 1987). 

Under non stress or moisture or temperature stress it was found 

that the total bacterial and the actinomycete population remained 

relatively at the same level throughout a 12 day incubation in both the 

soils and maintained populations of atleast 106 CFU/gm soil. This high 

cell count is not surprising since these indigenous desert strains are 

ecologically adapted to high temperature and low moisture conditions. Thus 

it is evident that the inoculant wild type or Tn5 mutant cells face a 

strong biotic influence during survival in soil, in that even during 

moisture stress and temperature stress conditions, the indigenous 

populations are at a high level. The fact that the inoculated cells 

maintain population levels of 105 to 106 CFU/gm soil during these same 

conditions indicate the competitiveness or ecological fitness of the Tn5 

mutants. Note also that indigenous population selected on the basis of the 

viable plate count method is less likely to reflect the true microbial 

population in any ecosystem, since no culture media can give a true 

estimation of the total microbial population. 



o 
Ul 

E 
(jl 

" ::J 
lI... 
U 
(jl 
o 

0 
Ul 

E 
(jl 

" ::J 
lI... 
U 
(jl 

0 

10 r----------------------------------------------

8 

4 

2 

2 4 

0-0 Bacterial papulation 

• -. Actinomycete population 

6 
Time (days) 

Q 
'-- 10 

10 .-----------------------------------------~ 

8 

:t 
!. =======--.-----~~.---. 

CI - 0 Bacterial population 

2 • -. Actlnomvcete population 

B 
0 

0 ') 
~ 4 6 8 10 1 --; 

Time (days) 

96 

Fig. 11. Indigenous bacterial and actinomycete population in soils. (A) 
Pima silty clay loam. (8) Brazito sandy loam. 
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Fig. 11. (Cont'd)Indigenous bacterial and actinomycete population under 
temperature stress in soils. (E) Pima silty clay 
10am.(F) Brazito sandy loam. 



Determination of Tn5 Stability in Cells 

Detection of Loss of Tn5 Element 
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It is possible that Tn5 mutant cells could either lose the Tn5 

element, or the Tn5 element could be transposed within the genome. Either 

event could cause a loss of resistance to kanamycin and neomycin since 

imprecise excision is stimulated by inverted repeats (Egner and Berg, 

1981). 

Colony hybridizations were done on isolates obtained during the 

temperature stress study. This was done to find out whether the sig

nificant difference in numbers (p<O.Ol) of surviving Tn5 mutant and wild 

type cells were due to a loss of the Tn5 element from mutant cells during 

their survival in the two soil types. 

The colony lifts were made from the media screening for the 

expression of only the intrinsic antibiotic resistance, since there were 

significant differences between counts obtained on this type of media and 

that which screened for the Tn5 coded antibiotic resistance. 

Figures 12, 13 and 14 are autoradiograms obtained from colony lifts 

and probed using a gene probe specific for Tn5. All plates show positive 

signals for all the colonies tested, indicating that those colonies 

probed, possessed Tn5 DNA sequences. 

These data support the hypothesi s that the 1 ack of Tn5 coded 

antibiotic resistance under 40°C temperature stress conditions was probably 

not due to the excision of the transposable element from the cells. 
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Colony hybridization of CFN-350::Tn5 colonies isolated using intrinsic markers 
under temperature stress in Pima silty clay loam. 
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Fig. 13. 
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A B 

Colony hybridization of Tn5 mutant colonies isolated using intrinsic markers 
under temperature stress from 8razito sandy loam. (A) UAZ-303: :Tn5. (8) UAZ-
301::Tn5. 
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Fig. 14. 
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Colony hybridization of CFN-350::Tn5 colonies isolated using intrinsic markers 
under temperature stress in Brazito sandy loam. 
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Detection of TnS Transposition 
Within the Genome 
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A total of 180 isolates obtained from the various studies were 

analyzed to determine whether any of the TnS mutant cells had multiple 

insertions due to transposition of the TnS element during their incubation 

in the soil under various environmental conditions. 

Figures IS through 24 represent autoradiograms obtained from South

ern blots made of genomic DNA restricted with the EcoR1 restriction 

enzyme. None of the isolates show any changes in the position of the EcoRl 

fragment containing TnS. This result signifies that the fragment 

containing TnS element \'Ias stable in terms of its location within the 

genome and that multiple transpositions did not occur. The stability of 

the TnS element in terms of its location has been reported by Flores et 

ale (1988), even though other regions of the genome may be undergoing 

rearrangements. Multiple transposition regulation of TnS has been 

described earlier by Reznikoff tI982). 

Potential for Transfer of TnS from TnS Mutants 
to Agrobacterium tumefaciens GMI 9023 

The results of the transconjugation experiments are shown in Table 

6. None of the conjugation protocols resulted in the development of trans

conjugants. The donor and the reci pi ent cell s were i nocul ated into PY 

medium at initial cell to cell ratios of approximately 1:1, and the incu

bation period ranged from 48 hours to a maximum of 14 days. A helper plas

mid was also included in two of the test systems, to provide a means for 

efficient conjugation. The various conjugation test systems were adopted 

in order provide optimum conditions for possible gene (TnS) transfer. 
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Fig. 15. Southern blot analysis of EcoR1 digests of genomic DNA from CFN-
350::Tn5 isolates from studies in Pima silty clay loam. Lanes A 
through F: mo; sture stress. Lanes G through L: temperature 
stress. Lanes M through R: non stress. 
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ABC D E F G H I J K L M N 0 P Q R 

Fig. 16. Southern blot analysis of EcoRl digests of genomic DNA from CFN-
350::Tn5 isolates from studies in Brazito sandy loam. Lanes A 
through F: moisture stress. Lanes G through L:temperature 
stress. Lanes M through R: non stress. 
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BCD E F G H I J K L M N 0 P Q R 

Fig. 17. Southern blot analysis of EcoRl digests of genomic DNA from UAZ-
30l::Tn5 isolates from studies in Pima silty clay loam. Lanes A 
through F: moi sture stress. Lanes G through L: temperature 
stress. Lanes M through R: non stress. 
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Fig. 18. Southern blot analysis of EcoRl digests of genomic DNA from UAZ-
30l::Tn5 isolates from studies in Brazito sandy loam. Lanes A 
through F: moi sture stress. Lanes G through L: temperature 
stress. Lanes M through R: non stress. 
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ABC D G H I 
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Fig. 19. Southern blot analysis of EcoR1 digests of genomic DNA from UAZ-
302::Tn5 isolates from studies in Pima silty clay loam. Lanes A 
through F: moisture stress. Lanes G through L: temperature 
stress. Lanes M through R: non stress. 
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Southern blot analysis of EcoRl digests of genomic DNA from UAZ-
302::TnS isolates from studies in Brazito sandy loam. Lanes A 
through F: moi sture stress. Lanes G through L: temperature 
stress. Lanes M through R: non stress. 
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Fig. 21. Southern blot analysis of EcoR1 digests of genomic DNA from UAZ-
303::TnS isolates from studies in Pima silty clay loam. Lanes A 
through F: moi sture stress. Lanes G through L: temperature 
stress. Lanes M through R: non stress. 
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Fig. 22. Southern blot analysis of EcoRl digests of genomic DNA from UAZ-
303::Tn5 isolates from studies in Brazito sandy loam. Lanes A 
through F: moi sture stress. Lanes G through L: temperature 
stress. Lanes M through R: non stress. 
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Fig. 23. Southern blot analysis of EcoRl digests of genomic DNA from UAZ-
304::Tn5 isolates from studies in Pima silty clay loam. Lanes A 
through D: moi sture stress. Lanes E through H: temperature 
stress. Lanes J through K: non stress. 
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D E F G H I J K L M N 0 P Q 

Fig. 24. Southern blot analysis of EcoRl digests of genomic DNA from UAZ-
304::Tn5 isolates from studies in Brazito sandy loam. Lanes A 
through F: moi sture stress. Lanes G through L: temperature 
stress. Lanes M through Q: non stress. 



Table 6. Conjugation protocols. 

Initial 
Method Donor Donor Recipient 

strain 

High Density CFN-350 10.0 10.4 
culture UAZ-301 9.4 10.4 
method UAZ-302 9.2 9.1 

UAZ-303 9.2 9.1 
UAZ-304 9.3 9.1 

Low Density CFN-350 5.9 7.4 
culture UAZ-301 5.9 7.5 
method UAZ-302 4.9 7.5 

UAZ-303 5.6 7.5 
UAZ-304 5.1 7.6 

1 All populations expressed as Log 10 CFU/ml 

NO None detected 

Mating Donor 
time 

(days) 

14 NO 
14 2.5 
14 2.1 
14 2.3 
14 2.3 

12 4.3 
12 4.5 
12 3.0 
12 3.6 
12 3.0 

Recipient 

3.1 
2.4 
2.0 
2.1 
2.1 

6.6 
6.7 
6.3 
6.6 
6.7 

Fi na 1 
Transconj. 

popln. 

NO 
NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

I-' 
I-' 

""'" 



Table 6. (Cont/d) Conjugation protocols. 

Initial 
Method Donor Donor Recipient 

strain 

Broth Mating CFN-350 9.4 10.1 
with helper UAZ-302 9.0 10.1 
plasmid UAZ-303 9.1 10.1 

UAZ-304 8.8 10.1 

Membrane CFN-350 9.4 10.1 
filtration UAZ-301 nd 10.1 
mating UAZ-302 9.1 10.1 

UAZ-303 9.1 10.1 
UAZ-304 8.8 10.1 

1 All populations expressed as Log 10 CFU/ml 

NO None detected 

nd not determined 

Mating Donor 
time 

(hours) 

48 
48 
48 
48 

96 NO 
96 NO 
96 NO 
96 NO 

48 8.46 
48 8.19 
48 8.26 
48 8.44 
48 8.43 

Fi nal 
Recipient 

7.5 
7.3 
7.3 
7.3 

8.3 
8.1 
8.3 
8.3 

8.61 
6.98 
7.32 
7.13 
7.00 

Transconj. 
popln. 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 

NO 
NO 
NO 
NO 
NO 

..... ..... 
t11 
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The high density culture method resulted in a sharp decl ine in 

numbers of both the donor TnS mutant cells and the recipient Agrobacterium 

cells. This sharp decline could be attributed to cellular competition for 

space and nutrients. Transconjugants were screened for on days 5 and 7. 

Even though the incubation was continued for a total of 14 days there was 

no instances of successful conjugation occurring with the development of 

transconjugant Agrobacteri lim sp. that were resi stant to kanamyci nand 

neomycin (TnS coded markers) and rifampicin (intrinsic marker). 

In the low dens ity culture method the Agrobacteri um sp. cell s 

dominated the culture medium resulting in an unequal donor:recipient cell 

ratio. The lack of successful conjugation pair formation and transfer of 

TnS from the TnS mutants to the recipient Agrobacterium cells cannot be 

only due to this unequal ratio since there are reports of successful 

mating pair formation even at ratios that vary from 0.5 to 2 (Van Elsas 

et al., 1987). 

The broth matings and filter membrane matings involving the hepler 

plasmid pRK 2013 harbored in the £. coli strain HB 101, also did not 

produce any detectable transconjugants of agrobacteria. Similarly 

interspecies transconjugation did not also result in the development of 

Agrobacterium sp. that were resistant to kanamycin and neomycin (Tn5 coded 

markers) suggesting that the TnS element is stable within the mutants that 

were studied. No positive controls were however maintained for the 

conjugation experiments. The frequency of transfer of TnS was expected 

to be low since the TnS element was localized on the chromosome and not 

on a plasmid. It has been shown however (Grinter, 1981; Julliot and 

Boistard, 1979) that mobilization of donor chromosomal DNA can occur if 
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DNA homology with the mobilizing transfer plasmid exists. These experi

ments were so designed to find any evidence of plasmid mediated Tn5 

transfer, following mobilization of the chromosomal DNA by the helper 

plasmid that had the functional tra genes. There are reports showing 

plasmid transfer between soil bacteria especially in the genus Rhizobium. 

Young and Wexler (1988), using RFLP analyses provided evidence of plasmid 

transfer occurring in field plots of Rhizobium. Johnston et al. (1982), 

have shown Tn5 labelled plasmid being transmissable to different strains 

of bean rhizobia via conjugation. Beringer et al. (1978) showed that a 

Mu::Tn5 recombinant plasmid was transferrable between three different 

Rhizobium species. 

These data suggest that in the mutants that were studied the Tn5 

element was stable to the extent that no detectable transfer to Agrobac

terillm tllmefaciens GtH 9023 could be seen in in vitro conditions. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 
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Two bean rhizobia (Rhizobium leguminosarum b.v. phaseoli) strains, 

designated CE-3 and CFN-350 were supplied by R. Palacios (CIFN, Mexico). 

CFN-350 is a transposon Tn5 insertion mutant of CE-3. Several other Tn5 

insertion mutants of CE-3 were subsequently developed in this laboratory 

using the suicide vector plasmid pGS9 harbored in an ~. coli strain HB 

101. Four mutants, designated UAZ-301, UAZ-302, UAZ-303 and UAZ-304 were 

chosen at random and these mutants along with CFN-350 were then employed 

in ecological studies to determine whether Tn5 could function as an 

effective phenotypic marker for ecological studies in bean rhizobia in 

desert soils. The efficacy of Tn5 as an phenotypic marker was evaluated 

by comparing the survival of these strains with that of the wild type (CE-

3) and also determining whether the transposable element (Tn5) was 

genetically stable in the cells. All five mutants had single insertions 

of Tn5, presumably in the chromosome. 

The five mutants were evaluated to determine their maximum 

temperature for growth in YEM broth. All the mutants and the wild type 

behaved similarly in that cellular growth was evident only at temperatures 

37°C or lower. Temperatures above 37°C was 1 etha 1 to the extent that 

cellular growth was not present. 

Two Sonoran Desert soils ie., Pima silty clay loam and Brazito 

sandy loam were used to study the survival of the wild type and mutant 

strains as well as the Tn5 stability of the mutants in soil. The survival 

and genetic stability of Tn5 in one of the mutants CFN-350 was studied 
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under sterile soil conditions in the silty clay loam and the sandy loam. 

In the sterile silty clay loam, populations of the mutant cells was found 

to increase by over 2 log units over a period of 28 days, while in the 

sandy loam, populations \'/ere relatively constant signifying the influence 

soil texture plays on rhizobial survival. There were no indications of TnS 

instability in sterile soil conditions. 

Each of the five mutants behaved differently when their survival 

was studied under non sterile conditions. In the silty clay loam, two TnS 

mutants (UAZ-301 and UAZ-303) showed significantly lower populations than 

the wild type at the end of 30 days. There was however an overall decrease 

in populations of wild type and mutant populations indicating the biotic 

influence of indigenous populations on the survival of introduced strains. 

In the sandy loam however, all five mutant populations decreased by over 

2 log units and by the end of 30 days, four of the mutant populations were 

significantly (p<O.OI) lower than that of the wild type. In neither of 

the soils were there any indications of transposition of the TnS element 

within the genome nor was there any instability with regard to phenotypic 

expression of TnS. 

The survival and genetic stabil ity of TnS \'Ias studied under 

increasing soil moisture stress conditions. Moisture stress was simulated 

by allowing the inoculated soils with an initial moisture content of 12% 

to IIdry outll at room temperature over a period of 12 days. In the silty 

clay loam, there was a noticeable decline in numbers of the mutants only 

after 8 days, which corresponded to a water potential of -IS bars. Except 

for one mutant (UAz-303) \'/hich on day 8 showed a significantly lower 

population than the wild type, none of the other strains showed any 
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difference as compared to that of the wild type. Even at moisture content 

of 1% (water potential far below -30 bars), the Tn5 mutant cells averaged 

105 CFU/gm soi 1. In the coarser textured sandy loam, the Tn5 mutant 

p~pulations, declined earlier than in the silty clay loam and by day 8, 

three of the mutants (CFN-350, UAZ-301 and UAZ-303) showed a significantly 

(p<O.Ol) lower population size as compared to that of the wild type. The 

faster drying rate in the sandy soil as compared to the silty clay loam 

was reflected in this decline in cell numbers. However in neither of the 

two soils were there any indications of instability of the Tn5 transposon. 

A temperature of 40°C was employed to study the survival and genetic 

stability of the mutants in soil under temperature stress conditions. In 

the silty clay loam, the populations declined by an average of 3 log units 

over a period of 12 days. Each of the mutants showed different patterns 

of population decline. When the mutant cells were screened using the 

antibiotic markers coded by th~ transposable element (kanamycin and 

neomycin resistance), by day 8, there was significantly lower mutant 

populations than the wild type population. There was however no 

significant difference bet\'Jeen the surviving mutant population and the 

wild type population, if the mutant cells were screend using only the 

intrinsic markers of the \',ild type. This indicated that there were 

surviving Tn5 mutant cells that were no longer phenotypically expressing 

the antibiotic resistance coded by the transposable element. Both the wild 

type and the mutant cell populations decreased significantly during the 

first six days of incubation beyond which, the cells seemed to adapt to 

the temperature stress since populations became more stable. 
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In the sandy loam, the effect of 40°C was even more pronounced. The 

TnS mutant CFN-3S0 was particularly affected by the temperature stress in 

this soil type. In the sandy soil, the presence of the TnS element 

appeared to be deleterious to the cells, causing them to survive less well 

than the wild type. In the sandy soil, there was also evidence that TnS 

mutant cells survived but had ceased to express the phenotypic excpression 

of the TnS element. 

To i dent ify the causes for the 1 ack of TnS coded anti bi ot i c 

resistance phenotype in the mutant cells under temperature stress, DNA:DNA 

hybridizations ItJere done on random colonies selected from media that 

screened for only the intrinsic drug markers. All tested positive for 

presence of TnS DNA sequences. DNA finger print analyses clearly 

demonstrated that the mutant cells do maintain the TnS element and that 

the element was also stable in terms of its position on the chromosome 

during its survival under temperature stress. 

Studi es were also conducted to evaluate the potent i a 1 for gene 

(TnS) transfer from the TnS mutant cells to a related soil bacterial genus 

Agrobacterillm sp. A plasmidless strain Agrobacterillm tllmefaciens GMI 9023 

was used as the recipient in five different conjugation protocols. A 

helper plasmid pRK 2013 was included in three of the protocols. None of 

the protocols resulted in obtaining bonafide transconjugants. 

Based on these ecological studies involving non stress, moisture 

stress and temperature stress conditions, we conclude that the TnS element 

does serve as an effective phenotypic marker system under the non stress 

and moisture stress conditions that were employed. Under the 40°C 

temperature stress conditions, the TnS element is not an effective marker 
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in the strains tested. The Tn5 mutant cells, if screened on media 

utilizing the Tn5 coded markers, would be underestimated due to the lack 

of phenotypic expression of Tn5 under these conditions, while at the same 

time the use of a Tn5 gene probe, may lead to false positives that do not 

reflect the actual numbers of viable Tn5 mutant cells expressing the Tn5 

coded antibiotic resistance. It would overestimate ce 11 s showi ng 

phenotypic expression of Tn5. The transposable element was however very 

stable under temperature stress conditions with respect to its relative 

pos it i on on the chromosome. From these studi es it was understood that 

since each insertion of the Tn5 element is an independent event, each of 

the insertions need to be evaluated independently to determine its 

suitability as an effective ecological marker. 
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APPENDIX A: 

BACTERIOLOGICAL CULTURE MEDIA 
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Yeast Extract Mannitol Agar (Vincent, 1970) 

Mann ito 1 109 

K2HP04 0.5g 

MgS04 ·7H2O 0.2g 

NaCl O.lg 

Yeast Extract 0.5g 

Agar 15g 

Water 1 1 iter 

Peptone Yeast Extract AC]Clr (Noel et al. 1984) 

Peptone f 5g 

Yeast Extract 3g 

CaC1 2 1.1g 

Agar 15g 

Water 1 1 iter 
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Luria Bertani Agar (Maniatis et a 1. 1982) 

Bacto-tryptone 109 

Bacto-Yeast extract 5g 

NaCl 109 

Agar 15g 

Water 1 1 iter 

pH adjusted to 7.5 with NaOH 

Rhizobium Minimal Salts Agar (Fredrickson et al. 1988) 

Mannitol 109 

K2HP04 19 

KH2P04 19 

NH4Cl 0.5g 

Na2S04 0.25g 

MgC1 2·7H2O 0.25g 

CaC1 2·2H2O o .1g 

CaC03 o .1g 

FeC1 3 ·6H2O 0.010g 

Biotin 1mg 

Thiamine 1mg 

Agar 15g 

Water 1 1 iter 
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Soil Extract Agar 

One hundred milliliters of water was added to 100 9 of soil and 

autocl aved for 20 mi nutes. 0.05 9 of CaC03 was added to fl ocull ate 

colloidal material and filtered to clarify and stored at 4°C. To this 

extract, agar was added and sterilized by autoclaving. 

Media were amended with the different filter sterilized antibiotic 

solutions after autoclaving at 121°C at 15 psi for 15 minutes. 
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APPENDIX B: 

BUFFERS AND SOLUTIONS 
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20X SSC 

175.3 9 of NaCl and 88.2 9 of sodium citrate were dissolved in 800 

ml of H20. The pH was adjusted to 7.0 with HC1. The volume was adjusted to 

1 liter and dispensed into aliquots. The solution was sterilized by 

autoclaving. 

20X SSPE 

174 9 of NaCl, 27.6 9 of NaH2P04 .H20, and 7.4 9 of EDTA was 

dissolved in 800 ml of H20. The pH was adjusted to 7.4 with NaOH and the 

volume adjusted to 1 liter. The solution was dispensed into aliquots and 

sterilized by autoclaving. 

Prehybridization Solution (for colony hybridizations) 

50mM Tris pH 8.0 

1M NaCl 

ImM EDTA 

0.1% SOS 

TE Buffer pH 8.0 

10mM Tris.Cl (pH 8.0) 

ImM EOTA (pH 8.0) 



Sarkosvl solution (0.1%) 

SOS Mixture 

N-Laury sarcosine 

SOS 

Ficoll 400,000 
in 2X TBE 

0.1 9 

50 ml 

upto 100 ml 

0.2 9 

109 
50 ml 

upto 100 ml 

Overlay Mixture 

SOS 

Ficoll 400,000 
in 2X TBE 

Lysozyme Mixture 

0.2 9 

5 9 
50 ml 

upto 50 ml 

Lysozyme 10 mg 
in 1 m 1 H20 

Ribonuclease 1 ml 

Ribonuclease Type lA 10 mg 

Sodium acetate (O.4M)0.3281 9 

H20 0.97 ml 
heat for 2 min at 98°F 

Ficoll 400,000 

0.2 9 for 1 ml 

Bromophenol blue 

0.5 mg per 1 ml 
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APPENDIX c: 
MEAN GENERATION TIME 
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The mean generation time of the bacterial strains used in the study 

was calculated using the formula: 

Mean generation time (g) = t 10g2 
log B-1 og A 

log A = colony forming units/ml at beginning of log phase 

log B = colony forming units/ml at end of log phase 

t = time/duration of log phase 
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APPENDIX D: 

BROTH MATING INVOLVING HELPER PLASMID 



Donor Strain Recipient Strain Helper Plasmid 

log phase 
of growth 25°C ~ 

shake 100 rpm :::::::::: LB :::::::;: . . :........ :.:.:.:.:. 

I I I 
5ml 5ml 5ml . . .. 

~ ~ ~ 
10 mM Tris pH 7.5 Wash 

-!-!--!-
W 5ml W 5ml ~ 

Mixed Culture 
o 

Static 27 C 
96 hours ~ 

I 

5ml 
PY 

5 ml 

Selective 
Media 
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APPENDIX E: 

MEMBRANE FILTER MATING INVOLVING HELPER PLASMID 



Donor Strain Recipient Strain Helper Plasmid 

~ogphase~.c ~ of growth shake 100 rpm 

}rtp~ttt :~~;~t ~.V}:}~t :t~~:~~ LB tt: 
_ I 1 ____ _ I 

Sml Sml Sml 

+ .. .. 

U u U -1 10 rnM TriyH 7.5 Wash 1 
I.n} 5 rnl I::{} 5 rnl Ii UID U5rnl 

10 mM Tris pH 7.5 Resuspend 

_1 mt' -1 mt!ReciPient .6ouI--
Donor ~ 7- ~-Ietper 

10 ml ~ 10mM Tris pH 7.5 

Membrane 
filtration 

Vortex Filter 
1 min in 

10 mM Tris pH 7.5 
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~r incubated 
100 hours 

Non selective 
media 

/ 
Selective 
Media 
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APPENDIX F: 

TRANSCONJUGATION FREQUENCY 
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The transconjugation frequency was calculated using the formula 

(Cuppels, 1986) 

Number of transconjugants 
Number of potential recipients 

eg., Donor 

Recipient 

Transconjugants 

X 100 

4.8 X 107 cells/ml 

6.6 X 107 cells/ml 

3.3 X 107 cell/ml 

transconjugation frequency 3.3 X 107 

6.6 X lOT 
X 100 = 50% 
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APPENDIX G: 

PLASMID PROFILE ANALYSIS 
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1. Cells were grown from a refrigerated slant culture in 10 ml of YEM 

broth for 24-48 hours at 25°C with shaking. 

2. Some of the above cells were used as a 1% inoculum for inoculating 

25 ml YE broth (YEM devoid of mannitol). Incubated at 27°C 

statically. 

3. Ten milliliters of the culture (0.0 0.04 AS4o) was centrifuged at 

8000g at 4°C for 10 min. 

4. Pellet resuspended in 1 ml of 0.1% sarkosyl solution and 

centrifuged for 10 min at 8000g at 4°C. 

5. Tube was thoroughly drained, the resulting pellet vigorously 

resuspended in 100 ul of TBE buffer containing 20% Ficoll and 

placed on ice. 

6. Fifty microliters of cell suspension was transferred to a microfuge 

tube on ice and mixed with 25 ul of lysozyme mixture. 

7. Immediately 25 ul of the cell-lysozyme mixture was loaded directly 

into 50 ul of SOS mixture previously placed in the well of a (0.7%) 

agarose vertical gel. 

8. Contents of the well were covered with 100 ul of overlay mixture 

and the well sealed with 0.7% agarose in TBE buffer. 

9. Electrophoresis was at 4-5 mA (constant current) for 1 hour and 

then 40mA for 18-24 hours. Electrophoresis was at 4°C. 
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