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Summary 

The 2,4-dichlorophenoxy acetic acid (2,4-D) degrading plasmid, pJP4, was transferred into Rhizobiurn 
trifolii ANUS43 from its nature host Alcaligenes eutrophus JMP134 by conjugation. The ability to 
degrade 2,4-D was expressed in the transconjugant ANU843p as shown by a total loss of UV-absorbent 
compounds and by gas chromatographic analysis. However, the transconjugant was unable to grow 
on 2,4-D alone, When the transconjugant strain ANU843p was inoculated onto white and subterranean 
clover plants in laboratory trials, the transconjugant retained the capacity of nodulation, but the 
nitrogen-fixation activity was diminished, particularly in the case of subterranean clover. The plasmid 
in the transconjugant was stable in nodules for at least nine weeks after inoculation and could be of 
value in applications requiring the protection or removal of the 2,4-D involving cometabolism with 
plant substrates. 

Introduction 

Halogenated aromatic compounds have been produced industrially on a large scale and 
used mainly in agriculture as pesticides for several decades. Despite their economic benefits 
to agriculture, there is no doubt that using such compounds, through the contamination 
and persistence of residues in soil and water, presents serious environmental problems. The 
possibility of microbial degradation of these compounds is an important consideration for 
their elimination 11 - 31. 
Recently, several genera of soil bacteria have been found to degrade and u t h e  some of 
those compounds [l - 31. 2,4-Dichlorophenoxyacetic acid (2,4-D) is especially known to 
be degraded by a number of different bacteria, such as Acinetobater, Alcaligenes, Arthro- 
bacter, Azotobacter, Corynebacterium, Flavobacterium, Pseudomonas, and Xanthobacter, 
and the related genes are mostly plasmid borne [l, 4- 121. Among those 2,4-D degrading 
bacteria, Alcaligenes eutrophus JMP134 is one of the best characterized organisms, con- 

* Corresponding author 



120 Acta Biotechnol. 14 (1994) 2 

taining a plasmid encoding the genes responsible for 2,4-D degradation [8, 13, 141. The 
plasmid, which is very well characterized genetically [8, 15- 191, designated pJP4, is about 
80 kilobase (kb) in size, and belongs to the IncPl incompatibility group. It is transferable 
by conjugation to the strains of Escherichia coli, Rhodopseudomonas sphaeroides, Rhi- 
zobium sp., Agrobacterium tumefaciens, Pseudomonas putida, Pseudomonas jluorescens, and 
Acinetobacter cafcoaceticus, also confemng resistance to HgCl, and degradation of 2,4-D 
[8, 201. 
In this study, attempts were made to transfer the plasmid pJP4 from Afcaligenes eutrophus 
JMP134 into Rhizobium trifolii ANU843 and Rhizobium sp. ANU240. 
Rhizobia are able to grow in the rhizosphere of leguminous plants, also nodulating them, 
producing a nitrogen-fixing symbiosis with those plants. The construction of this trans- 
conjugant of Rhizobium trifolii potentially enables the degradation of 2,4-D in the plant 
rhizosphere and could provide a demonstration of a model for the protection of plants ' 
from herbicides and pesticides. 

Materials and Methods 

Bacterial Strains 
Alcaligenes eutrophus JMP134 containing the plasmid pJP4 was obtained from Danny LLEWELLYN of 
CSIRO, Division of Plant Industry, Canberra. Rhizobiwn trifolii ANU843, Rhizobium sp. ANU240 and 
E. coli HBlOl were provided by B. ROLE of the Research School of Biological Sciences, Australian 
National University. The transconjugants R. trifolii ANU843p, Rhizobium sp. ANU240p and E. coli 
HBlOlp were obtained in this study. 

Media and Growth Conditions 
A TY medium containing 5 g tryptone, 3 g yeast and 0.9 g/l CaCI, was used for the growth of all the 
bacteria. A TMR medium [21] containing 0.5 g/1 (NH,),SO.,, 10 gfl sucrose and other elements was 
used for the selection and growth of the Rhizobium strains. TMR without a carbon source was used 
as a wash for the cell suspension and the medium for the resting-cell assay of the 2,4-D degradation 
when amended with 2,4-D as a sole carbon source. A BMM medium [22] containing 0 . 5 g  Na 
glutamate, 0.5 gJ yeast, 3 g/l mannitol, and other elements was used for the germination of white and 
subterranean clover seeds. A BMM mannitol medium [22], the same as the BMM medium except for 
the content of 36 gJ mannitol, was used for the reisolation of bacteria from plant nodules. A modified 
FKHRAEUS medium [23] was used for growing white and subterranean clover seedlings in nodulation 
and nitrogen fixation trials. The concentration of HgCl, used for the selection was 40 pg/ml for A .  
eutrophus JMP134and E. coli HBlOlp and lOpg/ml for Rhizobium strains. The concentration of 
streptomycin was 300 pg/ml. 2,4-D was prepared as 20 mg/ml of stock in 0.1 M NaH,PO, (41 and 
was filter-sterilized before being used. The level of 2,4-D used in the media ranged from 0.2 to 
4.6 mM. All the cultures were grown at 29 "C. Liquid cultures were incubated on an orbital shaker at 
200 rpm on a BRAUN Certomat R shaker. Solid media contained 1.5% agar (SIGMA). 

Conjugation 
Donor and recipient strains were grown overnight prior to the mixing on TY agar plates. Controls 
were performed with the donor and recipient alone. The crosses of the donor and recipient were grown 
overnight and replicated on selective media. These were: TMR with 10 pg/ml HgC1, for R. rrifolii 
ANU843p; TMR with 300 pg/ml streptomycin plus 10 pg/ml HgC1, for Rhizobiwn sp. ANU240p and 
LB with 300 pg/ml streptomycin plus 40 pdml HgCI, for E. coli HBlOlp. The transconjugants were 
purified on selective medium respectively by several subcultures. 

Plasmid Visualization 
Plasmids were visualized by a rapid screening technique according to PLAZINSKI er al. [24], except for 
200 pl of 0.2% sarkosyl, 80 p1 of lysis mixture and 10 p1 proteinase K were used. TY medium was 
used for the preparation of cultures. 
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Growth and Degradation of 2,4-D 

Each strain was grown in 10 mi TMR for 2 days and a portion was used to inoculate the shake flasks 
containing 50 ml of fresh TMR medium which contained sucrose supplied with 0.2 mM of 2,4-D to 
an initial A600 of 0.05. The cultures were incubated while being shaken at 29 "C. The growth of cells 
was monitored by measuring ,4600 against a blank of TMR medium. The degradation of 2,4-D was 
detected by measuring the loss of UV absorbent compounds [4] as follows: 1 ml of culture sample 
was centrifuged at 12,000 rpm for 5 min using a BECKMAN Microfuge E, and the supernatant was 
then used to measure A,,, at which 2,4-D has a maximum absorbance in a BECKMAN DU64 
spectrophotometer. 

Resting-Cell Assay 

The degradation of 2,4-D by the resting cells of R. trifolii strains was determined as follows: each 
strain was grown in 100 ml of TMR to an A600 of 0.8- 1.0. Cells were harvested by centrifugation and 
washed twice using TMR without a carbon source. Then the cells were resuspended in 100 ml TMR 
without any other carbon sources, amended with 2,4-D and divided into two flasks. The concentration 
of 2,4-D used ranged from 0.2 to 4.6 mM. A 1 ml sample was taken at each time point, and the 
degradation of 2.4-D was assayed by measuring the UV absorbance (A283) and by GC analysis. 

Gas Chromatographic Analysis of 2,4-0 

Culture samples from the resting-cell assay were used. A 2 ml sample of culture was placed in a 
liquidhiquid extractor (Mixxof) and 10 ml of 25% acetone in hexane (NanogradR) with 10 drops 
of concentrated sulphuric acid were added. Following 50 strokes of the piston, the organic phase was 
removed and the procedure was repeated. The organic phases were combined and dried by filtering 
through 2 g  of anhydrous sodium sulphate. The filter was further rinsed with 5ml of hexane and 
combined with the sample in a 50 ml pear-shaped flask. The organic phase was evaporated to 0.5 ml 
by rotary evaporation and the 2,4-D was derivatized to 2,4-D methyl ester using the following procedure: 
2 ml of 0.5% KOH and 2 ml of 14% of the BF3/methanol complex were added and refluxed with a 
water jacketed condenser for 20 min. After cooling, 5 ml of saturated aqueous NaCl was added through 
the condenser and the 2,4-D methyl ester was extracted by shaking with 10 ml of hexane. Hexane was 
removed, and the sample was dried with anhydrous sodium sulphate and diluted as required. All the 
samples were stored in vials in a freezer prior to the analysis. 
The 2,4-D methyl ester concentration was determined by gas-chromatography. A HEWLEIT-PACKARD 
5890 Series 2 Gas Chromatography fitted with a NP3 Electron Capture Detector was used. 1 p1 of 
sample was injected by a model 5971 autosampler. A solvent concentration method with a temperature 
programme was used. The column was a 30 m by 0.32 mm DB17 capillary column (J & W). The 
injector temperature was 210 "C, and the detector temperature was 300 "C. External 2.4-D methyl ester 
standards were used, and the chromatograms were integrated by HEWLETT-PACKARD software on a 
personal computer and stored on disk. 

Plant Growth 

White and subterranean clover seeds were surface-sterilized for 15min with 6% (v/v) sodium 
hypochlorite and germinated on BMM agar plates as described [22]. The seedlings were transferred 
onto FLHRAEUS plates [23], and the bacteria were inoculated using the rapid plate-screening method 
[22]. The inoculated plates were incubated vertically with a temperature of 27 "C for 18 hours a day 
and 19 "C for 6 hours a night. The plants were assayed after 3 to 4 weeks with reference of the control 
plants for the tests of the ability of nodulation, N2 fixation and stability of the plasmid pJP4. 

Stability of the Plasmid pJP4 for Rhizobium 

Bacteria were reisolated from nodules as described by ROLE et a1 . [22]. The diluted cell suspension 
from nodules was spread on BMM mannitol agar. A single colony from the BMM mannitol agar was 
used to inoculate 5 ml of TMR medium supplied with 0.2 mM 2,4-D for the 2,4-D degradation test 
by measuring The degradation of 2,4-D indicated the presence of the plasmid pJP4. 
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Assay for the Nitrogen Fixation 
The nitrogenase activity was assayed by the acetylene reduction test, using 10% of C2H, in 28 ml 
M C C A R ~  bottles containing one plant. The ethylene production was measured using a SHIMADZU 
GC8A gas chromatograph; 0.5 ml of gas sample was injected into a 1 m column filled with Pora- 
pak T (WATERS MILLIPORE) with an injection temperature of 140 "C and a column temperature of 
130 "C. The C2H4 production was calculated by the peak area in comparison with 0.5 ml of standard 
of 1/1oooO C,H4 in air. 

Results 

Transfer of the PlasmidpJP4 from A .  eutrophus JMP134 into R .  trifolii ANU843, Rhizobium 
sp. ANU240 and E. coli HBlOl 
The plasmid pJP4 was transferred into R.  trifolii ANU843 and Rhizobium sp. ANU240, as 
well as E. coli HBlOl which was used as a control strain from its natural host A .  eutrophus 
JMP134 by conjugation. The purification of the transconjugants was carefully performed 
on the selective media and no contaminations were observed. Electrophoresis results show 
that each transconjugant has an extra band compared to its parent strains, and the extra 
band is at the same position as A. eutrophus JMP134 (Fig. 1). 

pJP4 - 

Fig. 1. Plasmid gel profile 
Lane 1, A. eutrophus JMP134 (the parent strain of plasmid pJP4) 
Lane 2, E. coli HBlOl 
Lane 3, E. coli HBlOlp (pJP4) 
Lane 4, Rhizobiwn sp. ANU240 
Lane 5,  Rhizobiwn sp. ANU240p (pJP4) 
Lane 6, R. trifolii ANU843 
Lane 7. R. trifoIii ANU843p (pJP4) 
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Expression of the Resistance to HgCI, 

The resistance to HgC1, was expressed in all the recipients. The degree of resistance differed 
with each strain. Growth was obtained with 10 pdml HgCl, for R. trifolii ANU843p and 
Rhizobium sp. ANU240p, in contrast to the absence of growth in the parent Rhizobium 
strains with 5 pg/ml, to 40 pg/ml for A .  eutrophus JMP134 and E. coli HBlOlp. 

Growth and Degradation of 2,4-D 

The ability of the transconjugant strain ANU843p to degrade 2,4-D when grown in TMR 
(containing sucrose) amended with 2,4-D (0.2 mM) is shown in Fig. 2. No degradation 
was detected at the end of day one by measuring a loss of UV-absorbent compounds at 
283 nm (A,,,), while the growth was just started as indicated by A,,,. At the end of day 
two, the growth was in the middle of the log-phase and about a 20% decrease of A,,, 
was detected. At the end of day three, a major decrease of A,,3 (about 80%) was detected, 
and the growth reached its late log-phase or early stationary phase. No further decrease 
of AZB3 was detected after day three. A decrease of was not detected for the parent 
strain ANU843, which had the same growth pattern as the transconjugant during the whole 
period of incubation. 
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Fig. 2. Growth and degradation of 2,4-D in the presence of sucrose by ANU843p 
A TMR medium (containing 10 g/l sucrose) amended with 2,4-D (0.2 mM) was used. The initial cell 
density at A600 was 0.05. The growth was monitored by the optical density at 600 nm (a), and the 
2,4-D degradation was monitored by measuring the loss of total UV-absorbent compounds at 283 nm 
(b). All the data are means of duplicates. 

Degradation of 2,4-0 by the Resting Cells of the Strain ANU843p 

The ability to degrade 2,4-D (0.2mM) by the resting cells of the transconjugant strain 
ANU843p is shown in Fig. 3. Samples from different periods of incubation were assayed 
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Fig. 3. Resting cell assay for the 2,4-D degradation by ANU843p 
The cells were washed twice with TMR without sucrose before they were resuspended into TMR 
without sucrose amended with 2,Q.D (0.2 mM). The initial cell density at A600 was 0.9. The degradation 
of 2,4-D was monitored by measuring the loss of total-UV absorbent compounds at 283 nm (a) and 
gas chromatography (b). All the data are the means of duplicates. 

for the disappearance of 2,4-D by measuring the loss of total UV-absorbent compounds 
at 283 nm (3a) and by gas chromatography (3b). A decrease of A,,, was not detected in 
the first 10 hours with the transconjugant strain ANU843p. About a 60% decrease of A,,, 
was detected after 22 hours and another 80% loss of A283 after 26 hours. The GC analysis 
showed the same degradation pattern without a disappearance of 2,4-D in the first 10 hours, 
a 60% disappearance after 22 hours, a 80% one after 26 hours, and a 95% one after 
30 hours. With either method, no degradation of 2,4-D (0.2 mM) was detected using the 
parent strain ANU843. 

Effect of the Initial 2,4-D Concentration on the Degradation by Resting Cells of ANU843p 

The effect of the initial 2,4-D concentration on the degradation of 2,4-D by the resting cells 
of the transconjugant strain ANU843p was investigated, and the result is shown in 
Fig. 4. Washed cells were resuspended into TMR in the absence of sucrose amended with 
different levels of 2,443 (0.2, 0.7, 1.7, and 4.6mM, respectively) with a constant starting 
A600 of 0.8. Samples were taken during the incubation to assay for the degradation of 
2,4-D by measuring a total loss of UV-absorbent compounds (A283). At an initial 2,4-D 
level of 0.2 mM, no decrease of Ata3 was detected for the first eight hours of incubation, 
about a 30 percent decrease of at the end of day one, an 80 percent decrease was 
detected at the end of day two, and no further decrease of A,,, was detected after day 
three using the transconjugant strain ANU843p. At an initial 2,4-D level of 0.7 mM, no 
decrease of A283 was detected at the end of day one. There was about a 35 percent decrease 
of AZ8, at the end of day two, a 64 percent decrease at the end of day three, an 82 percent 
decrease at the end of day four, and no more decrease of A283 was detected after day five. 
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Fig. 4. Effect of the initial 2,4-D concentration on the degradation of 2,4-D by resting 
cells of the transconjugant strain ANU843p 

At an initial 2,4-D level of 1.7 mM and 4.6 mM, a decrease of A283 could not be detected 
with the transconjugant strain ANU843p during a 14-day incubation period. There was 
no decrease of A,,, by using the parent strain R .  trifolii ANU843 in any of these cases. 

Plant Assay 

When grown on agar plates in a growth cabinet, the transconjugant R.  trifolii ANU843p 
retained the capacity to nodulate white and subterranean clovers. There were no significant 
differences in the number or size of nodules between the parental strain ANU843 and the 
transconjugant ANU843p for white clover. Smaller nodules and greater nodule numbers 
were observed for the transconjugant ANU843p when applied on subterranean clover in 



126 Acta Biotechnol. 14 (1994) 2 

comparison to the parental strain ANU843, with a noticeable lack of the leghaemoglobin 
pigment. For nitrogenase activity assays, with the transconjugant ANU843p, there was a 
slightly less C,H2 reduction activity in white clover and much less in subterranean clover, 
in comparison to the parental strain ANU843 (Tab. 1). The results showed the large reduction 
of the N, fixing ability for the transconjugant ANU843p in subterranean clover, but the 
activity was largely maintained for ANU843p in white clover. 

Tab. 1. Nodule formation and CzHz reduction activity in white and subterranean clovers 
4 weeks after inoculation with ANU843 and ANU843p 

Plant/Strain 
-~ 

Nodule number’ Acetylene reduction’ 
[per plant1 [nmol C’HJplant/h] 

White clover/ANU843 8 

Subterranean/ANU843 12.2 
White clover/ANU843p 9.8 

Subterranean/ANU843p 17.5 

1 - the mean value of 31 to 36 plants 
2 - the mean value of 7 to 11 plants 

50.6 
38.7 
61.5 
15.6 

Stability of the Plasmid pJP4 in the Transconjugant ANU843p 
The stability of the plasmid pJP4 in the transconjugant strain ANU843p was monitored 
by assaying ANU843p reisolated from nodules for the ability to degrade 2,4-D. A single 
clone of the transconjugant ANU843p reisolated from nodules was subcultured and used 
to inoculate next ‘generation’ plants after confirming the presence of the plasmid pJP4. For 
each generation, fifty colonies reisolated from nodules of white or subterranean clover were 
tested for the degradation of 2,4-D. All the 50 samples had a major decrease of the U V  
absorbance at 283 nm within two days and both controls remained unchanged (data not 
shown). Our results showed that the plasmid pJP4 is stable in the transconjugant ANU843p 
for at least three ‘generations’ (nine weeks) with both white and subterranean clovers. 

Discussion and Conclusion 

Transfer of the Plasmid pJP4 
The plasmid pJP4 has been characterized as a broad-host range plasmid of the incom- 
patibility group P1 [8]. Thus, it was not unexpected that the transfers of the plasmid from 
its natural host, A .  eutrophus JMP134, into the R. trifolii strain ANU843, Rhizobium sp. 
ANU240 and E. coli HBlOl (as a control strain) were successful. E. coli strains were already 
reported to be a recipient of the plasmid pJP4 ,[8, 18, 201. The gel electrophoresis result 
showed that an extra band corresponding to the plasmid pJP4 appeared in all the recipients, 
and the extra band was at the same position as its donor A .  eutrophus JMP134, suggesting 
that the plasmid was transferred entirely without major deletion (Fig. 1). 

Expression of the Resistance to HgCI, 
The resistance to mercuric chloride was expressed in all the recipients, but the degree of 
the resistance was different from each recipients. FRIEDRICH et al. [20] have reported that 
the degree of the HgClz resistance was dependent on the degree of the sensitivity of the 
respective parental strains. The transconjugant of E. coli HBlOl had the same level of 
resistance as its donor A .  eutrophus JMP134 at  40 &ml as reported before [8]. R. frifolii 
ANU843p and Rhizobium sp. ANU240p were resistant to HgC1, only up to 10 pg/ml. 



FENG, L., ROLE, B. G. et al., Plasmid Expression 

Expression of the 2,4-D Degrading Ability in ANU843p 

Our studies clearly showed that the 2,4-D degrading ability was expressed in the 
transconjugant ANU843p as proven by either a decrease of the UV absorbance or GC 
analysis (Figs. 2 and 3). There was a lag phase of 24 hours when growing on sucrose and 
2,4-D (Fig. 2) and 10 hours for resting cells (Fig. 3), before the degradation of 2,4-D was 
started. The lag phase period was probably due to the first time exposure of the ANU843p 
culture to 2,4-D, and a small initial biomass concentration at that time is required to 
increase the cell population to a level where a significant degradation is possible. SINTON 
et al. [25] suggested that an exposure of cultures to 2,4-D for the first time or a small 
initial biomass concentration results in a lag phase before the degradation. 
When the 2,4-D degradation was monitored by measuring the loss of total UV absorbent 
compounds, it was impossible to indicate a 100% decrease of A,,,. This was probably due 
to the presence of small amounts of UV-absorbent compounds other than 2,4-D such as 
DNA from dissolved dead cells. Gas chromatographic analysis confirmed the complete 
degradation of 2,4-D by ANU843p. 
A second carbon source (sucrose was used in this study) as well as 2,4-D was needed to 
ensure the degradation of 2,4-D by ANU843p if resting cells of ANU843p were not used. 
No evidence was obtained that ANU843p can grow on and degrade 2,4-D as the sole 
carbon source (using 0.2 to 4.6 mM), either in a liquid medium or on agar plates in our 
study. SHORT et al. [26] showed that the 2,4-D degradation by pJP4 was expressed in a 
transconjugant of a Pseudomonas strain without supporting the cell growth as a sole carbon 
source. In our study, co-metabolism is also suggested for the degradation of 2,4-D with 
ANU843p. 
It has been shown that the plasmid pJP4 encodes enzymes to convert 2,4-D to 2- 
chloromaleylactate [ 14, 151. Additional enzymes including maleylacetate reductase conver- 
ting 2-chloromaleylactate into 3-oxoadipate were required for the further metabolism of 
2-chloromaleylacetate, providing the TCA cycle intermediates are not plasmid pJP4 borne 
and the genes responsible for those enzymes apparently are located on chromosomal DNA 
in A .  eutrophus JMP134 [15]. KUKOR et al. [27] showed that a transconjugant of the 
Pseudomonas strain carrying the plasmid pJP4 gained the ability to grow on 2,4-D as a 
sole carbon source when maleylacetate reductase was provided from another source. In 
our study, the most likely reason for ANU843p failing to grow on 2,4-D as a sole carbon 
source is the lack of maleylacetate reductase or other enzymes for the further metabolism 
of the pJP4 degradative pathway product. As reported before [8, 201, within a wide range 
of transconjugants of the plasmid pJP4, the ability to degrade 2,4-D is only expressed in 
A .  eutrophus, A .  paradoxus and P.  putida. The expression of the 2,4-D degradation ability 
acting as cometabolism is significant in the transconjugant R.  trifolii ANU843p. It suggests 
that the ability to degrade 2,4-D could be expressed in more transconjugants from different 
genera. 
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Toxicity of 2,4-D to the Tansconjugant ANU843p 

A high concentration of substrates often results in an inhibition of the degradation, due to 
the toxicity of these compounds [25]. DITZELMULLER et al. [I have reported on the inhibition 
of growth and a 2,4-D degradation at a high 2,4-D concentration (6 mM) by Xanthobacter 
sp., and AMY et al. [4] also suggested a toxicity of 2,4-D at 150 ppm (about 0.2 mM) for 
the isolates. For A .  eurrophus JMP134, the inhibition occurs when the 2,4-D concentration 
is higher than 5 mM [14]. Inhibition effects for the 2,4-D degradation were also observed 
in our study. Up to 0.7 mM, 2,4-D could be degraded by the resting cells of ANU843p, 
and 2,4-D concentrations ranging from 1.7 to 4.6 mM obviously inhibited the degradation 
when a constant cell concentration of ANU843p was used (Fig. 4). The inhibition is usually 
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considered to result from the toxicity of 2,4-DCP, a product of the 2,4-D degradation 
pathway [4,7, 121. A lower level of 2,4-D (1.7 mM) inhibited the degradation by ANU843p 
compared to A.  eutrophus JMP134 (5  mM) despite the same plasmid being involved in the 
degradation. This may be due to the accumulation of the intermediates of the degradation 
pathway which are not growth substrates for ANU843p, especially 2,4-DCP. 

Nodulation and N ,  Fixing Ability with ANU843p 

When the R. trifolii ANU843p was used to inoculate white and subterranean clovers, the 
capacity to nodulate was maintained, but the ability to fix nitrogen was diminished, 
particularly for subterranean clover (Tab. 1). This suggests that the transfer of the plasmid 
pJP4 does not affect the expression of the nodulation genes, but the genes for the expression 
of the N, fixing capacity are obviously affected. The reason for the different degrees of 
effectiveness between white and subterranean clover is unknown. 
The transfer and expression of the 2,4-D degrading genes in Rhizobium trifolii ANU843p 
provides prospects for protecting plants from 2,4-D. Legume plants support Rhizobium with 
carbon and energy for growth, which may overcome the possible disadvantage that 
ANU843p could not grow on 2,4-D as a sole carbon source. Thus, the transconjugant 
strain ANU843p may degrade 2,4-D without depending on it for growth either in the 
rhizosphere or inside the root system, while still fixing nitrogen to benefit the plants. These 
results also suggest a general model for the protection of plants from pesticides and herbicides, 
with the possibility of transferring different pesticide and herbicide degrading abilities into 
Rhizobium strains. 
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