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Abstract 

By introducing a plasmid library into a highly mutagenising Escherichiu coli proline auxotroph the 

evolutionary scenario of gene doubling and mutagenesis has been mimicked allowing for evolved growth on 

certain potential proline precursors. 

Introduction 

Current biological catalysts are the result of Darwinian evolution by mutation and selection for novel or 

improved function and we have been interested in ascertaining whether presumed mode8 of biosynthetic 

pathway evolution can be mimicked to produce new biosynthetic pathway8 to materials of interest currently 

made by conventional synthesis. In an attempt to demonstrate the feasibility of this approach we have focussed, 

initially, on the simple natural metabolite, proline 1. In previous papers we have described the growth of an 

Escherichiu coli proline auxotroph, strain X7026, on the unnatural precursor At-pyrroline-2-carboxylic acid 

21.23,4. Interestingly it was found that E. coli already possesses the metabolic machinery to convert 2 to proline 

by direct reduction and not via initial isomerisation to At-pyrmline-5-carboxylic acid 3, Fig. 1. 
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Fig. 1. Conversion of A’-Pyrroline-2-carboxylate 2 to Proline 1 in E. coli 

In an attempt to identify the enzyme responsible for the in vivo reduction we selected for plasmids from a 

random E. coli library which conferred a faster growth phenotype on 2. The common insert in the plasmids 

selected was associated with membrane permeability and not with the reduction per se. At the same time as 

conducting further experiments to identify the enzyme responsible for reducing 2 we have sought to extend the 

approach to other potential proline precursors. 
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Results and Discussion 

A variety of other compounds which can potentially be converted into proline by some sort of 

biotransformation have been considered, Fig. 2. 
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Fig. 2. Potential Proline Precursors 

The potential biotransformations required to convert these precursors to proline are briefly indicated in Table 1. 

Table 1: Potential Biotransformations Producing Proline 

Coavemion Biotrmsfomudon 
4tol Amide bond hydrolysis 
St01 Demethylation by nucleophilic displacement or oxidation/hydrolysis 
6tOl 
710 1 

Elimination and isomerisation to 2 followed by reduction 
lsornertsation to 2 or 3 followed by reduction 

et0 1 Hydrolysis to 2 followed by reduction or reduction followed by nucleophilic cyclisation 
9 to 1 Protonation and ring closure 
lot01 Oxidative C-H bond insertion 
11 to 1 Transamination of u- or I-amino group to give 2 or 3 respectively followed by reduction. 

When E. cofi X7026 was plated on minimal media containing compounds 4-11 in place of proline it was found 

that only compound 4 supported growth and then only to a small extent. It was reasoned that the machinery to 

effect the desired biotransformations was not in place and that growth would only be possible if mutation 

and/or gene doubling took place. Gene doubling can be simulated by introduction of a plasmid library of E. 

coli X7026 into the same strain. Accordingly a large library (2x104 colonies) was constructed in E. coli X7026 

by subcloning 5-10kb Suu 3A fragments of E. coli X7026 chromosomal DNA into the Bum HI site of the high 

copy-number plasmid, pJS62l. This library was then used to inoculate minimal liquid media containing 

compounds 4-11 and trace amounts of proline to allow for some initial growth. After growth to saturation 

plasmid DNA was prepared and used to retransform E. cofi X7026 which was then plated on minimal solid 

medium containing the appropriate compound. By this procedure faster growing colonies were isolated only 

for compound 4 the implication being that if growth on the other precursors is to be possible then mutation of 

existing, doubled genes will be necessary. The further characterisation of these colonies which grow faster on 4 

will be discussed in the following paper. 



Construction of a randomly mutated gene library 2553 

Several methods of producing large numbers of mutations were investigated. Of these the use of mutator 

strains5 proved to be simplest and most effective. To produce a mutator strain which was also a non-reverting 

proline auxotroph it was necessary to introduce a suitable mutator allele into an E. coli proline auxotroph. A Pl 

lysate of strain SJ1860 (proAB+, argE+, zufl3::TnlO, mutD5) was prepared and used to transduce strain 

AB 1 1576 (another proline auxotroph carrying a smaller chromosomal deletion) to tetracycline resistance. 

Eighteen colonies were produced by transduction, these were tested for mutator activity by reversion of the 

Arg- phenotype. Fourteen of the colonies showed mutator activity, giving reversion frequencies of 1~10-~ to 

5~10~ after overnight growth in rich medium’. One of the mutator+, Pro colonies was labelled MWlOOO and 

was used in further experiments8. To engineer a situation mimicking gene doubling and mutation we have 

simply introduced the X7026 chromosomal library into the mutator strain MWlOOO. After growth in rich 

medium vast numbers of doubled and mutated gene permutations are possible. The mutD.5 allele encodes a 

mutant E-subunit of DNA polymerase III resulting in production of a polymerase deficient in proof-reading and 

therefore error-prone (cu. 103 > wild-type)a. Plasmid replication however depends on both DNA polymerases 

III and Ilo, DNA polymerase I only being required for part of the plasmid sequence. To verify that mutD5 

mutator strains can mutate harboured plasmids we carried out an initial study using the blue/white selection for 

1acZ mutants afforded by plasmid pJS62 in the presence of IPTG and X-gal. Both inactivating mutants (blue to 

white obtained at 3.3x10-2 efficiency) and reversions (white to blue, obtained for three different reversions at 

efficiencies of 7.1x 10-5, 7.2x10-5 and 2.0x10-6) were sequenced. The high efficiency of these mutations 

suggests that the murD5 allele is indeed capable of producing a broad spectrum of plasmid mutations in the 

polylinker coding region and therefore that the mutated library in MWlOOO should contain the perturbations we 

require. We estimate that a diversity of >lO*O has been produced. 

In order to simulate an evolutionary scenario, E. coli strain MWlOOO harbouring the library was grown under 

mutating conditions in minimal medium11 containing compounds 4-11, cycles of growth were carried out with 

progressively decreasing amounts of proline also in the medium, Fig. 3. 
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Fig. 3. Evolved Growth on Proline Precursors 
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As can be seen from Fig. 3. extremely interesting results were obtained from this experiment. After several 

days, growth on prolinamide 4 showed an increase relative to a control in which no potential proline precursor 

was added. Coupled with the results from the non-mutant library experiments this suggests that there is a gene 

product which can hydrolyse 4 to proline and that over expression of the encoding gene or mutagenesis of the 

gene or its regulatory region increases activity. Identification of this gene is described in the following paper. 

Dehydroproline 7 is known to be toxic in the absence of endogenous prolinel* and the results of feeding 

experiments with this compound are in accord with this fact. Perhaps most interestingly, allylglycine 9 and 

norvaline 10 initially proved detrimental to growth but under conditions of proline starvation and after 

mutation, supported increased growth relative to the zero control. The biotransformations required to convert 

these compounds to proline, Table 1, are unusual and further investigation of these mutants should be 

extremely exciting. 
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