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Pseudomonas fluorescens does not appear to regulate the enzymes of de novo 

pyrimidine biosynthesis at the level of gene expression. Little or no apparent repression of 

pyr gene expression is observed upon addition of exogenous pyrimidines to the growth 

medium. The Escherichia coli pyrBI genes for aspartate transcarbamoylase (ATCase) were 

sized down and cloned into the broad host range plasmid, pKT230. Upon introduction 

into a P. fluorescens pyrB mutant strain, ATCase showed repression in response to 

exogenously fed pyrimidine compounds. Thus, it was possible to bring about changes in 

pyrimidine nucleotide pool levels and in transcriptional regulation of gene expression at the 

same time. Since the E. coli genes responded to changing effector levels with a decrease in 

gene expression, attenuation control mechanisms are operational in P. fluorescens 

indicating that the P. fluorescens RNA polymerase can recognize and respond appropriately 

to transcriptional attenuators. Thus, the lack of regulatory control in P. fluorescens pyr 

gene expression is not due to an inability to take up and incorporate pyrimidine compounds 

into metabolic pools, or to an inability of the RNA polymerase to respond to regulatory 

sequences in the DNA but is likely due to a lack of specific regulatory signals in the 

promoter of the genes themselves. 
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Figure 1. The de novo pyrimidine biosynthetic pathway in E. coli. The 

genes and related enzymes are: pyrA (carAB in E. coli), carbamoylphosphate synthetase 

(CPSase, EC6.3.5.5); pyrB, aspartate transcarbamoylase (ATCase, EC2.1.3.2); pyrC, 

dihydroorotase (DHOase, EC3.5.2.3); pyrD, dihydroorotate dehydrogenase (DHOdehase, 

EC1.3.3.1); pyrE, OMP phosphoribosyltransferase (OPRTase, EC2.4.2.10); pyrF, OMP 

decarboxylase (OMPdecase, EC4.1.1.23); pyrH, UMP kinase (EC2.7.4.4); ndk, 

nucleoside diphosphokinase (EC2.7.4.6); and pyrG, CTP synthetase. The abbreviations 

of compounds represent: OMP, orotidine-S'-monophosphate; UMP, uridine-5'-

monophosphate; UDP, uridine-5'-diphosphate; UTP, uridine-5'-triphosphate; CTP, 

cytidine-5'-triphosphate. CTP inhibits carbamoylphosphate synthetase, aspartate 

transcarbamoylase and CTP synthetase. UMP inhibits carbamoylphosphate synthetase. 
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which is unique to pyrimidine synthesis, is catalyzed by ATCase (encoded by the pyrBI 

genes). The second reaction condenses carbamoylphosphate with the amino group of 

aspartate and forms N-carbamoyl-L-aspartate and inorganic phosphate. Dihydroorotate is 

formed by cyclization and removal of water in the third step of the pyrimidine biosynthesis 

pathway. The enzyme in this reaction is dihydroorotase (DHOase, product of the pyrC 

gene). Then, dihydroorotate is converted to orotate by dihydroorotate dehydrogenase 

(DHOdehase encoded by pyrD). The next step involves the condensation of orotate with 

phosphoribosyl pyrophosphate (PRPP) to produce the first pyrimidine ribonucleotide, 

orotidine-5'-monophosphate (OMP), with the elimination of pyrophosphate. The reaction 

is catalyzed by orotate phosphoribosyl transferase (OPRTase, product of pyrE). The 

orotidine-5'-monophosphate is decarboxylated by orotidine-5'-monophosphate 

decarboxylase (OMPdecase, pyrF) to generate uridine-5'-monophosphate (UMP). The 

following steps in the generation of UTP involve the phosphorylation of UDP by UMP 

kinase encoded by pyrH gene. Then UDP is phosphorylated into UTP by nucleoside 

diphosphokinase (ndk). Finally, UTP is aminated to form CTP by CTP synthetase 

(product of pyrG). 

The regulation of the de novo pyrimidine biosynthetic pathway is conducted at two 

levels: allosteric control of enzymatic activity and regulation of expression of all the genes 

in the de novo pathway. Allosteric control of enzymatic activities of various steps in the 

pathway is mainly exercised in three different enzymes (See Figure 1): carbamoylphosphate 

synthetase (EC 2.7.2.5) (Abdelal & Ingraham,1969), aspartate transcarbamoylase (EC 

2.1.3.2) (Yates & Pardee, 1956) and CTP synthetase (EC 6.3.4.2) (Long & Pardee, 

1967). The ultimate end-product CTP inhibits carbamoylphosphate synthetase, aspartate 

transcarbamoylase and CTP synthetase. UMP inhibits carbamoylphosphate synthetase. 

Much research has been focused on the catalysis by ATCase of the first unique step in the 

pathway and its role in the regulation of metabolic flux through the pathway. 



In addition to allosteric control of enzymatic activity in response to physiological 

levels of effector molecules, E. coli can regulate the level of expression (transcription) of 

the genes for the enzymes in the de novo pathway. Regulation of gene expression for 

genes of de novo pyrimidine biosynthesis which have been reported include the genes pyrE 

and pyrF (Poulsen et al., 1983); pyrC and pyrD (Larsen & Jensen, 1985; Neuhard et al, 

1986); pyrBl (Beckwith et al., 1962) and pyrA (carAB in E. coli). 

With all the regulation imposed on the de novo pyrimidine biosynthetic pathway, 

the regulation of the expression and activity of aspartate transcarbamoylase is the best 

understood, especially for E. coli. But important differences in the regulatory logic are 

observed when different organism are examined. Important differences in regulatory 

schemes allow for the investigation of the diversity of regulatory mechanisms. When 

different regulatory schemes are compared to the properties of the genes and the enzymes, 

the structural basis for functional differences in the different regulatory schemes can be 

determined. 

The Structure and Characteristics of Aspartate Transcarbamoylase 

ATCase is the first unique step in the non-branched pyrimidine biosynthetic 

pathway. When the enzymatic properties of the ATCases are observed, differences in the 

size, kinetics, regulation and subunit arrangement are seen. The bacterial ATCases from 

different bacteria were classified into three classes that differ in size and regulatory 

properties. E. coli ATCase belongs to the class B enzymes, typical of all Gram negative 

enteric bacteria. The enzyme is a dodecamer and is made from six copies each of two 

polypeptides; six 33-kDa catalytic polypeptide chains and six 17-kDa regulatory chains 

(Kantrowitz, et al.,1988). Crystallographic X-ray studies (Honzatko, et al, 1982; Krause, 

et al., 1987) showed that the two catalytic trimers (C3) are stacked above each other in a 

nearly eclipsed configuration and that they are hold together by the three regulatory dimers 



0*2). The three regulatory dimer subunits are clustered around the periphery of the 

molecule. 

As a consequence of its unique structure, ATCase is an allosteric enzyme. ATCase 

has a low-activity T-state and upon activation by substrate or binding of a positive 

regulatory effector, ATCase undergoes a transition to a higher activity R-state. The 

allosteric transition from one state to the other determines the enzyme's affinity for 

substrates and effectors, and thus its catalytic activity (Schachman, 1988). Both concerted 

and sequential models can well explain the sigmoidal dependence of ATCase enzyme 

activity on substrate concentration. E. coli ATCase is inhibited by CTP and is activated by 

ATP. Activation by ATP probably works to functions as a mechanism to balance 

nucleotide production by pyrimidine biosynthesis with purine biosynthesis. 

E. coli ATCase is encoded in two continuous cistrons, pyrB and pyrl (Hoover, et 

al., 1983). The pyrB gene encodes a polypeptide of 311 amino acid residues, which forms 

the trimer with catalytic activity. The pyrl gene encodes the polypeptides that form the 

regulatory dimers that have no catalytic activity but that do contain the binding sites for 

nucleotide effectors. Hie dodecameric holoenzyme is thus composed of two catalytic 

trimers (six catalytic polypeptides) and three regulatory dimers (six regulatory 

polypeptides). The holoenzyme can be separated into free catalytic trimers and free 

regulatory dimers by displacement of zinc at the interface between regulatory and catalytic 

subunits. The purified regulatory and catalytic subunits can then be reconstituted to form 

the dodecameric holoenzyme. The catalytic subunits from one source can be hybridized in 

vitro with regulatory subunits from a different pyrl gene to form catalytically active hybrid 

ATCases (O'Donovan et al., 1972, Shanley et al., 1984). 



The Genetics and Regulation of the pyrBI Gene 

The pyrBI bicistron is located at approximately 96.0 minutes on the E. coli 

chromosome and the operon encompassing the pyrBI genes has a length about 2.8 kbp 

(Figure 2). This bicistron possesses a control region that includes two promoters (Pi and 

P2), as well as a regulatory region which includes segments that code for a 44-amino acid 

leader polypeptide and an attenuator sequence. Levin, et al. (1989) showed that the P2 

promoter has the predominant role in the promotion of transcription for pyrBI gene 

expression. No more than three per cent of the transcripts had a 5' end that corresponded 

to the start sequence at Pi. Thus the contribution of the Pi promoter is relatively small. 

Transcription termination occurs at the r/w-independent terminator located 23 base pairs 

upstream of the structural genes of the operon. Termination in the presence of high levels 

of UTP occurred with an efficiency of 98 per cent (Turnbough, et al., 1983). Under the 

control of the attenuation mechanism, the pyrBI gene is repressed during growth in media 

containing either exogenously supplied cytosine or uracil compounds and ATCase 

expression is derepressed during growth in media lacking preformed pyrimidines. The 

attenuation mechanism of pyrBI gene expression is illustrated in Figure 3. 

Comparative studies of Pseudomonas ATCase and the regulation of pyrBI gene 

expression have been performed. The available evidence indicates that the regulation of the 

pyrimidine biosynthetic pathway in Pseudomonas is quite different from that in E. coli. 

First, the ATCase from Pseudomonas belongs to the class A ATCases (Adair and Jones, 

1972; Bethell and Jones, 1969; Berg and Evans, 1993). These class A enzymes are large 

dodecamers and they are composed of six copies of the 34 kDa catalytic subunit and six 

copies of a larger 45 kDa polypeptide with a calculated molecular weight of 474,000 (see 

Figure 4). This large molecular weight 45 kDa polypeptide chain is not homologous with 

the E. coli regulatory subunit. Recent studies have shown that it is actually homologous 

with the enzyme dihydroorotase, which catalyzes the following step in pyrimidine 



Figure 2. The linear map of the Escherichia coli pyrBI operon. The length of 

the pyrBI operon is 2800 bp and is contained between unique Pstl and Sail sites. The 

operon consists of the pyrB gene, the pyrl gene and a regulatory region preceding the pyrB 

gene. The regulatory region is composed of two promoters (Pi and P2), a pause site and a 

terminator. The promoter Pi, located before the 2800 bp fragment, contributes little to the 

expression and regulation of the operon (Levin, et al. 1989) and is not de[icted in the 

figure. The P2 promoter has the predominant role in the promotion of transcription for 

pyrBI gene expression. The pause site is a location where the RNA polymerase pauses 

when UTP level is low. The terminator is a site where premature termination of the 

transcription occurs when the cellular UTP is high. 
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Figure 3. The attenuation mechanism of E. coli pyrBl gene expression. 

Under conditions of high intracellular concentrations of UTP, RNA polymerase does not 

stop at the pause site of pyrBl operon and the nascent mRNA transcript forms two hairpins 

corresponding to the dyads in the DNA sequence. Because of formation of the attenuation 

hairpin (3:4 stem and loop), transcription terminates in the neighborhood of the uridine rich 

tract. When the cellular UTP level is low, the RNA polymerase pauses at nucleotide -80 

after the first dyad. This permits the ribosome to start translation of the leader peptide. The 

ribosome catches up to the polymerase and the translating ribosome disrupts the formation 

of the hairpins between sequence 1 and seqeuence 2, and between stem 3 and stem 4. As a 

result, the stem 2 sequence will form a hairpin with the stem 3 sequence. Consequently, 

the RNA polymerase will read through the site of multiuridine tract The RNA polymerase 

will proceed into the structural genes, and the pyrBl operon will be completely transcribed. 
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Figure 4. The structure of the aspartate transcarbamoylase from 

Pseudomonas fluorescens. The ATCase of P. fluorescens is one of the largest 

dodecameric ATCases in all bacteria (Adiar and Jones, 1972). The enzyme is composed of 

six copies of the 34 kDa catalytic polypeptide and six copies of the 45 kDa polypeptide with 

a calculated molecular weight of 474 kDa. The 34 kDa subunits are formed into two 

trimers with both catalytic and regulatory activities. The six 45 kDa subunits are 

constructed as three dimers which attach to the two catalytic trimers and their function is 

unknown (Bergh and Evans, 1993). The ATCase of Pseudomonas fluorescens is 

classified as a Class A ATCase. 
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biosynthesis and which is the product of the pyrC gene. Even though it is homologous 

with dihydroorotase, it is devoid of catalytic activity. It is analogous to the pyrl 

polypeptide of the E. coli and class B ATCases in the sense that it is present in six copies 

per molecule and preserves the dodecameric theme. Second the pseudomonads differ in 

that the catalytic and regulatory sites of ATCase are both located on the 34 kDa subunit and 

the function of the 45 kDa polypeptide remains unknown. Third, although the ATCase 

from the pseudomonads is also sensitive to allosteric effectors, both CTP and ATP cause 

an inhibitory effect on the activity of ATCase. In E. coli, ATP activates and CTP inhibits 

the enzyme. Furthermore, the Pseudomonas ATCase has no allosteric, homotropic 

response to substrates except in the presence of allosteric inhibitors. Finally, no apparent 

repression of gene expression is observed in response to addition of preformed pyrimidines 

to the growth medium (Chang & Shanley, 1993). 

Salvage Pyrimidine Metabolism 

Although the general picture of salvage pathways (Figure 5) for the genus 

Pseudomonas is the same as in E. coli (West & Chu, 1986; West, 1988), differences 

between two groups of bacteria are still very striking. The pseudomonads have cytosine 

deaminase and do not have cytidine deaminase, in contrast to the case in E. coli. 

Accordingly E. coli is sensitive to both fluorocytosine and fluorocytidine, while 

Pseudomonas species are insensitive to fluorocytidine (West & Chu, 1986). Another 

difference is the presence of the enzyme nucleoside hydrolase in Pseudomonas (Terada et 

al., 1967; Sakaii et al., 1976). Because of the existence of nucleoside hydrolase in P. 

putida, cytidine is probably metabolized first by hydrolysis to cytosine and thence to uracil 

by cytosine deaminase. In contrast E. coli has a uridine phosphorylase for the breakdown 

of uridine (Neuhard, 1983). 
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Figure 5. The salvage pyrimidine pathway in bacteria. The abbreviations of the 

compounds are: OTP, cytidine-5'-triphosphate; CDP, cytidine-5'-diphosphate; CMP, 

cytidine-5'-monophosphate; UMP, uridine-5'-monophosphate; UDP, uridine-5'-

diphosphate; UTP, uridine-5'-triphosphate; PRPP, phosphoribosyl pyrophosphate. The 

genes and related enzymes arc: codA, cytosine deaminase; codB, cytosine permease; cdd, 

cytidine deaminase; udp, uridine phosphorylase; upp, uracil phosphoribosyl transferase; 

udk, uridine (cytidine) kinase; ndk, nucleoside diphosphate kinase; uraA, uracil permease; 

nup, nucleoside permease; cmk, CMP kinase; pyrH, UMP kinase; pyrG, CTP synthetase. 

There are important differences in the pathways between E. coli and Pseudomonas. The 

conversion of cytidine to cytosine does not occur in E. coli and is catalyzed by a nucleoside 

hydrolase in P. putida; the same enzyme also hydrolyzes uridine to uracil in P. putida. No 

cytidine deaminase has been demonstrated in P. putida. 
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Metabolic Differences in Pyrimidine Metabolism between E. coli and 

Pseudomonas 

The pseudomonads have obvious differences in pyrimidine metabolism. The 

numerous differences could relate to the environment where the bacteria grow and represent 

an adaptation to the environment. There must be some functional explanation for the 

differences in the properties of the enzymes, the pathway differences and the difference in 

the regulation of the pathway. The genus Pseudomonas shows no apparent repression of 

gene expression of ATCase during growth in media rich in exogenous pyrimidines 

(Condon, et al., 1976; Isaac & Holloway, 1968; West & Chu, 1990). This seems 

wasteful and is unexplained from a functional and logical standpoint It will be very 

important and interesting to prove if the lack of the repression is due to a lack of any 

coordinate control mechanism for ATCase gene expression or some other dysfunction in 

the regulatory control of pyrBI gene expression. For example, the pseudomonads may not 

have an upstream attenuation region, or may have a mutation in the attenuator that makes 

the genes insensitive to changing levels of intracellular, regulatory metabolites (probably 

UIP). It may be possible that transcription attenuation mechanisms do not work in the 

Pseudomonads because the RNA polymerase does not function in such coupled 

transcription-translation control systems. 

In order to test the possibility that transcription attenuation does not operate in the 

Pseudomonads, a pyrBI gene from E. coli was inserted into a Pseudomonas vector 

plasmid. Then the gene was put into auxotrophic P. fluorescens (pyrBT) on the plasmid. 

The transformed P. fluorescens was grown under different media conditions (pyrimidine 

supplementation and limitation) to demonstrate if the attenuation mechanism of the E. coli 

pyrBI gene will be functional in P. fluorescens. Presumably, since no trans-acting 

regulatory proteins (repressors or activators) are required for attenuation control of gene 

expression of pyrBI, only two things can explain a lack of regulatory response. Either 
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there is no attenuator or the RNA polymerase is not sensitive to attenuation control. This 

research will help us to further understand the mechanisms of control of pyrimidine 

metabolism in the genus Pseudomonas. 



CHAPTER II 

MATERIALS AND METHODS 

Chemicals and Reagents 

Ampicillin, kanamycin, streptomycin, chloramphenicol, L-aspartic acid, dilithium 

carbamoylphosphate, antipurine, bovine serum albumin, uracil, uridine, cytosine, cytidine 

and ethidium bromide were purchased from Sigma Chemical Company (St Louis, 

Missouri). 5-Bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-gal), isopropylthio-B-

D-galactopyranoside (IPTG) and agarose were purchased from Bethesda Research 

Laboratories. Cesium chloride were from International Biotechnologies, Inc. T4 ligase, 

10X ligation buffer, restriction enzymes Hindlll, Sail, Scall, BamHL, Pstl and 10X 

restriction buffer were supplied by New England BioLabs or Bethesda Research 

Laboratories and used as recommended by their manufacturers. Diacetyl monoxime and 

Folin phenol reagent were from Fisher Scientific Company (Fair Lawn, New Jersey). 

Agar, yeast extract, tryptone and nutrient broth was purchased from Difco (Detroit, 

Michigan). All other compounds used were of highest purity available. Double distilled 

deionized water was used in all experiments. 

Bacteria and Plasmids 

Both Escherichia coli and Pseudomonas fluorescens were used in these experiments 

(Table I). E. coli K-12 (wild type) and P. fluorescens 13525 served as wild type control 

strains in the experiments. E. coli TB-2 (pyrBI~) and P. fluorescens cwl012 (pyrB~) were 

used as uracil-auxotrophic controls and the plasmid hosts. DH5a also used as the host for 

19 
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TABLE I. Bacteria and Plasmids Used in This Study 

Strains or Plasmids Genotype or description 

Pseudomonas fluoresceins 

cwl012 

13535 

Escherichia coli 

K-12 

TB-2 

DH5a 

pyrB' 

wild type 

wild type 

ApyrBI argF 

A(lacZYA-argF) 

Source 

T. P. West 

T. P. West 

CGSC 

W. D. Roof 

BRL 

Plasmids 

pUC19 

pEK2 

pKT230 

pSSAl 

pSSA2 

Ampr > lacZ AM15 

E. coli pyrBI in pUC8 

Kmr and Smr 

E. coli pyrBI in pUC19 

E. coli pyrBI in pKT230 

J. Messing 

E. R. Kantrowitz 

M. Bagdasarian 

Generated for this study 

Generated for this study 
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the plasmid pSSAl. The plasmids pUC19 and pKT230 were used as vehicles to carry the 

E. coli pyrBI genes. The plasmid pEK2 was the donor source of the subcloned pyrBI 

operon, and pKT230 was the final vector of the pyrBI genes. The plasmids pSSAl and 

pSSA2 were newly constructed plasmid in this research. The source and genotype 

(description) of all the bacterial strains and plasmids used in this study are listed in Table I. 

Plasmid Construction 

The construction of the new plasmid needed to use the following techniques: (1) the 

bulk plasmid preparation; (2) the rapid plasmid preparation; (3) restriction enzyme 

digestion; (4) agarose gel electrophoresis; (5) electroelution; (6) DNA purification; (7) 

ligation with T4 DNA ligase; (8) preparation of competent cells and (9) transformation. 

Bulk plasmid preparation techniques were performed for the production of large 

scale amounts of the plasmids pEK2, pUC19, pKT230, pSSAl and pSSA2. The 

procedure for the preparation of plasmid was essentially the same for the different plasmids 

(Sambrook et al., 1989). The only difference in the bulk preparations related to whether 

the plasmid was a low-copy number (e.g. pKT230) or a high-copy number plasmid (e.g. 

pUC19). Low-copy plasmids, such as pKT230 derivatives were not amplified by 

treatment with chloramphenicol when one liter of cultures were prepared. In the procedure 

1 liter cultures were grown in LB medium. The cells were harvested by centrifugation at 

4°C at 7000 rpm in a Sorval GSA rotor for 7-10 min, after their concentration had reached 

an absorbance of 0.6 to 0.8 at 660 nm. The pellets were resuspended in a total of 12.5 ml 

of sucrose mixture (25% sucrose in 0.05 M Tris-HCl, pH 8.0). Lysis of cells was 

achieved by addition of lysozyme, EDTA and Triton X-100 detergent to the cell suspension 

(Sambrook et al., 1989). The lysis mixture was centrifuged at 16,000 rpm for 40 minutes 

in a Sorval ss34 rotor at 4°C. The supernatant was centrifuged with CsCl and ethidium 
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bromide dye at 48,000 rpm in a Bee km an type 70Ti rotor for 48 hours at room 

temperature. The plasmid band was extracted from the gradient and the ethidium bromide 

was removed from the sample by extraction with 1-butanol (n-butanol). Finally, the 

sample was dialyzed against 2-4 liters of TE buffer for 12-16 hours at 4°C, with several 

changes of buffer. The purified plasmid was stored frozen at -20*C for periods up to one 

year. 

Rapid plasmid preparations on transformed cells were used to confirm the existence 

and characteristics of plasmids in the host bacteria. The rapid plasmid preparation used in 

this work was the protocol of Zhou et al. (1990) and has been described previously. 

The restriction enzymes used in this experiment were Pstl, Sail, Scall, HindHl and 

BamHl. Protocol for the restriction enzyme digestion was followed according to the 

supplier's recommendations. Sometimes the restriction endonuclease digests were 

performed in a particular order to facilitate multiple digestions when the several restriction 

enzymes were used to cut the same DNA. The order of restriction enzyme digestion 

followed the order from low salt digestion buffer to high salt digestion buffer. Thus a 

digestion was performed, and salt added to the digest to accommodate the optimum salt 

concentration for the second restriction enzyme. The ligation reaction was performed 

according to the procedure supplied by T4 DNA ligase manufacturer. The proper ratio 

between target and vector DNA was the critical item for the successful ligation which 

needed to keep in mind. 

The results of restriction enzyme digestion and DNA ligation were checked directly 

by loading the samples on 0.7% agarose gel prepared in IX TBE buffer (pH 8.5). The 

electrophoresis buffer was also IX TBE buffer (pH 8.5), and the gels were run at a 

constant voltage of 80-100 V for 1.5 hours. The separated bands were stained by 

bromide (0.5 |ig per ml) and the selected band was cut out by razor blade. 
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Electroelution was used for recovering DNA sample from agarose gel. The cut 

band from the agarose gel was put into a dialysis bag and DNA sample was separated from 

agarose gel by electroelution. The electroelution buffer was IX TBE (pH 7.0) in the 

electrophoresis chamber and 0.25X TBE in the electroelution pool inside the dialysis 

tubing. The electroelution was performed at 50 V for 12-24 hours. Then the electrodes 

were reversed and electroelution was continued for another 60 seconds at 100 V (Maniatis 

et al., 1982). The DNA sample was concentrated by precipitation with two and a half 

volumes of ethanol and resuspended in TE buffer (10 mM Tris-HCl, pH 8.0,1 mM 

EDTA). 

In order to successfully transform the specific plasmid into the bacterial host, 

competent cells had to be prepared. An overnight culture was used to inoculate (1 to 50) 

LB broth, and the culture (50 ml) was grown at 37°C to a low cell density. When turbidity 

was just visible (1 to 2 hours), the culture was chilled on ice for 10 minutes and harvested 

by centrifugation. The pellet was resuspended in 20 ml cold 0.1 M CaCl2 and incubated on 

ice at 0°C for 20-25 minutes. The competent cells were harvested by centrifugation and 

resuspended in 0.5 to 1 ml 0.1M CaCb- The competent cells could be stored at 4*C for 24 

hours until used. The transformation was accomplished by the addition of 10 nl of plasmid 

DNA into 100 jil of competent cell suspension. The mixture was incubated on ice for 10 

minutes and then incubated at 42*C in a water bath for 2 minutes to heat shock the cells 

The mixture was diluted with 1 ml LB broth and further incubated at the proper temperature 

for one hour with shaking. Here the proper temperature means 37*C for E. coli and 30°C 

for P.fluorescens. Finally, 10 jil to 100 pi of the culture of transformed cells was plated 

on selective medium. 
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Growth Media and Conditions 

Both E. coli and P.fluorescens strain used in the study were cultured in LB 

medium, Nutrient Broth, or the basal minimal medium appropriate to the strain with 

various auxotrophic and antibiotic supplements. If the bacteria were grown on liquid 

media, the culture was incubated with shaking at 200 rpm. However, there are two basic 

conditions between E. coli and P.fluorescens cultures which are different First, the 

temperature for incubation varied with the organism. The culture temperature for E. coli 

was 37*C and for P.fluorescens was 30* C. The second condition that was different was 

that the basal minimal medium chosen for growth. The basal, minimal medium for E. coli 

was different from that for P.fluorescens. The Pseudomonas basal medium was that of 

Omston and Stanier (1966) supplemented with Hutner's Metals 44 (Cohen-Baziere, et al., 

1957), with succinate (lOmM) or para-hydroxybenzoate (POB, 5mM) as carbon source. 

The E. coli basal minimal medium was that of Miller (1972) supplemented with thiamine 

(1.0 Jig per ml), MgSC>4 (ImM) and arginine (20 |ig per ml). The carbon source was 

glucose at 0.2 %. Nutrient Broth was prepared according to the formula supplied by the 

manufacturer (Difco). The Luria Broth (LB) liquid medium was composed of 10 g 

tryptone, 5 g sodium chloride and 5 g yeast extract per liter of ddH^O. When solid LB 

medium was prepared, 15-18 g Difco Bacto-Agar was added into the liquid medium. 

Antibiotics were added to the medium, depending on which plasmids the cells contained as 

follows: cells containing pUC19, pSSAl or pEK2 plasmids, 50-100 |ig ampicillin per ml; 

cells containing pKT230,50 p.g kanamycin and 100 jig streptomycin per ml; cells 

containing pSSA2,1000 |ig streptomycin per ml. 

Preparation of Cell Free Extracts 

All cultures grown in the different medium conditions were harvested for the 

ATCase assay when the cell concentration reached an absorbance of 0.6-0.8 at 660 nm. 
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The cells were collected by centrifugation and frozen over night or broken immediately. 

The enzyme was stable inside frozen cell pellets and there was no detectable loss of activity 

when cells were frozen for periods of up to three months. The collected cell samples were 

resuspended in 40 mM phosphate buffer (pH 7.0) with 1 mM dithiothreitol and 0.02 mM 

zinc acetate, using 2-3 ml buffer per gram wet weight of the cells. The resuspended cell 

samples were disrupted by sonication for 30 seconds using a Branson Sonifier Model 200. 

The disrupted cells were centrifuged at 10,000 at 4*C for 10 minutes to remove cellular 

debris and unbroken cells. The collected supematants were further centrifuged at 18,000, 

4"C for 60 minutes to produce a cleaner cell free extract All of the ATCase activity 

remained in the supernatant The supematants were collected and dialyzed for 2 hours 

against 0.04 M KH2PO4 buffer (pH 7.0) containing 0.02 mM zinc acetate to remove small 

molecule effectors that could interfere with and affect the ATCase assay. The "cleared, 

dialyzed" cell free extracts were assayed immediately or stored frozen at -20*C until further 

treatment 

Aspartate Transcarbamoylase Assay 

The aspartate transcarbamoylase colorimetric assay was performed at 30*C. The 

reason for this choice of temperature was that carbamoylphosphate is unstable at higher 

temperatures. Specific activity of the enzymes were determined by detecting the changes in 

the absorbance at 466 nm caused by reaction of the product N-carbamoyl-L-aspartate with 

the components of the color mix. The colorimetric assay is specific for carbamoyl (ureido) 

groups, the carbamoyl group in the unreacted substrate carbamoylphosphate being 

destroyed by the acidic conditions of the color development reactions. In every case, the 

assays were verified to be within the linear range of the 30 minute assay period, which 

meant that the change of product formation was proportional to the reaction time. ATCase 

activity was assayed by the method of Gerhart and Pardee (1962) with modifications for 
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the color development procedure of Prescott and Jones (1969). Protein concentration was 

determined by the Lowry method (Lowry et al., 1951) with bovine serum albumin as a 

standard. The specific activity is expressed as nmol min"* (mg protein)' 



CHAPTER IE 

RESULTS 

Construction of New Plasmids 

The first goal of the research was to construct a suitable plasmid for the subcloning 

of the E. coli pyrBI gene from the plasmid pEK2 (Figure 6). The restriction map of the 

plasmid, or the area of the chromosome carrying the pyrBI genes, has been reported by 

Roof et al., (1982) and Hoover et al., (1983). The fragment chosen to subclone the E. coli 

pyrBI gene was a 2800 base pair (bp) DNA fragment with Pstl and Sail ends (see Figure 

2). These two sites were also chosen by restriction site analysis of the DNA sequence of 

the region. These two restriction sites were chosen since they uniquely define the open 

reading frames for the two genes encoding the subunit polypeptides of ATCase. Of course 

the proposed Pstl and Sail subclone also included the operon's p-independent termination 

attenuation sequence. The plasmid pEK2 was thus purified by the bulk plasmid 

preparation method (Sambrook et al., 1989), and doubly digested with the restriction 

enzymes Pstl and Sail. Two fragments with lengths of 2800 bp and 2700 bp were isolated 

by gel electrophoresis after the restriction digestion. The 2700 bp fragment corresponded 

to the parent plasmid and also had Pstl and Sail ends. The 2800 bp fragment was the 

fragment that carried E. coli pyrBI gene. The similar size of two fragment made it difficult 

to separate the two bands electrophoresis through agarose gels. The resolution of the 

electrophoretic system was such that fragments of this size that differed by less than 100 bp 

could not be resolved. Since the two fragments also had identical sticky ends, the could 

not be specifically separated genetically after ligation and transformation. The use of a third 

27 
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Figure 6. The circular restriction map of pEK2. The plasmid pEK2 is an E. coli 

colEl derived-vector plasmid with a size of approximately 5.5 kbp. The plasmid 

constructed by Nowlan et al. (1985) carries the pyrBl operon in pUC8. The pyrBl operon 

in pEK2 came originally from the plasmid pPBhl04 (Roof et al., 1982). The digestion of 

pEK2 with three restriction enzymes (Pstl, Sail and Sazll) cut the plasmid into three DNA 

fragments with different sizes. The largest fragment, with a length of 2800 bp, carries the 

pyrBl operon with Pstl and Sail ends and was used for subsequent subcloning. 
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restriction enzyme (Sazi) in the plasmid digestion cut the 2700 bp fragment into two smaller 

fragments with lengths of less than 2000 bp (see Figure 6). The 2800 bp fragment that 

carries the pyrBI genes does not contain a Seal site and was not cut by Seal. The uncut 

pyrBI gene band was remarkably separated from other two smaller bands and conveniendy 

cut from agarose gel. Then the cut agarose gel band was put into a dialysis bag and the 

2800 bp pyrBI gene fragment was recovered from the agarose gel by electroelution. 

The cloning vehicle for the purified pyrBI gene fragment was a Pseudomonas-

vector plasmid pKT230 (see Figure 7). As the gene receptor, pKT230 does not have 

appropriate Pstl and Sail sites where the purified pyrBI gene fragment could be inserted. 

Consequently, two different cohesive ends, HindlQ. and BamHl, were linked to the Pstl 

and Sail ends of the pyrBI gene fragment respectively. As a result, the pyrBI gene 

fragment was extended 12 bp on the each end. The pyrBI gene fragment with the new 

cohesive ends HindlR and BamHl could then be ligated into the corresponding sites of the 

plasmid pKT230 to construct the desired Pseudomonas-\tciox plasmid that carries the E. 

coli pyrBI genes. The cohesive ends HindUl and BamHI for the pyrBI gene fragment 

were derived from the plasmid pUC19. The linkage of HindJH and BamHl ends to the 

pyrBI gene fragment will be described in the following paragraphs. 

The plasmid pUC19 (see Figure 8) was digested by the restriction enzymes Pstl 

and Sail. The linearized pUC19 with the Pstl and Sail ends was ligated to the cohesive 

ends of the purified pyrBI gene fragment by T4 DNA ligase. Because the Pstl and Sail 

sites were located in the polycloning sites of the pUC19, the insertion of pyrBI gene 

fragment disrupted the DNA sequence of the lacZ gene. As a result, the newly formed 

plasmid exhibited a j3-galactosidase-negative phenotype and a loss of P-galactosidase 

activity. The ampicillin resistant character of pUC19 was inherited by the transformants 
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Figure 7. The circular restriction map of pKT230. The plasmid pKT230 is a 

Pseudomonas-vector plasmid with a size around 11.9 kbp. The plasmid pKT230 carries 

two antibiotic resistance gene markers and was digested by HindSH and BamHI so that the 

E. coli pyrBl operon could be inserted into these sites. Digestion of the plasmid with the 

restriction enzymes HindSH and BamHI cut pKT230 into two pieces of DNA with fragment 

lengths of 11.5 kbp and 400 bp. The larger fragment was used and ligated with pyrBI 

operon to form the new plasmid pSSA2. 
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Figure 8. The circular restriction map of pUC19. The plasmid pUC19 was used 

in this experiment to add two cohesive ends HindlU and BamYD. on the pyrBI operon. The 

plasmid pUC19 was an intermediate vector for the pyrBI operon to give the new plasmid 

pSSAl. The pyrBI operon was inserted into the multi-cloning site of pUC19 in PstI and 

Sail sites. The plasmid pUC19 has a length of 2686 bp and it has two selectable genetic 

markers. The first gene marker confers the character of ampicillin-resistance. The second 

genetic marker produces the alpha peptide of the enzyme fJ-galactosidase which restores 

catalytic function to the mutated chromosomal B-galactosidase. This gives the 

transformants the ability to catalyze the chromogenic substrate X-gal yielding blue 

colonies. 
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that carried the newly formed plasmid since the Amp1" gene was not modified by insertional 

inactivation as the lacZ gene for B-galactosidase was. The ability to screen for ampicillin 

resistant transformants, that at the same time were B-galactosidase negative facilitated the 

selection for new clones that carried the E. coli pyrBI genes and helped confirm the 

structure of the new plasmid. 

To accomplish the screening of the newly constructed plasmid, the ligation mixture 

was transformed into the competent E. coli DH5a(A/acZ). Then, the transformed DH5a 

cells were screened on LB plates containing 50 jig per ml ampicillin, X-gal and IPTG. 

According to the expected characters of the new plasmid described previously, DH5a with 

the desired plasmid construct should be able to grow on the screening medium and form the 

white-color colonies. Non-transformed DH5a was unable grow on the screening plates 

because of its sensitive to ampicillin. The DH5a transformed with pUC19 was able to 

grow on the screening plates, but gave the blue-color colonies since its gene encoding 

theenzyme B-galactosidase was intact and functional. Using to these discriminating 

characteristics, several white color colonies were selected for further plasmid analysis and 

confirmation. Plasmids from selected colonies were digested by the restriction enzymes 

Sail and Pstl. Then, cut samples and the uncut samples were loaded and run on agarose 

gel electrophoresis. The linearized pUC19 (2686 bp) and the 2800 bp pyrBI gene fragment 

were used as size markers. Gel analysis showed that the digested plasmids gave two DNA 

fragments with sizes identical to the linearized pUC19 and pyrBI gene fragments 

respectively. The undigested (native) new plasmid had a size of approximately 5500 bp, 

which was equal to the expected sum of pyrBI gene fragment and pUC19. Such 

confirmation was necessary since two molecules of pUC19 could give similar results after 

digestion and ligation, and plasmids with the pyrBI insert would have very similar physical 

properties. The final structural verification of the new plasmid was performed genetically 
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using E. coli TB-2, which had been transformed with the new plasmid. TB-2 is a uracil-

requiring, auxotrophic strain of E. coli and can not grow on the minimal medium without 

an exogenous source of uracil, or some other pyrimidine supplement The introduction of 

the new plasmid into E. coli TB-2 would be predicted to restore the cells to prototrophic 

growth on minimal medium, and the de novo pyrimidine synthesis pathway would again be 

functional with the ATCase encoded by the cloned pyrBI gene fragment. Transformation 

of E. coli strain TB-2 to prototrophy at high efficiency proved that TB-2 with the newly 

created plasmid was able to grow on the minimal medium without exogenous uracil. The 

new plasmid was named as pSSAl (see Figure 9) and was subsequendy used to cut out the 

pyrBI fragment using the restriction enzymes HindM and BamHI. The construction of 

pSSAl is summarized in Figure 10. 

The new restriction enzyme digestion gave the pyrBI gene extra 12 bp DNA 

fragment on the each ends. The new pyrBI gene fragment received two cohesive ends, 

Hindm and BamHI. The restriction enzyme digestion by HindUl and BamHI cut the 

plasmid pSSAl into two pieces of DNA fragment with the almost identical size. Again, the 

same strategy as was used on the plasmid pEK2 was used to solve the problem. The 

restriction enzyme Scall was used to cut the DNA fragment corresponding to the vector 

DNA, which did not carry the pyrBI gene, into two smaller fragments with the lengths of 

less than 2000 bp. Then gel electrophoresis was utilized to separate and resolve the three 

different size fragments. The largest band containing the E. coli pyrBI gene fragment was 

cut out with a razor blade and the pyrBI gene fragment was recovered from the agarose gel 

by the electroelution method described previously. 

The purified linear pyrBI gene fragment with the HindUl and BamHI ends was 

ligated into the HindlH and BamHI sites of pKT230 by T4 DNA ligase (see Figure 11). 

The insertion of pyrBI gene into pKT230 disrupted the kanamycin resistance activity of the 
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Figure 9. The circular restriction map of pSSAl. The plasmid pSSAl 

constructed in this study carries the pyrBI operon in the vector pUC19. The plasmid 

pSSAl has a combined length of 5486 bp and carries an antibiotic-resistance gene marker 

(ampicillin-resistance). The pyrBI operon from plasmid pEK2 was ligated into the Pstl and 

Sail sites of pUC19 to form the new plasmid pSSAl. The insertion of the pyrBI operon 

disrupted the lacZ operon. As a result, the new plasmid exhibits a (3-galactosidase-negative 

phenotype. 
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Figure 10. The construction of the plasmid pSSAl. The construction strategy 

for plasmid pSSAl is summarized in the figure. The procedure for the construction of 

pSSAl includes three steps: The first step (1) was to digest pUC19 at the Pstl and Sail 

sites and to get linear pUC19 vector. In the second step (2), pEK2 was cut by restriction 

enzymes (Pstl and SalI) and the 2800 bp pyrBI fragment with the cohesive ends was 

purified by the method described in MATERIALS AND METHODS. Finally (3), the new 

plasmid pSSAl was formed by ligation of the linearized pUC19 and the pyrBI fragment. 

The ligation reaction was catalyzed by T4 DNA ligase. 
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Figure 11. The construction of the plasmid pSSA2. The strategy for 

subcloning the E. coli pyrBI genes is summarized in the figure. The procedure for the 

construction of pSSA2 consisted of three principle steps: The first step (4) was to digest 

pKT230 and cleave the HindJB. and BamHl sites in order to get linearized pKT230 vector. 

In the second step (5), the plasmid pSSAl was cut by three restriction enzymes (//mdm, 

BamHl and Scall). The resulting 2824 bp pyrBI fragment with the new asymmetric 

cohesive ends was purified as described in MATERIALS AND METHODS. Finally (6), 

the new plasmid pSSA2 was formed by the ligation between of the pKT230 fragment and 

the pyrBI fragment The ligation reaction was catalyzed by T4 DNA ligase. 
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plasmid. As a result, cells that carried the new constructed plasmid did not become 

kanamycin-sensitive (see Figure 12). The newly formed plasmid retained the genetic 

character of streptomycin resistance activity which served as a selection marker. Another 

expected character of the new constructed plasmid was the synthesis of aspartate 

transcarbamoylase activity by the E. coli pyrBI genes carried on pSS A2. The pyrBI genes 

carried on the newly constructed plasmid pSSA2 were used to complement the ApyrBI 

mutation and restore functionality to the de novo pyrimidine biosynthetic pathway of the 

uracil auxotroph E. coli TB-2. The screening medium for the recombinant strains of E. 

coli TB-2 was glucose minimal medium containing streptomycin and without any 

supplementation with exogenous uracil. Only E. coli TB-2 cells that took up and 

maintained the new plasmid construct were able to grow on the screening medium. In 

order to eliminate any interference due to spontaneous resistance to streptomycin by the 

plasmid host, selected colonies from the screening medium were screened onto LB medium 

supplemented with different concentrations of streptomycin. It is possible to get 

streptomycin resistance as a consequence of a spontaneous chromosomal mutation affecting 

the a polypeptide in the large ribosomal subuinit. Competent E. coli TB-2, without plasmid 

was used as the control. The screening results are listed in Table n. As can bee seen from 

the data in Table n, only one or two colonies from the competent E. coli TB-2 control 

group were found on the LB plates with low concentrations (50 to 100 |ig per ml) of 

streptomycin. Presumably this represents the background rate for the appearance of 

spontaneous mutants resistant to streptomycin. Transformed E. coli TB-2 with the plasmid 

pSSA2 was able to grow well on LB medium with streptomycin concentration up to 3200 

(j.g per ml. A concentration of 1000 |ig per ml of streptomycin was selected as the 

minimum inhibitory concentration of streptomycin for the differentiation between possible 
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Figure 12. The circular restriction map of pSSA2. The new plasmid pSSA2 is 

a broad host range vector plasmid and was constructed specifically for this study. The 

plasmid pSS A2 has the length of 14.3 kbp and carries the pyrBI operon of E. coli in the 

host vector pKT230. The pyrBI operon in the new plasmid originally came from pEK2, 

and pSS A2 'inherited' the characteristic of streptomycin resistance from the parent plasmid 

pKT230. The kanamycin-resistance gene of pKT230 was interrupted when the pyrBI 

operon was inserted into i t The construction of pSSA2 is illustrated in the Figure 11. 
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TABLE n . Growth of TB-2 or TB-2/pSSA2 on LB Medium With Different 

Concentrations of Streptomycin 

Streptomycin Concentration TB-2/pSSA2 TB-2 

50 |ig per ml ++++ + 

100 jig per ml ++++ +/-

300 jig per ml ++++ -

500 jig per ml ++++ -

700 jig per ml ++++ -

1000 jig per ml ++++ -

1200 fig per ml ++++ -

1500 jig per ml ++++ -

2000 jig per ml ++++ -

2500 jig per ml ++++ -

3200 jig per ml +++ -

++++ signifies the bacteria grew on streptomycin media, as well as on the same 

medium without streptomycin supplied. 

means the bacterium grew on streptomycin media a more poorly than on the same 

medium without streptomycin supplied. 

means only one or two colonies were found on the LB plate with streptomycin, 

means only one small colony were found on the LB plate with streptomycin, 

signifies no colonies were found on the LB plate with streptomycin. 

+ 
+/-
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tolerance to streptomycin in the host bacteria from the acquired streptomycin resistance 

activity of the Smr gene carried on the new plasmid. 

The structure and identity of die newly constructed plasmid pSS A2 was further 

confirmed by restriction endonuclease digestion (//wdin andfiamHI) and subsequent gel 

electrophoresis. The large molecular weight construct migrated to a position above the 

bands of native pKT230 indicating that the new plasmid was significantly larger than the 

parent plasmid pKT230. After the restriction enzyme digestion, the smaller one of the two 

bands obtained after digestions of the new plasmid had the same relative mobility (hence 

size) as the pyrBI gene fragment with HindHI and BamHl ends. The larger fragment 

migrated to a position consistent with the same size as the pKT230 linearized with BamHl 

and Hindm (see Figure 13). The sensitivity of the transformed E. coli TB-2 carrying the 

new plasmid, and its inability to grow on LB plate containing kanamycin also proved that 

the plasmid contained in the cells had an insertion into the Kmr gene carried on the pKT230 

vector. The final proof for the identity of the newly constructed plasmid was the 

confirmation of ATCase enzymatic activity derived from pyrBI gene expressed by the 

plasmid. Proof that the enzymatic activity of ATCase was encoded by the plasmid pSSA2 

is described below and was the goal of these experiments. 

The confirmed new Pseudomonas-vtctot plasmid was designated pSSA2 and used 

to transformed the uracil auxotroph Pseudomonas fluorescens cwl012 (Chu et. al., 1990) 

to prototrophy. The method to prepare competent cells of Pseudomonas fluorescens was 

similar to that of E. coli. Nevertheless, the transformation rate for Pseudomonas was far 

lower than that in E. coli. Two methods were used to improve the transformation 

efficiency. The first modification in the procedure for the preparation of competent cells 

was to store the prepared competent cells in 100 mM CaCl2 solution at 4"C for 18-24 

hours before the transformation, which increased the level of competency in the cells. The 
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Figure 13. Gel analysis of cut and uncut pSSA2. Rapid plasmid preps from two 

colonies transformed with the new plasmid pSS A2 were digested by HindSl and BamHl. 

The digested samples from each transformant (lanes 2 and 3), undigested sample from 

transformant 1 (lane 4), the purified 2800 bp pyrBl fragment (lane 1) and pKT230 

linearized with HindUI and BamRl (lane 5) were loaded on the 0.7 % agarose gel for 

electrophoresis. The 2800bp pyrBI fragment and the linear pKT230 served as the size 

markers. The larger band from the digested pSSA2 samples (Transformants 1 and 2) in 

lanes 2 and 3 gave a band with the same size as the linearized pKT230 control, as well as a 

smaller band that co migrated with the purified pyrBl fragment The gel analysis confirmed 

the predicted construction of new plasmid. 
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second modification was to increase the plasmid concentration, which provided the 

competent cell greater probability to contact plasmid. A sample (10 |ig) of the purified 

plasmid PSSA2 was used in the transformation. The selective media employed for 

screening transformed P.fluorescens cwl012 were LB medium containing 1000 Jig per ml 

streptomycin and minimal medium without any uracil added. P.fluorescens cwl012 was 

not capable of growth on either medium. Wild type P.fluorescens 13525 was able to grow 

on the minimal medium only, but P.fluorescens 13525 strain could not grow on the LB 

plate with streptomycin. The cwl012 transformed with the parent plasmid pKT230 was 

able to grow on the LB plate with streptomycin but unable to grow on the minimal medium 

only. Only P.fluorescens cwl012 with pSSA2 was able to grow on both selective media. 

Rapid plasmid preparations, restriction enzyme digestions and gel electrophoresis further 

confirmed that the plasmid pSSA2 had been transformed into P.fluorescens cwl012. 

This P.fluorescens cwl012 carrying the plasmid pSSA2 expressing the E. coli pyrBI 

genes was to serve as the major subject for further studies described in this work. 

Aspartate Transcarbamoylase Assays 

With the construction of the plasmid pSSA2, it was possible to use pSSA2 to 

investigate regulatory responses of pyrBI gene expression in Pseudomonas. The aspartate 

transcarbamoylase (ATCase) assay and Lowry protein assay described in MATERIALS 

AND METHODS were used to determine the level of gene expression as reflected by the 

specific activity of ATCase in different samples. The Pseudomonads as a class exhibit litde 

or no repression or pyr gene synthesis. The apparent lack of regulatory control might be 

explained in several ways. Exogenously fed uracil and pyrimidine compounds may not 

enter the cells. If fed pyrimidines are taken up, they may not affect intracellular nucleotide 

pools and there fore not affect gene expression. It is also possible that the ATCase genes 

of the Pseudomonads do not possess upstream regulatory sequences comparable to the E. 
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coli regulatory region. If there is an attenuation region upstream, it may not function if the 

special features of the RNA polymerase of Pseudomonas species can not participate in 

coupled transcription translation attenuation control, or it may not respond to termination 

signals such as found in the enteric attenuator sequences. 

That uracil and pyrimidine compounds could enter the cell was obvious with the 

properties of the P.fluorescens strain cwl012. This uracil auxotroph clearly lacked a 

functional pyrB encoded ATCase. But the strain grew normally on uracil and other 

pyrimidine derivatives indicating that uracil can be taken up and enter the cell. The P. 

fluorescens strain cwl012 grew normally with no change in the growth rate on minimal 

medium supplemented with uracil. Though actual measurements of the pools have not 

been made, the fed uracil obviously not only is taken up, but is incorporated at a rate 

significant enough to support normal growth. 

No information about the upstream sequences of the pyrB genes from any 

Pseudomonad has been reported, so the determination if the pyrB gene in Pseudomonas 

species is preceded by an attenuator would require extensive gene cloning DNA 

sequencing. However it is still possible to test for the ability of attenuation mechanisms to 

operate in Pseudomonas species by introducing the E. coli pyrBI genes into a 

Pseudomonas background and examine their subsequent expression. Obviously, the E. 

coli pyrBI genes could be expressed in the heterospecific background of the P.fluorescens 

host That the plasmid pSSA2 had the ability to restore the de novo pathway of pyrimidine 

biosynthesis in pyrBI'ox pyrB" mutants, such as E. coli TB-2 and P.fluorescens cwl012 

was demonstrated in the experiments described above. The regulation and control of pyrBI 

gene expression is the subject of the following studies. 

The levels of ATCase expression in E. coli is shown in Table HI. The level of 

ATCase expression was examined in wild type and recombinant strains with different 

plasmids in minimal and uracil supplemented media. E. coli K-12 served as the wild type 
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control and E. coli TB-2 was an ATCase null control. E. coli TB-2 proved to be a reliable 

uracil-auxotroph and was only capable of growth on uracil or pyrimidine supplemented 

media. ATCase activity in E. coli TB-2 was undetectable. ATCase in wild type E. coli 

K-12 was repressed approximately four-fold by exogenously supplied uracil. 

The date are illustrated graphically in Figure 14. E. coli TB-2 harboring different 

plasmids exhibits different ATCase levels in the minimal medium depending on the plasmid 

present The levels of ATCase in TB-2 with the plasmids are much higher than wild type 

E. coli. The plasmid pSSAl gives the highest specific activity of ATCase in all the samples 

and its expression level of pyrBI gene is more than twenty times that of wild type E. coli 

K-12. The plasmid pSSA2 gives levels of ATCase expression ten times higher than wild 

type E. coli K-12. In each strain uracil repressed ATCase synthesis, but the repression 

was significant only in the wild type strain and the strain carrying the low copy number 

plasmid pSSA2. The repression of pyrBI gene expression by exogenously fed uracil in 

these E. coli strains was four to ten-fold. Low, but significant repression was observed in 

the strain carrying either of the multicopy plasmids pEK2 or pSSAl. The difference in the 

level of ATCase expression in the pEK2 and pSS A1 recombinant strains is small between 

U+ and U" minimal media. One explanation for the results is that pEK2 and pSSAl are 

high-copy plasmids and pSSA2 is a low-copy plasmid. The existence of the multiple 

copies of pEK2 or pSSAl in TB-2 reduced the difference of pyrBI gene expression levels 

since it was difficult to completely repress so many copies of the gene. In summary, 

pSS A2 has similar regulatory response as the wild type and is capable of regulating the 

level of pyrBI gene expression, as demonstrated in the uracil-auxotrophic E. coli host. 

Chu et. al. (1990) have demonstrated that it is possible to derepress ATCase 

synthesis in wild type Pseudomonas fluorescens A126 by less that a factor of one. To 

extend and confirm these observations, another wild type P. fluorescens strain was used. 
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Table HI. ATCase Activity of E. coli Strains in U+ or U" Minimal Media. 

SAMPLE SPECIFIC ACTIVITY* 

E.coli K-12/min.U" 24.71 

E.coli K-12/min. U+ 6.21 

E. coli TB-2 / pEK2 / min. U" 417.94 

E. coli TB-2 / pEK2 / min. U+ 379.03 

E. coli TB-2 / pSSAl / min. U" , 508.71 

E. coli TB-2 / pSSAl / min. U+ 3 9 7 - 7 3 

£. coli TB-2 / pSSA2 / min. U" 292.26 

£. co/i TB-2 / pSSA2 / min. U+ 26.80 

£. coli TB-2 / min. IT na 

£. coli TB-2 / min. U+ n d 

*The specific activity for aspartate transcarbamoylase is given in terms of nmol min*l(mg 

protein)"!. All the stains were grown on the minimal media with or without feeding 

uracil. The growth conditions and ATCase assay were performed as described in 

MATERIALS AND METHODS. The nd designate that ATCase activity was not 

detectable. The term na signifies not applicable, since under the conditions listed, 

there was no cell growth. 
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Figure 14 Bar chart of ATCase activity of E. coli strains grown in minimal 

media. The column chart shows the aspartate transcarbamoylase activities from the wild 

type E. coli K-12 and the pyrimidine-auxotrophic strain E. coli TB-2 carrying the different 

plasmids used in this work. All the stains were grown on the minimal media with or 

without added uracil. The growth conditions and ATCase assay were performed as 

described in MATERIALS AND METHODS. The specific activity for aspartate 

transcarbamoylase is given in terms of nmol min"l (mg protein)"1. 
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The ATCC type strain P.fluorescens 13525 was used to verify the previous 

result and serve as a wild type control. The P.fluorescens U" strain cwl012 served as the 

/ryrfi'auxotrophic control. P.fluorescens 13525, P.fluorescens cwl012 and P. 

fluorescens cwl012 with pSSA2 were grown on the minimal medium described in the 

MATERIALS AND METHODS, with or without exogenously supplied uracil. The 

specific activity of ATCase in these strains is listed in the Table IV. There was some 

measurable repression of ATCase synthesis in the wild type P.fluorescens 13525 by 

uracil. But the difference of ATCase levels between U+ and U" minimal media is very 

small compared to that seen for the wild type E. coli K-12 (Figure 14). P.fluorescens 

cwl012 did not grow on the minimal media without uracil supplement. The cell free 

extract of P.fluorescens cwl012 from minimal medium plus uracil did not have 

measurable levels of ATCase. After transformation of the plasmid pSSA2 into P. 

fluorescens cwl012, the P.fluorescens cwl012 with pSSA2 was able to grow on the 

minimal medium, even without added uracil. The ATCase level in the cells was much 

higher than found in wild type P.fluorescens 13525 and P.fluorescens A126 (Chu eL 

al. 1990). The difference in the level of ATCase between repressed and derepressed 

conditions in cells carrying pSSA2 (P.fluorescens cwl012 / pSSA2) was significant. The 

level of the E. coli ATCase expressed in P.fluorescens cwl012 / pSSA2 was 

approximately ten-fold higher in minimal medium without uracil in comparison to the levels 

in the wild type P.fluorescens A126 at P.fluorescens 13525. Most significantly, the 

level of ATCase in P.fluorescens cwl012 / pSSA2 exhibited a four to five-fold repression 

index when the medium was supplemented with uracil. The result indicates that repression 

of E. coli pyrBl gene expression can be accomplished in P.fluorescens. 

When the same plasmid (pSS A2) was used to express ATCase in the host E. coli 

TB-2, the regulatory response of pyrBI gene expression to exogenously fed uracil was 

greater than in P.fluorescens cwl012 (Figure 15). In E. coli, this plasmid gave a ten-fold 
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Table IV. Comparison of ATCase Activity Between E. coli and P. 

fluorescens grown on the U" or U + Minimal Media 

SAMPLE SPECIFIC ACTIVITY* 

P. fluorescens 13525 / min. U" 4.13 

P. fluorescens 13525 / min. U + 2.27 

P. fluorescens cwl012/pSSA2 / min. U~ 45.93 

P. fluorescens cwl012/pSSA2 / min. U + 10.61 

P. fluorescens cwl012/ min. U" na 

P. fluorescens cwl012/ min. U + nd 

E. coli K-12 / min. U" 24.71 

E. coli K-12 / min. U + 6.21 

E. coli TB-2/pSSA2 / min. IT 292.26 

E. coli TB-2/pSSA2 / min. U + 26.80 

*The specific activity for aspartate transcarbamoylase is given in terms of nmol min"^(mg 

protein)"!. All the stains were grown on the minimal media with or without feeding 

uracil. The growth conditions and ATCase assay were performed as described in 

MATERIALS AND METHODS. The nd designate that ATCase activity was not 

detectable. The term na signifies not applicable, since under the conditions listed, 

there was no cell growth. 
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level of repression , in contrast to the three to four-fold level observed for the enzyme 

expressed from the plasmid in the P.fluorescens background. Nevertheless, the 

expression of the E. coli pyrBI gene in P.fluorescens cwl012 is repressed when 

exogenous uracil is added in the minimal medium (Table V). Increases in the uracil 

concentration in the medium did not further repress the level of ATCase synthesis above a 

uracil concentration of 10 |ig per ml (Figure 16). Above this threshold, the specific activity 

of the enzyme expressed in P.fluorescens remained at the almost the same level when 

increasing concentrations of uracil were added into the medium. 

The specific activity of ATCase in E. coli TB-2 / pSSA2, P.fluorescens 

cwl012/pSSA2 and wild type P.fluorescens 13525 grown on the different media is listed 

in Table VI. The level of ATCase in the cells grown on LB medium or NB medium was 

almost the same as the level in cells grown in the minimal medium without any exogenous 

uracil, even though both Luria Broth (LB) and Nutrient Broth (NB) contain significant 

levels of pyrimidines (Figure 17). One explanation for the higher level ATCase in the LB 

medium where repressed levels might be expected is that LB is a rich medium containing 

not only uracil but other nutrients such as amino acids, lipids and vitamins. This represents 

a significant difference compared to the composition of the minimal medium, composed 

mostly of simple inorganic salts, an organic carbon source and some trace metals. 

Therefore, the bacteria in the LB medium are able to directly use all the materials in the 

medium for their growth. On the other hand, the bacteria in minimal medium must 

synthesize all the materials for their growth in the minimal medium. The bacteria in the 

minimal medium have to produce all the enzymes for the synthesis of growth materials. As 

a result, the concentration of ATCase overall (the specific activity) in the bacteria grown on 

the minimal medium is much lower than that in the LB medium since cells grown on 

minimal medium also contain the proteins and enzymes for the synthesis of all the 

compounds supplied in the rich medium. The P.fluorescens recombinant strain 
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Figure 15. Comparison of ATCase activity between E. coli and 

Pseudomonas strains grown in minimal media. The column chart shows the level 

of aspartate transcarbamoylase specific activity in E. coli and Pseudomonas fluorescens 

strains, with and without the plasmid pSSA2, with and without added uracil in the media. 

P. fluorescens strain 13525 is the representative wild type P. fluorescens and E. coli K-12 

served as wild type control strain for E. coli. The uracil-auxotrophic strains for P. 

fluorescens is cw 1012 and for E. coli, TB-2. Each auxotrophic strain was transformed 

with the broad host range plasmid that carries the E. coli pyrBI genes. All the strains were 

grown on the minimal media with or without added uracil. The growth conditions and 

ATCase assay were performed as described in MATERIALS AND METHODS. The 

specific activity for aspartate transcarbamoylase is given in terms of nmol min'^mg 

protein)"1. 
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Table V. ATCase Activity of the P. fluorescens cwl012/pSSA2 on the 

Minimal Media With Different Concentrations of Uracil 

SAMPLE SPECIFIC ACTIVITY* 

P.fluorescens cwl012 / pSSA2 / min. IT 45.93 

P.fluorescens cwl012 /pSSA2 / min. U+ (5 M-g per ml) 18.20 

P.fluorescens cwl012 /pSSA2 / min. U+ (10 Jig per ml) 13.87 

P.fluorescens cwl012 / pSSA2 / min. U+ (20 ng per ml) 10.61 

P.fluorescens cwl012 / pSSA2 / min. u+ (30 H-g per ml) 10.53 

P.fluorescens cwl012 / pSSA2 / min. u+ (50 Jig per ml) 8.91 

The specific activity for aspartate transcarbamoylase is given in terms of nmol min~l(mg 

protein)" 1. All the stains were grown on the minimal media with or without feeding uracil. 

The growth conditions and ATCase assay were performed as described in MATERIALS 

AND METHODS. 
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Figure 16. Bar chart of ATCase activity of cwl012/pSSA2 in minimal 

media supplemented with different concentrations of uracil. The column chart 

shows the level of aspartate transcarbamoylase activities of the P. fluorescens strain 

cwl012 carrying pSSA2. The P. fluorescens stain cwl012 / pSAA2 was grown on 

minimal media with different concentration of uracil and the specific activities of ATCase 

was determined and plotted in the chart. The growth conditions and ATCase assay were 

performed as described in MATERIALS AND METHODS. The specific activity for 

aspartate transcarbamoylase is given in terms of nmol min*1 (mg protein)*1. 
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Table VI. ATCase Activity of the E. coli and P. fluorescens Strains Grown 

on Different Media. 

SAMPLE SPECIFIC ACTIVITY* 

P.fluorescens 13525/LB 2.70 

P.fluorescens 13525 / min. U" 4.13 

P.fluorescens 13525 / min. U+ 2.27 

P.fluorescens cwl012 / pSSA2 / NB 39.18 

P.fluorescens cwl012 / pSSA2 / LB 41.07 

P.fluorescens cwl012/ pSSA2/ min. tr/suc 45.93 

P.fluorescens wl012 / pScSA2 /min. U+/SUC 0.61 

P.fluorescens cwl012 / pSSA2 / min. U-/POB 33.66 

P.fluorescens cwl012 / pSSA2 / min. U+/POB 14.28 

E. coli TB2 / pSSA2 / LB 303.45 

E. coli TB-2 / pSSA2 / min. U" 292.26 

E. coli TB-2 / pSSA2 / min. U+ 26.80 

•The specific activity for aspartate transcarbamoylase is given in terms of nmol minting 

protein)*1. All the stains were grown on the minimal media with or without feeding 

uracil. The growth conditions and ATCase assay were performed as described in 

MATERIALS AND METHODS. 
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Figure 17. Bar chart of ATCase activity in E. coli and Pseudomonas 

strains grown on rich and minimal media. The column chart shows the activities 

of aspartate transcarbamoylase in three bacterial strains grown the different media, LB 

broth, nutrient broth, and minimal media with or without added uracil. The bacteria grown 

on these media are wild type P. fluorescens 13525, P.fluorescens cwl012 with pSSA2 

and E. coli TB-2 with pSS A2. The growth conditions and ATCase assay were performed 

as described in MATERIALS AND METHODS. The specific activity for aspartate 

transcarbamoylase is given in terms of nmol min*1 (mg protein)*1. 
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cwl012 / pSS A2 on Nutrient Broth medium showed the same ATCase level as that in the 

LB medium. The effect on the levels of ATCase in the cell by the choice of carbon source 

for the minimal medium was also examined. The minimal medium with para-

hydroxybenzoate (POB) for the carbon source had approximately the same level of pyrBI 

gene expression in the bacteria as with succinate as the carbon source. However, the 

growth-rate of bacteria in POB was much slower than that in succinate. The cells took 

extra 18-24 hours to reach the same cell concentration. 

As reported previously, P.fluorescens cwl012 was able to grow on minimal 

medium with uracil, uridine, or cytosine as its pyrimidine supplement and was unable to 

grow on the minimal medium with cytidine. This characteristic of P.fluorescens cwl012 

indicates that the salvage pathways of pyrimidine reutilization in the strain allow it to use 

exogenous pyrimidine bases and nucleosides, except for cytidine. The salvage pathway in 

P.fluorescens cwl012 was able to function in place of the blocked de novo pathway to 

supply pyrimidines for its growth. Of course, the P.fluorescens cwl012 with the plasmid 

pSSA2 was able to grow on the minimal medium with uracil, uridine, cytosine and 

cytidine, even though it may not have taken up and / or utilized the cytidine. Uridine, 

cytosine and uracil gave similar values for the repression of pyrBI gene expression (Table 

VII). Cytidine could not repress the synthesis of ATCase and cells grown in exogenously 

supplied cytidine had the same level of pyrBI gene expression as that observed in the 

minimal medium without pyrimidine supplementation (Figure 18). In order to test whether 

succinate could be repressing the synthesis of a transport protein for cytidine, the 

experiments were repeated for cells grown in para-hydroxybenzoate (POB) (Figure 19). 

The result also confirmed Chu's result (1990) that P.fluorescens cwl012 can not 

metabolize cytidine and use it to supply the pyrimidine requirement through the salvage 

pathway. 
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Table VII. ATCase Activity of the P.fluorescens cwl012 / pSSA2 on 

Minimal Media With Supplements of Different Pyrimidine Derivations 

SAMPLE SPECIFIC ACTIVITY* 

P.fluorescens cwl012/pSSA2/min. IT/SUC 45.93 

P.fluorescens cwl012 / pScSA2 / min. U+ / SUC 10.61 

P.fluorescens cwl012 /pSSA2 /min. UR/ SUC 14.69 

P.fluorescens cwl012 /pSSA2 / min. C / SUC 14.70 

P.fluorescens cwl012 / pSSA2 /min. CR / SUC 43.96 

P.fluorescens cwl012 /pSSA2 /min. U" /POB 33.66 

P.fluorescens cwl012 /pSSA2 / min. U+ / POB 14.28 

P.fluorescens cwl012/ pScSA2 / min. UR / POB 16.51 

P.fluorescens cwl012 /pScSA2/ min. C /POB 16.10 

P.fluorescens cwl012 /pScSA2/ min. CR /POB 30.62 

•The specific activity for aspartate transcarbamoylase is given in terms of nmol minting 

protein)"1. All the strains were grown on the minimal media with or without 

feeding uracil. The growth conditions and ATCase assay were performed as 

described in MATERIALS AND METHODS. 
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Figure 18. Bar chart of ATCase activity of P. fluorescens cwl012 / 

pSSA2 in succinate minimal media with different pyrimidine supplements. 

The column chart shows the levels of aspartate transcarbamoylase activity in P. fluorescens 

cwl012 with pSSA2 grown on minimal media with different pyrimidine base and 

ribonucleoside supplements. The carbon source for the medium in each case was 

succinate. The abbreviations of compounds are: U, uracil; UR, uridine; C, cytosine and 

CR, cytidine. The growth conditions and ATCase assay were performed as described in 

MATERIALS AND METHODS. The specific activity for aspartate transcarbamoylase is 

given in terms of nmol min'l (mg protein)"*. 



70 

50 r~ 

H 

H 
< 

U 
w 
Qh CO 

40 

30 -

20 

1 0 -

^sv^CvC--. 

iili 

a 

1 
< V 
zn ZD 

I * 

+a 

! 0 
< H CA P C« 
s-

CrS 
P 

5® S c« ss 
I 
•< u 
C« •-) 

« 

^ s 
c*> £ g cu ?* 

* o £ 
o 

£ 
o £ £ 

o 



71 

Figure 19. Bar chart of ATCase activity of P. fluorescens cwl012 / 

pSSA2 in POB minimal media with different pyrimidine supplements. The 

column chart shows the activities of aspartate transcarbamoylase in P. fluorescens cwl012 

with pSSA2 grown on minimal media supplemented with pyrimidine bases and 

ribonucleoside compounds. The carbon source for the media was parahydroxybenzoate 

(POB). The abbreviations for the compounds are: U, uracil; UR, uridine; C, cytosine and 

CR, cytidine. The growth conditions and ATCase assay were performed as described in 

MATERIALS AND METHODS. The specific activity for aspartate transcarbamoylase is 

given in terms of nmol min*1 (mg protein)"1. 
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CHAPTER IV 

DISCUSSION 

In order to investigate if Pseudomonas fluorescens has the ability to bring about 

repression by transcription attenuation and to effect the regulatory control of E. coli pyrBI 

gene expression, an E. coli pyrBI gene was introduced into a uracil auxotroph of P. 

fluorescens. Recombinant DNA techniques were used to insert a functional pyrBI gene 

into P. fluorescens by transformation using a plasmid which contains the E. coli pyrBI 

gene encoding ATCase. The plasmid pEK2 (see Figure 6) is a plasmid which contains the 

E. coli pyrBI gene (Nowlan et al., 1985). Unfortunately pEK2 can not serve as a vehicle 

to transfer the pyrBI genes into Pseudomonas since pEK2 is originally derived from a 

colEl specific origin that is capable of replication only in E. coli and related enteric bacteria. 

The pyrBI gene vehicle in these experiments require a Pseudomonas-vtctor plasmid. 

However there are no Pseudomonas-vector plasmids containing E. coli pyrBI gene which 

have been constructed. Therefore, a Pseudomonas-vector plasmid carrying E. coli gene 

had to be constructed before it was possible to begin to examine the regulation and control 

of E. coli pyrBI gene expression in Pseudomonas. 

The plasmid pEK2 is a ColEl derived Escherichia coli-vector plasmid, which 

carries the pyrBI operon encoding aspartate transcarbamoylase in pUC8. The plasmid 

pEK2 was created by ligating Pstl and Sail restriction fragments from pPBhl04 into pUC8 

(Nowlan et al., 1985). This plasmid was initially introduced into E. coli mutant EK1104 

for the super-production of E. coli ATCase. E. coli EK1104 is a ApyrBpyrF- mutant that 

expresses very low levels of the enzyme OMP decarboxylase. Without exogenous 

73 
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pyrimidines, the strain grows very poorly, but does grow since the pyrF mutation is leaky. 

The result is that very low nucleotide pool levels are produced that give a strain that greatly 

derepresses the expression of pyrBl due to the low intracellular concentration of UTP. 

Typically the strain is grown in low concentrations of uracil (5 y.g per ml), and when the 

pyrimidines are exhausted, the intracellular nucleoside triphosphate pools fall to extremely 

low levels. Under extreme derepression, this EK1104 / pEK2 system could produce a 

great deal of enzyme from the multiple copies of the pyrBI genes on the plasmid so that in 

these E. coli, ATCase represents as much as 60% of the total cellular protein. 

Furthermore, any plasmid bearing the pyrBI gene can be made to overproduce aspartate 

transcarbamoylase in the EK1104. 

In this study, a plasmid (pSSAl) which carries the E. coli pyrBI operon in pUC19 

was constructed by asymmetric insertion of a purified DNA fragment carrying the pyrBI 

genes from E. coli into the multiple cloning site of pUC19. The genes were expressed 

from the endogenous pyr promoter and were able to complement the pyrB mutation in the 

E. coli auxotrophic strain TB-2. The level of expression of the E. coli pyrBI genes in E. 

coli TB-2 carrying the plasmid pSSAl was 20-fold higher than that of wild type E. coli K-

12. Obviously this difference is due to the presence of multiple copies of the genes on the 

multicopy plasmid. Compared to the host-vector system where the plasmid pEK2 was 

inserted into E. coli TB-2, the level of ATCase was 20% higher than was found in the E. 

coli TB-2 / pSSAl system under non-repressing conditions. Since there is slighdy higher 

expression of ATCase, the plasmid pSSAl may be a better candidate than pEK2 for large 

scale production of E. coli ATCase. The difference may be due to differences in the parent 

plasmid (pUC8 for pEK2, pUC19 for pSSAl). The use of pUC19 for the parent plasmid 

may result in slighdy higher expression due to the differences in the actual site of insertion, 

or because of some difference in copy number between the two plasmids. Because the 

pyrBI genes in pSSl were located in the multiple cloning site of pUC19, there are many 



75 

restriction sites where different structural genes can be inserted. As a result, pSSAl can 

find general use to overproduce any structural gene that is inserted after pyrBI promoter. 

Many plasmids bearing the E. coli pyrBI genes or, individually, the pyrB or pyrl 

genes, have been constructed. The plasmid pPBhl04 (Roof et al., 1982) was one of the 

first ATCase clones and was used to construct the plasmid pEK2 (Nowlan et al., 1985). 

This is also the source of the pyrBI operon used in these studies. The plasmid pSSAl (this 

study) was constructed using the physical maps and sequence data reported for those two 

earlier plasmids. The plasmid pEK-17 (Nowlan et al., 1985) is a plasmid that carries the E. 

coli pyrB gene separate from pyrl, and so only produces the catalytic polypeptide of 

ATCase. Still the catalytic polypeptides can assemble into functional trimers that are capable 

of complementing pyrB mutations, though the enzyme produced is devoid of allosteric 

inhibition and activation. The plasmid pEK-81 (Dembowski et al., 1993) is a plasmid 

carries only the pyrl gene, and does not express any ATCase catalytic activity. 

Unfortunately, all these plasmids are E. coli-derived vectors and can not be used outside of 

E. coli and related enteric bacteria, and specifically not in Pseudomonas host systems. 

Another disadvantage of these plasmids that carry the cloned E. coli pyrBI genes is that it is 

difficult to study regulation since repression of ATCase synthesis can not be well 

demonstrated. These plasmids are present in the cell in too many copies to get effective 

response to changes in the intracellular nucleotide pool levels and subsequently effect 

repression of the pyrBI genes. The plasmid pSSA2 is a newly constructed plasmid 

designed to overcome the disadvantages mentioned above. The plasmid pSS A2 was 

constructed by the insertion of E. coli pyrBI gene into the Pseudomonas-vector plasmid 

pKT230. The newly constructed plasmid pSSA2 was able to replicate and complement 

pyrB mutations in either E. coli or Pseudomonas hosts. In addition to its broad host range, 

the plasmid pKT230, and thus pSSA2, is a low copy number plasmid, relative to the pUC 

series plasmids that served as the vehicle for pEK2 and pSSAl. ATCase expression from 



76 

pyrBI genes canied on pSSA2 exhibited 10-fold repression in E. coli TB-2 in response to 

exogenously supplied uracil In P.fluorescens cw!012 a 4-fold level of repression of 

ATCase synthesis was observed in response to feeding uracil. Thus the plasmid pSSA2 is 

a suitable vector for research and investigation of the regulation and control of de novo 

pyrimidine biosynthesis in the different bacterial systems. The plasmid will be useful for a 

number of other purposes in future studies. 

The aerobic pseudomonads are well known for their metabolic diversity and their 

ability to degrade a variety of xenobiotic compounds. In general, central metabolic 

pathways, and the de novo pyrimidine biosynthetic pathway specifically, have not been so 

well characterized in Pseudomonas species as have the degradative pathways from these 

organisms. Previous studies of pyrimidine biosynthesis in the pseudomonads (Isaac & 

Holloway, 1968; Condon et al., 1976; Chu et al., 1990 and West et al., 1990) have 

examined the pathway and the regulation. Though the essential steps in the pathway remain 

the same, there were important differences in the regulation of the pathway. Most 

significantly, there were differences in the properties of the enzyme ATCase observed. The 

enzyme from the pseudomonads does not exhibit the typical pattern of ATP activation and 

CIP inhibition seen in the E. coli enzyme. The properties of E. coli ATCase, and the 

regulatory control of ATCase synthesis have been extensively characterized and understood. 

In P. aeruginosa, the activity of ATCase remained unaffected by feeding uracil 

(Isaac and Holloway, 1968). It was shown that derepression of enzyme synthesis failed to 

occur under conditions of limiting uracil. In P. putida, no repression of ATCase synthesis 

could be detected on addition of pyrimidines to minimal medium, but a 1.5- to 2-fold degree 

of derepression was found following pyrimidine starvation of a pyrimidine auxotrophic 

mutant of P. putida (Condon et al., 1976). In P.fluorescens, a slight derepression of 

aspartate transcarbamoylase synthesis in the wild type P.fluorescens A126 was reported by 

growing in minimal medium without uracil (Chu et al., 1990). Approximately the same 
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response was observed for the P.fluorescens type strain used in this work. In contrast to 

the case in E. coli, the level of repression by fed uracil was slight, the repression index 

being one or two-fold in contrast to the four to ten-fold decrease seen in E. coli. For some 

reason, we are unable to experimentally observe any significant regulation or repression of 

enzyme synthesis in the pseudomonads. It was the goal of this work to begin to define the 

regulatory logic that operates in the pseudomonads and explain the apparent lack of 

repression by uracil feeding in wild type strains. 

There are three hypotheses which may account for the lack repression of ATCase 

synthesis in Pseudomonas: The first possibility is that the lack of repression was due to an 

inability to transport uracil, or due to a failure to convert uracil to the various 

phosphorylated pyrimidine derivatives required for growth. Perhaps there was no 

functional transporter or accompanying salvage pathway. The fact that feeding uracil fully 

satisfied the pyrimidine requirements of pyrimidine auxotrophic mutants argues against such 

a possibility. Obviously uracil is able to enter the cell and supply the requirement for 

pyrimidines in a Pyr strain of P.fluorescens. Secondly, the uracil may enter the cell 

slowly, or be converted to the nucleotide level so slowly that no change in the nucleotide 

pool levels result Previous work in our lab with the related bacterium P. putida, (M. 

Chang, 1993) clearly do not support this hypothesis. Feeding uracil to wild type strains 

caused significant increases in the levels of the nucleoside triphosphates CTP and UTP. 

Starvation of a Pyr auxotroph on minimal medium without exogenously supplied 

pyrimidines, caused the UTP and CTP pools to drop to undetectable levels after one and a 

half hours. With pyrimidine supplementation, a concomitant increase in the levels of 

pyrimidine nucleoside triphosphates was observed. The third possibility for the apparent 

attenuation control of ATCase synthesis in Pseudomonas is that such control does not exist. 

Perhaps an alternate regulatory logic operates or the pseudomonads simply do not regulate 

their pyrimidine biosynthetic pathway. For example, the RNA polymerase in Pseudomonas 
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may not work in the same way as the E. coli does to use transcription termination as a 

mechanism to regulate gene expression. Or it may be possible that there are no upstream 

regulatory sequences that correspond to the upstream attenuator region of the E. coli pyrBI 

genes. The purpose of this study was to confirm this possibility and the results suggest that 

there is no attenuator, but that the Pseudomonas RNA polymerase is capable of responding 

to transcription attenuation signals, including the E. coli pyrBI r/w-independent terminator. 

The E. coli pyrBI gene of pSSA2 in the strain P.fluorescens cwl012 was able to 

restore the de novo pyrimidine pathway in the pyrB- background. This showed that RNA 

polymerase could recognize and transcribe genes from E. coli. Furthermore, the E. coli 

pyrBI gene was regulated and the level of ATCase activity in Pseudomonas responded to 

changes in uracil concentration. This confirmed that the RNA polymerase was not the cause 

of the lack of (attenuation) control of ATCase synthesis in Pseudomonas. If the RNA 

polymerase is not the cause of the apparent lack of regulatory control in Pseudomonas, the 

other possible cause may be that the Pseudomonas pyrB gene does not have in its 

promoter structure a nucleotide sequence analogous to the pyrBI operon of E. coli. This 

hypothesis can be tested by the sequencing the pyrB operon of Pseudomonas. While the 

sequence of the pyrB genes from P. putida and P. aeruginosa are reported and listed in the 

GenBank data base, there is no information about the upstream promoter region in the 

public domain. 

Although.the repression of the E. coli pyrBI gene expression was observable in the 

pyrimidine auxotrophic P.fluorescens cwl012, the degree of repression of the pyrBI gene 

in P.fluorescens was far lower than the same gene in E. coli. This result was probably 

caused by one or more of the following possibilities; the number of copies of pSSA2 in P. 

fluorescens cwl012 was lower than that in E. coli TB-2, the Pseudomonas RNA 

polymerase functions less well in attenuation regulation than that of E. coli, the translation 
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level of ATCase in Pseudomonas was lower than that in E. coli, or the mRNA in 

Pseudomonas was unstable. 

In conclusion, the most probable cause for the apparent lack of regulation of pyrB 

gene expression is a lack of upstream regulatory signals in the DNA for the gene. This 

work demonstrated that it is possible to feed P.fluorescens uracil, and that the fed uracil is 

taken into the cell and can increase the concentration of regulatory metabolites, in this case 

UTP. It was also possible to express the E. coli pyrBI genes and repress their transcription 

by feeding uracil. A corollary to this conclusion is that the RNA polymerase of P. 

fluorescens has the ability to respond to attenuation signals and transcription terminators in 

a manner similar to the E. coli enzyme. 
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