












































































































































































































































































































































































































































































































































































































hybridization is quite ambiguous because none of the fragments from plasmids p WA 

292, p WA 293 or p WA 365 hybridized with the probe, whereas the plasmid dot blots 

showed strong hybridization signals (see Figure 6.2C). 

6.2.2 Direct screening for increased DHPR specific activity 

Cell free extracts were prepared from the strains that hybridized with the probe 

D27-2 and their DHPR levels were compared with the background level of DHPR in 

strain DM 7111, that was similarly prepared. The results (see Table 6.2) indicated that 

the DHPR specific activity in strain WA 281 is more than two fold higher than the 

background level and that of strains WA 292 and WA 293 were only marginally higher. 

Samples of the cell free extracts were analysed by SDS-PAGE to check if any apoprotein 

was being made (see Figure 6.4). There were no indications of high levels of protein 

around molecular weight of 27 000 being synthesized in any of the strains. 

6.3 Summary 

The strains that were identified as possible E. coli DHPR clones on the basis of 

strong hybridization signal with the y-32p labelled D27-2 probe, did not show any 

increase in DHPR specific activity. Neither the possible clone colonies nor the extracts 

prepared from them were yellow, as would have been expected in the event of increased 

expression of a protein containing a flavin prosthetic group. The N-terminal amino acid 

sequence of E. coli DHPR (position 14 to 20), which was used to predict the sequence 

for the oligonucleotide probe D27-2, were unambiguous assignments. Also the sequence 

of the amino acids (Lys - Ala - Phe - Asp - Ala - Met - Lys) was ideal for probe synthesis 

because of the limited codons that code for several of amino acid residues such as lysine, 

phenylalanine, aspartate and methionine (Grantham et al., 1981). Based on the 

experience with the probing and ultimate sequencing of the 5' region of the hmp gene 

(described in Chapter 5), it is felt that the gene that codes for E. coli DHPR may be 

present in some of the plasmids that hybridized strongly with the DNA probe. However 
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Figure 6.4 Polyacrylamide gel electrophoresis of cell-free extracts from 

strains AN 1459 (1), WA 159 (2), WA 281 (3), WA 284 (4), 

WA 292 (5), WA 293 (6) and WA 365 (7). 

Cell free extracts from the strains (100 µg each) were electrophoresed on a SDS­

PA gel as described in Section 2.5.3.1. The arrowhead indicates the position of 

the 27-kD E. coli DHPR (not shown). There is no sign of any significant 

increase in the levels of the 27-kD protein in the cell-free extracts of the strains 

whose plasmids hybridized strongly with the oligonucleotide probes, compared 

with the wild type strain AN 1459. 
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this can only be proved by nucleotide sequencing lti:"ter subcloning the plasmids identified 

in this study. 

6.4 METHODS 

6. 4. 1 Preparation of cosmid pools 

The preparation of cosmid pools was can·ied out by Ms A. Hassan and were a 

kind gift from Dr N. E. Dixon. 

The strains WA 101 - WA 393 that were stored at -700C in 7% DMSO, were 

streaked on 8-sectored LB plates containing amp~cillin. A loopful of colony from each 

sector was used to inoculate 20 ml of LB medium containing ampicillin and grown 

overnight. Cultures were pooled in groups of 12 and used to prepare plasmid DNA as 

described in Section 4.5.13. 

6. 4. 2 Dot blot hybridization of cosn1id pools 

The general method described in Section 5.4.8 was applied for the dot blot 

hybridization of the cosmid pools. About 1 µg of DNA from each pool (see the volumes 

used in Table 6.1) was made up to 10 ~Ll in TE and placed in a 96-well tissue culture plate 

(Linbro, Virginia, USA). The denaturation buffer (10 µleach; 1 M NaOH, 2 M NaCl) 

was added to each of the wells containing the individual cosmid pools and incubated at 

room temperature for 30 min. The denatured cosr::rid pools were spotted ( 4 µ1/spot) onto 

nitrocellulose sheet placed on a clean 96-well tissu,; culture plate over a light box to guide 

the spotting process. The nitrocellulose filter '>las dried and treated as described in 

Section 5.4.6. 
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6. 4. 3 Complementation of fol mutation in strain D3-157 

Competent cells of the recA derivative of D 3-157 were made by the CaCl2 

method described in Section 4 and transformed ,vith the appropriate test plasmids and 

control plasmids. The transformation mixtures were spread on minimal plates that 

contained the essential salts, 0.2% glucose, tryptophan, tyrosine, histidine, guanine (50 

µg/ml each) guanine and thiamine (10 µg/ml). The strain D 3-157 did not grow in this 

minimum plate but when plasmids pJFM 8 [Apr, I>HFR+ (chromosomal)] or pR 67 (type 

II R-plasmid DHFR+) were used to transform th~ strain, they were able to grow. The 

strain D 3-157 was able to grow when the above minimal agar was supplemented with 

methionine, glycine, thymidine (50 µg/ml each), adenine (20 µg/ml) and pantothenate (1 

µg/ml). 
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CHAPTER 7 

GENERAL DISCUSSION 

The work described in this thesis has shown that DHPR from E.coli is a 27 kD 

flavoprotein. Apart from the 27-kD enzyme, another protein present in the cell-free 

extract prepared from strain WA 266 showed quinonoid dihydropteridine-dependent 

oxidation of NADH. The results from the experiments carried out in this work imply that 

the 44-kD haemoprotein is probably the second r,rotein with DHPR activity. Although 

further work is required to confirm this, the reasons for the present belief will be 

discussed later. 

This is the first report of a DHPR with a flavin (FAD) prosthetic group. All the 

DHPRs that were characterised previously are oxido-reductases that carry out the 

reduction of quinonoid dihydropterin by transferring hydride from the pyridine nucleotide 

to position N-5 of the pterin ring. The physical and kinetic properties of the reductase 

from E.coli are somewhat different from those of the mammalian reductases and may 

account for the reasons why it did not bind to the naphthoquinone affinity column. The 

reductases that bind to the affinity column are believed to do so by interaction of the pterin 

binding site of the conformationally altered NADH-enzyme complex with the affinity 

adsorbent. However, in the case of the 27-kD flavoprotein, the catalytic reaction 

probably involves a mechanism where the conformational change may not take place after 

the binding of NADH, because its function is to reduce the FAD prosthetic group. Also, 

the Km for the pterin substrates are much higher (- 0.1 - 1.5 mM) for the E.coli DHPR, 

compared with the mammalian enzymes (which have values in the lower µM range). 

Hence the bacterial reductase does not associate strongly with the affinity ligand. The 

interaction between NAD(P)H and the flavoprotein is not very strong either and may 

account for the inability of the reductase to bind to the dye affinity columns. 

The active-site region of E.coli DHPR has not been studied in detail, but the fact 

that the reductase is inactivated by DTT suggests that there may be crucial redox-active 

disulfide bond(s) near the catalytic site or in such proximity as to affect this site. The 
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presence and the function of the disulfide bonds need to be investigated further in future 

work. 

It was pointed out in earlier chapters that the difference between the DHPR and 

DHFR reactions lies in the positions of the pteLn ring (N-5 and C-6 respectively) to 

which the hydride from the reduced pyridine nucleotide is transferred during the catalysis. 

The 27-kD flavoprotein, which is clearly the protein responsible for the quinonoid 

dihydropterin-dependent oxidation of NADH, apparently does not distinguish between 

the positions N-5 and C-6, hence it can carry out both DHPR and DHFR reactions with 

the appropriate substrates. Perhaps this flavoprotein may be the evolutionary precursor of 

DHPRs and DHFRs that do not possess any prosthetic. It is also tempting to suggest that 

if DHPR or DHFR (without any prosthetic group) is altered by introduction of a flavin 

moiety near its active site by protein engineering, f1en the resultant semi-synthetic protein 

will be able to carry out the reduction catalysed by both enzymes. In this respect, 

Kokubo et al. (1987) have shown that it is possible to convert a haemoglobin to a 

flavohaemoglobin, where the latter can perform a new catalytic function. 

The 27-kD DHPR from E.coli is similar to the reductase from P seudomonas 

species in several respects. Both showed similar kinetic parameters with various pterin 

substrates (with respect to NADH), except that the Pseudomonas enzyme was almost 

inactive with NADPH. In both the organisms, monapterin was apparently the naturally 

occurring pterin substrate. The DHPR from Pseudomonas carries out the known function 
t 

of recycling the pterin cofactor for phenylalan1oe hydroxylase which occurs in that 

organism. In the case of DHPR from E.coli, an in vivo function is still obscure because 

this microorganism does not have the aromatic an1ino acid hydroxy lases. However, the 

similarities between the two bacterial reductases suggest that DHPR from E.coli must be 

the enzyme that reduces quinonoid dihydropterins from as yet uncharacterised systems 

which use a tetrahydropterin cofactor. 
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Attempts to clone the gene that encodes the 27-kD DHPR resulted in the cloning of 

the glyA gene and the newly identified hmp gene. Serine hydroxymethyl transferase is 

the product of the first gene, and is a crucial enzyme in the one-carbon metabolic 

pathway. The physiological reaction catalysed by SHMT is the interconversion of serine 

and glycine with tetrahydrofolate serving as the one-carbon carrier. In addition, SHMT 

can also catalyse other reactions such as decarboxylation of aminomalonate, aldol 

cleavage of allothreonine and transamination of D-alanine, because it is a pyridoxal 

phosphate-containing enzyme (Shostak and Schirch, 1988). If SHMT were responsible 

for the 6-fold increase in DHPR activity in the extract from strain WA 266, then it is not 

clear why the activity was lost during the purification. The notion that the cofactor that 

was required for the reductase was lost during the purification was discounted because the 

addition of freshly prepared extracts did not restore the DHPR activity in the partially­

purified protein samples. 

The more favoured candidate that may be responsible for the enhanced DHPR 

activity in the extract from strain WA 266 is the 44-kD haemoprotein which is encoded by 

the hmpgene. The N-terminal amino acid sequence of this protein showed extensive 

homology with the corresponding region of the haemoglobin from Vitreoscilla. In 

addition to the sequence data presented in Figure 5.14, the 44-kD haemoprotein also has a 

glutamine residue at the corresponding helix position E7 (N.E.Dixon, personal 

communication). This provides further evidence that it is related to haemoglobin-like 

proteins. The glutamine residue at that position is though to hydrogen bond with the 

oxygen molecule as in the case of myoglobin (Phillips and Schoenborn, 1981). There is 

no direct evidence for a distinct function for the 44-kD haemoprotein as yet. However, it 

appears to have a pterin binding site and seems very likely to be responsible for the 

enhanced DHPR activity. SHMT on the other hand is a well characterised protein, and 

from the extensive knowledge of its mechanism of action it is difficult to see how it could 

act as a reductase. 
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The molecular weight and spectral properties of the 44-kD haemoprotein are 

similar to those of the oxygen-binding flavohaemoprotein from the hydrogen bacterium 

Alcaligenes eutrophus (Probst et al., 1979). The) ellow colour of the extract from strain 

WA 266 and the partially purified protein is an indication that the haemoprotein from 

E.coli may also contain FAD. This haemoprotein also resembles the flavohaemoglobin 

from the yeast Candida mycoderma in molecular weight and spectral properties. 

An interesting speculation at this point is that the 44-kD haemoprotein is a 

bifunctional protein. One half of the protein may be involved in the storage of oxygen, 

which is transported to the haeme site by a tetrahydropterin as a hydroperoxy group 

attached to the '4a' bridgehead position of the pterin ring (compare with Armarego, 

1984 ). After the removal of the hydroperoxy group, the pterin substrate becomes 

oxidised to the quinonoid dihydropterin which is recycled by the reductase portion of the 

haemoprotein. This hypothetical model requires rigorous experimental evaluation. It 

may shed light on the in vivo physiological role for the protein. Wood (1984) classified 

the haemoglobin from Vitreoscilla and the flavoha=moprotein from A.eutrophus, together 

with a few other haem-containing proteins with ~imilar spectral properties, as putative 

oxygen buffers. The 44-kD haemoprotein from E.coli may well have a similar function. 

The haemoprotein from this study is expressed at low levels in the wild-type bacteria and 

has escaped discovery despite exhaustive investigation. If this is meaningful, then it may 

well act as a biological switch for some unknown reactions. 
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