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CHAPTER 1

PYRIMIDINE CATABOLISM IN MICRO-ORGANISMS

WITH SPECTAL REFERENCE TO NOCARDIA CORALLINA

The degradation of pyrimidines in living systems may be initiated
by either a reductive step leading to the formation of a dihydropyri-
midine intermediate, or an oxidative step yielding the corresponding
barbituric acid. In the case of thymine however, the oxidative step

can lead alternatively to the formation of 5-hydroxymethyluracil.

In the following discussion of the literature oxidative cata-

bolism is treated separately from reductive catabolism.

1q Oxidative catabolism of pyrimidines.

A, Barbituric acids as intermediates.

Studies by lara (1952a), based in the principle of sequential
induction, indicated that uracil and barbituric acid could be inter-

mediates in the catabolism of thymine in N. corallina.

From the observation that organisms induced for thymine oxidation
were simultaneously induced for uracil éxidation whereas organisms not
induced for thymine catabolism did not attack uracil, Lara suggested
that uracil was a possible intermediate in the breakdown of thymine.
Further, since barbituric acid was oxidised more rapidly by thymine
grown organisms, than those grown on yeast extract, it was proposed as

the intermediate to follow uracil in the thymine catabolic sequence.

Lara (1952b) showed that cell-free extracts derived from
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organisms grown on either thymine, uracil or barbituric acid were active
towards thymine and uracil in oxidising these compounds to the corres-

ponding barbituric acids.

The finding of 5-methylbarituric acid z2s the oxidative product
of thymine did not support the conclusion reached in earlier studies
(Lara, 1952a). The earlier proposal that uracil was degraded through
barbituric acid was suprorted by studies with cell-free extracts. It
was feasible that barbituric acid could have bzen formed in a reaction

involving a demethylation of 5-methylbarbituric acid.

Some of the conclusions of Lara (1952b) were substantiated by
the subsequent work of Wang and Lanpen (1952) and Hayaishi and Kornberg

(1952).

Wang and Lampen (1952) prepared extracts from an unidentified
bacterium (Strain U-1) by alumina grinding and found that such extracts
catalysed the oxidaticn of uracil and thymine with the uptake of 1 atom
of oxygen per mole of pyrimidine. These workers were successful in
isolating barbituric acid from the uracil reaction mixture, but did not

isolate the product formed from thymine under similar conditions.

Hayaishi and Koernberg (1952) working with crude enzyme pre-

parations of uracil-thymine oxidase from strains of Mycobacterium and

Coryncbacterium, isolated and identified both the oxidation products

from thymine and uracil as 5-methylbarbituric acid and barbituric acid

respectively.
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The oxidation of pyrimidinesto the corresponding barbituric acids
iz shown as part of an overall scheme for pyrimidine catabolism in

Figure 1.

Batt and Woods (1961) guestioned the possibility that in

N. corallina the pathways for pyrimidine catabolism were likely to

operate solely via the corrcspending barbituric acids. 5-methylbarbi-
turic acid was established as the only oxidative product of thymine
catabolism by uracil grown organisms, but other oxidative pathways could
have been operating in thymine growvn organisms.  Likewise, barbituric
acid was established as the only oxidative product of urscil catabolism
by thymine grown organisms, but again alternative pathways could be

present in cells grown on uracil.

lenometric studies were carried out on thymine and uracil grown
orgenisms oxidising thymine, uracil, barbituric acid and 5-methylbarbi-
turic acid. TFor the oxidation of thymine and 5S-methylbarbituric acid
the difference in totel oxygen uptake vwas not equivalent for both
thymine and urecil grown organisms (Table 1). Purther, the difference
in total oxygen uptake was comparable with the theoretical value only
in the case of uracil growm cells. The discrepancy in oxygen uptake
together with the uncertainty of S-methylbarbituric acid as an inter-
mediate of thymine catabolism in *homologous cells led Batt and Woods
to suggest that in such cells, a second pathway could exist in which

H=methylbarbituric acid was not an intermediate.

*  Homologous cells are those oxidising the pyrimidine on which

they were grown.




Figure 1. Scheme for the oxidative catabolism of pyrimidines with
barbituric acids as intermediates.
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TABLE 1
Total oxygen consumption during
oxidation of wvarious pyrimidines.

(After Batt and Woods, 19€1)

Oxygen Uptake Theoretical Oxygen
Uptake

}nnoleéumole pyrimidine ﬁunoleéumole pyrimidine

for organisms grown on

Substrate Uracil Thymine

Uracil L0 1.48 2:5
Barbituric acid 0.87 1.03 240
Thymine 2.07 2.05 4.0

5-methylbarbi-
turic acid 1.47 0.88 Aeh

The oxidation of uracil and barbituric acid by uracil and thymine
grown organisms presented a similar case (Table 1). It was concluded
accordingly, that for uracil catabolism by homologous cells a second

pathway was likely in which barbituric acid was not an intermediate.

B. The fates of H-methvlbarbituric acid and barbituric acid.

Although in the microbial oxidation of thymine and uracil the
corresponding barbituric acids have been egtablished as intermediates,

only the fate of barbituric acid has been elucidated in some detail.

Lara (1952 ) found that extracts obtained from N. corallina grown

on thymine were active in hydrolysing barbituric acid with the formation
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of 1 mole of 002, two moles of NH,, and one mole of malconic acid/ﬁole

3
of substrate (Figure 1). Urea, which accounted for the total 002 and
NH3 production was established as a direct product of barbituric acid
hydrolysis. Hayaishi and Kornberg (1952) working with extracts of
uracil adapted organisms of a strain of Mycobacterium likewise estab-
lished that barbituric acid was hydrolysed to malonic acid and urea.
These workers partially purified the barbiturase enzyme using a tech-

nigque of protamine sulphate fractionation, followed by cation exchange

column chromatograpvhy.

Batt and Woods (1961) expressed doubt that free malonic acid was
likely to be an intermediate in the breaskdown of barbiturie acid in
intact cells. These workers showed that although barbituric acid could
be converted anaerobically to malonic acid, 002 and NH3 by enzyme pre=

parations of N. corallina, malonic acid could not be degraded by whole

cells under the same conditions. Such results were also supported by
those of Hayaishi and Kornberg (1952) in which it was shown that whole

cells of a uracil adapted strain of Mycobacterium could not attack bar=-

bituric acid under anaserobic conditions, as opposed to cell-free extracts

which could.

Batt and Woods (1961) further showed that there was no oxidation

of malonic acid by pyrimidine adapted cells of N. corallina and similar

results were obtained by Hayaishi and Kornberg (1952) working with

uracil adapted cells of Mycobacterium,

From their results Hayaishi and Kornberg (1952) proposed that

the absorption of barbituric acid into the cell was energy requiring,



and could only be facilitated under aerobic conditions. The poor
utilisation of malonic acid by uracil adapted organisms was attributed
to a permeability barrier. Thus malonic acid was not excluded as a

likely product of barbituric acid degradation.

Batt and Wocds (1961) showed that malonic acid although not
oxidised itself; could inhibit succinate oxidation by cells of N. coral-
lina. Presumably, therefore, the malonic acid could permeate the
cells to the site of succinate oxidation. They suggested from their
results that a derivative of malonic acid is formed from barbituric
acid and this derivative is further metabolised in vive without the

intermediate formation of free maleonic acid.

Less is known about the degradation of S5-methylbarbituric acid,
Attempts to obtain bacterial homogenates or cell-free extracts active
upon S5-methylbarbituric acid have all been unsuccessful. Hayaishi and
Kornberg (1952) used both sonication and alumina grinding to obtain

homogenates of a Mycobacterium strain. It was found that homogenates

prepared by either method were uniformly inactive towards 5-methylbarbi-
turic acid. Similarly, Lara (1952 ) prepared cell-free extracts from

a pyrimidine adapted strain of N. corallina, and found that such extracts

were active towards thymine, uracil and barbituric acid, but not 5-me~
thylbarbituric acid. Similar results were obtained by Batt and Woods
(1961) and more recently Biggs and Doumas (1963) reported that cell-

free extracts of a Corynebacterium strain were active towards barbituric

acid but not 5-methylbarbituric acid.

Because bacterial cell-free extracts were found to be inactive
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towards 5-methylbarbituric acid, there was some doubt as to whether an
enzyme existed which acted on the compound. Batt and Woods (1961)
showed that with adequate aeration, S5-methylbarbituric acid was rapidly
oxidised in phosphate buffer at neutral pH, to 5-hydroxy - 5-mcthyl-
barbituric acid, This result was substantiated by the findings of
Biggs and Doumas (1962), who further showed that 5-hydroxy - S5-methyl-
barbituric acid was slowly fragmented to give methyltartronylurea.
Such findings presented the possibility that S5-methylbarbituric acid
might be spontanecusly oxidised within the cell. Howover, studies by
Batt and Woods (1961) showed that when S5-methylberbituric acid was in-

T

cubated with a cell suspension of N. corallina no 5-hydroxy - 5-methyl-

barbituric acid was formed under their experimental conditions. It
was considered that the presence of an actively metabolising suspension
of organisms, suppressed, in some way, the formstion of 5-hydroxy-5-
methylbarbituric acid. Further, 5-hydroxy - S5-mcthylbarbituric acid

was not oxidised by whole cells of H. corallina, and vas corsidered un-

likely to be an intermediate of S5-methylbarbituric acid catabolism,

Biggs and Doumas (1962) assessed the possible roles of 5-hydroxy-
5-methylbarbituric acid and methyltartronylurea as intermediates of

S5-methylbarbituric acid catabolism in Corynebacterium. Neither com-

pound supported growth of the organism. Furthermore, urea, which is
normally an end product of thymine catabolism, was not detected in the
media. From such results it was considered unlikely that 5-hydroxy -
S5=methylbarbituric acid or methyltartronylurea were intermediates of
S5=methylbarbituric acid catabolism. It did not necessarily follow
however, that these compounds could not be enzymatically formed from

S5-methylbarbituric acid.
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In 196% Biggs and Doumas working with Corynebacterium provided

evidence for S-methylbarbituric acid being hydrolysed to methylmalonic
14

acid and urea. When 5-methylbarbituric acid - 2 - C7" was used as the
substrate, the isolated urea was not only radiocactive, but also had the
same specific activity as the starting material. The activity of the
isolated methylmalonic acid was only 2% of that of S5-methylbarbituric
geid - 2 - 014. However it was found by chromatography that the methyl-
malonic gecid was contaminated with other labelled compounds, and be-

cause of the small amount of aeid isolated; a further purification was

not attempted.

When S5-methylbarbituric acid - 5 -~ 014 was used as the substrate,
the methylmalonic acid isolated had a specific activity which was 96%
of the theoretical maximum value. The amount of accumulated acid was
small (only 1l.66mg. compared wit! the 500 mg. of S-methylbarbituric

14

acid - 5 - € originally used). The specific activity of urea in

this experiment was 1000 times lower than that of the original substrate.

Although methylmalonic acid was proposed as an intermediate in
the catabolism of 5-methylbarbituric acid, on the basis of the above
results, Biggs and Doumas (1963) did not consider the possibility that

it could be produced from a minor reaction sequence.

C. The oxidation of thymine to 5-hydroxymethyluracil.

5=hydroxymethyluracil has been established as a product of thy-
mine oxidation in rat liver systems. (Fink, Cline, Henderson and Fink,

1956).

LIBRARY
MASSEY UNIVERSITY
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In microbial systems the only reported cases of thymine conver-

sions to 5-hydroxymethyluracil have been shown to occur in Neurospora.

Abbott, Kadner and Fink (196 ) studied the activity of extracts
from ground Neurospora mycelia, towards thymine., Initial experiments
showed that the extracts were inactive towards the compound in the ab=-
sence of co-factors. However in the presence of glutathione, reduced
nicotinamide adenine dinucleotide phosphate (VADPH + H') and oxygen,
extracts were shown to convert thymine to 5-hydroxymethyluracil,
Thymine~7~hydroxylase was the name proposed for the enzyme which

catalysed this reaction.

Holme, Lindstedt, Tofft and Lindstedt (1970) working with an
enzyme preparation obtained from a strain of Neurospora demonstrated
that the hydroxylation of thymine was dependent on 2 - oxoglutarate.
Furthermore, a stoichemetric relationship was found between the hydroxy-
lation of thymine, and the decarboxylation of 2 =~ oxoglutarate.

Carbon dioxide and succinate were found to be the products of 2 - oxo-

glutarate degradation.

i I 65 The reductive catabolism of pyrimidineg

The first significant studies on the reductive catabolism of
pyrimidinesin micro-organisms, were carried out by DiCarlo, Schultz and

Kent in 1952.

These studies were a contimuation of earlier work on the nature
of cytosine breakdown in yeasts. (Hahn and Haarmann, 1926; Chargaff

and Kream, 1948; DiCarlo, Schultz and McManus, 1951.)
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Hahn and Haarmann (1926) and Chargaff and Kream (1948) demon-
strated with cell-free extracts of yeast, the conversion of cytosine to
uracil, The enzyme catalysing the conversion was referred to as a
cytosine deaminase. DiCarlo, Schultz and Mcllanus showed that both

Saccharamyces cerevisiae and Torula utilis could utilise cytosine as a

source of nitrogen for growth. However, only T. utilis could utilise
uracil, The results indicated that althoush both organisms were likely
to possess the necessary deaminase for cytosine, only T. utilis cogsessed

the enzymes necessary for the further degradation of uracil,

DiCarlo, Schultz and Kent (1952) further showed that neither

S. cerevisiae nor T. utilis could utilise barbituric, isobarbituric or

isodialuric acids for growth. This ruled out the possibility that the

initial step in the catabolism of uracil was oxidative.

The possibility that the initial step involved carboxylation
seemed unlikely, since the yeasts failed to grow on uracil - § - carbo-

xylic acid or orotic acid.

When dihydrouracil was tested, it was found to be completely

utilised by T. utilis, but supported no growth of S. cerevisiae.

p-Aminopropionamide, B-ureidoprepionic acid, hydrosnrotic acig,
and hydrouracil - 5 - carboxylic acid, were tested as possible de-
gradation products of hydrouracil. Hydrouracil-5=-carboxylic acid did
not support the growth of either yeast and so was eliminated as a cata-
bolic product of hydrouracil. B-ureidopropionic acid and B-Amino pro-

pionamide served as excellent nitrogen sources for T. utilis, but per-
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mitted no growth of 5. cerevisiae. It was suggested that both compounds

were converted to B-alanine which could also be utilised by T. utilis. Di-
hydro-orotic acid was shown to be utilised by both yeasts, and this
led DiCarlo, Schultz and Xent to suggest it was possibly produced from

dihydrouracil.

It was further suggested from the ability of a variety of other
compounds to serve as nitrogen sources for growth, that urea was likely
to he produced from dihydro-orotic aqid. The schene for the degra-
dation of cytosine via uracil to urea and possibly succinate acid as
pr%posed by DiCarlo et al. on the basis of growth studies and structural

considerations, is shown in Figure 2.

In 1953 Batt, Martin and Ploesser claimed that dihydro-orotic
acid was not utilised by T. utilis; the compound was shown to be chemi=
cally unstable under the experimental test conditions which had been
used in the above studies. This cast doubt on the proposal by DiCarlo,
Schultz and Kent, that dihydro-orotic acid was likely to be an inter-

mediate in the reductive catabolism of uracil.

Campbell (1957b) working with a strain of Clostridium uracilicum

identified dihydrouracil, and B-ureidopropionic acid as intermediates
in the conversion of uracil to B-alanine, C02, and NH3' The scheme
for the degradation of uracil according to Campbell is shown in Figure
Je Such findings would also offer support to the possibility that in
T, utilis, P-ureidopropionic acid could serve as an intermediate in

the reductive catabolism of uracil instead of dihydro-orctic acid.



Figure 2.  Suggested scheme for the breakdown of cytosine in yeasts.

(after DiCarlo, Schultz and Kent, 1952.)
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Figure 3.

Scheme for the reductive catabolism of uracil.
(After Campbell, 1957; Kraemer and Kaltwasser, 1970.)
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Campbell (1957c) isolated and partially purified the dihydro-
uracil dehydrogenase which catalysed the reductive step in uracil
catabolism,. The results of Campbell (1957) were further substantiated
by the findings of XKraemer and Kaltwasser (1970&). These workers

demonstrated with cell-free extracts of cytosine grown Hydrogenomonas

facilis, that cytosine was converted to uracil, which in turn was con-
verted to B-alanine, 002 and NH3 via dihydrouracil and B-ureidopro=-
pionic acid. Barbituric acid and urea were not detected. Cytosine
deaminase, dihydrouracil dehydrogenase, dihydrouracil hydrase, and 3-

ureidopropionase but not uracil oxidase, were demonstrated in cell-free

extracts.

Kraemer and Kaltwasser (1970b) carried out further studies on
the metabolism of cytosine and uracil in wild type and mutant strains
of H, facilis, Mutant strains unable to utilise uracil as a nitrogen
source were derived by treatment of organisms with l-methyl-3-nitro-l-

nitroso guanidine and incubation at various concentrations of penicillin,

One group (A) of these mutants lacked dihydrouracil dehydro-
genase and did not utilise thymine, orotic acid, or uracil, while a
second group (B) lost the ability to form dihydrouracil hydrase and was
unable to utilise dihydrouracil and dihydrothymine, as well as the com-
pounds not utilised by group (A). Group (A) excreted uracil and group
(B) dihydrouracil during incubation with cytosine. Wild type organisms
did not possess dihydro-orotic dehydrogenase or dihydro-orotase as

demonstrated with cell-free extracts.

The results from these studies indicated that uracil and thymine
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were utilised by a non-specific dehydrogenase and thet both dihydro-

uracil and dibhydrothymine were acted upon by a2 non-specific hydrase.



SECTION II

EXPERIMENTAL
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CEAPTER 2

THE ATM OF THE PRESLNT INVESTIGATION

The present study was planned as both 2 confirmstion and exten-
sion of an investigation initiated by Batt and Woods in 1951, which
resulted in a publication in 19€1 on the catabolism of pyrimidines in

N. corallina. The investigation was directed mainly towardes the study

of thymine catabolism, and experiments were planned to elucidate the

pathway or pathways by which the compound is degraded.

Emphegis was to be placed on an approach involving the use of
metabolic inhibitors in accumulating intermediates of thymine catabolism
. nld _ o - T ——
with C labelled substrates. The effects of these inhibitérs were to
be examined with thymine-grown organisms, however it was intended that
such studies should also be extended to uracil -grown organisms where

apyropriate.
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CHAPTER

MATIRTALS AND METHODS

L. Reagents.

All chemicals used in this investigation were cbtained from
British Drug Houses Ltd. (Poole, England), May and Baker Itd. (Dagenham,
England) or Koch-Light Laboratories Ltd. (Colnbrook, England) except
for the following:

Ga Diazomethane which was synthesised by the methicd of Schlenk and

Gellerman (1960) (See Appendix IIA).

La Diethyl methylmalonate and methylmslenic acid, obtained from

Aldrich Chemical Co. Irnc,, IMilwsukee, Wig., U.S.A.

& S5=hydroxymethyluracil, synthesised from uracil by the method of

FPink, Fink and Cline (1959) (See Appendix IIB).

d. S5-methylbarbituric acid, prepared by a method based on that used

by Holmberg (1945) (See Appendix IIC).

e, S5=hydroxy-5-methylbarbituric acid which was synthesised from
S5-methylbarbituric acid by the method described by Biggs and Doumas

(1962) (See Appendix IID).

f. POPOP (1,4 bis [? - (5—phenyloxazoly1i] - benzene, and PPO (2,5
diphenyloxazole), obtained from Nuclear Enterprises (G.B.) Ltd.,

Edinburgh, Scotland.

r- Thymine—methyl—cl4 (specific activity 3.52 mqﬁdM) supplied by

New England Radiochemical Centre, Boston, Mass., U.S.A.
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) 1 15 Methods

A, Analytical technigues

1. Dry weight estimation

The dry weight content of a cell suspension was determined by
reference to a standard curve calibrated in terms of dry weight against
optical density (0.D.) at 490 nm. Separate standard curves were cali-

brated for glucose, thymine, and uracil grown cells respectively.

For the construction of the standard curve cells were taken at
the termination of the log phase at growth, and harvested by centrifu-
gation (20&0xg=10 min). The pellets were washed in distilled water,
and resuspended in an appropriate volume from which dilutions were made.
The optical densities of a series of suspensions at different dilutions
were recorded. For each suspension, dry weights were obtained by
dehydrating cells in preheated, preweighed pyrex watch glasses and then
weighing, Drying was effected at 100°C in = drying oven over-night,

and samples were cooled in a dessicator before weighing.

24 Manometry

Standard manometric methods were used for the measurement of
02- uptake by cell susyensions. (Umbreit, Burns and Stauffer, 1964;

Batt and Woods, 19€1).

Manometer vessels (approximately 15 ml) contained in the main
compartment, 1.5 ml O.1M phosphate buffer, 0.5 ml of bacterial suspen=-
sions equivalent to 5 mg dry weight, and in the side bulb, 0.5 ml of
substrate solution (0.02 M unless otherwise stated) in phosphate

buffer (pH 7.0; 0.1 M). Controls differed in containing
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G no substrate (for estimation of endogenous oxygen uptake).

b. 1o cells (to test stability of substrates).

3« Tltvoyviclet Spectr~rhotometry

Pyrimidine concentrations were determined from uliraviolet atsorption
spectra obtained frcom either a Unicam S.P. 800 Ultraviolet Spectrophoto-
meter or a Beckman D.U. Spectrophotometer which was used for most routine
estimations. Normally, samples were diluted in 0.1 M NaOH to give
absorbance values between 0.1 and 1.0, For the determination of the
concentration of a pyrimidine reference was made to a standard curve
which showed a linear relationship betwecen concentration and optical

density.

4. Chroma tography

a. Thin-layver chromatosraphy (T.L.C.)

Preparation of plates

Glass plates (5 cm x 20 cm, 10 em x 20 cm, or 20 cm x 20 Cm)
were spread with a slurry of cellulose MN 300 (according to Stahl),
from Macheray, Nagal and Co. (Duren, Germany), at a thickness of 0.25mm

with a spreader made by Desaga (Heidelberg, Germany).

The plates were left to dry at rcoom temperature for a minimum

period of 12 hr before use.

Solvent syatems

For the separation of pyrimidines one or more of the following
solvent systems were used. (Fink, Cline. Henderson and Fink, 1956).

i. N-butanol:acetic acidsH,0 (50:25:25 '/¥)
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ii, N-butanol saturated with H20 in an ammonia atmosphere,

iii. Tert butyl alcohol:methyl ethyl ketone:H,0 (40230325 v/v)
in an ammonis atmosphere,
For the separation of non volatile acids, (principally dicarboxylic
acids) the following two solvent systems were normally used (Fink, Cline,
Henderson and Fink, 19563 DNygaard, 1967).

i.  N-butanol:acetic acid:H,0 (50:25:25 V/’v)

ii. Amyl alcohol:formic acid:H,0 (40:40:20 V/v)

Detection of compounds on chromatograms

Ultraviolet absorbing compounds were located under a source of

ultraviolet light.

Acids were detected by spraying the chromatograms with 1% solu~
tion of methyl red in 96% ethanol made slightly alkaline by the addition
of 0,1 NaOH. The spray was found to be particularly useful in the
detection of dicarboxylic acids.

be Gas liquid chromatography

A column was selected, which was regarded as being particularly

suitable for the separation of the methyl esters of dicarboxylic acids.

The separation of such compounds had been previously described
by several workers (Alcock, 1965; Canvin, 1965; Dalglissh, Horning,

Horning, Knox and Yarger, 1966).

In this investigation the method of separation was based prin-
cipally on that used by Alcock, 1965. Separations were carried out in

a Packard Gas Chromatograph (Model 802) on a 4ft. x 3mm column of
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12% DEGS (diethylene glycol succinate) supported on chromosorb W 60-70
mesh with argon as the carrier gas (25ml/ﬁin). The initial column
temperature was 88°C and was programmed to increase at a rate of IOC/min
after injection of sample, to a final temperature of 16700. Normally
the temperature was held at 16?00 for 15 minutes before being returned

to the initial value.

He Mass spectrometry

Compounds separated by gas liquid chromstography were further
characterised by mass spectrometry. The compound to be examined was
trapped in a glass collecting chamber, comnccted to the gas outlet of
the G.L.C. apparatus, the collecting chamber containing glass wool
soaked in methanol. After trapping, the compound was eluted with
nethanol into a flask, the methanol slowly evaporated off, under re-
duced pressure with some heating, and the residual material was used

directly for mass spectral analysis.
This method provided only & partially purified compound and
further purification would be esserntial to obtain clear-cut results

from mass spectrometry.

6. Quantitative and qualitative measurement of radio-activity

a. Radio - Isotope countimg

Normally a 300 plitre aliquot of radiocactive ethanol extract was
added to a counting vial, followed by 10ml of Bray's Scintillation
Solution, naphthalene (60g), PPO (4g), POPOP (200mg), methanol

(100m1), ethylene glycol (20ml) and p-dioxane to make 1 litre .
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channels, in a

14

Sample vials were counted through the preset C

Packard Tri-carb Liquid Scintillation Spectrometer (model 2002).

The counting efficiency of cach sample was estimated by reference
to a curve of observed counting efficiency vs. chennel ratio.  This
curve was conatructed by counting & measured amount of thymine -

methyl—Cl4 with increasing amounts of non radiocactive e¥hanol extract.

b. Radioisotope scanning

A developed chromatogram (on 5 cm x 20 cm thin layer plate) was
gscanned for radioactivity using a Packard Radiochromatogram Scanner,
(Model 7200), with a mixture of 1.3% iso-butane - 98,7% helium as the

carrier gas. Optimum conditions were as follows:

gas flow llOcc/min; voltage l.15kv; time constant 30 sec; scale 0-300
cpm; speed 12cm/hry slit width 2.5mm.  The contributions of different
compounds to the total radioactivity of the sample were assessed from

the radio-chromatogram using a planimeter.

Te Autoradiography

Chromatograms which were scanned for radioactivity were normally
further examined by autoradiography. Plates were placed in contact
with X-ray film (Agfa-Gevaert, Belgium) and left in the dark for two
or three weeks, and the film subsequently developed. Chromatograms in
which radioactive compounds were separated by two-dimensional chroma-

tography, were also examined by autoradiography.
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Ba Bacteriological methods

Tea Organisn

M. corallina is an aerobiec, gram-positive, rod-shaped bacterium,

which is neither motile nor spore-forming, When grown on different

media, the organism exhibits considerazable pleomorphism.

The strain of N. corallina uscd in this investigation was iso=~

lated by Batt and Woods (1951). Throughout the present study, the
organism was maintained at 2°C on glucose yeast extract agar slopes
(Ap;endix IC). Slopes were subcultured st monthly intervals onto
fresh slopes which were incubeted at SOCC for 24hr and then stored at

2=4°C.

The original isolate was identified by Professor Jensen as a

strain of ¥. corallina (Batt and Woods, 1961). Farther cxamination

of the organism was carried out by Dr. Ruth Gordon (Rutgers, U.S.A.)

in 1965, who described it as Mycobacterium rhodocrous but pointed out

that it was reasonzble to retain the name J. corallina in view of the

taxonomic problems associated with the orgenism.

2. Growth in Liquid Media

Throughout the course of this investigation two types of liquid
growth media were employed to give either cells induced or not induced
for pyrimidine catabolism. Non-induced cells were grown in a glucose
liquid medium (pH 7.0) which contained the following components in
g/ litre.

(NH4)280 3.0

4
Eg804=7320 0.1
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KHgPO& 13.6
Vitamin B1 0.025
Glucose TS5

Cells induced for pyrimidine catabolism were cultured in a medium con-
taining either thymine or uracil and the sole source of carbon and

nitrogen and inorganic saltg.

The components of the medium are given in gm/L.

LﬂQPO4 13.6
M < TH G
WESO4;7_20 Uo1
Pyrimidine 2.0
Vitamin Bl 0.025

The methed of preparation of both types of media is ocutlined in Appen-
dix IA, IB. In 211 cases for inoculation, cells from an agar slope
which had becn stored for no longer than 2 days, were transferred using
a sterile loop into 300ml of liquid medium held in a standard conical
flask (1L). The flasgk containing the inoculun was then incubated at
BOOC with shaking at 140 revs/min on a New Brunswick gyro-rotatory
shaker (Model - (G-25). Growth was followed spectrophotometrically by

optical density  measurement at 490nm in a Hitashi spectrophotometer.

For organisms growvn in a glucose medium, full growth of the cul-
ture was attained after approximately 50hr incubation shown by the

establishment of maximum optical density at 490nm.

The period for full growth of pyrimidine grown organisms dif-
fered depending on whether thymine or uracil was used as the growth

substraté. With thymine grown organisms full growth was established
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after apprnximately 48hr incubation; with uracil grown cells, full

growth was obtained in approximately 120hr.

Routine examination of morphology of organisms from cultures at

full growth was carried out using light microscopy and gram staining.

e Preparation of cells for experiments involving cell

suspensions

In all cases, cells were harvested at full growth by centri-
fuging at 3000xg (Sorvall, lodel RC-2B) for 10 min (200) in screw
capped polyprop;iene cups (250ml Nalgene) which had been sterilised by
autoclaving at 121°¢C for 15 min. The supernatant fluid was discarded
and the pellets were re-suspended and recentrifuged in sterile phos-
phate buffer (pH 7.0 : 0.1M) then finally resuspended in the same

buffer at the desired concentration.

Ca Experimental procedures

1. General procedure in preliminary studies

Oxygen uptake

Except when otherwise stzted the standard manometric procedure

for the estimation of oxygen uptake was used in all experiments.

For the oxidation of pyrimidines the rate of oxygen uptake was
normally followed until

a. it decreased to a value equal to that for the endogenous
respiration of cells in the controls. and

b. no pyrimidine remained as shown by ultraviolet spectro-

photometry.
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In all cases the endogenous 02 uptake was subtracted from the experi-

mental values in the presence of substrate, to obtain correct values.

Examination of incubation media for pyrimidines and ncn

volatile acids (noa ultraviolet abkgorbing

Normally contents were removed from manometer cups at various
stages of the incubation period and centrifuged at 3000xg for 10 minutes.

: - o}
The supernatants were discarded and stored at 0°C.

For the identification of pyrimidine products by ultwaviolet spectro-

photometry, supernatants were diluted 1:50 in 0.1M NaOH and 0.1k HC1.
For the identification of pyrimidines and non volatile acids by
co-chromatography supernatants were spotted directly on to thin layer

plates which were rmun using the ap,ropriate solvent systems.

2. Experiments involving larye scale incubstion

8a Incubation media

Excuept where otherwise stated, incubation media including those
in which cells were incubated in the presence of a metabolic inhibitor,
each contained 0.25g thymine, and 3g wet weight of cells. BEach medium
was made up to a total volume of 150ml with sterile 0.1M phosphate

buffer (pH 7.0).

b. Conditions for incubation

Flasks (500ml) containing 150 ml of medium, were plugged with
cotton wool and incubated at 3000 with shaking at 140rev/ﬁin in a New

Brunswick gyro-rotatory shaker (Model - G-25).
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Ga Incubation procedure

Normally incubation was allowed to proceed until all the thymine
had disappeared from the incubation medium. At various stages, ali-
quots (1ml) were removed from the incubation medium and centrifuged at
EOOOxg for 5 minutes. The supernatants, after being diluted 1:100
in 0.1M NaOH were examined by ulitraviolet spectrophotometry for the

prescnce of thymine and othur pyrimidines.
When thymine had disappeared from the incubation medium, cclls
; y . 0
were removed by centrifugation (3000xg, 10 min) at C°C, and the super-

natant stored at the same temperature.

(I Extraction of ether soluble acids from the supernatant

This method was based on that used by Biggs and Doumas (1963)
for the extraction of acids from the supernatant of incubation media,

with ether.

The initial step in the procedure involved filtration of the

supernatant using a Syke's filter. After the filtrate was adjusted

to pH 10,0 with 5M NaOH, it was concentrated by evaporation under

reduced pressure at BOOC, to a volume of approximately 30ml, and then
acidified to pH 2.0 with 6M HCl., The acidified solution was extracted
with ether (100ml) in a liquid-liquid extractor for 4 hr, and the ether
extract was separated and stored. The aqueous solution was re-extracted
with another 100ml of ether for a further 4hr and the ether extract

was separated and combined with the first. The combined ether ex-~
tracts were dried over anhydrous sodium sulphate (N‘a2 804) and evapo-

rated to dryness under reduced pressure. The residue was redissolved
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in a dry cther (ap,roximately 5ml) in preparation for methylation.

(1 Methylation of ether goluble acids

Methyl esters were prepared by the method of Schlenk and
Gellerman (1960) using diazomcthane gencrated from N-methyl-N-nitroso-
p=toluenesulfonamide. The preparation of diazomcthane is outlined in

Appendix TTA.

For nethylation, portions of diazomcthane in ether were added
to samples by a pastenr pipette. Sufficient diazomethane was added
to each sample for the characteristic yellow colour to persizt for at
least 20 mimites. Boiling chips were then added to sample tubes
which were placed in a besker of hot vater to evaporate off ether and
excess diazeonethane. All ateps were carried out in & fume-cupbosard.

For gas liquid chromatocgraphy the mithylated derivatives were redis-

. - . . o)
solved in cold cther to a velumec of 1Iml and stored at 0 C.

: > . 14
B Exporiments with thymine-nethyl-C 7

I Incubation media

Incubation media, including thosge in which cells werc incubated
in the presence of diethylmalonate, contained 20 pmoles thymine-methyl-
014 (Specific Activity 0.05mc/mM), 50 mg dry weight of cells in sterile

phosphate buffer (0.1MspH 7.0) to make a total volume of Sml. -

b. Conditions for incubsation

Flacks (25ml) each containing 5ml incubation medium, were
plugged with cotton wool and incubated at BOOC with shaking at 140

rev/min in a New Brunswick gyro-rotatory shaker (lodel - G-25).
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D Procedure during incubations

Cells were incubated until 211 pyrimidine had disappearcd from
the incubation medium. The disappearance of pyrimidine was studied by
removing aliquots (0.5m1) at regular intervals from a duplicate incu-
bation medium containing non-radioactive thymine. Aliquots were cen-
trifuged at 3000x§ for 5 mimtes and the supecrnatants, after being di-

Iuted 1:50 with 0,1M NaOH were examined by ultrsvinlet spectrophotometry.

During the incubation, aliguots (0.5ml) were removed from the

14

thyminc-methyl-C incubation medium at various intervals. Each
aliguot was added to hot 80% cthanol (5ml) and the soluble componerts

of the cellg, extracted for 15 mimtes.

(s Procedure for detecting radiocactivity

Ethanol extracts were centrifuged at 12,000xg for 20 mimtes at
0% (Sorvall - Model RG-2E). The gupernatants were decanted and each
made up to a totel volume of 10ml with 80% ethenol. In cach case a
0.2l aliguot was taken from & 1Cml volume, and counted in a scintilla-
tion Spectrometer, Packard (Model 2002). The rest of the 10ml volume
was evaporated under reduced pressurc with heating to about 0.5ml, and
a 0.1lml aliquot was withdravm to obtzin an approximate count. The
remaining radiocactive matcrial wes kept for spotting on thin layer
plates, which were developed for radioisotope scanning and autoradio-

graphy.

The amount of material spotted on each plate corresponded to
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de Experiments with cell-free extracts

Qe Preparation of cecll-freec extracts

Thymine grown cells were harvested by centrifugation (3orvall,
HModel RC-2B) at 3000x§ for 10 minutes at 0°C. The supernatant fluid
vas discarded and thec pellets resuspended in phosphate buffer (pH 7.0
0.1i)., After recentrifugation, and dccanting the supernatant, the
pellets were made into a slurry by the addition of phosphate buffer.
Normally 3g wet weight of cells were mixed with 4ml of cold phogphate
buffer and the ! suspengion stoved at 0°c, Cells were disrupted
using a French press. (Aminco, lMaryland, U.S.i.). Normelly two pres-—
sings at TOOOlb/sq.inch were required to ensurc a reasonable breskage
of cells. TFxamination of crushings after two presses, by electron
microscopy showed riost of the cells to be disrupted. Cell-free extracts
were obtained from crushings by two metihods.

& Crushings were centrifuped (Sorvall, liodel RC-2R) at
3000X§ for 10 mirutes =t 0°C. The supernatant was then carefully
decanted and stored at the same tempersture.

B Crushings were sonicated (17.S.E. 100 watt ultrasonic
disintegrator) for 2 mimites with 15 second bursts to break up gela-
tinous D.IN.A. This was followed by centrifugation (Sorvall, Nodel
RC - 2B) at 12,000xg for 20 minutes at 0°¢c. The supernatant was care-

fully removed and stored at 0°c.

b, Assay of cell-free extracts

To test the activity of cell-free extracts towards pyrimidines
the following assay system was used:=-
0.2m1  extract

0.4ml  phosphate buffer (0.1M; pH 7)
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0.1ml pyrimidine (0.021)

O.lml  B.S.A. (2.5%)

Ce2ml HZO
For assays at pH 6.5, phosphate buffer was used. Tris-lCl buffer was
used for assayes at pH £.5-8.0. The activities of cell-free extracts
towards barbituric acid and S-methylbarbituric acid were measured from
optical density readings at 255mm and 269nm respectively in 0.1 NaOH

using a Beclkman D.U. spectrophotometer.

Providing a linear relatiornship existed between substrate con-
centration end opticsl density the unit of enzyme activity was taken
ag that amcunt vwhich bBrought about an optical density decresse of

0.01/mirute.
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CHAPTER 4
PRELINMINARY STUDIES

The procedure for the exveriments in this section is ocutlined in

L1t

Experimental procedure 1y, Chapter 3. The experiments described here
were carried out to confirm the results obtzined by Batt and Woods
(1961) for thymine oxidation by cells grown on both thymine and uracil.

In addition, the oxidations of some compounds which were considered

feasible as intermediates of thymine catabolisu, were tected.

1, Thymine catabolism by uracil- -rown organisms

A, Oxyeen uptake during thyvimine oxidation

A steady increase in the rate of oxygen consumptior with cell

suspensions of N. corallina merked the first phase of thymine oxidation

(Ficure 4). At the end of the firet phase i.e. when the oxygen uptake
had reached a vslue of spproxinately 0.5 mole 02/mole thymine, a de-
¢rease in rate occurred marking the beginning of a second phase of
substrate oxidation. During the seccond phase, the rate of oxygen up-
take again steadily increased and finally levelled off to endogenous

values when all of the pyrimidine had been removed.

B, Identification of an oxidation product

Thin layer chromatography and ultraviolet spectrophotometry were

used to identify a compound formed during the oxidation of thymine.

For thin layer chromatography, contents were removed from meno-
meter cups at 0, 20, 40 and 60 minutes; 1.5, 2, 3, 5 and 6hr incubation.

Aliquots (10}Jlitres) of each supernatant were spotted on a 20 x 20cm
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Figure 4. Uptake of oxygen by uracil grown organisms, incubated with thymine.

Values corrected for endogenous oxygen uptake.
Standard conditions as described for manometry in Methods section, Chapter 3.
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thin layer plate. Thymine and 5-methylbarbituric acid were spotted

as markers (1 and lo’ulitros of each). The plate was developed in an

ammonia atmosphere with H-butanol saturated with water as the solvent.

The chromatogran (Fisure 5) showed that after 20 minutes in-
cubation, another ultraviolet absorbing compound was detected, the
Rf of which closely correspended to that for S5-methylbarbtituric acid.
After 90 nainutes incubatiorn which marked the end of the first phase of
oxidation, thiymine was nc longer present. In the second phase of
oxidation, the spot corresponding to S-metiylbarbituric acid was still
detectable at an incubastion time of S5hr, but had disappeared after 6hr
which was sbout the time oxyren upteke fisures approached endogenous

values,

Ultraviolet spectrophotometry showed thet over the first 1.5hr
incubation, there was o #hift ir the speetrum given by thymine (A max
at 235mm in 0.1 N20H) to one which was ideritigel to that of S-methyl-
barbituric acid ( A max at 269nm in 0,13 U=0H) (Fipure 6). TFarther,
the spectrum given by the ultraviolet absorbing compound in 0,11 HC1
was similer to thet for S-methylbarbituric acid (Fizure 6). In the
second phase of oxidation the spectra for the ultraviolet absorbing

compound gradually decreased until after 6hr none could be obtained.

Cs Other intermediates

Attempts to detect principally dicarboxylic acids as possible
intermediates of thymine catabolism were unsnccessful. Thin layer
chromatography of supernatants from incubation media did not reveal

the presence of acids when chromstograms developed with N-butanol:
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Figure 5. Chromatogram of samples removed at various times during the oxidation of thymine by uracil grown organisms.
T and MBA represent thymine and 5—methylbarbituric acid markers respectively.
The chromatogram was developed with N—butanol saturated with H20 in an ammonia atmosphere. Ultraviolet
absorbing compounds were located under ultraviolet light.
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Figure 6. Comparison of spectra of thymine oxidation product and 5-methylbarbituric acid.

(A) and (C) 5-methylbarbituric acid (8 x 10~ 5M) in 0.1M NaOH

and 0.1M HC1 respectively.

(B) and (C) Thymine oxidation product in 0.1M NaOH and 0.1M HC1.
For examination of spectra of thymine oxidation product 0.5ml portions
of supernatant were taken in the second phase and diluted 1/50 in

0.1M NaOH and 0.1M HC1 respectively.
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acetic acidsH?O (50:25:25 V/V) were sprayed with an alkaline solution

of methyl red.

D. Stability of S-nethylbarbituric ncid

It had bewmn previously reported that S5-methylbarbituric acid is
unstable in phosphate buffer at neutral pH and with adequate aeration
ig rapidly oxidised to S5-hydroxy-S-methylbarbituric acid (Batt and
Woods, 1961; Biggs and Doumes, 1962). In this investigation H-methyl-
barbituric acid (prepsred by the method given in Appendix IIC) vas
found to be cormmpletely stable in 0.1 phosphate bulfer (pH 7.0) during
a 6hr manometry experiment, as shovi by no observable oxygen uptzke
and no Gecresse in optical density (0.D. st 269mm in 0.1M NaOH) of
aliguots removed at varicus intervals.

=

E I Oxidation of S-ricthylbarbituric acid by H. coralling

revious studies have shown thst is is unlikely that S5-hydroxy-
S-methylbarbituric acid is an intermediate in the further oxidation of

H-methylbarbituric acié¢ by adapted eells of N. corallins. Batt and

Woods (1961) found that whole cells of pyrirddine adapted N, corallina

did not coxidise the compound, Biggs and Doumes (1962) obtnined simi-

lar results with whole cells of Corynebacterium.

Little is known on the nature of S-methylbarbituric acid decom-

position in N. corallina and the following experiments were carried

out to establish whether or net in the cell the initial step in the

catabolism of the compound, was likely to be enzymatic.

Studies were carried out on the oxygen uptake by cells meta-
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bolising 5-methylbarbituric acid and thymine in the presence of chloranm-

phenicol (180ug/menometer).

Results showed that for cells metabolising 5-methylbarbituric
acid in the presence of chloramphenicol, at the end of the Thr incu-
bation period, the oxygen uptske was 23% of that for cellis incubated
with 5-methylbarbituric acid in the sbsence of the inhibitor (Figure T¥s
Quantitative estimation of 5-methylbarbituric acid by vltraviolet spec-
trophotometry showed a comparalle decresse in the coacentration of the

compound over the sesrme period.

For uracil grown zells metsbolising thyine in the presence of
chloramphicnicol the first phase of oxidaticn was alimost unaffected by
the inhibitor. However, the sscond phase was merkedly depressed
(Figure &), Purthermore, at the end of the Thr incubaticn period, a
compound had accwwlnted, which was identified by ultraviolet spectro-
photometry as S-methylbarbituric soid. The concentration of the com-

pound was conparable with that of the 5-methylbarbituric acid not

utilised by ecells metabolising 1t in the prescnce of chloramphenicol.

TITs Oxidation of thymine and 5-mothylbarbituric scid by thymine

Srovin organisms

A. Oxygen uptake

For the oxidation of thymine, the rate of oxygen uptake was both
linear, and &t a maximum rate over the first 1.5hr incubation (Figure
9). The rate of oxygen uptake then decreased, and after 4hr incubation
when no thymine remained, there was no further uptake of oxygen. The

pattern of 5-methylbarbituric acid oxidation was similar, except that
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Oxygen uptake for uracil grown organisms metabolising 5-methylbarbituric acid.

(A) With chloramphenicol absent
(B) With chloramphenicol present (180ug/manometer)
Values corrected for endogenous 0, uptake.

Standard conditions as described for manometry in Methods section, Chapter 3.
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(A) In the absence of chloramphenicol
(B) In the presence of chloramphenical (180ug/manometer)
Values corrected for 02 uptake.

Standard conditions as described for manometry in Methods section, Chapter 3.
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Figure 8. Oxygen uptake for uracil grown organisms metabolising thymine
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the linear rate was evident for lhr (Pigure 9). The total oxygen up-
take values for thymine and 5-methylbarbituric acid were 2.3%6 and 1.61
iumcleoz/h:mle substrate respectively, giving a difference of C.75 umole

0 The difference was not equivalent to the value for uracil grown

2.

cells which was O.54upmole 02.

B. The Secarch for intermediates on thymince oxidative pathway

Thin layer chromatography of supernatants from thymine incubaticn
medie did not poeitively roveal the presence of S5-methylbarbituric acid
when chromatograms developed with N-butanol:sacetic ncid:Hzﬁ (50225

e N ; 4 ) e s " ' - _
25 /v) were viewed under ultravioclet light. The same chromatograms
when sprayed with an alkaline solution of methyl red did not show the

presence of any other organic acids.

IV, Thymine srown orgardsms with H-hydroxymethyluracil

S5=hydroxymethyluracil was not oxidised by thymine grown
organisms. The manometry run for the estimation of oxygen uptake was
allowzd to proceed for 6hr. Quantitative estimation of 5-hydroxy-
methyluracil in the supernatant, from a measurement of 0.D., 286nm
in 0.1 NaCH showed that there was no decrease in the concentration of

the compound over the 6hr period.

V. £ ; ni i 3 nine and glucose

oranisms
Methylmalonic acid utilisdtidn by thymine and -glucosc grown cells
was tested manometrically with O.5ml of 0.05i substrate added /cup.

Oxygen uptake was followed for 6hr.
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Figure 9. Oxygen uptake for thymine grown organisms metabolising

(A) Thymine

(B) 5—Methylbarbituric acid

Values corrected for endogenous 02 uptake

Standard conditions as described for manometry in Methods section, Chapter 3.
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It was found that thymine grown organisms oxidised methylmalconic

acid more rapidly than glucose grown organisms (Figure 10); at the
end of the 6hr incubation period the total oxygen uptake for glucose

grown organisms was 32% of that found with thymine grown organisms,
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Figure 10. Oxygen uptake for (a) Thymine grown organisms and (b) Glucose grown
organisms oxidising methylmalonic acid.
Values corrected for endogenous 02 uptake.
Standard conditions as described for manometry in Methods section, Chapter 3
except for the addition of 0.5ml of 0.05M substrate/manometer cup.
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VI. Sumnary
a. The oxidation of thywmine by uracil grown organisms occurred in

two phsases,

te S5-methylbarbituric acid was identified as an oxidation product

of thymine with uracil grown organisms.

(8 The accumulation of S-methylbarbituric acid was almost gquanti-
tative over the first phase of thymine oxidation with uracil grown

organisms.

d, The pattern of oxidation of 5-methylbarbituric acid by uracil-

grown organisms was similar to the second phase of thymine oxidation.

€. Thymine grown organigms oxidised thymine anrnd S5-methylbarbituric

acid nore rapidly than uracil grown organisms,

. The presence of an inducible enzyme system active upon 5-methyl-
barbituric acid was indicated from studies using chloramphenicol, with

uracil- grovm cellzs acting on thymine and S5-methylbarbituric acid.

& S5=hydroxymethyluracil was not oxidised by thymine- grown organisms.

h. Thymine grown organisnms oxidised methylmalonic acid more

rapidly than glucose grown orgsnisms,
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CHAFTER 5
THYMINE CATABOLISM BY THYMINE GROWN ORGANISHS

I THE PRESENCE AND ABSENCE OF METABOLIC TINHIEITORS

In the preliminary studies (Chapter 4) attempts to detect pos-
sible intermedistes of thymine catabolism by thymine grown organiocms
were unsuccessful. It was considered that some intermediates and in
particular, methylmslonic acid might be detected if the incubations

with thymine were carried out on a larger scale.

The methods used in the following studies are outlined in Exyperi-

mental Procedures 2, Chapter 3.

e Tncubation of cells with thymine in the absence of matabolice

inhibitors
The oxidation of thymine was followed by ultraviolet spectro-
photometry of aligquots removed from the incubation system; no other

ultraviolet absorbing compoundsother than thymine were detected.

After 6hr, when all the thymine had disappeared, the incubation
wag stopped, and the supernstant of the incubation medium was examined
for the presence of ether soluble acids. Gas liquid chromatography of
methylated derivatives in the ether extract of the supernatant, showed
in only one experiment, the wpresence of a compound tentatively iden-
tified as the dimethyl ester of methylmalonic acid. In all cther

experiments this compound could not be detected with any certainty, and
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no other compounds were detected.

IT. Incubation of cells with thymine in the presence of mmetabolic

inhibitors

A. Studies with mercuric chloride (Hg012)

In an attempt to promote the accumulation of intermediates in
thymine catabolism, mercuric chloride (HgClz) was used. At concen-
trations of 1, 0.1, and 0.01 mM the compound potently inhibited the
oxidation of thymine. In contrast to control experiments in which all
the thymine had disapjeared after 6hr, there was no cbservable decrease
in the concentration of thymine over the game period, in the presence
of mercuric chloride. At concentratiomsbelow 0.001 M, HgCl2 partially
inhibited the metabolism of thymine. Exanination of supernatant from
the incubation media did not show the presence of any ultraviolet

absorbing compounds, or ether solulile acids.

B. Studies with sodium arsenite

When sodium arsenite was used at a concentration of 5mld &
partial inhibition of thymine oxidation similzr to that observed with

HzCl, was obtained. However sgzin no intermediates were detected.

2

C. Studies with diethyl malonzte

In an attempt to accumnmlate dicarboxylic acids as possible inter-
mediates of thymine catabolism, diethyl malonate was used as a competi-
tive inhibitor. The choice of the diethyl ester instead of the free
acid was influenced by the observations of Batt and Woods (1961) who

showed that malonic acid could not be oxidised by N. corallina, even
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with cells which contained high barbiturase activity. One reason for
this could be that the ceclls had a permeability barrier to this acid.
The low permeability of cells to malonic acild was recognised by Webb
(1966) who suggested that the diethyl ester could probably circumvent

the permeability barrier,

In the following experiments diethyl malonate was employed at a

concentration of 0,02M in incubation media.

Identificetion and estimation of an ultreviolet absorbing

product of thymine catabolism

In control experiments, (no diethyl malonate present) after 6hr
incubation all the thymine had disappeared,; during which period, no
other ultraviolet zbsorbing cempounds were detected. When cells were
incubated with thymine in the presernce of diethyl malonate, the dis-
appearance of the substrate, was accompanied by the accumulation of a
compound having spectral characteristiecs identical to 5S-methylbarbi-
turic acid (Figure 11). At the end of Chr incubation, tre compound
identified as H-nethylbarbituric acid was cstimated by reference to a
standard curve of 0.D. 269 rnm vs. concentration (mM) The quantity of
acid which : accumilated was equivalent to 30% of the original

thymine added to the incubation system.

Gas - liguid chromatography of methyl esters of ether soluble

acids
After cells had been incubated for 6hr with thymine in the pre-
senice of diethyl malonate, the supernstant of the incubation medium was

tested for the presence of ether soluble acids., Gas liquid chromato-
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Figure 11.

Comparison of spectra of ultraviolet absorbing product and 5-methylbarbituric acid.

(A) and (C) 5-Methylbarbituric acid (8 x 10_5Ml in 0.TM NaOH and 0.1M HC1 respectively.

(B) and (D) Ultraviolet absorbing compound in 0.1M NaOH and 0.1M HC1

For the examination of spectra of ultraviolet absorbing compound 0.5 ml portions of supernatant
were taken and diluted 1/60 in 0.1M NaOH and 0.1M HC1 respectively.
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graphy of methylated derivatives from the ether extract of the super-
natant, showed the prescnce of at least four compounds (Figure 57 5
Three of these compounds were tentatively identified in having retenticn
volumes corresponding to the dimoethyl iscsuccinatc, dimethyl malonate,
and dimethyl sucecinate standards respectively. The separation of the

standards (Figure 12P) was carried out under the same conditions.

Values of retention time and retention volume for standards and

unknown are giver in Table 2.

TARLE 2
Retention times and retention velumes for methyl
)

egters of dlcarboxylic acid standerds and unknowms.

Ret. time Ret., volune
(min) (ce)

Dimethyl isosuccinate 28.0 550
Dimethyl malonate 48,2 1,200
Timethyl suecinate Bl 1.,5%0

1 Tats 940

2 4743 1,185
Unknowns _

3 6045 1,512

4 793 1,980

Mass spectrometry

This method was used to further characterise the compound

tentatively identified as dimethyl isosuccinate.
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Figure 12A. Gas Liquid chromatogram of methyl esters of ether soluble acids from supernatant.

he

gas (25 ml/min). The temperature of the column was programmed from 88°C — 167°C at 1°C/min and held at 167°C for

Separation was achieved using 10% diethylene glycol succinate (DEGS) on chromosorb W 60 — 70 mesh with argon as the carrier
15 min before being returned to the initial value.
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Figure 12B. Separation of dimethyl esters of methylmalonic, malonic, and succinic acids by gas-liquid chromatography

Conditions for separation the same as outlined in Figure 12A.

Dimethyl isosuccinate
B. Dimethyl malonate

A.

Key:

Dimethyl succinate

C.
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A glass collecting chamber was connected to the gas outlet of
the G.L.C. spparatug at the initial stage in the recording of the first
peak corresponding to that of dimethyl isosuccinate. The material
onee collected, wes eluted into a flosk with methanol (redistilled).
The methanol was evaporated off under rcduced pressure with some heating,

and the residual nmaterial used directly for mass spcctral analysis.

Mass spectral data showed the presence of an iosn with lm/é =
= : : - v 31 ’ . m
146.0587. The dimethyl isosuccirate (0631004) ion required an /e
value of 146.0578. Other compounds were shown to be present in the
sample, but further purification to cbtain mere cleazr cut results was

not attempted.
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I11. Sunmary

8. When cells were incubated with thymine in an inhibitor free
system, no ultraviolet absorbing products were found, and in only one
experimeart, was the presence established of a compound tentatively

identified as methylmalonic acid.

b. Poesible products of thymine catabolism were not detected in
incubation nedia in which arsenite or mercuric chloride partially or

completely inhibited the utilisation of thymine.

(8 A compound identified as S5-methylbarbituric acid accumulated when

cells were incubated with thymine in the presence of diethyl malenate,

da The extent of 5-methylbarbituric ncid accumulation was equivalent

to 30% of the original thymine conccntration.

€ Three compounds, tentatively identified by gas liquid chromato-
graphy of their methylated derivetives, as isosuccinic, succiniec, and
maleonic acids, Wwere present in the incubation 'edia of cells metaboli-

sing thymine in the presence of diethyl malonate.

foa The compound tentatively identified as the diethyl ester of iso-

suceinic acid was further characterised by mass spectromctry,
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CHAPTER 6

STUDIES ON THE CATABOLISH OF THYMINE—METHYL-014

In Chapter 5 the effect of dicthyl malcnste in accumulating

methylmalonie acid and S-methylbarbituric acid was described.
Although, in this section diethyl malonate was used in later
experiments, the apiroach was to initially study the catabolism of

thymine by both thymine and uracil grovin organisms in a frece system.

) 19 The catabolism of thymine-mcthyl—014 by thymine grown organisnms

in a free system

14

Organisms were incubated with thymine-niethyl-C™" for 1lhr, during
which after the first 30min all the substrate had disappeared as esta-

blished by ultraviolet spectrophotometry.

Samples (0.5ml) were removed from the incubation medium at 0,
15, 30 and 60min., The recoveries of radioactivity in the ethancl
extract from samples removed at various times are shown in Table 3.
TABLE

Recoveries of radicactivity in ethanol extracts of samples removed

when thymine grown organiéms were incubated with thymine-methyl—(}l4
Incubation time (min) Dpm % recovery
0 6,600 100
15 5,700 87
30 4,800 13
60 3,600 55
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Radiochromatograms were developed using N-butanol:acetic acids

H,0 (50125125 V/¥) as the solvent.

For the sample. romoved after 15min ineubstion, the radiochromes-
togran scan showed spart from the major perk corresponding to thymine,
one other significant peak (Figure 13A). This peak was found to ac-
count for 25% of the total radiomctivity of the material scanned and
appeared to be given by a single radiocactive compound which was refer-
red to as unknown A. Unlike thymine, this compound could not be

detected under ultraviolet lizht.

Two other peaks which could not he discerned with any certainty
corresponded to S5-mecthylbartituric acid and methylmalonic acid res-

pectively.

The contributions of these pevaks towards totel radiocactivity
were ninor. There was no radiocactivity ccuresvonding to the 5H-

hydroxy-5-methylbarbituric acid marker.

For the sample removed after 30min incubation the radiochroma-
togram scan showed one major peak (Figure 13B). From sutoradiography
it ap.eared that the peak was given by two compounds, one of which was
terntatively identified as unknown A, on the basis of its Rf value.

The other was referred to as unknown B. Another smell peak appeared
to be given by a compound referred to as unknown C., DNone of the un-

known compounds could be detected under ultreviolet light.

The radiochromatogram scan obtained for the 60min incubation
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Figure 13A.

Hadiochromatogram scan of ethanol extract obtained for the sample removed at 15 min, when thymme grown cells
were incubated with thymine-methyl—C 14

Key: 1. Unknown A 4. Thymine
2. 5—Methylbarbituric acid 5. Methylmalonic acid
3. 5—Hydroxy—5—methylbarbituric =~ 6. Marker
acid.
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Figure 13B.

Radiochromatogram scan of ethanol extract obtained for the sample removed at 30 min, with thymine grown cells
incubated with thymine-methvl-ﬂ“.

Key:

el ol e

Unknown C
Unknown B
Unknown A (tentative)
5—Methylbarbituric acid

5. 5—Hydroxy—5—methylbarbituric acid

6. Thymine
7. Methylmalonic acid
8. Marker
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Figure 13C.

Radiochromatogram scan of ethanol extract obtained for sample removed at 60 min, after thymine grown
cells had been incubated with thymine methyl-C 14,

Unknown C (tentative)
Unknown B (tentative)
Unknown A (tentative)
5—Methylbarbituric acid
Marker

Key:

gRON=
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period showed the distribution of radiocactivity to be similar to that
for 30min (Figure 13C). However autoradiography suggested that most

of the activity came from unknown E.

4 . -
i i1 17 The catabolism of thymine-methyl-cl' by uracil grown organisms

in a free system

A
Organiems were incubated with thyninewmethyl-Clq for Shr,
Samples (O.5ml) were removed from the incubation mediwm at O, 1, 2, 4,
and Shr. The recoveries of radiosctivity in the ethanol extract for

sanples removed at these times are shown in Taeble 4.

TABLE 4

Recoveries of radiocactivity in ethancl extracts of samples removed

: ; : S B 14
when uracil grown organisms were incubated with thymine-methyl-C

Incubation time (hr) Dpn ﬁ recovery
G 6,600 100
1 € 4400 g7
. 5,200 94
4 4,700 71
P 3,900 59

Radiochrome tograms were developed using H-butanoliacetic acid:HQO

(50:25:25 V/V) as the solvent.

The radiochromatogram scan obtained for a sample removed after

lhr incubation showed peaks corresponding to thymine and 5-methylbarbi-
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turic acid. (Figure 144). The scan for 2hr incubation, showed all
the radioactivity coiresponding to the S5-methylbarbituric acid marker.
For 4hr incubstion the scan showed apart from the peak corresponding to
5-methylbarbituric acid, another which occurred in the position of un-
known A (Figure 14B). For the final samplc obtained after 5hr incu-
bation the scan indicated that elmost all of the radiocectivity occurred
in the position of unknowvn A. Unlike S-methyluvarbituric acid the

unknown compound could not be detected under ultraviolet light.

IIT, The catabolism of thyminc—mcthyl-cl4 in the presence of diethyl

nalonate with thymine grown organisms

Diethyl malonate was employed at a concentration of 0.02M in

the incubsaticn nediun,

Organisms were incubated for lhr at which time all the thymine
hed diseppeared from the modium as cstablished by wltraviolet spectro-

photonatry.

Samples (G.Sml) were renoved from the incubation medium =t O,
15, 30 and 50min. Recoveries of radioactivity in the ethenol extract

from samples removed at various times are shovm in Table 5.
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Figure 14A.

Radiochromatogram scan of ethanol extract obtained for the sample removed at 1hr, when uracil grown cells were
incubated with thymine-methyi-—cm.

Key: 1. 5—Methylbarbituric acid
2. Thymine
3. Marker
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Figure 14B.

Radiochromatogram scan of ethanol extract obtained for the sample removed at 4hr, when uracil grown cells were
incubated with thymine-methyl-cm.

Unknown A (tentative)
5—Methylbarbituric acid
Thyimine

Marker

Key:

B A
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TABLE 5

Recoveries of radicactivity in ethanol extracts of samples
removed when thymine grown organisms were incubated with

f!:hymine-meth,yl-CMr in the presence of diethyl malonate

Incubation time (min) Dpn % recovery
0 6,600 100
15 6,200 94
30 5,800 88
60 5,000 76

A. Radiochromatogram scanning of ethanol extracts

Radiochromatograms were developed using the following solvent
systems.
1. T-butanol:acetic acidsH,0 (50:25:25 V/v)
11. Tert-butanol:imethyl ethyl ketone:HQO (40:30:25 1'T/V)

in an ammonia atmosphere,

For the sample removed after 15 min incubation radiochromatogram scans
showed apart from the major peak corresponding to the thymine marker,
small peaks corresponding to the 5-methylbarbituric acid and methyl-
malonic acid markers respectively. This is exemplified in a scan
obtained from a radiochromatogram developed with solvent 1. (Figure 15A).

Scans also showed a small peak corresponding te unknown A,

For the sample removed after 30 min incubation radiochromatogram

scans provided similar information., However the relative radiocactivity
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corresponding to the 5-methylbarbituric acid marker had increased,
accounting for 18% of the total radiocactivity of the material scanned.
The band giving thc peak was clearly discernable under ultraviolet
light. Scans further showed an increase in relative rzdicactivity
corresponding to the methylmalonic acid marker, however an accurate

estimation was not obtainable.

The separation of radicactive compounds is shown in a scan
(Figure 15B) of a radiochromatogran developed with solvent 1. Scans

also showed a peak which appeared to be given by unknown A.

Radiochromatogram scans for the 60 min sample showed the peaks
corresponding to S5-methylbarbituric acid and methylmalonie azeid markers
to be prominent. This is exemplified in the sean (Figurc 150) obtained

from a radiochromatogran developed with sclvent 1.
a .

From scans, the pezks corresponding to methylmalonic acid and
5-methylbarbituric acid, together were cstimated to account for almost
70% of the radioactivity of the material scanned. This contrasted
with the results from the scan obtained for the sample removed at the
same time for cells metabolising in the absence of diethylmalonate
(Figure 13C) in which there was no radiomctivity corresponding to the

5-methylbarbituric acid and methylmalonic acid markers.

B. Further evidence for the presence of S-methylbarbituric

acid and methylmalonic acid

Approximately 0.5ml of radiocactive ethanol extract from a 60min

sample, was streaked on a 10 x 20 cm thin layer plate (cellulose: thick-
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f«f @9 o
1 2 3 4 5

Figure 15A.

Radiochromatogram scan of ethanol extract obtained for the sample removed at 15 min, when thymine grown
cells were incubated with thvmine-n'lethyvl—C‘“'Il in the presence of diethylmalonate.

Key: 1. Unknown A (tentative) 4. Methylmalonic acid
2. 5—Methylbarbituric acid 5. Marker
3. Thymine
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Sy

Figure 15B.

Radiochromatogram scan of ethanol extract obtained for the sample removed at 30 min, when thymine
grown cells were incubated with thvmine-methyi—cm in the presence of diethylmalonate.

Unknown A and B (tentative)
5—Methylbarbituric acid
Thymine

Methylmalonic acid

Marker

Key:

PN -




69

AAMAA A

L

Figure 15C.

Radiochromatogram scan of ethanol extract obtained for the sample removed at 60 min, after thymine grown cells had been
incubated with tl'nfrrli|"ua-ﬂ-|a‘thyl—C14 in the presence of diethylmalonate.

Key: 1. Unknown 4. Thymine
2. Unknown A and B (tentative) 5. Methylmalonic acid

3. 5-Methylbarbituric acid 6. Marker
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ness 0.5mm) using a Shandon sample stresker (London, England). Methyl-
malonic and 5-methylbarbituric acid were also spotted at positions cor-
responding to the streak on either side of the plate. The chromato-
gram was developed using a solvent of N-butanol:acetic acid:HQO (501

25:25 ¥ /Y).,

After the chromatogram had been dried, cellulose was immediately
scraped off in the bands corresponding to 5-methylbarbituric acid and
methylmalonic acid, and the radiocactive material from each band sepa-
rately eluted with HEO' Successive elutions and centrifugations were
carried out until only aAsmall amount of radioactivity remained assoc-

izted with the cellulose from each band.

Ultraviolet spectrophotometry of the material from the ultra-
violet absorbing band, revealed the presence of a compound having
gpectral characteristics identiczl to S-methylbarbituric acid with A max

values in 0,1¥ HC1l and 0.1 NaOH at 262nm and 269nm respectively.

Material from the band corresponding to methylmelonic acid was
concentrated in the presence of ethanol under reduced pressure with
heating at 80°¢C. Concentrated radioactive material was spotted on a
20 x 20 cm thin layer plate, at an amount equivalent to 3,500 dpm.
Malic, malonic, methylmalonic, succinic and isocitric acid standards

were also spotted over the same point.

The radiochromatogram was developed two dimensionally using amyl

alcohol:formic acid:H,0 (40:40:2 V/V) and N-butanol:acetic acid:H,0

(50:25:25 V/V) as the first and second solvent systems respectively.
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To help identify components separated in the radiochromatogram

on the basis of Rf values, standards were also chromatographed in one
dimension. One plate was run in amyl alcohol:formic acid:HQO and the
other in N-butanol:acetic acid:HgD simultarneously with the development

of the radiochromatogran.

By this method all acids were identified on the developed radio-
chromatogram except for one which was found to be an impurity in the

citricigeid sample.

Aatoradiography of the radiochromatogram showed virtually all
of the radioactivity corresponding to methylmalonic acid (Figure 16).

Traces of radiocactivity were also found in suceinic acid,



T2

Figure 16.

Autoradiograph of radiochromatogram for radioactive material removed by preparative thin layer chromatography in band
corresponding to methylmalonic acid.

Key: 1. Citric acid 4. Malonic acid
2. Impurity in citric acid 5. Succinic acid
3. Malic acid 6. Methylmalonic acid
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Iv Summary
Ble When thymine grown organisms degraded.thymine—methyl—(}l4 in the

absence of diethyl malonate.

I Radicactive S5-methylbarbituric acid and methylmslonic acid
could not be detected by radio-isotope scamning or autoradiography.

ii., At least three unidentified radioactive compounds (non-
ultraviolet absorbing) were detected. These were tentatively referred

to as unknowns A, B, and C.

b When uracil grown organisms catabolised thymine-methyl-014 in
the absence of diethyl mslonste.

iy A radicactive compound was identified as 5-methylbarbituric
scid, which absorbed under ultraviolet light.

ii., Another radicactive compound (non—ultr&violet absorbing)

was detected und supeared to be that of unknown A.

; ; & : 14. .
Ch When thymine grown organisms metabolised thymine-methyl-C 4 in

the presence of diethyl malonate.

b 8 Two radioactive compounds accumulated which were identified
by radioisotope scanning and autoradicgraphy as S-methylbrarbituric acid
and methylmalonic acid.

ii, Unidentified radiocactive compounds which zappeared to be

those of unknown A and perhaps unknown B were also detected.
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DISCUSSICN

From the evidence presented in this investigation there is little
doubt that S5-methylbarbituric acid is a primary intermediate in the

oxidative catabolism of thymine in N. corallins. Studies with uracil

grown organisms had shown that 5-methylbarbituric scid accumulated

almost quantitatively over the first phase of thymine oxidation. Such

td

findings were consistent with those of Bztt end Woods (1961).

With thymine grown organisms 5S5-mecthylbarbituriec acid z2ccumulated
only when cells metabolised thymine in the presence of diethyl malonate,
The extent of the accumulstion amounted to Hfi of the original thymine

concentration.

Results from this investigation did not support the claim by
Batt (1961) that 5~-hydroxymethyluracil is oxidised by thymine grown
organisms and thus the role of this compound as & poszible intermediate

of thymine catabolism remains doubtful.

The initial step in the breakdown of 5S5-methylbarbituric acid
was suggested to be enzymatic from studies with chloramphenicol, an
inhibitor of protein synthesis. The inhibitor was used to prevent the
synthesis of the inducible enzyme or enzymes thought to act upon
S5-methylbarbituric acid. In the presence of chloramphenicol, the
utilisetion of 5-methylbarbituric acid by uracil grown organisms was
markedly suppressed. This indicated that the synthesis of the enzyme

system acting on 5-methylbarbituric acid was inhibited.
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The enzymatic nature of 5-methylbarbituric acid breakdovn was
also suggested from the observation that thymine grown orgsnisms utilised

5-methylbarbituric acid more rapidly then uracil-grown organisms.

Although studies with chloramphenicol suggested that the initial
reaction in the degradation of ° S~methylbarbituric acid was enzymatic,
cell free extracts of thymine grown organisms were found to be inactive
towards the compound, cven in the presence of ATP, NAD® and NﬂDP+.

The same extracts were active towards barbituric acid, in containing

barbiturase.

The failure to demonstrate activity of bacterial cell free
extracts towards 5-methylbarbituric acid has been evident in studies

by other workers.

Lara (1952) found that cell free extracts from a pyrimidine

adapted strain of N. corallina wewe active towards thymine, uracil,and

barbituric acid, but not 5-methylbarbituric acid. Similar results
were obtained by Hayaishi and Kornberg (1952) working with cell free

extracts of Mycobacterium and Corynebacterium.

Biggs and Doumas (1963) found that although cell free extracts

of a Corynebacterium sp. were active towards barbituric acid, they were

inactive towards 5-methylbarbituric acid.

The inactivity of bacterial cell free extracts towards 5-methyl-
barbituric acid suggests that the enzyme or enzymes active upon the

compound are either very labile or a complex set of factors are required
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for activity.

On one occasion it was claimed that 5-methylbarbituric acid was
degraded via barbituric acid. Lara (1952) showed that thymine-grown

organisms of N. corallina oxidised barbituric acid more rapidly than

yeast extract grown organisms. Batt and Vioods (1961) demonstrated

thaet uracil adapted N. corallina oxidised barbituric acid more repidly

than thymine grown organisms.

The results implied that the level of enzyme, active upon barbi-
turic acid was higher in uracil grown organisms than those grown on
thymine which in turn had 2 higher level of activity than glucose-grown
organisms. Studies by Brennan (unpublished work) confirmed this
finding in demonstrating that the specific activity of barbiturase from
thymine grown orgenisms was 107 of that for the enzyme frﬁm uracil
grown organisms. Barbiturase from glucose grown organisms was found
to have a specific activity of less than 0.01% of that for the enzyme

from thymine grown organisms.

The results from studies on barbiturase levels would be consis-
tent with the possibility that in thymine grown organisms the decom-
position of S5-methylbarbituric acid could occur at least in part via
barbituric acid. However, the high level of barbiturase in uracil
grown organisms does not necessarily imply that 5-methylbarbituric

acid breakdown is initiated by a demethylation.

The results from this investigation provide little evidence to

either support or reject the possible existence of a pathway for thymine
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catabolism, in which 5-methylbarbituric is demethylated to give barbi-
turic acid.

In studies on the catabolism of thyminc~methyl—014 by thymine
grown organisms several radioactive compounds werc detected but not
identified (Figure 13A, B and C). The possibility that these compounds
14

could have been produced as a result of demethylation of 5-methyl-C

barbituric acid has not been examined cxperimentally.

The accumulation of 5-methylbarbituric acid in the ypresence of
diethyl malonate would secm to be due to = mechanism analogous to nega-
tive fecdback inhibition. Mzlonate produced by intracellular hydro-
lyses of diethyl malonate could be directly inhibiting the enzyme

which aects on S-methylbarbituric acid.

Diethyl malonate was shown to have a further effect during thy-
mine catabolism in thymine grovn crganisms by evoking the accumulation
of a compound identifiecd as methylmzlonic acid. The mechanism causing
this accumulation has not been established, but it is reasonable to
suggest that the de-esterified malonate zcts as a competitive inhibitor

on the enzyme acting upon methylmalonic acid.

The observation that in the presence of diethyl malonate, methyl-
malonic acid accumulated together with 5-methylbarbituric acid, suggests
that the compound is an intermediate of thymine catabolism. This
would be consistent with the conclusion of Biggs and Doumas (1963)

from a study on the oxidative catabolism of thymine in Corynebacterium.

These workers provided evidence that methylmalonic acid was derived
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directly from 5-methylbarbituric acid.

Further work is required before methylmalonic acid can be
definitely established as an intermediate on the only pathway for
thymine catabolism in this organism. Such studies should alsc include
a more detailed investigation of thymine catabolism by uracil grown

organisms.

The possibility that a pathvay exists for thymine catebolism via
barbituric acid certainly requires further investigation. Although
the unidentified radioactive compounds formed as a result of thymine-
methyl-Cl4 catabolism, would appear tn have occurrei at later stages on the
metabolic sequence or sequences, the possibility that any of these,
were formed as a result of S-methylbarbituric acid demethylation cannot
be rejected. It would not only seem important to identify these com-
pounds, but also study in more detail the catabolism of thymine

labelled in the pyrimidine ring.
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APPENDIX T
A Glucose culture mediun
T B0
KHE*L4 20.41 gm,
NH S0 . g
(3, ),50, 4.50 gm
Thiamine HC1 (Vit Bl) 0.037 gmu.

were dissolved in approximately 1350 ml of distilled water. After
neutralisation with 54 NaOH (pH 7.0)
Mg SO4STH20 0.15 gm

was added. The total solution was adjusted to 1425 ml, and dispensed
evenly into 5 conical flasks (1 L.) fitted with muslin cozted cotion
wool plugs.

Glucose 13.5 gnt
was dissolved in 90 ml of glass distillied water in a 250 ml conical
flask which was plugged with muslin coated cotton wool. All solutions
were sterilised by autoclaving (15 min: 12100). After cooling, 15 ml
of glucose solution was pipetted aseptically into each conical flask

giving a final volume of 3CC ml of phosphate buffered medium/flask.

Ba Pyrimidine culture medium
KH, PO, 24.5 m
MgSO4=TH2O 0.18 gm
Uracil or thymine 3.6 gm
Thiamine HC1 (Vit Bl) 0.045 gm

were dissolved in approximately 1,500 ml of distilled water. The
medium was then neutralised (pH 7.0) with 5N NaOH and the volume was
then made up to 1.8 litres. This was dispensed evenly into 6 conical

flasks (1 L). which were each plugged with muslin coated cotton wool.
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Flasks were autoclaved (15 min at 12100) allowed to cool, and were

ready for inoculation.

C. Agar medium for slope cultures
KH2PO4 1.70 gm :
(NH4)2504 1.50 gn
Oxoid Yeast Ext 0.25 gnm
Thiamine HC1 (Vit 131) 0,025 gm
Glucose 3.75 gn

were dissolved in approximately 450 ml of distilled water and neutra-
lised with 5M NaOH

Mg SO4=7H2O 0.05 egm
was dissolved in several ml of distilled water and added. The final
volume was adjusted to 0.5L and 10 gm of Agar (Davis) was added.. The
preparation was heated and prior to autoclaving, was poured into

McCartney bottles for slopes..
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APPENDIX II

A, The preparation of diazomethane

(Based on the method of Schlenk and Gellerman 1960 )

35 ml of methyl cellulose (2-methoxyethanol), 50 ml of ether,
and 10 ml of 60% KOH were placed in a 250 ml distilling flask, which
was cooled for 10 min in an ice-bucket.  Approximately lg of N-methyl-
H-nitrosotoluene-p-sulphonamide was added to the mixture which was
allowed to stand 30 ninutes, The flask was then attached to a splash
head and receiving condenser and the contents were warmed to about
70°C.  The distillate was collected in a 50 ml receiving tube placed
in ice.

The preparation was carried out in a fume cupboard.

B. The preparation of 5-hydroxymethyluracil

(Based on the method of Fink, Fink and Cline, 1959)

32 ml of 0.5N KOH, 2.24g of uracil, and 2 ml of 37% HCHO were
mixed and allowed to stand for two wecks at room temperature. Dowex
50 W-X (100 - 200 mesh H') wes added to neutralise the solution the
cation exchange resin was then filtered off, and the solution concen-
trated in vacuo, then refrigerated. Crystals were obtained by fil-

tration, and recrystallisation was carried out with ethanol:H, 0 (1:1

2
v/V) the product which had a melting point of 310o was obtained in a

yield of 70% (tentative).

Tests for homogenuity using thin layer chromatography and N.M.R.

Spectroscopy revealed that the product was impure containing a signi-
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ficant quantity of uracil.

Preparative thin layer chromatography, with ethyl acetate=H20:

HC1 conc (60:35:5 V/V) as the solvent, was used to separate the uracil

impurity. Trom elution with H,O snd recrystallisation with Ethanol:

?
HEO (1:1 V/V) 5=-hydroxymethyluracil was obtained at a purity of greater

than 90%, as established by N.M.R. Spectroscopic data.

Ultraviolet spectrophotometry was used to estimate the extinc-

tion coefficients of the compound in 0.1M NaCH, which were as follows

’ lem B 3
., lem 8 2
b . E 245 " - e 4 5 P lU
C. The preparation of S-methylbarbituric acid

(Based on the method of Holmtergz, 1945)

Sodium (2.5g) was dissolved in absclute alcohol (40ml) to which
was added urea (6.65). The mixture was warmed until a clear solution
was obtained. Diethyl methylmalonate (17.4g) was added and a thick
paste formed which was heated under a reflux for 4 hr at 115( - 12000.
Absolute alcohol (50m1) was added and the mixture was boiled for a few
minutes, and the sodium salt filtered from the mixture. The sodium
salt was recrystallised twice from boiling water and dried at 110°C.
H=methylbarbituric acid was obtained by dissolving the sodium salt in
a minimum volume of boiling water acidified to pH 2 with concentrated
HCl, and recrystallising from water until the filtrate was chloride
free. The final product (3g) obtained after washing with absolute

ethanol and drying over Ca012 in a dessicator, had a melting point of
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19500 and the following extinction coefficients

-.J l.Ocm o
o 1.0cm
34 I i
i, In 0.1F MeOH B 5p0 0 | 1,67 x 10°
i) The preparation of 5=hydroxy-5-methylbarbituric acid

(Based on the method of Biggs and Doumas, 1962)

5-methylbarbituric acid (0.5z) was shaken in 30ml of 3% H,0,

until the absorption at 269nm disappeared. The solution vwas then
evaporated to dryness at 60O under reduced pressure, and the residue
was dissolved in water and taken again to dryness under reduced pressure.

After being dried over CzaCl, the compound was recovered in almost

2
quantitative yield, and had a melting point of 22600.



