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SECTION 1 

INTRODUCTION 



CHAPTER 1 

PYRIMIDINE CATABOLISM IN MICRO- ORGANISMS 

WITH SPECIAL REFERENCE TO NOCARDIA CORALLINA 

1 

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. 

1. 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 • xidation 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 



2 

organisms grown on either thymine , uracil or bar bituric acid were active 

towards thymine and uracil in oxidis ing these compounds to the corres­

ponding barbituric acids . 

The fi nding of 5- methylbaritur i c acid as the oxidative pr oduct 

of thymine did not support the conclusion r eached in earlier studies 

(Lara , 1952a ) . The earli er proposal tha t uracil was degraded through 

barbituric a cid was supi:orted by studies with cell- free extracts . It 

was feasible t hat barbituric a cid couJd have been formed in a r ea ction 

i nvolving a demethylation of 5- me t hylbarbituric a cid . 

Some of the conclusions of Lara (1952b) wer e subs t anti a t ed by 

the subsequent ,,ork of Wang and Lampen (1 952 ) and Hayai shi and Kornber g 

(1952 ) . 

Vlang and Lampen (1952 ) prcpa:rnd extracts from an unidentifi ed 

bacterium (Strain U- 1) by alumi na grinding and found tha t such extracts 

catalysed the oxidation of uracil and thYJ:]ine with the uptake of 1 atom 

of oxygen per mo l e of pyri mi dine . These v.1orkers were successful i n 

isol a ting barbituric acid from the uracil r eaction mixture , but di d no t 

i sol a t e t he product formed f r om t hymine under si mi lar conditions . 

Hayaishi and Kornber g (1 952 ) '?'Orking ni th crude enzyme pre­

parations of uracil-thymine oxidase from s trains of Mycobac t erium and 

Corynebacteriurn, isolated and identified both the oxidation products 

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

r espectively. 
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The oxidation of pyrimidi nes t o the corr espondi ng barbi turic acids 

is shown a s part of an over a ll scheme f or pyri nidino catabolism in 

Figure 1. 

Batt and Wo ods (1 961) questi oned the possibility tha t in 

:N. corallina the pathways f or pyri mi dine cntabol i sm >''er e likely to 

aper"¼ te s ol ely via thE corn.; sponding bar bi turic a cids . 5- mE: thylbarbi-

turic acid wa s establi shed a s the only oxidative 11roduct of thymine 

ca tabolism by uracil t7own or ganisms , but other oxidative pathvrays could 

hav e been opera ting in t hymine gro\'m organisms . Likewise , barbituric 

acid was established a s thG only oxi dative pr oduct of ur Gcil catabolism 

by thymine grovm or gani sms , but a gain al terna ti ve pathways could be 

present in cells grown on uracil . 

!,1anometric studi es were carried ou t on thyr.iine and uracil g:rovm 

organisms oxidising thymine , ura cil, barbituric acid and 5- me t hylbarbi-

turic a cid . For the oxida tion of thymine and 5- mE: thylliarbituric acid 

the difference i n t okl oxygen uptake r:ns not equiva l ent f or bot h 

t hymi ne and ur&cil grovm or [-'anisms ('fabl e 1). further, tho differ ence 

in t otal oxygen uptake wa s compc r able v;i t h the t heore tica l va lue only 

in the case of ura cil grorm cells . The discrepancy i n oxygen uptake 

t ogether with tho uncertainty of 5- methylbarbituric a cid as an inter­

mediate of thymine ca t abolisrn in *homologous cells led Batt and Woods 

t o sugges t tha t in such cells, a second pethv1ay could exist in which 

5- rne thylbarbituric acid was not an intermediate . 

* Homologous cells are t hose oxidising the pyrimidine on which 

t hey were grown . 
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Figure 1. Scheme for the oxidative catabolism of pyrimidines with 
barbituric acids as intermediates. 
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Substrate 

Uracil 

Barbituric acid 

Thymine 

5- methylbarbi-
turic acid 

TABLE 1 

~otal oxygen consumption during 

oxidation of various pyri midines . 

(After Batt and Vfoods , 19t1) 

Oxygen Uptake Theoretical Oxygen 
Uptake 

5 

pmol e/4-umole pyrimidine 

for organisms grown on 

JllilOleOJ.Illole pyri midine 

Uracil Thymine 

1.01 1. 48 2. 5 

0 . 87 1. 03 2 . 0 

2 . 07 2. 05 4 . 0 

1.47 0 . 88 3. 5 

The oxidation of uracil and barbituric acid by uracil and t hymine 

grc,,m or ganisms presented a sir'.1ilar case (Table 1) . It was concluded 

accordingly , that for uracil ca t abolism by homologous cells a second 

pathway vras likely i n wbich barbituric acid was not an intermediate . 

B. The fates of 5-methyl barbituric aci d and barbituric acid. 

Al though i n the micr obial oxidation of thymine and uraci l the 

corresponding bar bi turic acids have been e.stabli shed as intermediates , 

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

Lar a (1952 ) found that extract s obtained from N. cor allina grovm 

on t hymine were active in hydrolysing barbituri c aci d with the formation 
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of 1 mole of CO2 , two moles of NH
3

, and one mole of malonic acid/mole 

of substrate (Figure 1). Urea, which accounted for the total CO2 and 

NH
3 

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 mal onic acid and urea . 

These workers partially purified the barbiturase enzyme using a tech­

nique of protamine sulphate fractionation, followed by cation exchange 

column chromatography . 

Batt and Woods (1961) expressed doubt that free malonic acid was 

likely to be an intermediate in the breakdown of barbituric acid in 

intact cells. These workers showed that a lthough barbituric acid could 

be converted anaerobically to malonic acid, CO2 and NH
3 

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 anaerobic 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, 
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and coul d only be facil i tated under aerobic conditions . The poor 

ut i lisati on of malonic acid by uraci l adapted organisms was attributed 

to a permeabil ity barrier . Thus malonic acid was not excluded as a 

likely product of barbi turi c acid degradation . 

Batt and Woods (1961 ) showed that malonic acid although not 

oxidi sed itself 1 coul d inhibit succinate oxi dation by cells of N. coral-

lina . Presumably , t}.erefor e , the malonic acid coul d permeate the 

cells to the site of succinate oxidation. They suggested from their 

r esults that a derivative of malonic acid is formed from barbituric 

acid and thi s derivative is further metabolised in vi vo ,vi thout the 

i ntermediate formation of f r ee malonic acid . 

Less is known about the degradation of 5- methyl barbituric acid . 

Attempts to obtain bacterial homogenates or cell- free extracts active 

upon 5- methylbarbituric acid have all been unsuccessful . Hayaishi and 

Kor nber g (1952) used both sonication and alumina grinding to obtain 

homogenates of a Mycobacter iwn strain . It was found that homogenates 

pr epared by either method wer e unifor ml y i nactive to,;,:ards 5- me t hylbar bi­

t uric acid. Si milarly , Lar a (1952 ) prepared cel l - f r ee extr acts from 

a pyrimidine adapt ed s tra i n of N. cor a l l i na , and found tha t such extra cts 

wer e active t owar ds t hymine , uracil and barbittuic acid, but not 5- me~ 

thylbarbituric acid. Similar r esults wer e obtained by Ba t t and Woods 

(196,1) and mor e r ecently Bi ggs and Doumas (1 963) r eported tha t cell-

free extra cts of a Corynebacterium stra i n wer e active t owards barbituric 

acid but not 5-me t hylbarbituric acid. 

Because ba cterial cell-free extra cts wer e f ound t o be i nactive 
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t owar ds 5- me t hylbar bi tur i c aci d , there was some doubt as t o ,:hether an 

enzyme exi s t ed which acted on the compound . Batt and Woods (1961) 

showed tha t wi th adequa t e aer a tion , 5- me t hyl bar bituri c ac i d was r api dl y 

oxidi sed i n phospha t e buffer at neut ral pH , to 5- hydroxy - 5- mothyl -

bar bituric aci d . Thi s r esul t was subs t anti ated by the f i ndi n~s of 

Bi ggs and Doumas (1962 ) , who fur ther showed that 5- hydroxy - 5- methyl ­

barbi turic aci d wa s s l owl y fragmented to give methyltartronyl ur ea . 

Such fi ndi ngs presented the poss i bility tha t 5- mG t hyl bar llitur i c ac i d 

might be spontaneous l y oxidised within t he cell . Howc:ver, studi es by 

Bat t and Woods (1961) showed that when S- me t hylb2rbituric a cid was i n­

cubated with a c0l l suspension of N. cornll i na. no 5- hydroxy - 5- me t hyl ­

bar bituric aci d was formed under thei r experimenta l conGitions . I t 

was cons i dered that the presence of an actively me tabolising suspens i on 

of organisms , suppressed , in some rmy , the forrn2 tion of 5- hydroxy- 5-

me t hylbar bi turi c ac i d . Furt her , 5- hydr oxy - 5- ;ncthylbarbituri c a cid 

was no t oxi dised by who l e c8lls of N. corallina , and ,,as corsidQred un­

likGly to bE: an intermedi ate of 5- methyl barbituric acid catabolism . 

Bi ggs and Doumas (1962) assessed the poss i ble ro l es of 5- hydroxy-

5- me t hyl bar bituric a ci d and me t hyltartr onylurea as inter medi a t es of 

5- methylbar bituri c aci d cataboli srn i n Corynebacterium . Neither com-

pound supported growt h of the or gani sm . furthermor e , urea , which is 

normally an end pr oduct of t hymi ne ca t a bolism, wa s no t de tected i n t he 

media . From such results i t was consi der ed unlikel y t hat 5- hydroxy -

5- methylbar bi t uric a cid or me t hyltartronylurea were i nt ermediates of 

5- methylbar bit uric a c i d ca tabolism. It did not necessarily follow 

however , t hat these compounds could not be enzymatically f or med from 

5- methylbarbituric acid . 
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In 1963 Bi ggs and Doumas working with Corynebacterium provi ded 

evidence for 5- methylbarbituric ac id being hydro l ysed to me thylmalonic 

acid and urea . ~n1en 5- methylbarbituric acid - 2 - c14 was used as the 

subs trate , the isolated urea was not only r adioactive, but also had the 

same specific activity as the starting material . The activity of the 

isolated methylmalonic acid i'las only 2~~ of that of 5- methylbarbi turic 

. , 2 cl4 aClQ - - 0 However it was f ound by chromatography that the me thyl-

maloni c acid was contaminated with other labelled compounds , and be­

cause of the sEiall amount of acid isolated, a further purificati on was 

no t a t tempt ed . 

When 5- methyl bar bi turic ac i d - 5 - c14 ,·:as used as the substrate , 

t he methyl maloni c acid isolated had a specific activity which was 96'fo 

of the theoretical maximum value . The aL1ount of accumulated acid was 

small (only 1 . 66mg. compa:::e d wit} the 500 r:ig . of 5- methylbarbi turic 

acid - 5 - c14 origina lly used) , The specific activity of urea in 

this experiment was 1000 times l ~wer than tha t of the original substrate . 

Although methyl me.lonic acid was proposed as an intermediate in 

the catabolism of 5- methylbarbituric acid , on the basis of the above 

resul ts, Biggs and Doumas (1963) did no t consider the possibility that 

it could be produced from a minor reaction sequence. 

c. 

5-hydroxymethyluracil has been established as a pr oduct of thy-

mine oxidation in rat liver systems. (Fink, Cline, Hender son and Fink, 

1956). 

DBRARY 
MASSEY UNIV!:!lSlTY 
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In microbial systems the only r eported cases of thymine conver­

sions t o 5- hydroxymethyluracil have been shown t o occur in Neurospor a . 

Abbott , Kadner and Fink (19f4 ) studied the activity of extracts 

from ground Neurospora mycelia, towards thymine . I nitia l experiments 

showed that the extracts were inactive t owards the compound i n t he ab­

sence of co-factors . However i n the presence of glutathione , r educed 

nicotinamide adenine dinucl eotide phosphate (NADPH + H+) and oxygen, 

extracts wer e shown to convert thymine to 5- hydroxymethyluracil. 

Thymine-7- hydroxyl ase was the name proposed f or the enzyme whi ch 

catalysed this r eaction . 

Holme , Linds tedt, Toff t and Linds t edt (1970) working with an 

enzyme pr eparation obtained from a str ain of ~eurospor a demonstrated 

that the hydroxyl 2.tion of thymine was dependent on 2 - oxoglutarate . 

Furthermore, a s t oichemetric r el ationshi p vms found bet,,,cen the hydroxy­

lation of thymine, and the decarboxylation of 2 - oxogl u tara t e . 

Carbon di oxide and succinate were f ound to be the products of 2 - oxo­

glutarate degradati on . 

II . The r eductive cataboli sm of pyrimidineQ 

The first significant studies on the r eductive catabolism of 

pyrimidinesin micro- organisms, were carried out by DiCarlo , Schultz and 

Kent in 1952 . 

These studies were a continuation of earlier work on the nature 

of cytosine br eakdown in yeasts . (Hahn and Haarmann , 1926; Chargaff 

and Krerun, 1948; DiCarlo , Schultz and McManus , 1951 . ) 
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Hahn and Haarmann (1926) and Chargaff and Kream (1948) demon-

strated with cell-fr ee extracts of yeast, the conversion of cytosine to 

uracil . The enzyme catalysing the conversion ·v,as referred to as a 

cytosine deaminnse . Di Carlo, Schultz and McManus shovrnd tha t both 

Saccharamyces cerevisiae and Torula utilis could utilise cytosine as a 

source of nitrogen for growth . However, only T. utilis could utilise 

uracil . The r esults i ndicated that a lthouc;h both organisms wer e likely 

to possess the necessary dearninase for cytosine, only T. u tilis l~ossessed 

t he enzymes necessary f or the furth (,r de6Tadation of uracil. 

DiCarlo, Schultz and Kent (1952) further showed that n€ither 

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

isodialuric acids f or gr owt h . This ruled out the possibility tJ:-w t the 

initial step in the catabolism of uracil was oxi dative . 

The poss i ·bili ty that the initial step involved car boxy la tion 

seemed unlikely, since the yerwts failed to grow on uracil - 5 - carbo­

xylic acid or orotic acid . 

W'hen dihydrouracil was tested, it was found t o be completely 

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

J3- Aminopropi onami de , _J3- ureidoprepi onic acid , hydro- 0r otic acJi.4., 

and hydrouracil - 5 - carboxylic acid, were tested as possible de-

gradation products of hydrouracil . Hydrouracil- 5- carboxylic acid di d 

not support the growt h of either yeast and so was el iminated as a cata­

bolic product of hydrouracil . ~-ureidopropi onic acid and ) - Amino pro­

pionamide served as excellent nitrogen sources for T. utilis , but per-
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mitted no growth of S. cerevisiae . It was sughcs t1:;d that both compounds 

were converted to J3- alanine which could also be utilised by 'i' . utilis . Di­

hydro- orotic acid vms shovm to be utilised by both yeasts , and this 

led DiCarlo , Schultz and KC;nt to su,;-1:,'cst it was possibly produced from 

dihydroure.cil . 

It was further sugi.;ested fro!:'! the ability of a va riety of other 

compounds to serve as nitroGen sources for growth , that urea was likely 

to be pr oduced frori dihydro-orotic acid. The schene for the decra-

dation of cytosine via ui·2cil to urea and possibly succinate acid as 

pre-posed by DiCarlo et a l. on the be.sis of [,Tor·th studi8s and structural 

considerations , is shown in Figure 2 . 

In 1953 Batt , Martin a!1d Ploesser clair:led that dihydro-orotic 

acid was n~t utilised by T. utili s ; thw compound wes shown to be cheni­

ce.lly unstable under the cxp0rinental t8st conditions '.:hich had been 

used in tho above studies . This cast doubt on thG proposal by DiCarlo, 

Schultz and K<:mt , that d.ihydro- or otic acid r:as likely t o be an inter­

rnedi a te in the reductive cntabolisrn of urncil. 

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

identi fied dihydrouracil , and ~- ureidopropionic acid as intermediates 

in the conversion of uracil to J3- a lanine , co2 , and NH
3

• The scheme 

for the degradation of uracil according to Campbell is sho~n in Figure 

3. Such findings would also offer support to the possibility that in 

T. utilis , ~- ureidopropionic acid could serve as an inter mediate in 

the r eductive catabolism of uracil instead of di hydro- oroti c 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 cate.bolism of urar.il. 
(After Campbell, 1957; Kraemer .:ind 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 Car;;pbell (1957) were further substantiated 

by the findings of Kraemer and Kaltnasser (1970a) . 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 ~- alanine , CO2 and NH
3 

via dihydrouracil and ~- ureidopro-

pionic acid. Barbituric acid and urea were not detected . Cytosine 

deaminase , dihydrouracil dehydrogenane , dihydrouracil hydrase, and 3-

u:reidopropionase but not uracil oxidase , were demonstrated in cell- free 

extracts . 

Kraemer and Kalt\'m sser (1970b) carried out further studies on 

the metabolism of cytosine and uracil in wild type and mutant strains 

of H. facilis . J.~uknt strains unable t o utilise uracil as a nitrogen 

source were derived by treatment of organisms with l -methyl- 3- nitro- l -

nitroso guanidine and incuhatio~ at various concentrations of penicillin. 

One group (A) of these mutants lacked dihydrouracil dehydro­

genase and did not utilise thymine, orotic acid, or uracil, \·:hile a 

second group (B) lost the ability to form dihydrouracil hydrase and was 

unable to utilise d.ihydrouracil 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-speci f ic dehydrogenase and thP.t both dihydro­

uracil and dihydrothymine wore a cted upon by a non- specific hydrase . 



SECTIO:J II 

EXPERIMEIIT'AL 
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CRAFTER 2 

THE AiliI OF TI-IE PEESJ .. :-r.r IFVESTIGATION 

The present study was planned as both a confirmation and ext en-

sion of an investiga tion i nitiated by Batt and Woods in 1951, which 

r esulted in a publ i cation i n 19t l on the catabolism of pyri mi dines in 

N. corallina . The i nvesti gation ,·1as directed m1::.inly towards the study 

of thymine catabol i sm , and experiments were pl anned to eluci date the 

pathway or pathways by whi ch the compound is degraded . 

Emphasis was to be placed on an approa ch i nvolving the use of 

metaboli c inhibitors i n a ccumulating intermediates of thymine ca. tabolisn 

with c14 l abe l led substrates . Tho effec t s of these inhibitors were to 

be examined vii th thymine· grown organisms , however it was intendod that 

such studies should also be extended to ure.ci l -grown org2nisms ,•:here 

RpfropriA. te . 
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CHAPTER 3 

l,IATIBIALS ANTI I;IETHODS 

1. Reap:ents . 

All chemica l s used in this inves tigation were ob t ained from 

Bri t ish Drug Houses Ltd . (Poole , Ent:!,·land) , May and Baker Ltc:i. (Dagenhar:i , 

Engl and ) or Koch- Light Laboratories Ltd . ( Colnbr ook , Engl and ) excer, t 

for the following : 

a . Diazornethane r,hi ch was s~rnthesised by the method of Schlenk and 

Geller mm1 (1 960 ) (See Append.ix IIA) . 

b . Diethyl methylmalollate and methyl mn l cni c acid. , ob t a ined f r om 

ALirich ChF-;r;1i c;:i l Co . Irie ., 1'-Iilwaukee , Wiu . , U. S .A. 

c . 5- hydrox;ymethyluraci l, r,ynthesised. from uracil by the me thod. of 

Fink , Fink and Cl ine (1959 ) (See Ap1iendix IIB ). 

d . 5- methylbarbi t u ric acid , prepared by a n1ethod based on tha t used 

by Hol mber g (1945 ) ( See Appendix IIC) . 

e . 5- hydroxy- 5- methylbarbi t uric acid which v,as synt hesised f r om 

5- methylbarbituri c acid by the method described by Biggs and DoWi'las 

(1962 ) (See Appendix I ID). 

f. POPOP (1, 4 bis [2 - ( 5- phenyl oxazol y lD - benzene , and PPO ( 2 , 5 

diphenyloxazole), obtained from Nuclear Enterprises ( G. B. ) Ltd., 

Edinburgh, Scotland . 

g . Thymine-me t hyl-c
14 

( specific activity 3 . 52 mc/mJvI ) su pplied by 

New England Radiochemi ca l Centre , Bos t on , Mass ., U.S. .A. 



II. Me t hods 

A. Analytica l t echnique s 

1 . Dry weight estimation 
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The dry we i ght cont ent of a cell suspensi on was det er mined by 

r ef e r ence ton standar d curve calibrated in ter ms of dry we i ght agai ns t 

optical density (o .D.) a t 490 run . Separ a t e s t andar d curves 1r,ere ca li-

bra t ed for glucose , t hymi ne , and urncil grown cells r espec tively . 

For t he cons t ructi on of the st2.ndard curve cel ls were t aken a t 

t he ter mi nnti on of the l og phase a t growt h, and har ves t ed by centrifu-

gation (2000xg :10 min ) . The pellets wer e w2.shed i n di s ti lled \la t er t 

and r esuspended in an appr opriate vol ume fr om wh i ch dilutions wer e made . 

The opti cal uensit~es of a series of suspensions a t di f ferent di l utions 

wer e recor ded-. For each suspensi on , dry 1?eight s were ob t a i ned by 

dehydrating cells i n prehea ted , pre•;;cighed pyrex 1,-mtch gl:,sses and th( n 

we i gh ing . Drying was effec ted at l 00°C in a dr ying oven over- night, 

a nd samples wer e cool ed in a dessicator be .fore we i ghing . 

2 . W1a nometry 

Standard manor.ie tric me t hods were used f or t he mea su rement of 

o2- upt ake by cell su spensi ons . 

Batt and Woods, 19tl) . 

(Umbr e i t , Burns and Stauffer, 1964; 

Manometer vessels (appr oxi mately 15 ml ) contained in the main 

compartment, 1 . 5 ml O.lM phosphate buffer , 0 . 5 ml of bacterial suspen­

sions equivalent to 5 mg dry we i ght, 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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a . no substrate (for es timation of endogenous oxygen uptake ) . 

b . no cells (to test s t ability of substr ates) . 

Pyrimidine concentr at i ons were determined from ul t r aviole_t a 'r:::or ption 

spectr a obtained from ei t her a Unicam S. P . 800 ~ltraviolet Spectrophoto­

meter or a Beckman IJ . U. Spectrophotometer which was used for most r outine 

est i mat ions . Normally , samples were diluted i n 0 . 1 M NaOH to give 

absorbance values between 0 . 1 and 1. 0 . For the determination of the 

concentrati on of a pyri mi dine r eference was made to a standard curve 

whi ch showed a linear relationshi p betveen concentration and optica l 

density . 

4 , ChromatogJ'.'a.,Ehy 

a . Thin--l ayer chr omatography ('r.L . C. ) 

Preparation of nlates 

Glas plates (5 cm x 20 cm, 10 cm x 20 cm , or 20 cm x 20 c□) 

were spr ead with a slurry of cellulose MN 300 (according to Stahl ), 

from Macheray , Nagal and Co . (Duren , Ger many) , at a thickness of 0 , 25mm 

with a spr eader made by D-2saga (Heidelberg , Germany) . 

The plates wPre left to dry at r oom temperature f or a mini mum 

period of 12 hr bef ore use . 

Solvent syl"tems 

For the separation of pyrimidines one or more of the fo llowing 

solvent systems were used . (Fink , Cline; Henderson and Fink, 1956) . 

i . N- butanol:acetic acid :H2o (50:25 g25 V/v) 
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ii. N- butanol saturated with H20 in an ammonia atmosphere . 

iii. Tert butyl a l cohol :methyl e t hyl ketone:H2o (40:30~25 V/v) 

i n an ammonia atmosphere . 

For the separation of non volatile acids , (principally dicarboxylic 

acids ) the fo llowing two solvent systems were normally used (Fi nk, Cline, 

Henderson and Fink, 1956; Nygaard, 1967 ). 

i. N- butanol:acetic acid :H2o (50:25:25 V/v) 

ii. Amyl alcohol:for mic acid :H2o (40 :40:20 V/v) 

Detection of compounds on chromatograms 

Ultraviole t absorbing compounds were l ocated under a source of 

ultraviolet light . 

Acids were detected by spr aying the chromatograms with 1% solu­

tion of methyl r ed i n 96% ethano l made slightly alkaline by the addition 

of 0.lM Na0H . The spr ay was found to be particularly useful in the 

de tection of dicarboxylic acids . 

b . Gas liquid chromatography 

A column was selected, which was r egarded as bei ng ~articularly 

sui table for the separation of the methyl es ters of dicarboxylic acids . 

The separation of such compounds had been previous l y described 

by several workers (Alcock, 1965; Canvin , 1965; DalgllfJsh, Horning, 

Horning, Knox and Yarger, 1966 ). 

In this investigation the method of separation was based prin-

cipally on that used by Alcock, 1965. Separa tions 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/min) . The initial col umn 

t emper a ture was 88°c and was pr ogrammed t o increase at a rate of 1° c/min 

. 0 
after inj ection of sample , to a final temperature of 167 C. Normally 

the t emperature was held at 167°c for 15 minutes before being returned 

t o the initial value . 

5. Mass spectrometry 

Compounds separated by gas liquid chromatography v:ere f urther 

characteris ed by mass spectrometry . The compound to be exa,"'llined v.ras 

trapped in a glas s collecting chamber , connected t o the gas outlet of 

the G. L. C. apparatus 9 the collecting chamber containing gl as s vrnol 

soakGd i n me thano l . After trapping , the compound was eluted with 

Dethanol into a flask, the methano l slrn1l y evapor ated off , under r e­

duced pr essure with some hea t ing , and the r es idual mat erial was used 

directly fo r mass spectral analysis . 

This me thod provided only a partially purified compound and 

furth er purification would be essentia l to obtain clear- cut r esnlts 

from mass spectroml,try . 

6 . Qµantitative and qualitative measurement of radio-activity 

a . Radio - I so tope counting 

Normally a 300 µl itre aliquot of radioactive e.thanol extract was 

added to a counting vial, followed by 10ml of Br ay I s Scint illation 

Soluti on. naphthalene (60g), PP0 (4g), P0P0P (200mg), methanol 

(100ml ), ethylene glycol (20ml) and p- dioxane to make 1 litre. 
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Sample vials were counted through the pres e t c14 channels, in a 

Packard Tri- carb Liquid Scintillation Spectromet er (model 2002) . 

The counting efficiency of each sampl e was estimat od by r ef erence 

to a curve of observed counting effici ency v s . cha,nne l ratio. Thi s 

curve was con~ tructed by counting a measured amount of thymine -

methyl-c14 with increasing amounts of non radioactive e~thanol extract. 

b . Radi oi sotope scanning 

A dev5loped chroma togram (on 5 cm x 20 cm thin l ayer pla te ) wa s 

scanned for r adioactivity using a Pa ckerd Ra diochromatogram Scanner , 

(Mo del 7200 ), with a mixtur e of 1. 3'7'; i so- butane - 98 , 7% he liwn a s t he 

carrie r gas . Optimum conditions ,vere as fol l ows : 

gas flow llOcc/mi n ; voltage l . 15kv; tine cons t ant 30 se c; sca le 0- 300 

cprn; speed 12cr.i./hr; slit width 2 . 5r.11'! - The contributions of different 

compounds t o t he t ot a l r adioactivity of the sampl e wer e assessed from 

the radio- chromatogram using a planime t er . 

Autoradiogra phy 

Chromatograms v:hich were scanned for r adioactivity were normally 

further examined by autoradiography . Plates were placed in contact 

with X-ray film (Agfa- Gevaert, Belgium) and left in the dark for tvJO 

or three weeks , and the film subsequently developed. Chromatograms in 

which radioactive compounds v1ere separated by t wo-dimensi onal chroma­

tography , wer e also examined by autoradiography . 
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B. Bacteri ol ogical methods 

1. Organism 

n. co1.allina is an aer obic, gram- positive , rod- shaped b['.cteritun , 

which i s ne i ther motile nor spore- f or ning . When grorm on different 

medi a , the organi sm exhi bits cons i der c.ble pleonorphism. 

Tho s train of N. corallina used in this investigati on was i s o-

l a ted by Batt and Woods (1 951) . Throughout the pr esent s tudy , the 

0 organism was maintained a t 2 C on glucose yeast extrac t agar s l opes 

(Ap1,endix IC) . Slopes were subcultured ,1 t rr:onthly interva l s onto 

fresh s lopes which were incubC?ted at 30°c f or 24hr and then stor ed a t 

2- 4°C . 

The orit;ina l isole.te was idc.ntifi ed by Profe ssor Jensen as a 

s t rai n of N. cornllina (Batt and Vloods , 1961). Further c,xami!la tion 

of the organisr1 v.'as carried out by Dr . Ruth Gordon (Rutger s, U. S .A. ) 

in 1965, Hho descri bed it as Mycobacteriwn r hodocrous but poi nted out 

t hat it was r easonable t o r e t ai n the name H. cor a. llina in view of the 

taxonomic pr oblems associ ated wi t h the or g2.ni sm . 

,... 
C. . Grov·th in Liquid Medi a 

Throughout the course of thi s investigation t uo types of liquid 

growth media VJe r e empl oyed t o give either cells induced or not i nduced 

for pyri midine ca t abolism. Non- induced ce:).ls wer e grown in a glucose 

liquid medium (pH 7. 0) whi ch contained the following components in 

g/litre . 

(NH
4

)2so
4 

3.0 

MgS0
4

:7H20 0 .1 



KH PO· 
2 4 

Vitamin B
1 

Glucose 

13 . 6 

0 . 025 

7. 5 

25 

Cells i nduced for pyrimidine catabolisr1 Fere cultured in a medium con-

taining either thymine or uracil and the so l e source of carbon and 

nitrogGn a nd inorganic salts. 

The componc~nts of th& 1:1edium are given in gm/L. 

KEI
2
?0 

4 
"'gSO 0 7u 0 ,;t, 4. ..2 

Pyri midine 

Vitanin B1 

13 . 6 

0 . 1 

2 . 0 

0 . 025 

The method of preparation of both ty~es of medi a is outlinGd in Appen-

dix IA, I B. In all cases for inoculation , CE:11s from an 2.c;ar s lope 

which had l)e:cn sto:K-0. for no l onger than 2 days , 1:Ier e trcnsferred using 

a sterile l oop into 300ml of liquid mediun held ir: 2 s t a nda rd conicn l 

flask (11) . The fl ask containing the inoculur.1 Has then incubated n t 

30°c v i th shaking o.t 140 revs/min on a New :3:runS\rick gyro-rotatory 

shaker (Model - G- 25) . Growth was followed spec t rophot omctrica lly by 

optical density measurement at 490mn in a Hi tashi spectrophotometer . 

For organi sms grown in a glucose mediur.i , full growt h of the cul­

t ure was attai ned aft er approxi mately 50hr incubation shown by the 

establishment of maximum optical densi ty at 490nm . 

The period f or full growth of pyrimidine grown organisms dif­

fered depending on whether thymine or uracil was used a s t he growth 

substrate . With t hymine grown organisms full growth was establi shed 



after appr...,ximately 48hr incubation; with uracil grmm cells, full 

grov:th was obtained in approximately 120hr. 
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Routine examination of morphology of organisms from cultures at 

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

3. Preparation of cells for experiments involving cell 

suspensions 

In all cases, cells 1.•:ere harvested at full gro·;th by centri­

fuging at 3000x~ (Sorvall, Model RC-2B) for 10 min (2°c) in screw 

capped polypropylene cups (250ml Nalgene) v.rhich had been sterili sed 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 : O. lM) then finally resuspended in the same 

buffer at the desired concentration . 

C. Experiment a l procedures 

1. General procedure in preliminary studi es 

Oxygen uptake 

Except when otherV'i i se stated the standard manometric procedure 

for the estimation of oxygen uptake vvas 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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I n all cases the endogenous o2 uptake was subt racted from t he experi ­

ment a l values i n the pr esence of substr ate , to ob t a i n cor rec t values . 

R"'<:a□ina tion of i ncubati on 1:iedi a fo r pyri midines and non 

volatile acids (non ul t r avi ol et abs or bi ng 

Nor mally cont ent s wer e removed f r om manomet er cups a t various 

s t ages of the incubation period and cent r ifuged s.t 3000xg f or 10 mi nu tes . 

0 The super natant s wer e discarded and s t ored a t O C. 

For the ident ification of pyrimidine products b;y u l t :raviol e t spectro­

phot ometry , su1,er natants 'Nore dilubd 1: 50 in 0 . 1~.1 NaOH and O. UI HCl. 

For the identification of pyrimidines a~a non volati le acids by 

co- chromatocr2.r,hy supernatants 1 . .1cre s1,otted directly on to thi n layer 

plates which "!ero r un using the ap 1 ropri a te sol vent systems . 

2 . Experiments involving l art;e scale incubation 

a . I ncubat i on r:-iedi a 

E:x:cc):p t wher e ot her ,7ise sta tod, inc,iba tion m8dia inc l uding those 

i n which cell s ncre incubated i n the r r esence of a metabolic i nhi bi t or, 

each cont a i ned 0 . 25g t hymi ne , and 3g v,e t we i ght of cells . Each medium 

was made up to a t ot a l vol ume of 150ml wi th sterile O. l M phospha te 

buffer (pH 7 .o). 

b . Conditions f or i ncubation 

Fla sks (500ml) containing 150 ml of medium , were plugged with 

cotton wool and incubated at 30° c with shaking a t 140rev/min i n a New 

Brunswick gyro- rotatory shaker (Mode l - G- 25) . 
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c . Incubation procedure 

Normally i ncubation was allovred to proceed until all the thymine 

had disappeared from the incubation r:1edium. At various stages , a li-

quo ts ( l rr:l) were removed from the i ncu ta tion medium and centrifue:;·ed a t 

3000x~ for 5 minutes . The supernate"nts, after being diluted 1: 100 

in 0 . ll/l Na0H were examined by '...:.:!_ -sra,·iol,:,t spec t rophotometry for the 

presGnce of thymine aEd oth0r :ryri midines . 

When thymine had disappeared from the incubation mediwn , cells 

were r emoved by centrifugation (3000xg , 10 min) at o0 c, and the super­

natant stored at the same temrerature . 

d . Extraction of ether soluble acids from the supernatant 

This me thod vras b2sed on that used by Biggs and Doumas (1963) 

f or the extract i on of acids from tho supernatant of incubation media, 

with .. ther . 

Theinitial step in the ~roceduro involved filtration cf the 

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

to pH 10 . 0 with 5M Na0H, i t was concentrated by evaporation under 

r educed pressure at so0 c, to a vo l ume of approximately 30ml , and then 

acidified t o pH 2 . 0 ,,i th 6M HCl . The acidified solution was extracted 

with ether (100ml) i n a liquid- liquid extractor for 4 hr, and the ether 

extract was separated and s t ored. The aqueous solution was r e- extracted 

with another 100ml of ether f or a further 4hr and the e ther extract 

was s~parated and combined with the first . The combined ether ex-

tracts were dried over anhydrous sodium sulphate (Na
2 

so4) and evapo-

rated to dryness under reduced pressure. The residue was redissolved 
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in a dry e ther (ap_,, roximate ly 5ml ) in preparation for me thylation . 

e . Me thylation of e ther r.iolublc acicls 

Methyl es t er s were pr epared b~l the me thod of Schlenk and 

Ge llerman (1960 ) using d iazome t hane cenerated f r om N- rnethyl - N- nitroso-

p-toluenesul fonamide . The r, r eparation of di azo1:,c th2ne is outlinc::d in 

Appendix IIA . 

For r..ic- thyla tion, porti,x,s of diazomc thane in e ther r:ero aJdec. 

to samples by a pasteur pipett~ . Suf f i c i cmt diazomethanc vmc adcled 

to each sanple for the characteristic yellm" colour to per s i z t for a t 

l eas t 20 ~ inu t cs . Boilint chi1 1s were then 8dc!.cd to sar:1ple tubes 

Phi ch wor e pln.c e d in a bcd:cr of hot ,-::- ts r to evapor Bte off ethc::r D,~d 

excess diazome thane . All steps 1:•.,re c:-:rri ed out in G. f u1-:1e - cupboard . 

For g2.s liquid clu.·01:1atogrriphy the me thyl:itcr, dcriv c.i tivcs wer e r cdis­

o 
solved in cold ether to a vo lume of l nl e.nd 0.tc,red at 0 C. 

3. . 14 
Exv ,_rimonts v·i th t hyrnnc- ncthyl- C 

a . Incur;z,t i on med.i a 

I ncubation ~cdia, including those i n which c ells wer e incuba t e d 

i n the pr e s ence of diethyl malona te, contF:i ned 20 µmoles thymine- me thyl ­

c14 (Specific Activity 0 . 0 5mc/mM ), 50 mg dry we i ght of c e lls in sts r ile 

phosphate buffer (0 . l.M:pH 7 . 0 ) to make a total volume of 5ml. 

b . Conditions fo r incubation 

Flasks (25ml) each contai ning 5ml i ncuba tion medium , wer e 

plugged with cotton woo l and incubat ed at 30°c with shaking a t 140 

r ev/min i n a New Brunswick gyr o- r otatory shaker (Mode l - G- 25 ) • 

• 
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c . Procedure during incubati ons 

Cells v1ere incubated until 211 pyrimidine had d.isappe2.r c d from 

the incuba tion medium . The di sap1e:aranco of pyrimidine was s tudied by 

r ,.,moving a liquo ts (0 . 51:11) a t r egul a r intorvnls from a duplicate incu-

ba tion medi w.ri cont a ining non- r adi oacti V G t hymine . Al iquots vrere cen-

trifuged at 3000xg f or 5 minutGs and the s u por na t £mts , a fter b e ing di ­

luted 1:50 with 0 . 1.M :NaOH nere 8Xa1:1ine: d by ultrc.vi ,'J let spectrophotometr;y . 

During the incubc:ction , aliquots ( 0 . 5r:1l) ner e reriove:d fr or:1 the 

thymine- methyl - c 14 incuba tion nwdirnn at various intf.:,rva ls . Ea ch 

aliquo t was added. to hot 80% 0 thanol (5ml) a nd the solubl e c ompon ents 

of the c e lls 9 ext:!'acted f or 15 minutes . 

d . Procedur e fe r d0tect1 Ylf-'. r !:ldioact i vi t;y 

Ethano l extr:J cts ·\'!ore centrifuged at 12, 000xg for 20 u i nutcs a t 

o0
c (Sorv2l l - J·foclo l H.G- 2:E) . Th'-- supcrnatunto ,,.'ere de cant ed and each 

made up t o a t o t 2 1 v ol wne 0f 10ml Y'i th 8(1;~ e t br:;no l . In G£cch casc a 

0 .38 1 a liquot was taken from a 10ml v o l ume, n:nd counted in a scintillo.-

tion Spectrometer , Packa r d (Hode l 2002 ) . The :r:cst of the 10ml volwne 

was e v a porated under reduc ed pr essur -..; -;_•ith heating t o about o . 5r,-:l, and 

a O. l rnl aliquot was 1Hi thd.rF.wn to obtain an approxinate c ount . The 

r emaining r a dioactive ma t ori a l wr, s kept for si~otting on thin l ayer 

p l a tes, which we r G develope d for radioisotope scanning and autoradio-

gTaphy . 

The amount of material spotted on each plate corresponde d to 

3,000 - 4 , 000 dpm . 
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4. Exnorimcnts with cell- fre0 extra cts 

a . Preparation of cell- fre e extracts 

Thymi ne gronn cell s Hero harvested by Ct,ntrifugg_ tion ( 3orvall , 

Model RC - 2B ) a t 3000x1J for 10 ninutcs ::,t o0 c. The· supcrna tant fluid 

v:as discarded <'rnd the pellds r esuspended i n phosphate buffer (pH 7 , 0 : 

0 , l M) . A.fter r e centrifuga tion, and dc c-'.:'.-~1t ing the. super na t ant , the 

pellets -.,,or e nade i nto R slurry by the addition of phocphatc buffE-r , 

Norr,ially 3g ue t ,·,c i gl1t of c •2 lls were n1ixe:d wi th 4ml of cold phosph a to 

buffer and thE. susperis i o:i st.oc·ed at o0 c. Cells 1,cro disr upted 

using a French 1--re ss . (Ami i1co, i:nryland. , U. S . i1. .) , Nor ~:,e.lly two pres-

sings at 70001 b/ sq . i nch ·?1er e required to onsur c a r easonable br e2.kn.ge 

of cells . J~:a ,~iina tion of crushings a ft er h·:o .r·r es~es , by electron 

r.1i cros c opy sho,'led r.-,ost of the cells to b e disruptec"l. . 

were obtained from crushings by t wo r:1et~1ods . 

Cell- fr ee extracts 

a . Crustlings ,.-,ere centri±:'ut.: ed. ( :3--,:rvall, tiode l P.C - 213) at 

3000xg for 10 n i nut es a t o0 c. The supcrna t 2.n t rms then carefully 

decanted and sto1'ed at the r3c.me ten1)era ti.J.re . 

b . Crushings Y.'ere s onicated (ILS.E . 100 •::att u ltrasonic 

disintegra tor ) f or 2 rc:inu t es with 15 second burs ts to break up gela-

tinous D. N.A. This v;as f ollowed b;r c entrifugation (Sorva ll, J'fiode l 

RC - 2B) a t 12 , 000xg for 20 mi nutes at o0 c. 

fu l l y r emoved and stored a t o0 c. 

b. Assay of cell- free extr a c ts 

The su1 ·erna tant ·.;ms care-

To test the activity of cell- f r ee extr acts t owar ds pyrimi dines 

the f ollowing assay system was used :-

0 . 2ml 

0 . 4ml 

extract 

phos phate buffer (O . lM; pH ·7) 



0 . 1ml 

0 . 1ml 

0 . 2ml 

pyrimidine (0 . 021.'I ) 

B. S . A. (2 . 5o/; ) 

H
2

0 

For as 3ays at pH 6. 5, ~)hosphate buffer 1:;as used . 
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Tris- Ii.Cl b-u.ffer i:1as 

used for assays a t plI C. 5- 8 , 0 . The activiti es of cell-free extracts 

t o1:ards "barbi turic acid and 5- IT,ethylbarbi turic acid. Y,ere measured f r om 

optical density readj.n,:.;s at 255nm and 269n.i:i respectively in 0 . l D lhOH 

us i ng a 3ecknan D.U. spectrophotometer . 

Providing a linear Telationship existec. bctuc,en su:-istrnte con­

centratioi1 t:.1t<'i Oj,.'ticel dlm,;i ty the unit of enzyme rJ.ctivi ty ·";as taken 

as that arxn1nt ·d,ich brought 2.tout &L opticE.l density decrease of 

O, O1/minute . 
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The procedure for the ex_i:.;e riment s i n this section i s outlined in 

Experimental pro c edure (1), Cha:pter 3. The experiments described here 

were carried ou t to confim t he results obtained by Bat t and Woods 

(1961) f or t hymine oxi dation by cells grmm on both t h;ymine ;:i_nd u r acil. 

In addition , t he oxi dati ons of some c or.1pounc.2 whi ch were considered 

fea s ible as internecli a tes of t hymine ca t abol is;n , were tested . 

1 . Thymine cataboli l'?m by ur aci l- ;;-rov:n organisns 

A. Oxy ,~·en u ptake durin~- t h::n,1 ine oxi dation 

A steaci.y inc re8se in the rate of oxygen consunptior. 71i th c ell 

suspensions of N. corallina marked the fu'St pha se of thy,nine m::i da ti on 

(Figure 4) . At the end of the firs t phase i. e . when the oxye,en up ta ke 

had reached a va l ue of ap11r oxi;';lr:tely 0 . 5 mole o
2

/mo l e thyr.i.ine , a de­

crease in rate occurred marking -tl1,] b eginr..ing of a second phase of 

substrate oxidati on . Du.cing the s e cond ph:::.se , the rate of ox;yc en up-

t ake again s t e2dily i ncreased anc!. finally levelled off t o endogenouc 

va lues when all of the pyri mi dine had been r emoved . 

J3 . Identifica tion of an oxidation product 

'rhin l ayer chromatography and ultraviolet E3pectrophotometry were 

used to identify a compound f ormed during the oxidation of thymine. 

For thin layer chromatography, contents \':ere r emoved from mano­

meter cups at O, 20 , 40 and 60 minutes; 1 . 5, 2, 3, 5 and 6hr i ncubati on . 

Aliquots (lOJ1litres) of ea ch supernatant were spotted on a 20 x 20cm 



600 

500 

400 
...... 
"'S. 
,,J 

Q) 
s. 
IU -0.300 
::l 

0 

200 

100 

• 

Figure 4. 

,,.----• 
• 

I • 

I • 
I • 

./ 
. / 

I • // 
1 2 3 4 5 

Time (hr) 

Uptake of oxygen by uracil grown organisms, incubated with thymine. 
Values corrected for endogenous oxygen uptake. 

-----· 

6 

Standard conditions as described for manometry in Methods section, Chapter 3. 

34 

• 

7 



35 

thin l ayer plate . Thymine and 5- methylbarbituric ac i d were spotted 

as markers (1 and lOplitros of each) . ·rhe pl[4_ te was developed i n an 

ammonia atmosphere 1.-:ith N- butanol soturatcd witn ~-1a ter as the s olvent . 

The chromatoc.can: (Fi rure 5) showed that after 20 r;inutes in­

cubation , another ultravi ole t ahsorbing conpound was detected, the 

Rf' of which closely co:crespcncled to tlmt for 5- rne t hylbarbi turic acid . 

After 90 rDnutes j_ncubation which rm, rkcd the 0nd of the first phase of 

oxidQtion 1 th;yn1ine w&s no longer i;resent . In the second phase of 

oxidation, the spot corresronc.inc to 5- r.10t;1;,,-lbarbi turic acid 1ms still 

detectable at an incuba tion ti:ne of 51:r, but had disappeared aftE: r 6hr 

1.vhich 17as 1:.bout the ti::10 o:x.y[_e.r; up t ,·ke fi _{L'.-.. es c1.p1)roached endoconous 

values . 

Fl ti"1violet spr-ctropl10to!1etry sJ-v.J·,,od th2 t ever t l:-112 first 1 . 5hr 

incu"b~ tion, t:Y1ro .,ns r-1 ;_:h:-..:f't ir tr ,, Sj_'cctnr-, gi vcr: by thynine ( >-. 1,1ax 

r:t 235nn i n O. lL ?if:05) to one ":1-i"Lc) ,-:r:s icir-r: ti ce,l to tlwt of 5- i:iethyl -

barbituric acid ( » r;:EtX e.t 269nm i :o-i O . EI l'i-,OH ) (Fi ,:::-ure 6 ) . E'urtJ-wr , 

the s:r.,ectrrnrr tiven by the ultraviokt absorliing co:-:,pound i n O. E: ;:1c1 

vms simil e.r to the t for 5- mcthylk.rbi turic o cicl (Fif_;-:.1.re 6) . I n the 

second phase of oxi6.ahon the spG c tra for th2 ultraviolet &bsorbing 

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

C. Othe r i nter mediates 

Attempts to detect princi pally dicarboxyli c ac i ds a s possible 

inte rmediates of thymine cataboli sm v1ere unsuccessful. Thin layer 

chromatography of supernatants from incubation medi a did n ot reveal 

t he presence of acids when chr omatograms developed wi th N- butanol: 
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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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Comparison of spectra of thymine oxidation product and 5-methylbarbituric acid. 
(A) and (C) 5-methylbarbituric acid (8 x ,o-5M) in 0.1 M NaOH , 

and 0.1M HC1 respectively . 

(Bl and (C) Thymine oxidation product in 0.1 M NaOH and 0.1 M 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 scid:H20 (50:25:25 V/v) ,.,ere sprayed ,.,ith an alkaline solution 

of 111ethyl r ed. 

D. _St&bili ty of s - .-;et1q lbar1 :i t~_;i_ric ·--.cict 

It ht:d tc~ 9reviousl~' rcportec tl.at 5- methylbarbi tu::'ic acid is 

unstable in phosplio.to buffer 2t neutral pE and ,!i th adequate aeration 

is rapiu.ly oxidisE;d to 5- hydroxy- 5- r.iethylk,rbi turic acid. (Batt and 

Woods , 1961 ; Bif;{;f.; ::1.nd Dour:w.s, 1962) . In this invt...stiµ-ation 5--methyl-

found to be; cor:9Jetely sfoble ir, 0 . 11,1 phosp•1:.te buffer (pH 7 . 0) d.uring 

a, 6hr Dano~1ctry experiment , &s sho, :, by no observr:ble oxygen up t 2.ke 

e.ml no d..:;c1'c1.sc ii' optica l dsJnsity (0 . 1; . n t 26<;,mm i n O. Ei NaOH) o~ 

nliquots rc:--oved 8. t v~ri-::.us intu vr· ls . 

Previous ,,,t,idL,s have: sl:01:rn th,-t is is ,mlikely tlmt '.;- hydroxy-

5- methylbnrbitu:dc f"!cid is nn "intcrrKdic,tc i 1. the fitrther oxiJatior:. of 

5- methyl bar bi turic acic. by .n.dapted c,. lls of =~. corallin<, . Bstt Dncl 

1.'ioods (1961 ) .fm,.vicl th<:t ,;holG cr.'11s of pyri .iclinc adapted :i-f. cornJlina 

did not oxidif,e t.Le co□pound . Bi~:es nn.1 Doune.s ( 1962 ) o bt, in:;d sir:ii-

lar rcsul ts \1!i.th \'lhol e cells of Corvnebacteriur.1. 

Little i s known on the nature of 5- methylbarbituric aci d. decom­

position in N. corallina and the follm--'ing exper iments were carried 

out to establish whether or net in the cell the i nitial step i n the 

ca t a b olism of the compound , was l i kely to be en zyr.i.atic . 

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 chloram­

phenicol (18~ug/ wanome t er). 

Results showed. that for cells mc,tabolising 5- mc thylbarbi turic 

acid i n the presellce of chloramphenicol , c-, t the 2nd of the 7hr incu­

bation period , the oxyg1:m upt2l:..e ,ms 23'7~ of that fo r cel ] s incuba ted 

with 5- 1:1ethylbarbifo_.Lic a cid. in tbe absr2nce of the inhi b i tor (F~. gure 7) . 

Quantitative estim2.tion of 5- ne thylbarbi tu.ric acid by ultravi olE:,t spec­

trophotometry showed a companil,le dccre,:se in the concentration of tho 

c or::pound ove r the sar1e period. 

For uraci l grown cells ;0 '.cte.bo l ining thy-wine i r; the presence of 

chlor m:iplle,nicol t he first phase of oxi li.atic·n -~;a s alr:10s t unnffoc t eci by 

the inhi 1Ji tor . hoHever , th€ s econd. phasa r;r,s marke dly depressed 

( Fig1.u·e b ) • Furth0r2orc , at t he end of tho 7hr incuba tion p eriod , n 

photor:ietr;,r as J - :::.:: t hylh:i.rbi turic 2.c i d . The concentra tion uf the con-

1 ound ' f&s _co!'1parabll: r:i th th {t :i f tlio 5- ::1e t hyl barbi turic acid no t 

utilised by., c ell s r:iL:ta°L)olis ini::; :i. t i1i th<:: pr escrnc o of chlor amphcnicol . 

III. Oxidation of thymine and 5- me t hylbaruituri c acid by t hymine 

.s-rovm organisms 

A. Oxygen uptake 

For the oxida tion of thymine , the rate of oxygen u pt a ke ,:as both 

linear, and at a maximum rate over the first 1 . 5hr incuba tion (Fi6JUre 

9) . The rate of oxygen u p take then decreased , and after 4hr incubation 

when no thymine r e121ained, there was no further uptake of oxygen . The 

pattern of 5- methylbarbituric acid oxidation was similar, exce J:-' t that 
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the linea r rate was evident for 1hr (Figure 9) . The tota l oxygen up-

t ake values for thymine and 5- methylb2rbitu ric a cid wer e 2 . 36 and 1.61 

}1Iilole02/u ::-1o l e substrat e r e spect i ve l y, giving a difference of O. 75 _pmol e 

o
2

• The differenc e was no t equivnl ent t o the valu e for ura cil t,-rowr. 

c e lls whi ch was O. 54 pmol e o
2

• 

B. The Search for inter r.r1edia t c s on thymine; oxi dative pn thv:ay 

Tl1in laye r chror.1atography of supernatc,nts fron t hymine i ncubat i nn 

media d i d not pos i ti w ·ly n ,voal the pn,senc e of 5- methyl ba r bi turic acid 

when chromatograms developed v:ith N- butanolrncetic aci d :H
2
o ( 50 :2 5 : 

25 V/v) 1,-re r e vi e1J.'ecl under ultrnviol c:: t l i 6h t . Th0 saE1c chror,ia tograms 

wher_ sr)r ay0 d ;;i th an a l lrnline solution of no thyl red di d no t show t ho 

pr esence of any other organic acids . 

IV . Thyy:ii_cie growr1 ori-;ar. isrns 1:r i t~1 1)- hy dr ox;y:metlqlu raci l 

5- hyd:coxyme t hyl uracil \':as no t oxidised b,'! thyn1i ne grown 

or ganisms . 'i'he rnanor,1e try r un for t he estimstion of oxygen uptake v:a s 

a l lowed to proceed for 6h:!:· . f.{J.ant i tati ve esti:,ia tion of 5- hyclroxy-

methylu:r.'a cil i n the super na t ant 9 from a meErnurencmt of O.JJ . 28611r.1 

in O. ll\I NaOH showed t hat there was no decrease i ~1 the concentrati on of 

t he compound over t he 6hr period. 

V. Oxid.a tion of me thylmaloni c acid by t hymine and glucose grozm 

oranisms 

Methylmalon ic acid utilisa tidn . by thymine and ·glucos..: grmm: cells 

was tested manometrica lly wi t h 0 . 5ml of 0 . 05iVi substrate added /cup. 

Oxygen uptake was f ollowed for 6hr. 
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It vras f ound that thymine grown or ganisms oxidised me t hyl mal onic 

acid more rapidly than glucose grown or ganisms (Figure 10); at the 

end of t he 6hr i ncubat i on period the total oxygen uptake for gl ucose 

grown organisms was 327'o of that foun c:. ,'li th thymine &,Tov.n ,:;r,;F.misms . 
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VI. Surm~iary 

a . The oxid.a tion of thymine by uraci l g-1.'own organis□s occurred i n 

t wo phases . 

b . 5- rnethylbarbi turic acid , .. as identified as an oxidation produc t 

of thymine with .. 1racil gro,,m or ganisms . 

c . The accumulation of 5- methyl liar hi turic acid ,ras al1;1ost quanti -

tative over the first phase of thymine oxidation with uraci l 6-rrovm 

orga"1isms . 

d . The pcttern of oxidation of 5- methylbarbituric acid by uracil-

grown organisms vm s s i P: i lar to the second phase of thymine oxidati on. 

e . Thymine gr o,:n organi sms oxidised thymine and 5- r:ie thyl bar bi turic 

acid mor e rapidly than uracil gr own or gc1.nisms . 

f . The pr esence of an i nducible enz;yne syste:n act ive upon 5- ne thyl-

barbi turic acid -_,,as indicated fro111 studies 1:aing chloramphenicol, -:1 i th 

uracil t:,T O':'n cells actinc on thymine and 5- Ewthylta rbi turic acid . 

g . 5- hydroxyme thyluraci l was no t oxi d i sed by thymine• t,Town or ganisms . 

h . Thymine grovm or ganisms oxidised met hylmal oni c acid more 

r apidly than glucose grown organisms . 
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CHAPTER 5 

THYMII\1E CATABOLIS:."vI BY THYMINE GROWN ORGANISMS 

I N TB"E :PRES~GNCE ANTI ABSENCE OF METABOLIC INHIBI11ORS 

In the prel i minary studi es (Chapter 4) a t tempts to detec t pos­

sible inte r :;iedi Dtes of thymine c8tabo l ism by thymine grown organimns 

were unsuccessful . It wa s considered t ha t some intermediates and in 

particula:r:, rnethylr1alonic acid migh t be detected if the incubations 

with thymine were ccrried out or, a larger scale . 

The methods u:rnd. in the following studies are outlined in Exreri­

mental Procedures 2, Chapter 3. 

I. I ncubation of cc,11s i:;ith thymine in tL0; absence of 1w::tabolic 

i::ihi bi tors 

The oxidation of thymine was fo l lowed by ul trn:vio}et s 1,ectro­

pho tornetry of aliquots removed from tte j_nculla -i;ion s~ steu; no other 

ultraviolet absorbinz cor:ipounds other than tl;rynine were c.etectec1 . 

After 6hr, ·,,,hen all the thymine h.s.d disapreared, the incuba tion 

was stopped, and t he super n2.tant of the i ncubation medium "JaS exanined 

for the presence of ether soluble acids. Gas liquid chromatography of 

methylated derivatives in the etber extract of the supe r natant, shov,ed 

in only one experi ment , the pr e s ence of a compound t entative ly iden-

tified as the dimethyl ester of methylmalonic acid . I n all other 

experiments this compound c oul d not be de t e c ted wi t h any certainty, and 
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no other compounds were detected . 

II. I ncubation of cells ,;1ith thymine ir, the presence of metabolic 

inhibitors 

A. Studies with mercuric chloride (HgC12) 

I n an attempt to promote the accwnulation of intermediates in 

thymine catabolism, mercuric chloride (HgC12 ) was used . At concen­

trations of 1, 0 . 1, and 0 . 01 mM the co1,1pound potently inhibited t:ie 

oxi dation of thymine . I n contrast to control experimE;nts in which all 

the thymine had disapT,eared after 6hr, there V!BS no C'bservable decrease 

in the concentration of thymine over the SA.me period , in the presence 

of mercuric chloride . At conce""tT2.t.ionsbelO\'' 0 . 001 r:M , HgC12 pnrtially 

inhibited the metabolism of thymine . Exan1ina tion of supi.'-;rnatant from 

the incubation media did not 3hon the rresence of any ultraviolet 

absorbing co;~:}iounds, or ether soluble acids . 

B. Studies ui th sodi·.1r.1 arseni te 

When sodium arseni te was used at a concentration of 5rnlvI u. 

partial inhibition of th;,,nnine oxidation siuil&r to that o tserved with 

HgC12 nas obtained . Ho1;Jever egain no intermediates ,:ere detected . 

c. Studies with diethyl mal onate 

In an attempt to accumulate dicarboxylic ac i ds as poss i ble inter ­

medi ates of thymine catabolism, diethyl 1.1a:i..onate was used as a competi-

tive inhibitor . The choice of the diethyl ester i nstead of t he free 

acid was influenced by the observat i ons of Batt and Woods (1 961) who 

showed ,that mal onic a cid could not be oxi dised by N. corallina, even 
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with cells which conta ined high barbiturase activi ty . One reason for 

this could be that the cells had a permeability barri er to this acid . 

The low l)ermeabili ty of ce l ls to mal oni c acid was r ecogni sed by Webb 

(1 966 ) who sugges t ed that the diethyl ester could pr obably circumvent 

the per meability barri er . 

In the follm•1ing experi nents d.i e t hyl r:1a lona te vras empl oyed a t a 

concentratior. of 0 . 02M in incubation media . 

I dentific2t i on and estimati o~ of an ultrsvi ol et absorbing 

product of thymi ne cakbolism 

In cor.trol experiments, (no die t hyl ma l onate present) aft er 6hr 

incubation all the thymine h8d disappear ed , during 1.vhich JJeriod, no 

other ul t:::-aviolet absorbi:c1g cowpounds wer e detected . When cells ,c.·ere 

i ncub;:,. ted ui th thymi ne i r, the pre::,ence of di e thyl mal ona te, the dis ­

appea r ancf of the substrate, w9.s 2.ccor1panied by the accumuletion of a 

cor11pound havinc spectrHl characteri s tics identical t o 5- rnethyl barbi -

turic acid (Figure 11 ). At t~e er.d of t>hr incubati on , tre compound 

i dentified as 5- ~0thylbarbituric acid ~as es timated by reference to a 

stalldaJ'.'d curve of O. D. 269 nrri vs . concent ration (rru'vi l The quant i ty of 

acid which accwm1J.ated was equivalent to 3Cf;0 of the origi nal 

thymine added to t he incuba tion sys t em . 

Gas - liquid. chromatography of methyl es t ers of e ther solubl e 

ac ids 

After cells had been incubated for 6hr with thymine in the pre­

sence of diethyl ma lona te, the super natant of the i ncubation medilliil wa s 

tested for the presence of ether solubl e acids . Gas liquid chromato-
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Comparison of spectra of ultraviolet absorbing product and 5-methylbarbituric acid. 
(A) and (C) 5-Methylbarbituric acid (8 x 10-5M) in 0.1M NaOH and 0.1M HC1 respectively. 
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For the examination of spectra of ultraviolet absorbing compound 0.5 ml portions of supernatant 
were taken and diluted 1 /50 in 0.1 M NaOH and 0.1 M HC1 respectively. 
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graphy of l"lc thylatccl derivatives from t he ctr·cr (;;Xtract of th0 super­

nn.tant , sl.·~wed thr..i pr cs:;nce of ~t least four cor.1pounds (Figure 12A) . 

Three of those cor.:pounds were tent,1tivcly i dE.:ntified in ho.vinu r e t ention 

volurnvs ccrrcspc:nding to thE; dir., .. t LyJ isosuccinate: , di me t hyl mal , natc , 

and di methyl succinrd,e standnru.s r c.sr,octi vcly. l'hc scparntion of the 

star,dards (Figure 12F) r.•as carried Oilt unc'.cr t lw sc.:cie ctmdi tions . 

Vc:,lucs of rctc..11ti0n ticK r>nd r.·ctention vcilunc f or stcndards and 

unknown ar<:: gi v ei: in Table 2 . 

TABLE 2 

Rcte:ntion tir.,cs and i·"'t0~ ti-,n V'"'l:u,e:s for r.icth;yl 

ester s -,f dicnr b:;xyl ic '.icid. st2ncl,-rd.s 2::--1d urJ,no,··ns . 

?.Gt . tine ld. V'.] lUDC 
(-,-; ~) I •••• J. (cc) 

Di ;:10tl1yl isc,succi:.a tc 3c .O 950 

Dincthyl flE-lC,:i~. tE.. 48 . 2 1,200 

I,i.-l(., tl\yl succin2tc: Gl . 2 1,530 

1 37 ,6 940 

2 47 . 3 1 ,185 
Unknowns 

3 60 . 5 1 , 512 

4 79 . 3 l , 9b0 

Mass spectrom~try 

This met hod was used t o f urther charac t er ise the c ompound 

t ent atively i dentified a s dino thyl i sosuccinate . 
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A gl ass collecting char:1bGr was connected t o the gas outl e t of 

the G.L. C, apparatus a t tho i nitinl stagu i n the r e cor di ng of the first 

peak corrc s ronding t o t ha t of dimethyl isosuc cina te . ThE. mat crin l 

once colle ctcd 1 \',2s eiu t cd into a flrsk · :ith I:icthano l (redi.stilled ). 

'rhe mC: tk!.i1ol v:as Evaporated off under r cduc8d. pr Gssur e \!ith some h eating, 

and the r e sidua l ::ia t eria l used directly f or raass s1;cc t:r:.<:. l analysis . 

IVIass spectr&l d2tn showed. the presence of an i ')n with lm /e = 

146 . 0507 . The; di .:1et}wl i sof,iJcci:-,& t e (c6H
10

o
4

) i-:-n required nn m/e 

vc: l uc of 146 . 0578. OthE:r cor;i_pouncls verc snoi::n to l•e pr esent i n the 

s ..--,:1p l e , but furthe r puri f i c:::,ti::,n to 8bt;:_iin more clccr cut r c, sults r;2.s 



55 

I II . Sunm,ary 

a . When eel] s r:ere i ncubated r1ith thyr:,ine in an inl-iibi t or free 

system , ''10 ultraviolet o11sorbi •,r- rroducts v:er e found , and i~1 only one 

experim21,t , was tho r resence 0st<iblished of a cor1round tentatively 

id(;ntificd as r ethylmaloni ::; acid . 

b . Pos:iible products of th;;n:iine catabolism m~re not dr:tected in 

incubn tion r.1cdia in v.·h:i.ch arseni t e or mercuric chl oride iJa:ctiull y or 

compl etely inhibited the utilisation of thymine . 

c . A compound identified as 5- r:10thyl1e.rbi turic A.Cid act:wr.ulated \"hen 

cells ·."ere it1c'1bnted r.'i th thY1:1ine in tho r:c-csence of' diethyl r.ml ene.t e . 

d . The: "xtert c,f 5- methyl barbj tu.ric :'cid ::iccumu.l a tio11 ,,11s E:qui valE:nt 

to 3of,, of the ori~·inal thymine cone _nt1 r, tior . 

e . Tbre0 co;1p~,unds, tent-: ti vel;; i, v·tti f'ied by c, s liquiti chrom to-

graphy of t:1eir -~etbyl 2. tcd deri vro ti ves , ns isosuccinic, s,1ccir1i.c , and 

r:iR l onic ac:icis, ·:.ore pre:scr;t ir: tht i ncuhatio21 · 1cdie. of ceJJ s r.iCt'i1oli­

s i np.· thY1:1ine i n the- presu,ce of diethyl m.lona t c . 

f . The conpound teYJ.ta ti vely i dentified as the diethyl cs tcor c1i iso-

succi r.ic acid ,,as further charc.ictcrised by 1:1ass s pectromc try . 



CHAPT:Ei'R 6 

STUDIES ON THE CATABOLISM OF THYMHJE-METHYL- c14 

In Chapter 5 the effect of diethyl I11alc1P te i n accumulating 

r:iethylmalonic acid and 5- methylbPrbituric acid was described . 
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Al though, in this section diethyl rnal onate 1,as used in latGr 

experi ments , thE; aP}ror1ch v.ras to initia l ly study the catEJ bolima. of 

thymine by both thyi11ine and uracil gro, . .-n o:rganisma in a froe system . 

I. The catn.bolisrn of th:y:pine - n0thyl - c14 by thymine gror:n organisms 

in a fr(;e s ;ystcm 

Organis:r1s 17ere ir!cubated ·.-:i th thynin8 - ns thyl - c14 for 1hr , during 

~hich after the first 30~in ell the substrate had disapveared as osta-

1.ilishod by ultraviole t s1-ectrophotor1etry . 

Sarn1iles (0 . 51.;11) · :er e reraovc:d fror1 the :Ln cuba tion mediur:1 a t 0 , 

15 , 30 and 60min . Th€ recoveries of r adioac tivity in the othnnol 

extr.::;ct fro,:; sal',Jles removed o.t various tir:1es arc shown i::1 T2ble 3 , 

TABLE 3 

Recoveries of radioactivity in e thano l extra cts of samples removed 

when thymine grown or ganisms were incuba ted with t hymine- methyl- c
14 

I ncubation time (mi n ) Dpm % recovery 

0 6 , 600 100 

15 5 , 700 87 

30 4 , 800 73 

60 3 , 600 55 
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Racliochror.m_tograms r,er e developed using N- butanol :a ce tic acid: 

H
2

0 (50 :25:25 V/v) as the solvent . 

For the sampl8 r-..:·1ovt.d aftLr 15r1in incub-,tio .. , tlic radioct,:.:·oma­

togram scan sLowe;d apart from the r,L jor pPr:k corrt.si,ionding to thy: 1inc , 

one other significant pea,~ (Fieure 13A) . This 1•eak ·--2s found to ac-

court for 25% of "the tot-11 radi 1activi ty of the m, t erial ~:canned and 

a pJJeared to he g i ven by a sinp1t r adioactive cor.1pou:nd which was refer -

red to as unknmm A. Unlike thymine, this cor.,:ound could not 11c 

detected under ultrqviolet li~1t . 

·r-·.-o other poa.ks , hich co lla :1-:)+. b l; di8C ~rncd , i th arv cc :r-c, ini;y 

corn:srondcd to 5- ,,..,L thyli,nrl-i taric sci I a11d :-10thyl:-,1nlo ,i c c,cid res-

J)E;;Cti val;,' . 

·.:,:;re ni1 Jr . 

hydroxy- 5- mcth,vlbr rbi t:.rric PCid 1:-.arkor . 

For the sr.q le renovcd aftc::.· 30r.1i11 incul:o. tion the raJi~chrora-

tobTam sc2n shuV'cd ono :.1~jor peak (figure 13B) . Fron au tore diogr8.:rhy 

it ap eared t hn t ~:1e peak -: as ,;i '.rcn by tv·o co1 pounds , one of \·:hich \ a.s 

tenta tively i d0ntified as unknov,n A, on thG basi s of its Rf value . 

The ot her was refer red to as unknovn 13 . Another small peak api,cared 

to be given by a compound r ef err0d to as unkno•.,n C. None of the un-

knO\-:?l compounds coul d be detected undu· ultraviole t light. 

The r adiochromato5T am scan obtnincd for the 60min incubation 
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0 0 
--l 0 

0 0 

2 3 4 5 

Figure 13A. 

t{adiochromatogram scan of ethanol extract obtained for the sample removed at 15 min, when thymine grown cells 
were incubated with thymine-methyl-C 14. 

Key: 1. Unknown A 
2. 5-Methylbarbituric acid 
3. 5-Hydroxy-5-methylbarbituric 

acid. 

4. Thymine 
5. Methylmalonic acid 
6. Marker 

6 
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0 0 

0 0 

2 3 4 5 6 1 

Figure 13B. 

Radiochromatogram scan of ethanol extract obtained for the sample removed at 30 min, with thymine grown cells 
incubated with thymine-methyl-C 14 

Key: 1. Unknown C 5. 5-Hydroxy-5-methylbarbituric acid 
2. Unknown B 6. Thymine 
3. Unknown A (tentative) 7. Methylmalonic acid 
4. 5- Methylbarbituric acid 8. Marker 

8 
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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 

Key: 1. Unknown C (tentative) 
2. Unknown B (tentative) 
3. Unknown A (tentative) 
4. 5-Methylbarbituric acid 
5. Marker 

5 
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period showed the distribution of r adioactivity to be similar t o that 

f or 30min (Figure 13c) . However autor adi ography suggested that most 

of the activity came from unknown B. 

II . 14 The Cc,tabol isrn of th:yrn.ino- methyl- C by uracil grown organisms 

in a free system 

Organi sms were i ncubated \'Ji th thyrriine - meth;yl - c14 f or 5hr . 

Samples (0 . 5ml) Vier e removed from t he incubat i on medi um at O, 1, 2 , 4, 

and 5hr. The r ecoveries of r adioac tivity i n th~ ethnno l extract for 

sampl es r umoved a t thesG times are shc,,m ir. Tsble 4. 

'.t'ABLE 4 

Recoveries of radioactivity in ethanc l extra ct s of sam~les ren~ved 

when uracil gr:ov'n or ganisms were incuha ted with thymine- nethyl-c14 

I ncubat j_on ti1:-1 2 (hr) Dpr1 
_,, 

?(j recovery 

0 G, GOG 100 

J_ 6,40c 97 

2 6 , 20(J 91~ 

4 4 , 700 71 

5 3 , 900 59 

Radiochromatograrns ner e devel oped using N- butanol: a ce tic acid :H20 

(50:25:25 V/v) as t he solvent . 

The radiochromatogram scan obta i ned for a sample r unoved aft er 

1hr incubation showed peaks correspondi ng to t hymine and 5- me thylbarbi-
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turic acid . (Figure 14A) . The s can f or 2hr i ncuba tion , s hov,cd a l l 

t he radioactivity co· rcs1.onding to the 5- r.icthylbarbituric aci d ma r ker . 

For 4hr incubation the scan shov;·ed apart fro11 che peo.k corrcsponc!.ing t o 

5- me:thyl bnrbi t uric acid, ano ther r:hich occur red in the position of un-

kn.:;nn A (f igura 14::5) . For the final sanpl-- obt;iined after 5hr inc~-

bati on the scan indicat0d tl1Pt almost all of the radioactivity occurred 

i n the posi.tion of unknorn A. Unlike 5- :-1cthyr::i0rbi turic ncid the 

unkno, 1n cmJpound coul d not be de tee tad. nnd(.r ul treviolct 1 ight . 

III. The co tabolis□ of th,v::.irc- 1:ic. thyl- c
1

·1 in the 1:rosGnce 01 die tlwl 

:.:alone te with t hymine grovm or ganisms 

Di8th;rl mnl0:10.t\.;; r:as cr:iploycd at " c0ncentr,.,tion of 0 . 02N in 

the incub~,tim1 r.1cdltu:1. 

Crt;anisr:s r ere incutJ:1. tLcl for llt:r e. t · lnch tine o.11 thE; thyT1ine 

hr->d discp.1:-u,r"'c. fron tr, ___ :-, diill1 as 1..st:-1blisht"•cl by ul i; aviolct GJ.'cctro-

p:1.oto1:1c,tr;y . 

S,.,,~,-l · c (c r.-,1) \ 'T" ,,~,·--,v,·l fro,.., t' l· ~i-c·•l•>tion .... ..,di·w·, ,.,t C. .. ,ll_,-L-: .. , • .,J!.! \...: L: .- l ~ ..... ,·~ .l ._. .J... v . .lCl - .1t.....: '• ~. • , 

15 , 30 and 60nin. Re cov ries of rcdioactivi ty i:1 ·i::bc: sth,·nol extrrct 

fror.1 sar.1ples removed a t various times are shovm in Tr~blG 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-methyl-C 14. 

Key: 1. 5-Methylbarbituric acid 
2. Thymine 
3. Marker 

3 
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Fiuure 14B. 

Radiochromatogram scan of ethanol extract obtained for the sample removed at 4hr, when uracil grown cells were 
incubated with thymine-methyl - C 14. 

Key: 1. Unknown A (tentative) 
2. 5 - Methylbarb:turtc acid 
3. Thy,nine 
4. Marktir 



TABLE 5 

Recoveries of radi,)activi ty in ethanol extracts of samples 

removed when th;ymine grown organisms were incubated with 

ihymine- methyl-c14 in the presence of diethyl mal onate 

I ncubetion time (min) Dp::, % r ecoVt,ry 

0 6 , 600 100 

15 6 , 200 94 

30 5,800 88 

60 5, 000 76 

A . Radiochromato5-ra□ sc,.n!'"ling of 1:;thanol extract s 
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Radiochromatog:rams were develnped using the following solvent 

systens . 

1. N- but:rnnl :acetic acicl;H2o (50 :25:25 V/v) 

11. Tert-butanol:□ethyl et hyl kctone :H2o (t0 :30 : 25 V/v) 

in an ammonia atmosphere . 

For the sample r emoved after 15 min incubation radiochromatograra scans 

showed apart f r om the major peak corres~onding to the thymine marker , 

small peaks correspondi ng to the 5- methylbarbituric acid and methyl -

malonic acid markers r espectively. This is exemplified in a scan 

obt ai ned from a radiochromatogram developed with solvent 1. (Figure 15A). 

Scans also showed a small peak corresponding tn unknown A. 

For the sample r emoved after 30 min i ncubation r adiochromatogram 

scans provided similar information . However the r el ative radioactivity 
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corresponding to the 5- mcthylba rbituric acid marker had i nc reased , 

accounting for 18~~ of tr,e total r a dioactivity of the materi a l scanned . 

The ba nd giving the peak l',as clearly discer nable under ul travi oh.t 

light . Sc[,ns f'..lrther showed an increase in rE..lativc n :dioactivity 

correspondinc to the r~c thylna l onic acid r71urker, however an nccm'atc 

estir.iation w,i.s no t obtainable . 

The s cpara tion of rn.dioacti ve co11pounds is s hown i n a s can 

(Figure 15B) of a rn.u_;_ochror.1at o1:,r ar.1 devolo;:cd 1;ith solvent 1. 

a lso shoued a peak which upteared to bo given by urumo,-n A. 

Sco.ns 

lfadioch:::·CJr:£ toe;r r-n cc,,ns for t!1, 60 r::in s2ripl.:. sho•.•ed tl~e peaks 

corrcspor.dj_ng to 5- ncthylbarbi 1;uric 1.cid 8.nd. ;--1, thylualonic r·.cid r.J".rkurs 

to 1)c r r or.:incr. t . Tbis is CXC□j'lificd ir, t~c f'C,'1)'1 (Figt.H'c; 15c) obt r.incd 

fro□ .., r adiochror-:ato,g:rar: dcve:1opul v:i th r:cl,·v1t 1. 

Fron sc~ms , thi.C rie~·ks corTcsporldi!,.., to 1'!L thylru:l ,:,r.ic 2.cit:. ar.d 

5- rwthylbnrbi turic aciu, tog<:tiil:T ~-:.:?re '-'stiT'li:tcu. t o . .-,.c,:_;ount for nl~1ost 

7r:fh of the r:1ciioacti vi ty of tho r1~. tc.ri~ 1 scr. nned. This co~tr-:istL,d 

with th .: r 0sulto frori the, scan obtained f or the sn2ple r0noved l't the 

same tir.ic for cells metabolising in the a bsence of diethylnalonatc 

(Figure 13C) in wh:i.ch there was no r adi oactivity corresponding t o the 

5- methylbarbi turic a cid and methyl rnalonic acid r.iarkers -

B . Further evidence for the presence of 5- raethylbarbituric 

acid and me th.ylmalonic acid 

Approximately 0 . 5ml of r a dioactive e t hanol extract from a 60min 

sample , was s treaked on a 10 x 20 cm thin layer plate ( cellulose : t hick-
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Figure 15A. 

Radiochromatogram scan of ethanol extrar.t obtained for the sample removed at 15 min, when thymine grown 
cells were incubated with thymine-methyl- C 14 in the presence of diethylmalonate. 

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

f 
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Figure 15B. 

Radiochromatogram scan of ethanol extract obtained for the sample removed at 30 min, when thymine 
grown cells were incubated with thymine-methyl- C 14 in the presence of diethylmalonate. 

Key: 1. Unknown A and B (tentative) 
2. 5-Methylbarbituric acid 
3. Thymine 
4. Methylmalonic acid 
5. Marker 
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Figure 15C. 

Radiochromatogram scan of ethanol extract obtained for the sample removed at 60 min, after thymine grown cells had been 
incubated with thymine-methyl- C 14 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 streaker (London , Engl and) . Methyl-

mal onic and 5-methyl barbi turic acid were ~lso spotted at positions cor-

responding to the streak on either side of the olate . The chromato-

gram was developed using a sol vent of ~- butanol:acetic acid:H2o (50 : 

25:25 V /v) • 

.l\ft er the chroma toc-ram had been dried , cellulose vms imnediately 

scraped off in the bands corresponding to 5- methylbarbi turic acid and 

methylma l onic acid, and the radioactive material from each band sepa-

r ntely elutec. with H2o. Succes s ive elutions and centrifugations were 

carried out until only a small anount of radio~ctivity remained assoc-

i£ ted VTi th the cellulose from each band. 

Ultraviolet spectrophotometry of the materfal from the ultrn-

violet absorbing ba11d, reve11led the rirese~.ce of [t cor.,
4
1ound havi~1c 

spec tr~ 1 chc..rn.cteristics identic" 1 1,c 5- r:1eth;rl berbi turic acid '.':i th A max 

va lues in O. H: HCl and O. UI NaOH at 262nm r.tnd 269nm respectively. 

Materie.l fror.i the bt,nd cor responding to T:'lethylmalonic acid r1as 

concentr ated in the presence of ethanol under reduced pressur e with 

heating at eo0 c. Concentrated radioactive material TTas spotted on a 

20 x 20 cm thi n layer plate , at an amount equivalent t o 3 , 500 dpm. 

Muli c , mal oni c , methyl malonic , succini c and i socitr i c acid s t andards 

wer e also spotted over the same point . 

The radiochromat ogram was devel oped t wo dimensi onally using amyl 

a lcohol : f ormic acid:H2o (40 :40 : 2 V/v) and N- butanol:acet ic acid :H20 

(50 : 25:25 V/ v) as t he f i r s t and second solvent sys tems r espectively . 
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To help identify components separated in the radiochromatogram 

on the basis of Rf values , standards were also chrorne.togTaphed in one 

dimension. One plate v;.qs run in nmyl a lcohol :for1,1ic acid:H
2
o and the 

other in N- butanol :acetic acitl :H
2

0 simultaneously with the development 

of the r:-:diochror.,a togram. 

By this method all ncid.s were identified on the developed radio­

chronat ogram except for one ,,hich \'''1.S found to be a n i mpurity i n the 

citric acid sample . 

Av. torndiography of the r u ciiochromr. togram shm~ed virtually e.ll 

of the rndioa.cti vi t;r cor::.0 esponding to nGthylr:u,lonic 2.cid (Figure 16) . 

Trnces of radioactivity \;er e e.lso found in succinic 2.ci d . 
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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. Malanie acid 
2. Impurity in citric acid 5. Succinic acid 
3. Malic acid 6. Methylmalonic acid 
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IV Summary 

a . When thymine gTOwn or gani sms degTaded thymine- methyl- c14 i n the 

absence of di ethyl nal onate . 

i. Radioactive 5- methylbarbituric a cid and methyl mal onic acid 

could not be detec t ed by r adi o- isotope scanning or autor adiography . 

ii . At leas t three unidentified radi oactive compounds (non-

ultraviol e t absorbing ) Here detected . 

to as uriJrnowns A, B, and C. 

These v:er e t ent a tively r eferred 

b . When uraci l grown org&nisms ca t abolised thyr.iine- methyl- c14 in 

t he absence of die t hyl malonate . 

i. A r adi oactive compound was identified as 5- methylbnrbi turic 

a cid, ~hich absorbed under ultr~violet light . 

ii . Another radiulcti ve compound (non- ul traviolc t absorbing) 

1\'rl S de t ected c.nd c;_Jpec:.red to be thr.:. t of unknorm A. 

c . 1.'i'hen thymine grown or gr.mh:ms oeh:bol i sed thymine- me t hyl - c14 in 

the presence of di ethyl ma l onatG . 

i. Two r a dioactive compounds o. ccumulc ted whi ch -~rere identifi ed 

by r adi oi so tope sca:nning rmd aut or o.di ogTaphy as 5- methylbn.rbi turic a cid 

and me thylma l onic a cid . 

ii . Unidentified r a dioactive compounds which appeared to be 

those of unknown A and perhA.ps unknmm B ,1er e a lso detected . 



SECTION" III 
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DISCUSSION 

From the evidence presented in this investigation there is little 

doubt tha t 5- methylbnrbituric acid i s a primary intermedi a te in the 

oxi dative catabolism of t hymine in N. cora lline .• Studies ~ith uracil 

grown or ganisms hRd shovm tha t 5- methylbnrbi turic ccid accumulat ed 

almost quantifative ly over the first phase of thymine oxidation . 

findings ,7ere consistent vii th those of Bdt 2.nd Woods (1 961) . 

Such 

With thymine grown orgnni srn s 5- mothylbarbituric acid 9ccumul a t ed 

only when cells metabolised thymine i n 'Jbe preser"ce of diethyl malona te . 

The extent of t he accumulD tion amounted to 3G''/ of the originn l thymine 

concentn:i. tion. 

Resu lts from this investigation di d not support the clo.ir:t by 

Batt (1961) that 5-hydroxymethylurP.cil is oxidised by thymine grown 

organisms and thus the role of this r.ompound as a possible in t errr,edin t e 

of thymine catRbolism rcnains doubtful . 

The initia l step in the breakdown of 5-methylkrbituric acid 

was suggested to be enzyma tic from studies with chl ore.m.phenicol, an 

inhibitor of protein synthesis. The inhibitor was used to prevent the 

synthesis of the inducible enzyme or enzymes thought to a ct upon 

5-methylbarbituric acid. In the presence of chloramphenicol, the 

utilisation of 5-methylbarbituric acid by uracil grovm 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 breakdovm was 

also suggested from the observation that thymine grown organisms utilised 

5- methyl barbituric ncid mor e rapidly than uracil- gr own organisms . 

Although studies with chloramphenicol suggested that the initial 

reaction in the degradation of 5-methyl!:larbituric acid was enzymatic, 

cell fre e extr acts of t hymi ne grov.rn or ganisms were found t o be inactive 

t owards the compound , even in the presence of ATP, NAD+ and NADP+. 

The same extracts were active towards barbituric acid , i n containing 

barbiturase . 

The failure to demonstrate activi ty of bacteri al cell free 

extracts towards 5- methylbarbituric ac i d has been evident in s tudies 

by other workers . 

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

adapted strain of N. coral lina were active towards thymine , uraci l, and 

barbituric aci d , but not 5- methyl barbituric acid . Similar r esults 

were obt ained by Hayai shi and Kornberg (1952) working with cell free 

extracts of Mycobacterium and Corynebacterium . 

Bi ggs and Doumas (1963) f ound tha t although cell free extra cts 

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

inactive t owards 5- me thylbarbituric acid. 

The inactivity of bacteri a l cell free extra cts towards 5- methyl­

barbituric acid sugges ts tha t the enzyme or enzymes active upon the 

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

On one occasi on it was clai med tha t 5- methylbarbituric acid wo.s 

degraded v.ia barbituric acid . Lara (1952) showed tha t thymine- grown 

organisms of N. corallina oxidi sed barbi turic aci d !'lore rn.r, idly than 

yeast extrEtc t grown organisms . Batt and Woods (1961 ) demons trated 

the. t ur acil adapte:d N. corallina oxidised barbituric ac i d mor e r api dl y 

than thymine gro,n or gani sos . 

The r esults i mplied that the l evel of enzyme, , ac tive u1,on ba rbi­

turic ac i d was higher in uracil grm·m organisms th1::n those grown on 

thymine \·;h~ch i n turn had 2 highe:::- l evel of activity than glucose- t:,Town 

orgnnisrns . Studies by Br-er:!.nen (unpublished work) confirmed this 

fincling in demonstrating that the sr1ccifi c activity of bnrbi turase from 

thymine grown org;o nisms v:as l o% of th2. t for the enzyme fro1:1 uracil 

gro,vn or genisms . Barbi turase from glucose gro·-✓n organisms was f ound 

t o h2.ve a s1,ecific activity of less than O. 01%, of that for the enzyme 

f r or.i thyr.iine grown organisms . 

The r esul t s f r om studies on barbiturase l eve l s would be consis­

tent with the poss ibility tha t i n thymine grown organisms the decom­

position of 5- methylbarbi turic acid could occur at l eas t in part via 

barbi t uric acid. However, the high l evel of bar biturase i n uracil 

grown organisms does not necessarily i mply that 5- methylbarbituric 

a cid breakdown is i nitiated by a demethyla tion . 

The r esults from this investigation pr ovide little evidence to 

either support or r eject the pos s i ble exis t ence of a pat hway f or thymine 
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cataboli sm 1 in which 5- methylbarbi turic is demethylated to give barbi­

turic acid . 

In studies on the cat8bolism of thJTiin0- nethy1- c14 by thymine 

grown organisms several radioactive compounds wer e detected but not 

identified (Figure 13A, Band C) . The possibility that these compounds 

could have been pr oduced as a result of deP.1ethylation of 5- mothyl- c14 

barbituric acid has not been exaP.1ined cxperi r.1.entRlly . 

The accunmlation of 5- methylbarbi turic acid in the r;r escnce of 

diethyl 1:1c1lonqte would sE::cr.~ to be due to a ::i\;chanism analoE,ous to nega-

tive f eedback inhibition. Mc>. l ona t e produced by intracellular hydro-

l yses of die thyl malonate could be directly inhibitin.; the enzyr:ie 

which acts on 5- methylbarbi turic E\Cid . 

Diethyl r,alon2,te i':as sh7,m to h'iVe a further eff'uc t u.uring thy­

mine catabolisn i n th;yr.1ino grown organis□s by evoking the accumulation 

of 2. compound identified as 1:1~-thylm&l oni c acid. . The mechanism causing 

this accwnulation has not bec,n established, but it i s reasonable to 

suggest thqt the de- es t erified mal onate ac ts as a competitive inhibitor 

on the enzyme acti ng upon me thylma l onic ~cid. 

The observation that i n the pr esence of diethyl ma lonate , methyl­

maloni c acid accumulated toge ther with 5- methylbarbituric ac i d , suggests 

tha t the compound is an intermediate of thymine catabolism . This 

would be consistent with the conclusion of Biggs and Doumas (1 963 ) 

from a study on the oxidative ca tabolism of thymine in Corynebacterium . 

These workers provided Gvidence tha t me t hylmalonic a cid was derived 



dire ctly f r om 5- ~ethylbar bituric acid. 

Fur t her wor k i s r equired bef ore met hyl malonic acid can be 

definitely es t abli shed as 1:1n inter medi ate on the only pathvmy for 
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t hymine catPbolisrn in this or gani sr.i . Such studies should also i nc l ude 

a more det a i led i nvesti gation of t hyrtine cakbolism by ur1:1cil grown 

or ganisms . 

The possibili ty that o pr:!thr·ay exists for thynine ca tebolisr.1 vi~ 

bar bi t uric aci d certainly r equir es further investigation. Al t hough 

t he unidentif ied r a dioactive compounds for ~ed as~ result of thymi ne­

methyl- c14 ca t n.bolism , would appPar t ,) have occurre :<. a t l atar sta ges on the 

metabolic sequencG or sequences , the possibility that any of these , 

ilere fori:rnd as a rGsul t of 5- i!lcthylbarbi turic acid dcrncthylo.tion c1:m~ot 

be rejected. It would not only SE;o;·' important to identify these com-

pounds , but also study in P1ore detail the cat0bolisr.1 of thyr1ino 

l abGlled in the pyriuidine r ing. 
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.ii.PPENTIIX I 

A. Glucose culture medium 

KH2Po4 
(NH

4
)
2
so

4 
Thiamine HCl (Vit B1 ) 

20 . 41 b-'1Tl • 

4. 50 gm . 

0.037 6irn . 

were dissolved in approximately 1350 ml of distilled water . 

neutralisation with 5~1 NaOH (pH 7. 0 ) 

0.15 gm 
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After 

was added . The t otal solution was adjusted to 1425 ml. and dispensed 

evenly into 5 conical flasks (1 1. ) fitted with muslin coated cotton 

,rool plugs . 

Glucose 13 . 5 gn 

·, as dissolved in 90 ml of gl a ss distilled V'ater in a 250 ml conical 

fla s k which was plugged with muslin coated cotton wool . All so l uti ons 

were sterilised by autoclaving (15 min : 121°c) . After cooling, 15 ml 

of g lucose solution \·✓as pipetted aseptically into each conicnl flask 

giving a fi nal volume of 300 ml of phosphate buffered medium/flask . 

E. Py:rirnidine culture medium 

KH2Po
4 

Mgso
4

:7H20 

Uracil or thymine 

Thiamine HC l (Vit B1 ) 

24 . 5 gm 

0 .18 {sill 

3. 6 gm 

0 . 045 gm 

were dissolved i n appr oximately 1,500 ml of disti lled water. The 

medium was then neutrali sed (pH 7.0) ~ith 5N NaOH and the volume was 

then made up to 1. 8 litres . This was dispensed evenly into 6 conica l 

flasks (1 1-). which were each plugged wi th muslin coated cotton wool. 



Flasks were autoclaved (15 min at 121°c) all owed to cool, and were 

ready for inoculation. 

c. Agar medium for slope cultures 

KH2Po
4 

(NH4)2S04 

Oxoid Yeas t Ext 

Thiamine HCl (Vit B1 ) 

Glucose 

1.70 gm 

1.50 gm 

0. 25 gm 

0 . 025 gm 

3.75 gm 

82 

were dissolved i n appr oxi mately 450 ml of di still ed ~ater and neutra­

lisecl with 5M NaOH 

Mg so
4

:7H20 0 . 05 gm 

was di ssolved in several ml of di stilled wa t er and added . The final 

volume was adjusted to 0 . 51 and 10 gm of Agar (Davis) was added. The 

preparat i on was heated and prior to autoclavi ng, v.'as poured into 

McCartney bott l es for s l opes •. 
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APPENDIX II 

A. The preparation of di azomethane 

(Based on the me t hod of Schlenk and Gellerman 1960 ) 

35 ml of me thyl cellulose (2 - f,18 thoxyethanol), 50 ml of ether, 

and 10 ml of 6CP/o KOH vrere placed i n a 250 ml distilli ng fl a sk, which 

was cool ed f or 10 min in an ice- bucket . Appr oximately l g of N- methyl-

N- nitrosotoluene- p-sulphonamide was added to the mi xture which was 

all owed t o stand 30 ninutes . The f l ask was then atta ched to a splash 

head and rece i ving condenser and the contents were 7:ar med t o about 

70°c ' . The distilla te was collected in a 50 ml r eceiving tube placed 

in ice . 

The preparation was carried out in a fume cupboard . 

B. The preparation of 5- hydroxymethyl uraci l 

(Ba sed on the method of Fink , Fink and Cline , 1959) 

32 ml of 0 . 5N KGH , 2 . 24g of uracil , and 2 ri, l of 37% HCHO \'Jere 

mixed and allowed to s tand for t wo weeks a t r oom temper atur e . Do,;ex 

50 W-X (100 - 200 mesh H+) was added to neutr a lise the solution the 

ca tion exchange r esin was then filt er ed off, and the solution concen-

tra ted in va cuo, then refriger ated . Crystals were obtained by fil -

tration , and r ecrystallisation was carried out with e thanol:H
2

0 (1:1 

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

yield of 70% (tentative). 

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

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

Preparative t hin layer chromatography, wi th ethyl acetate:H20: 

HCl cone (60:35:5 V/v) as the solvent, nas used to separate the uracil 

impurity . From eluti on with H20 ,:md r ecrystallisation with Ethanol: 

H20 (1:1 V/v) 5- hydroxymethyluraci l was obtained at a purity of greater 

than 9afo, as es t abl i shed by N. lVI .R . Spectroscopic data . 

Ultraviolet spectrophotometry was used to estimate the extinc­

tion coefficients of the compound in O. HT NaOH, vrhich were as fo llows 

c. 

a . E 1cm 8 .1 X 103 
286 g1,1 

b . E 
1cm 3 
245 lli'1 

2 , 45 X 10 

The prepc::.ration of 5- uethslb&rbituric acid 

(Based. on the method of Holmlerg , 194.5l 

Sodium (2 . 5g) na s dissolved in abso lute alcohol (40ml) to vrhich 

was added urea (6 . 6g). The mixture vms vrarr,1ed until a clea i· solution 

we.s obtained. Diethyl methyl malonate (17 . 4g) ,,as acided and a thick 

t f d l · h h t d d r eflux for 4 l1r a t 115r - l 0c..0°c . pas e orme w 11. c was ca e un er a 

Abs olute alcohol (50ml) was added and the mixture v:as boiled for a few 

minutes, and the sodium salt filtered from the mixture . The sodium 

salt was r ecr ystallised twice from boiling ,1ater and dried a t 110°c . 

5- methylbarbituric acid was obtained by dissolving the sodiUI!l 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 v,ashing with absolute 

ethanol and drying over CaC12 in a dessicator, had a melting point of 
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0 195 C and the fol l owing extinction coefficient s 

i. In O. JM HCl E 
1 . 0cm 

520 262nm 

ii . In O. ll( FaOH E l . Ocr:1 
X 104 269nm 1.67 

D. The -preparation of 5-h;ydrox;,r- 5- methyl barbi turic acid 

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

5-□ethylbarbituric acid (0 , 5g) was shaken in 30ml of 3% H2o2 

until the absor ption at 269nm disappeared . The soluti on \':as then 

0 evaporated to dryness at 60 under reduced pressure , and the residue 

was dissolved in wat er and taken again to dryness under r educed pressure . 

After be i ng dried over CaC12 the compound was recovered in almos t 

quant i ta ti ve yield , and had a molting point of 226°c. 


