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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 
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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 . 


