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ABSTRACT .

From earlier studies of the iﬁtracellular localization of the
.pyrimidine EatabbliC'pathway (9,-‘8, 21), it is currently believed
that the enzggg.dihydropyrimidine dehydrogenase is present mainly
1n the soluble cytoplasmlc fractlon of rat 11ver cells, and is res-=
pon51b1e for cataly51ng the hydrogenatlon of pyrlmldlne rever51bly.
~ However, it was also suggested (9), that thls pathway mlght also be
present in the particulate fractlons, but the presence of 1nh1b1tory
factors may be preventing the actlylty from be;ng expressed.

The purposes of the ﬁofk‘to be desériﬁed in this thesis Qere
two-fold. Flrst to determlne the 1ntracellu1ar locallzatlon of the
enzyme(s) respon51ble for pyrlmldlne reductlon in rat 11ver, and to
investigate the reversibility of .the reactlon. Previously, no one
had ever determined the intracellular iocalization of the specific
enzyme (s ) respons1blé for pyrimidine, reductlon in rat llver. By assay-
1ng the act1v1ty for pyrlmldlne reduction in the intracellular fractions
prepared by differential centrlfugatlon and by following the activity
of established marker enéymes for the respective intracellular fractions,
" it was felt that a proper localization of the specific enzyme(s) respén_
sible for pyrimidine reduction might be obtained. The marker enzymes
were chosen gs follows: glutamate dehydrbgenase for mitochondria,_aéid
phosphatase for lysosomes, glucbse-é-phosphatase for microsomes,band-
S'-nucleotidase for plasmé membranes. Secondly, to investigate further

the effect of metabolites, particularly nucleotides, as well as cations




]

on uracil metabolism. By studying the effect of these metabolites,

it should be possible to gain'additional information about the regula—
tion of uracil metabolism.

In presént studies it was found-that this enzyme‘couid be
separated into pyrimidine reductase aﬁd dihydropyrimidine.dehydrogénase

activities. The reductase activity was found to be NADH and NADPH

(o

dependent, and confined mainly in.particulate fractions which were
identified by appropriate marker enzymes. The dehydrbgenase activi-

1ty was NAD' and NADPF dependent,‘but residing mainly in the soluble

_cytéplasmic fraction. Subsequently, purification of the nuclei,

lysosomes and plasma membranes and sucrose density gradient fractiona-
tion of the heavy and light mitochondrial fractions showed that most

of the NADH-linked pyrimidine reductase activity was associated with

 the mitochondria, while most of the NADPH-linked pyrimidine reductase

activity was associated with the mitochondria and plasma membranes,

Pyrimidine reductase activity was inhibited by Mg ,ATP and

ATPLMg.at concéntrations above 1mM, whereas, ATP and Mg++'were strong

activators bf dihydropyrimidine dehydrogenase activity.




INTRODUCTION

From what is now known about pyrimidine metabolism, the enzymic

‘pathways for the catabolism of pyrimidines are as represented in Figure 1.

et

Historical Backéfoun

(a) . Discovery of pyrimiaine catabolic pathway

‘Evidence fér the existence of a pyrimidihe-catabolic péthway .
was firstAintréduced»by Fink, Henderson and Fink in 1951 (1). These
workers in. experimenting with rats (1,-2), found fhat at the dosage
~levels employed for intraperitoneal adminiStration dihydrothymine (DHT)
appeared, on the average, to be dvef 5 tﬁnes'as effective as thymine
in causing urinary eﬁcretion o{;é?_aminoisobutyfic acid (BAIB).. It was
suggeéted~that DHT ﬁight Be a biological intermediate in thymine metab-
olism, In>1§53 these workers (3) extended their study to tissue slice
experimeﬁts. The tissue slice experiments showed siﬁilar results for
thymine and DHT and, in addition, the observations were extended to
‘include an analogous formation of,ég-alanine'fdrm dihydrouracil (DHU)
a compound which_had previously been isolated from animal tissue (4).
| In 1954 Fink,_Cline, and Kosh produced experimental evidence to
. show fhat in bacterial cultures the conversion of thymine and uracil
to the corresponding/ig-amino acids was accompanied by the formation .
of the éorresponding intermediate dihydropyrimidines ang,s?_ureidov
acids (5). The in vitro studies of Fink et al (6) showed that the
incubation of the liver sliceé with thymine gave a slow production of

BAIB without detectable accﬁmulation of DHT oq;é?-ureidoiSObutyric




~acid (BUIB). However, when added as substrates both DHT and BUIB were
" rapidly and extensively converted to BAIB. In these experiments the
conversion of BUTB to BATB appeared to be irreversible under the con-

ditions used, interconversion of DHT and BUIB was clearly detectable,

ahd thymine appeared in the incubation media when DHT was used as sub-
strate. Resuits‘for the anélogous compounds uracil, DHU&)é?_ureidopro-
pionic acid -(BUPA), anq/£9-alanine were similar, but the overall con-
version of uracil té)$?-alanine was not clearly demonstréted.

In 1955 the in vivo experiments of Fink (7), produced the

following interrelationships: Thymine4é-DHT:iEBUIB—€>BAIB. With
the rélated uracil series of compounds only the reaction DHU-—> BUPA
was clearly demonstrated in vivo. At this time it was thought that

‘the absence of detectable urinarx;ﬁQ_alanine after administration of

uracil, DHU, and BUPA was due, in part, to more rapid metabolism of

_#5 _alanine than of BATB.

(b) Previous work describing intracellular localization of pyrimidine -
catabolic pathway.

In 1954 Rutman, Cantarow and Paschkis (8) studied the intra-

cellular localizafion of the degradative pathway in rat liver by mea-
suring the release of 01502 from gracil~2_Clh. After homogenization
of the liver slices the rate of 01402 formation decreased by 95%, and

only trace amounts were formed by the subcellular fractions. However,

the trace amounts formed by the subernatant fraction greatly exceeded
~that of a guantity of whole homogenate containing an equal amount of -
supernatant fraction. It was suggested that the unfractionated homo;

vgenate contained inhibitors of the supernatant activity. In 1955

Canellakis studied the degradation of uracil-Q_Clh and'thymine-2_01h



.-”__fo Cu*Ogln rat._li;\rér_slip_es_-,_;wholg hpmqgehaté, supernatant fluid, and ’ ‘f?fff"{'_flﬁf.’;
acetone-dried powder‘extracts of the éupergatant fraction (9). The re- |

sults of these experiments showed that the complete enzyme system respon-

sible for the conversion of both uracil-2-C14 and tﬁymine-z_clh to Clbo,

was present in rat liver. Similar to the results obtained by other

workers (8), the activity of the liver slices was reduced by more than
50% after homogenization in Na_phosphate buffer. However, the activity

of the IO0,00d%g supernatant approximated that of the liver slices. ' This

observation led Canellakis to postulate that the enzyme system which

degrades uracil-2-C14 to 01402 residés mainly in the supernatant fraction
":of rat liver homogenates. Since the addition of microsomes to the super-
natant fraction resulted in inhibition of enzymic acﬂivity, Canellakis
- suggested that contrary to the views of other workers (8) the enéymic §‘
system may also be present iﬁ-the various particulate fractions, but |
‘the activity could not be measured because of some endogenous inhibitory
facﬁor(s). In extracts'éf écetone_dried powder, Canellakis (9) found that
the conversion of urécil-2_01b was both NADH and NADPH dependent. However,
' affer dialysis against 0.05 M. Tris buffer for 24 to 40 hours, the NADH-
dependent activity was completely lost,'and could not be‘regained even with

an NADH generating System. By measuring the rates of degradation of uracil-Z_Clé,

'DHU-Z-Clh, and BUPA—Z_CIA, Fritzson (14) and Canellakis (10) were able to
establish that the initial conversion of uracil to DHU was the rate-limiting

reaction in the catabolic pathway.

In 1957 Canellakis did extensive studies on the interaction of
the catabolic and anabolic pathways of uracil metabolism in various
tissues. From these studies it was shown thét small amounts_ofvuracil-‘

2-cl4 was incorporated into RNA of rat liver in vitro when high concen-

trations‘of'uracil was used (10). This observation clarified the results




of other workers (11, 12), who had previously shown that exogenous
preformed pyrimidine at low concentrations was not effectlvelv utlli_
zed for RNA biosynthesis by adult mammalian liver. An extention of
these studies by Canellakis and other workers showed that in rapidly_
dividing tissues, e.g; intestinal mucosa (10, 13, 14, 15), various
hepétomas (lO, 16), and Ehrlich ascites tumor cells (17), an active
incorpOration of uracil into RNA occufred whereas in normal resting
tissues, rat and mouse liver (10), catabolism of the pyrimidine was

the predominant pathway. This indicated a delicate balance between
‘hthe ability of the tissues to degrade or to utilize the preformed py-
rimidine, and Canellakis (27), suggested that this constituted a homeo-
static mechanism by which RNA biosynthesis might be regulated. The
decreased capacity of regenerating rat liver to degrade uracil was later
attributed to a delay in the synthesis of dihydrouracil dehydrogenase

shortly after initiation of growth (18).

(¢) Previous work about partial purificationAand properties of
dihydrouracil dehydrogenase from different sources.
Between 1956 and 1960 dihydrouracil dehydrogenase was partially
purified and some of its properties studied. Campbell was ébie to

purify the enzyme from C. uracilicum, strain M5-2, obtaining a 27-fold

‘purification after ammonium sulphate fractionation and repeated calcium
phosphate gel treatment (19). This partially purified enzyme was |
specific for reducing uracil with the cofactor NADH; it had pH optimum
in the range of 7.0-7.8, its apparent K, value was l.4 x lO“hM and it
catalysed the reverse reaction, (i.e. DHU-ePura01l) in the presence of

NAD+ (19). ‘Grisolia and Cardoso succeeded in purifying dihydrouracil




_dehydrogenase from beef liver (20). They were able to obtain a 20-fold
purification of the enzyme after repeated ammonium sulphate fraction-
ation and gel tfeatment. This enzyme catalysed a reversible reaction
showing high specificity for uracil and thymine as substfates and NADPH
as cofactor. The pH optimum was 7.4, it was activated by sulphosali-
cylate and salicylate, and ifs K, values were calculated to be less than
3 x 10-8M with pyrimidines and 6 x 10-4M for dihydropyrimidines. In
1960 Fritzson succeeded in partially purifying dihydrouracil dehydro-
éenase from the soluble cytoplasmic fraction of rat liver (21)e In
‘these studies uracil was used as substraﬁe and NADPH as cofactor.

'The enzjme catalysed. the reaction reversibly, giving a ratio of 0.2

fér the rate of DHU oxidation to the 'rate of uracil reduction at
optimal substrate concentrations, The pH optimuﬁ was from 7.0 to
- 7.6 for the partiaily purified enzyme. The K, value was estimated
to be less than 4 x 10-61 for uracil and 1.7 x 10~°M for NADPH.

By measuring the formation of}:&y-alanine-clA from uracil_Z_C"lh,
| Fritzson found that in the presence of ATP and NaF the catabolic
activity of the whole homogenate and the supernatant was the same.

From this he concluded that the enzyme dihydrourécil dehydrogenase

“was located exclusively in the soluble cytoplasmic fraction (21).

(a) Previous work describing the inhibition §f pyrimidine catabolism.

The inhibition of pyrimidine degradation has been studiei in
plant seedlings (22), ana also in rat aﬁd hamster liver (23, 24). gébesta,
Bauerové:'énd Sormova (22), found that in both plant seedlings and rat
liver the production of clho2 from uracil-2-C'* and thymine-2-Cl4 was

inhibited competitively by 5-bromouracil and 5-nitrouracil. Since




__ no labelled compound éther than ﬁracil;2-cih or thymine_2-ClL was found
after incubation, these workers claimed that the two analogues most
likely affected the first reaction in each_catabolic“pathway, i.e.
uracil—%’DHU, or thymine —>DHT. Bresnick carried out an extensivé
study of'the_effecﬁs of various pyrimidine ribo- and deoxyribo-nucleo-
sides and nuclggtides on the degradation of uraéil in rat liver (23).
Using the‘cytbplasmic'supernatant fraction of raf liver as the source
of the enzyme system; Bresnick found that the production of Clh02 fromi
uracil-2-Cl4 was inhibited by thymidine, deoxyuridine, uridine, deoxy-
" TDP and deoxy-TTP. From these resﬁlts, BréSniék suggested that thymi-
'dine,uridine or derivatives thereof may function és'regulators of

uracil catabolism. Dorsett found that 5-cyanouracil inhibited uracil

reduction in rat liver (24). -




MATERTALS AND METHODS

Materials
: Dihydrothymine (Sigma grade); dihydrouracil (Sigma grade), uracil
(Sigma grade), thymine (Sigma grade):gé?_diphosphOpyridine hucléotide, reduced
, (Sigma grade);/triphosphépyridine nucleotide, reduced (Type I)£9¢?fdiphos-
phopyridiﬁe~nucleotide (Sigma grade), triphosphopyridine nﬁcléotide (Sigma
grade), adenosine 5'-phosphate (Type III), adenosine 5'—diphosphéte (Sigma
grade), Sigma 10A phosphatase substrate, disodium salt (Sigma  grade),
Tfizma-HCl (reagent gradé), Trizma base (reagent grade), ethylenediamine-
tefraacetic acid (Sigma grade), and Triton X-100 were purchased from Sigma
Cheﬁical Company. Adenosine-5'-triphosphoric acid (ATP) was obtained from
-Qeneral Biochémicals. Glﬁcose-é_phosphate and monosodium glutamate were
purchasedvfrom Nutritional Biochemicals Corboration. Glycerol (Analar),
dipotassium hydrogen orthophosphate (Analar), botassium dihydrogen ortho-
phosphate (Analar), and mégﬁesium chloride (Analar) were obtained from the

British Drug Houses Limited. Sucrose (special enzyme grade) and ammonium

‘sulfate (special enzyme.grade) were purchased from Mann Research Laboratories.

Preparation of Solutions

Deionizéd, glass—redistilled watef was used to prepére all
solutions and was included in the incubation mixturés when~necéssary.
Unless otherwise specifiéd all solutions except-sélt and sucrose solutions
were made up at pH 7.0, The buffers and sucrose solutions were stored in
a refrigerator at 2° and all other solutions were.stored at -10° until

they were required for use.




”'”;‘Iﬁiméls _
Male Holtzman rats weighing.200-350-g were used. The raté
" were decapiﬂated; then tﬁe livers‘were perfuﬁed in situ with ice- |
cold 0.9% NaCl, removed, blotted and placed in an ice-cold beaker

at 0~4°. All additional procedures were done in a cold room at 2-14°,

Preparation of Liver Homogenates

Enzyme-grade reagent sucrose was used for the preparation
of all sucrose solutions. For the preparation of'ihtracellular con~

stituents by differential centrifugation, the livers were minced and

homogenized in eight volumes of 0.25M sucrose + 3mM magnesium chlo-

ride + 5mlM o’ .mercaptoethanol, by means of a Potter-Elvehjem apparatus
equipped with a feflon pestle. This homggenate.ﬁas then filtered
through eight layers of cotton gauze.

o For the purification of piasma membranes the livers were
minced and homogenized‘in five volumes of 0.02M Tris buffer pH 7.0 +
0.0lM-EDTA pH 7.0 +-5mM/ﬁ5>_mercaptoe£hanol by means of the same
apparafus.previously described, This hdmbgenate was also filtered
through eight layers of gauze. |

- Separation of Intracellular Fractions

The intracellular constituents were sepafated.by differential

centrifugatibn as described in Figure 2.
The centrifugation method is that used previously by other

workers (25)., The homogenate was prepared as described previously

for separation of intracellular constituents. A refrigerated Sorvall
- RC-2 centrifuge with fixed angle S5-34 rotor was used for the prepara-

tion of the crude nuclear fraction as well as heavy and light mito-




chondria. A Spinco model L, preparative ultracentrifuge was used to
-prepare the microsomal and supernatant. fractions.

Dialysis of Fractions

A pbrtion of each fraction was dialysed for 16 hours against

100 times its volume of '0.05M phosphate buffer pH 7.0 + Im¥ EDTA +

5m¥/é?_mercaptoethanoi, in a continuous flow dialysing apparatus
(Model B. Oxford lLaboratories).

Purification of Nuclei

The nuclei were purified from the crude nuclear pellet

accofding to Figure 3. The method is a‘slight modification of that
used by other workers (26). |
~ Suspension of the‘crude nuclear pellet in 2.4M sucrose was

dope by blending in a Virtis at 2,000-3,000 r.p.m. for 2 minutes.
The suépension was centrifuged at 64,005xg in a swingout bucket
rotor (Spinco SWZS) in_a Spinco model L preparative ultracentrifuge.

| The fraction referred to‘as tdebris™ (Figure 3) floated
‘close fo the top of the tube in a thick bénd. The supernatant was ' é;;ff
removed by means of a syringe, and the "debris" carefully removed.

with a spatula, before the nuclear pellet was washed. The "debris"

contained unbroken cells, subcellular particles and membranes. The
purified nuclear fraction contained unbroken nuclel with negligible
contamination by other particles.

Purification of Iysosomes

De Duve et al (35) have shown that lysosomes are concentra-
ted in the light mitochondrial fraction of rat liver. Consequently,
the lysosomes were purified from the light'mitochondrial fraction

according to a method used previously by other workers (25).
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‘The purification steps are represented in Figure 4. “Acid .
_phosphatasevwas used as the lysosomal marker enzyme. Total and speci-
fic activities of this marker enzyme were measured at each step of
fractionation toAlocate the lysosome-~rich fraction.

Purification-of Plasma Membranes

Plasma membranes were purified according to the method of
: Bosmann,'Hagopiéﬁ and Eylar (28). The purification procedure is out-
lined in Figure 5. 5'_Nucleotidase which has been shown by other

workers to be a plasma membrane (28, 29), and microsomal (30) enzyme

. was used as the plasma membrane marker enzyme. Total and specific

activities of this marker enzyme was measured at each'stepvof frac—
tionation to locate the membrane-rich fraction. Glutamate dehydro-
genase, acid phosphatase and glucose-b-phosphatase were also assayed
at»eéch step of fractiocnation in order to.estimate the amount of
otﬁer intraéellular particles contaminating the plasma membrane-rich
fraction;

~Sucrose Density Gradient

The heavy and light mitochondrial fractions were separately
>app1ied to sucrose density gradients (Figures 6 and 7) in order to
separate mitochondriévfrom COntaminating intracellular particlés;
Linear sucrose dénsity gradients were prepared according to the
method of Britten and Rdberts (31). The gradients made were similar
to those used By Nass for further purification of rat liver mitochon-
drial fractions (32). The gradients were linear from 0.5M sucrose
- to 1.91M sucrose. A wider separation of the 1ighter particles and

the mitochondria was obtained by usiﬁg 0.5M instead of 1.03M sucrose

(32) as the lowest sucrose concentration. Both sucrose solutions
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‘contained ImM EDTA and EHQ;Aéimercépfoethanol; The gradient was always
prepared from fresh sucrose solutions by placing with the needle valve
_connecting the two chambers closed, 12 m1 of 1,91M sucrose in the

chamber with the outlet to the centrifuge tube and an equal weight of

- 045M sucrose in the other chamber., The combined volume was 27-28 ml.
The needle valve was then opened, a stirfer in the outlet

chamber turned -on and the gfadient started. The SOIQtion was allowed

to run down the side of the centrifuge'tubé at approximately 0.5 ml

. per minute. The gradient was used immediately after preparation.

Three milliiiters of heavy or light mitochondrial fraction were layered
on top of the sucrose density gradient. The top of the solution was
then gently stirred with a stirring rod and the tube was centrifuged
for 1% hours ‘at 70,000xg in a swingout bucket rotor (Spinco-SW25) in

a Spinco Model 1 preparative ultracentrifuge, After centrifugation,

3 ml fractions were cqllécted in graduafed test tﬁbes beginning at

) the bottom of the centrifuge tube, through a hypodermic syringe needle,
which was insertedkin the bottom of the tﬁbé.

Partial Purification of Supernatant Enzyme

Liver homogenate was prepared as described previously. The

homogenate was centrifuged at 160,000xg for one hour in a Spinco Model
L4 preparative ultracentrifuge. The supernatant was carefully with-
drawn with a syfinge to avoid the lipid layer and loose sediment.,

After dialysis against 0.,05M phosphate buffer, pH 7.0, for 16 hours,.

~ ammonium sulphate was added slowly with constant stirring to 25%
saturation._ The‘mixture was stirred slbwly for 15 minutes and then
centrifuged at 12,000xg for 20 minutes., The precipitate (AS7) was

dissolved in a minimum volume of 0,25M sucrose +~5m¥}494nercaptoethanol.




" To the ;esulting supernatant, ammonium sulphate salt was added slowly
with constant stirring to 55% safuration. The mixture waé then centri-
fuged at ;2,000xg for 20 minutes and the precipitate (ASz) dissolved
in minimum volume of 0.25M sucrose +‘ﬁ@£5?_mercaptoethan§l. To the
resﬁitihg supérnatant, anmonium sulphate salt was added to 70% satura-
tion. The ﬁixtufe was' centrifuged as before and the precipitate

| (AS3) dissolved in 0.25M sucrose + 5@§/43.mercaptoethanol. The AS,
fraction contained 72-77% of the supérnafant enzyme actiﬁitj.

Protein Analysis

Protein was determined by the method of Lowry, Rosebrough,
. Farr, and Randall (33).

_Enzyme Assavs

" Acid Phosphatase

" Inzymic activity was measured by fblldwihg‘ﬁhe release of
) p-nitrophencl from p-nitrophenyl-phosphate (Sigma 104 phosphatase
_substrate, disodium salt) (34). ' .

| The incubétion mixture consisted éf the following, in
 _atmoles: p_hitrophenyl phosphate, 10.5; acetate buffer; pH 5.0,
50.0. Triton X-100 was added to give a final concentration of b;l%.
.Tissue prepafation and water was édded to give a final vblﬁme of 1 ml.
- The reaction was startéd by thé addition of substrate and incubation
was carried out fbf 10 minutes at 37°. The reaction was stopped by
ﬂhe addition of 1 ml of ice-cold 1 N perchloric acid (PCA). After
Centrifugation 1 ml of the supernatant was traﬁsferred to tubes

| containing 3 ml Qf 0.2M NaOH. The optical dehsity of the resulting
yellow solution was read against incubated controls at hOijfL-'

in a Beckman D,U. Spectrophotometer. The hydrolysis of 1.0 «tmole

12
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of substrate is eqﬁi#alent to an increase in optical density of

4.58 units. All assays were done in duplicate.

A unit of enzyme activity is defined as that quantity which

_catalyses the release of 1 umole of p;nitrophenol per hour. Specific

aétivity is the number of enzyme units per milligram of protein.

Glucose-6-Phosphatase

Enzymic activity was measﬁred by follbwing the release of
inorganic phosphate from glucose-b6-phosphate. 'The_ﬁethod of assay
used was a modification 6f the method of De Duve, Pressman, Gianétto,
Wattiaux and Appélmans (35). Unless otherwise stated, the incubation
mixture contained the following in umoles: acetate buffer, pH 6.5

1,03 glucose-6-phosphate, pH 6;5,‘h0; histidine, pH 6.5, 7; EDTA, pH

6.5, 1.0; tissue preparation and water to give a final volume of 1 ml.

The reaction was started by the addition of substrate and incubation
was carried out for one hour at 37°, after which the reaction was

'stopped by the addition of 1 ml -10% TCA., The resulting mixture was -

'.centrifuged at 17,500xg for 10 minutes and 0.25 ml of tﬁe supernatant

was taken for the determination of inorganic phosphate according to

the method of Gomori (36). Control tubes were incubated at 376 for

60 minutes without substraﬁe, which was added immediately after the
" reaction was stopped. Inorganic phosphate was determined as des-

~ cribed above and the results of the controls were subtracted from

the test values. All assays were done in duplicate.

Correction for unspecific phosphatase activity was done

~according to a_modification of the method of other§[(37),' Idéntical

aliquots of tissue preparation as used in the test samples were

adjusted to pH 5.0 by the dropwise addition of 0.1M acetate buffer,
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pH 5.0. These aliquots were then heated ét"37°'f6rm5'minu£es to
inactivate glucose-b-.phosphatase. The other reagents of the incuba-
tion mixture fbr the test samples were then-added, and the reaction
‘was started by fhe adaition of-substrate. Incubation was carried out
at 37° for one hourvand the reactionvwas stopped with 1 ml 10% TCA.
The resulting mixture was penﬁrifuged at 17,500xg in a Sorvall RC-2
for 10 minﬁtés_énd 0.25 ml of the supernatant was taken for inorganic
phosphate determinatioh éccording'to the method of Goﬁori (36).

Céntrol tubes Whichiwere'similarly preincubated for 5 minutes
were iﬁéubated furthérjwithout substrate for 60 minutes at 37°,
Substrate was added immediately after the reaction was sﬁopped, the
inérganic‘phﬁsphaﬁe was determined as described above, and the‘results
of the controls were subtfacted from tﬁe test values. -Correction of
“the values of glucosé-é;phosphatase activity was then made for unspeci-
fic phosphatase activity.

| A unit.of-enzyme activity is'defined as that quantity which

~catalyses the release of 1 _ttmole of inorgénic,phosphate per hour.

Specific aétivity is the nﬁmber of enzyme units per milligram
of protein,

Glutamate Dehydrogenase

Enzymié activity was measured by the metﬁod of Hogeboom and’
Schneider (1953) as modified by Beaﬁfay, Bendall, Baudhuin
and De . Duve (38). -

The reaction mixture contaiﬁed the fél1owing in _«4moles:
~potassium'phospha£e buffer, pH 7.7, 203 nicbtinamide, 303 potassium
cyanide, O.hijﬁ?-mercaptoethanol, 53 p§tassium glutamate, 133 NADT

1.4§ 0.1% Triton £-100; and enzyme in a total volume of 1 ml. The




reacfion.was siérted by £he addition of giﬁtamate and thé increase in
optical density was followed at 340 mL at 25° in a Beckﬁan D«B.G.
recording spectrophétometer with a reference cell containing all com-
ponents of the system except glutamate. Triton X-100 was used to
"solubilize the enzyme. .The extinction coefficient was 6422 x lO6 per
mole of NADH, | | | |
;One gggyme ﬁnit is defined as that quantity which catalyses

the férmation‘of'lyﬁole‘of NADH per hour. Specific activity is the
‘numbef of enzyme:units per milligram of proteiﬁa‘

Pyrimidine Reductase

" The enzyme activity was assayed séectrophbtometrically by the

" method of Yamada'(39),:by measuring the decrease in absorption at 290 m &L
~or 295 m G resuiting.from the conversion of pyrimidine to.dihydropyrimi_
dine in the ﬁresence of the éofactdr NADH .or NADPH., The extinction '
coefficiénts»ber/&bmole of substfate reduced are as follows: wuracil

in the presence of NADPH at 290 mu, lh.9ﬁ; uracil in the presence

of NADH at 290 nyug 17.743 thymine in the.presence of NADPH at 295 m A,
13.18. Routinely, the incubation mixture contained the following -
.(in'/Wmoles) in a final volume of 1.5 ml: potassium phosphatelbuffer
.pH_7.5 (for the assay with NADPH) or pH 6.5 (for the assay with

NADH) ZSOiﬁé?_mercaptoethanol, 7453 enzyﬁe diluted to 0.5 ml with

0.05M potaséium phosphate buffer pH 7.0; NADH or NADFH, pH 6.Cy 0,253 and
uracil or thymine, pH 7.0, 0.2; The final pH of the incubation A
mixture was optimum (7.45 or'6.5).. The reactioﬁ was started by

the additién of substrate and the tubes were incubated for 10 min-

utes at 37°, The reaction was stopped by the addition of 0.45 ml

2.12 N PCA in an ice bath. The mixture was centrifuged at 17,500xg

at (° for 10 minutes and 1 ml of the supernatant was added to 0,07 ml
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~of 10 NVNaOH.“‘The‘feadings were then taken on a Beckman D.U. spectro-
photométer; The controls were incubated‘without substrate which was
" added immediately aftér the addition of PCA. 1In soﬁe cases the controls
| were incubatéd at roém temperature since there was no observable differ-
énce between the oxidation of NADH or NADPH in control tubes at 37° ahd
at room temperatﬁré. All assays were doneAin duplicate,
One enzyme unit is defined as .that quantity Which catalyses

the fofmatidn of l/LLméle of dihydropyrimidine‘per hoﬁr.

| Specific activity is the mumber of enzyme units per milligram
of proﬁein. |

Dihydropyrimidine Dehydrogenase

'The enzgymic activity was measured spectrophdfometrically by
the‘methodvof.Yémada (39) by'measuring'thefincrease in absorptioﬁ at
290 or 295 ma resulting from the conversion of dihydropyrimidine to
- pyrimidine in the presence of NADT or NADP+.‘ The increases.in absorp-
tion pér/ibmole of product fofmed are aS'foilows: dihydroufacil in ihe
. rresence of NAD+ at-29O mes , 17,743 dihydroﬁracil in the presence of
NADP+ at 29C m/L,,14.9h; dihydrothymine in the presence of NADP+ |
at 295 mer, 13.18, Routinely,.the incubation mixture contained the
~following (in~ amoles) in a final volume of 1;5 ml: potassium phosphate
buffer pH 7.5 (for the assay with NADF') or Tris buffer pH 9.0 (for °
the assay with NAD') ZSOi/ﬁ?—mercapfoethanol 7.53 ATP pH 7.0, 153
Mg Cl,, 153 enzyme.diluted to 0.5 ml with 0.,05M potassium phosphate
buffer, pH 7.0; NADT or NADP+, pH 8.0, 1l.5; and dihydrouracil or dihydro_A
thymine pH 7.0, 15. The final pH of thekincubation mixture was opﬁimum

{745 or 8.75). The reaction was started by the addition of.substrate
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-and the tubes were incubated for 10 minutes at.37°. The‘feaction was
étopped by the addition of.O.A5 ml of 2,12 N PCA in.an ice bath...The
mixture was then centrifugéd at 17,500xg in a Sorvall RC-2 at 0° for
10 minuﬁ?s, and 1 ml of the supernatant was added to 0.025 ml of 1 M

| EDTA, bH 10.8;‘4To this‘mixture 0.07 ml of 10 N NaOH was added and the

readings taken in a Beckman D.U. spectrophotometer.

e

The controls were incubated without substrate which was added
immediately after the addition of PCA. In some cases the ééhtrols
were incubaﬁed.at room temperature since there was no observable differ-
ence between thé feduction of NAD+ or NADP*'in control tubes at 37° and
at rosm temperature; A1l assays were done in duplicate.

One enzyme unit is defined as that quantity which catalyses
the formation of l/ZLmole of pyrimidine per hour, Specific activity

is the number of enzyme units per milligram of protein.

S’-Nucleotidase
| Enzyme activity was measured by following the releasé of in-

Ofganic phosphate from 5'_AMP, The assay was done according to the
method of othe? irorkers (40). Unless otherwise statea, the inéubatioﬁ
mixture contained the following, in &moles: Hfis buffer, pH 7.2, |
503 KC1, 100; MgCly, 10; tissue preparation and water_to give a final
volume of 1 ml. The reaction was starﬁed By the addition of substrate
and incubation was carried out for 10-15 minutes atb37o after which
the reaction was stopped by the addition of 1 ml 10% TCA. The result-
ing mixture was centrifuged at 17,500xg in a Sorvail RC-2 at Co for
15 minutes'and 1 ml of the subernatant was taken for the defermination
oflinorganic phosphate according io‘the methéd of Gomori (36).

Control tubes were incubated without substrate which was




vaaded.immediately after the reactioh was stopped.b,Inofganic phosphate
was determined as described above and . the results of the contrdlé‘were
‘subtracted from the tgst vélues. A1l assays were done in duplicaﬁe. _
A unit of enzyme activity is definéd as that quantity which
' catalyées the release of 1 _«mole of.inorgénic.phosphate per h@ur.

~ Specific activity is the number of enzyme units per milligram of

"

protein,

18
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RESULTS -

Intracellular Distribution of Enzymes

Marker Enzymes

Table T shows the distribution of the marker enz&mes glutamate
denydrogenase{;ﬁf_nucleotidase, acid phosphatasé and glucose—6-phos-
phatase among the subcellular fractions of rat liver homogenate.

The homogenate was prepared as described under "Mnterials and
Methods" and the intracellular constituents were separated by differen-
tial centrifugation accordlng to the procedure outlined in Figure 2,
except that in one case the microsomal fraction was not separated. from
the supernatant fractlon. From Table I it can be seen that 56.13
per cent of the glutamate dehydrogenase acfivity»was present in the
heavy mitochbndrial fraction which also had the highest_épecific
activity. Most of thevacid phosphatase apfivlty was distributed
' beﬁween the debris (21.44 per cent) and the light mitochondrial frac—
“tion (24.23 per cent). The highest specific activity for glucose-é_
_phosphatase (44.48) was present in the.microsomes, whereas the nighest
percentage recovery was in the debris (27.26 per cent). The debris
.contained tne highest percentage of 5'-nucleotidase activity (43.95
 pef cent), while the rest was spread throughout the other fractions,
with the hignest specific activity in the light mitochondnial fraction,

Purified nuclei contained negligible or no marker enzyme. activities,
whereas tne.debris which is usually pelleted in the crude nuclear frac-
tion (Figure 2) contained signiflcant activity for each marker enzyme;:

These results conform to the distributions obtained by éther workers . (38)




for glutamate dehydrogeﬁase, acid phoSpyatése and glucose;é-phosphatase

of rat liver, in which however the crude.nuclear fraction (N) (38) con-
tained at‘léast‘half tﬁe activity of the debris fraction. - Although the - -
highest specific activity for gluCose;é;phosphataSe was present in the

microsomes, the percentage recovery in this fraction was low when com-

pared to the results of other workers (38, 41). The distribution of

'5'-nucleotidase (Table I) is similar to the distribution obtained by

e

Wattiaﬁx.De‘Coninck and Wattiaux (41) in rat liver, except that their

‘percentage recovery in the microsomes and soluble fraction is.higher.

Dialysis of the fractions did not have any signifipaht effect on the

marker enzyme activities.

Pyrimidine Reductases

Table iI shows the distribution of NADPH-linked uracil reductase,

NADHflihked uracil reductése and NADPH-linked thymine reductase among

the subcellular fractions of rat liver~hoﬁogenate.' The homogenate was

prepareq as described under "Materials and Methods™ and the intracellular

éonstituents were separated by differentiél centrifugation according to ,’ §.f-+
L the procedures outlined in Figure 2. From Table II it is seen that over |

57 per cent of the.NADPH;linked uracil reductase activity is‘distribuped

between thebheavy and light mitochondrial fractions with the highest .

'specific’activity in the light mitochondrial fraction. On the other
‘hand 54.34 per ceént of the NADH-linked uracil reductase activity was

found in the heavy mitochondrial fraction which also had the highest

specific activity. The distribution of NADPH-1inked thymine reductase
activity is very similar to the distribution of NADPH-linked uracil
reductase éctiVity; except that 27.54 per cent of NADPH-linked thymine

reductase activity was found in the soluble fraction. Purified nuclei

contained no activity, and again the debris fraction contained significant

‘<aétivity.
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~Table.III shéwé_the effect of diélysis on the éctivity of the
reductases; The distribution bf.each reductase acﬁivity remains almost -
unghanged; but slight decreases in specific activity were noticed.
The activity distribution paftefn for NADPH-linked uracil reductase
does not support the results of others who suggested that the localiz;

ation of uracil catabolic pathway was mainly in the supernatant fraction

- (9, 8).

_~'Dihydropyrimidine Dehydrogenases

Table IV shows the distribution of NADP'-1inked dihydrouracil

dehydrogenase, NAD*_1inked dihydrouracil dehydrogenase and_NADPf-linked

~dihydrothymine dehydrogenase amoﬁg the subcellular fractions of rat

liver hémogenate. " The homogenate was. prepared as described under

"Materials and Methods" and the intracellular constituents were separa-.

~ ted by differential centrifugétidn according to the procedure outlined

in Figure 2. From Table IV it is seen that over 80 per cént of each
dehydrogenase activity was found in the éoluble fraction with only
trace activity in the particulate fractions. In these experiments

5.4M glycerol was added to the subcellular fractions for both solubi-

lization and stabilization of the activity. In the absence of glycerol

the particulate fractions had little or no dehydrogenase activity
and almost 100 per cent was recovered in the supernatant fraction.

Purification of Nuclei

Marker Enzymes

Table V shows the distribution of the marker enzymes in the
fractions obtained during the purification of nuclei. The homogenate

was prepared as described under "Materials and Methods". The homo-

~ genate was divided into a crude nuclear fraction and supernatant (7).
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"-—The~erude¥nucléarninaction waséthenwséparaﬁed into "pure nuclei" and

debris accofding to the procedure'outlined in Figure 3. From Table V-A

B it ié seen that there is a very low percentage and a very low specific

activity for each marker enzyme in the nuclear fraction., This indi-
cates that the nuclear fraction was only negligibly contaminated by
the particulate‘fractions.

Pyrimidine Reductases

Table V-B shows the distribution of.the pyrimidine reductases
in the fractiéns obtained duriﬁg the purification of nuclei. . The homo-
genate was prepéred as described under "Materials and Methods" and the
fractions wefe.brepéred a#cording'to the procedure outlined in Figure
3. It can be seen -from Table V-B that the activities of the pyrimidine -
reductases were not found in the purified nuclei.

Purification of Lysosomes

Marker Engzymes
_The distribution of marker enzymes'in the fractions obtained‘
during the purification of lysosomes is shown in Table VI, The homo-
genate was prepared as described undgr "Materials and Methods", and the

fractions were prepared according to the procedure outlined in Figure 4.

 The light mitochondria (Fl) (Figure L) was used as the source of lysosomes.

FS represénts the purified lysosomese. »From Table VI it is seen that the =
absencg of glutamate dehydrogenase from F5 is én indicaticn that this
fraction ié free of mitochondria. The very low recovery of glucose—6-.
phosphatase and 5'-nuéléotidase in F5 indicates that this fractionbis
slightly éontaminated with smooth membranes of microsomes (30, 62).

The fact that acid phosphatase ha;d a 42 fold purification in Fg is an
indication that the lysosqmal particles were significantly éurified.

Other workers (25) have reported a 70 fold purification of acid‘phosphatase

‘activity and a 10% recovery of lysosomes from rat liver.
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““Pyrimidine Reductases

~ The activity distribution of the pyrimidine reductasesAin.the.'
fractions obtained duriné the purification of lysosomes is shoﬁn in
Table VII. The homogenate was prepared as described under "Materials

and MEthods" and the fractlons were prepared by differential centrifu-

gatlon according to the procedure outlined in Figure h.
A From‘Iable VII it is seen-that in the purified 1ysbsomal fraction
anly 0.001 per cent of NADPH-1inked uracil reductaée.activity was present

having very low specific activity, and no activity was found for the other

_ _ .
reductases. - Since glucose_é-phosphatase and 5 —nucleotidase were purified
in FSI(Table VI), this is an indication that uracil reductase is not a
part of the smooth_membranéé.

Purification of Plasma Membranes

" Marker Enzymes

Table VIII shows the distribution of the marker enzymes in
. the fractions obtained during the purification of plasma membranes,
The homogenate was prepared as described undér "Materials and Methods™" -

and the fractions were prepared by discontinuous sucrose density

gradient according to'the procedure outlined in Figure 5. 1S-2S re-

presents smooth internal‘membranes and vesicular smooth‘membranes,
35-6S represents ribosomal and particulate material and 73 feprésents
plasma membranes (28).-

Glutamate Dehydrogenase

As seen from Table VIII, 91.70 per cent of the glutamate
‘dehydrogenase act1v1ty in the homogenate was found in the 4 OOOxg
pellet (Lg-P). Of the 5,70 per cent found in the 4,000xg supernatnat

fluid (Lg~-S) almost all (5.10 per.cent) was found in the 70,000xg
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4~¥supefnatant~(7OS;Supernatant).»-$his~indieateshthatMS,lompermcent of
the glutamaté dehydrogenase activity'was released from the mitochondria
contaminating the L4g-3 subernatant into the supernatant fluid. These

results indicate that almost all the mitochondrial material is sedi- -

‘mented in the Lg-P pellet.

Acid Phosvhatase

The acid phosphatase activity in the homogenate was parti-
tioned almost equally between L4g-P and Lg-S (Table VIII). The 46.13
per cent present in Lg-S was distributed between 15-63 (9.80 per cent),

‘the plasma membranes (10.40 per cent), and the 70S-Supernatant (24.70

per cent). The presence of’2h.70.per cent in the 7CS_Superna£ant is

an indication that this émoﬁnt of acid phosphatase was released under

the conditions used for preparation of the'fracﬁions; Other workers (50) ﬁ
havé‘also found acid phosphatase associated with purified plasma membranes ‘
of rat liver. |

Glucose-A-Phosphatase

The activity of glucose-b-phosphatase present in the homo-
genate was partitioned betweeh Lg-P and L4g-S (Table VIII). The blasma

membrane fraction contained 18,17 per cent with a four-fold purifica-

tion by comparing.the specific activities of the homogenate (5.17),
and the plasma membranes (20.70). Other workers (42, 43) have also.
found glucose-b-phosphatase present in purified plasma membranes of

rat.livér. The plasma membrane fraction is probably contaminated by

microsomes.

4
-5 ~Nucleotidase

. Table VIIT shows that 35.90 per cent of the 5'_nuc1eotidase

activity wasrpresent in Lg.P and 61.80 per cent in 4g-3. Most of the

activity present in 4g-S was recovered in the plasma membrane fraction.
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”“”;“'ﬁﬁiéﬁ"had E5;EO'ﬁér“beﬁt.”"Thé”fraCtions'IS;BS"ﬁéd“11}9 per cent.
- These results stroﬁgly suggest that 5';nucleotidase is an integral
part. of the plasma membraﬁes. |
By compériﬁg the.specific activity of the hbmogenate‘(Z.OO)

with the specific activity of 7S the plasma membrane fractioﬂ (15.60)

the degree of plasma membranetpurity is 7.8 fold. A These results are
similar to results obtained by other workers for the distribution of
»5'-nucleotidase in the membrane fractions of Hela cells (28), although,

in our case the purification is. lower.

Dialysis had no significant effect on the marker enzyme
activities in these fractions.

Pyrimidine Reductases

The distribution of the pyrimidine reductasés.in the fractions h
oBtéined during.the pﬁrification of.plasma membranes is shown in Table |
IX. The homégenate was‘prepared as described under "Materials and
Méthodé"’and the fréctions were prepared by discontinuqus sucrose

density gradient according to the procédure outlined in Figure 5,

. NADPH.linked Uracil Reductase

From Table IX it is seen that the activity of NADPH-linked

uracil reductase in the homogenate was almost equally divided between
Ag~P and Lg-S. A large portion of the 4g-S activity was found in the
705~Supernatant indicating that 37.90 per cent of this enzyme was

released into the 70S-Supernatant fraction because of lysis of particulate

matter during homogenization.  This was not the case when homogenization
“was done in sucrose (Tables IT and III). The presence of 8 per cent in .
1S-6S and 14.20 per éent in the plasmé membrane fraction strongly

suggests that a significant percentége of the NADPH-linked uracil reduc-




"~ tase, is membrane bound. -

- NADH-linked Uracil Reductase

Table IX shows that 76490 per cent of the .NADH.linked uracil
reductase activity was found in 4g-P with 27.20 per cent in 4g-S. Of
the latter only 6.30 per cent was found in the plasma membrane fraction.
but 18.80 per cent in the 70S-Supernatant which indicates that 18.80
per cent was extracted under the conditions used for preparation of the
fracﬁions.- These results suggest that most of the NADH-linked uracil
reductase activity is associated with the material which sedimented in

- the hg-P pellet ih which the act1v1ty of the mltochondrlal enzyme glu-
tamate dehydrogenase was almost completely recovered (91.70 per cent)
(Table éIII).

- NADPH-linked Thymine Reductase

Table IX shows that 66.30 per cent of NADPH-llnked thymine
reductase act1v1ty was found in hg_o with 31 50 per cent in 4g-P.
The activity of 4g-S was distributed between the membrane fractions
and the 7OS_Supernetant. The plasma membrane fraction had 11.90 per
cent and.the presence of 48.90 per cent in the 70S-Supernatant iﬁdi_
cates that a significant amount of this activity was released into

'the 705-Supernatant due to lysis of particulate matter during homo-
genization, These_results suggest that eome of the NADPH-linked
thymine reducﬁase'is also associated with the plasma membranes .

Dihydropyrimidine Dehydrogenases

The distribution of the dihydropyrimidine dehydrogenases in
the fractlons obtained during the purification of plasma membranes is
shown in Table X. The homogenate was prepared as described under

"Materials and Methods'" and the fractions were prepared by discontinuous




“sucrose density gradient according to the procedure outlined in Figure 3.

---Table X shows that Lg-S contains 108 per cent of NADPf—lihked dihydro-
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uracil dehydrogenase activity, 87.50 pef cent of NAD+—iinked dihydfouracil

dehydrogenase.activitj and 100 per cent NADP&Llinked dihydrothymine

dehydrogenase activity, with only trace amounts for each dehydrogenase

in 4g-P. The rélatively low percentage and low specific activity of each

dehydrogenase in-15-6S and the plasma membrane fraction (7S), and the

presence in the 70S-Supernatant of almost all the activity for each

dehydrogenase is an indication that most of the dlhydropyrlmldlne dehydro-

genase act1v1ty is in the soluble matrix.

. Sucrose Density Gradient Fractionation

Heavv ultochondrlal Fraction

Figure 6 shows the activity of NAbPH_linked uracil reductase,
| NADH-linked uracil reductase, glutamate dehydrogenase and 5'_nuc1eo_
tidase in thé fractions_collécted after centrifugation of the heavy
mitochoﬁdrial fraction on a linear sucrose:aensity gradient. The
gradient was prepared as described under '"Materials and Methods".
Glutamate dehydrogenase and NADH-linked uraéil reductase have similar
activity profiles and both of these enzymes have their activity peéks
.in the same fraction. The activity peak for NADPH-linked uracil reducf
tase lies between the respective'peaks fér glutamate dehydrogenase and
5'-nucleotidase. vIn tube number two the NADH-linked uracil reductase
activity is greater'than tﬁe NADPH-linked uracil reductase activity, '
while in tubes nﬁmber thrée to ten the NADPH-linked uracil reductase
activity éwitchés over to becomeislightly greater than the NADH-linked
uracil reductase activity. -From these results (Figure 6) it appears

as if most of the NADH-linked uracil reductase activity is associated

with the mitochondria, while the NADPH-1linked uracil reductase activity

v
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._seems -to_be.divided_between the mitochondria ard the plasma membranes.

Iight Mitochondrial Fraction -
Figure 7 showé the activities pf'NADPH_linked uracil-reductase,’
, NADH-linked u;acil reduétase, glutamate dehydrogenase and 5'_nucleotidase
- in the fractions'collécted after centrifugation of the light mitochondrial
fraction on a linear sucrose density gradient. The grédient was pfepgred

as described under "Materizls and Methods'", In these fractions the

——

NADPH-linked uracil reductase activity is higher than the NADH-linkeé
uracil reductase activity. The activity profile for all four énzymeé
show that glutémate dehydrogeﬁa;e'and NADH-1inked uracil‘reduéiase have -
-iheir activity peaks in the same fraction (similar to results‘in Figure
6), while NADPH-1inked uracil reductase and 5'_nucleotidase also have
their activity peaks in a common fraction, There is no significant
separation of the two uracil reductases, But the NADH-linked uracil
.'reductase activity does seem to follow the activity.profiie of‘glutamate
dehydroéenase, while the NADPH-linked uracil reductase activity more
,clésely follows the activity profile of 5'-nucie§tidase.

. Properties of Enzymes

Marker FEnzymes

Under the conditions of assay used, linearity with protein and

with time was obtained for all marker enzymes in the enzyme fractions.

NADH-linked Uracil Reductase
EH Optimum
From Figure 8A it is seen that the pH optimum of NADH-linked
uracil reductase activitj of the heévy mito;hondrial’fraction is 6.5
while‘it is 6.7 in the light mitochondrial fraction (Figure 8B).

Figure 9 shows that the NADH-linked uracil reductase activity of the -




———soluble—cytopltasmic-fraction-is-6+5, These results indicate that there
is very liﬁtle variation between the optimum pH values obtained for
' NADH-linked uracil reductase activity in the héavy mitochondria, light

mitochondria or soluble fraction.

" Activity and Protein Concentration

The relationship between protein concentration and NADH-linked

uracil reductase activity of the heavy mitochondrial fraction is shown .

in Figure 10. It is apparent that there is a linear relationship bet- _

ween activiﬁy and protein concentration up tb 0.80 mg of proteih. " The
heavy mitochondrial fraction was used for this study since it had the
highest specific activity and largest percentage of NADH-linked uracil

reductase activity.

Time Relationship

. Figure 11 shows that NADH-linked uracil reductase activity of
v_the heavy mitochondrial fraction is linear with time for 16 minutes.
Iinearity was observed-up to. a change in Optiqal’denéity of 0.40.

Cofactor Concentration

The heavy mitochondrial fraction was used as the sourcé
éf‘NADH-linked uracil.reductase activity. Figure 12 shows the
relationship between uracil. reduction and the concentration of
-the cofactor NADH. The hﬁchaelis_Meﬁten constant (Km)‘was found
to be 3.3 xllO“sM, and the optimal NADH concentration was.above
2.5 x 10~41, The finding that uracil reduction is NADH-linked is
in agreement with the results of_Canellékis (9), for rat liver and
Campbell (19) for bacteria. C;nellékis also found that the NADH-
iinked uracil réductase_activity,disappéaréd after extensiﬁe.dialy—
sis against Tris buffer for 24-40 hours (9). No further studies of the

NADH-linked uracil reductase aétivity of rat liver have been reported

.
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. to date and hence it is impdésiblé“tafﬁaké_éhwaurther comparisons.,

- Inhibition Study

In these studies the heavy mitochondrial fraction was used as

'the source of NADH-linked uracil reductase activity. Table XI shows

that 5mM and 10mM ATP cbncentrations inhibited the NADH~1inked uracil
:redﬁqtase'activity by 20.1 per cenﬁland 29.6 per cent respectively.,
Lowef inhibition;was also pfoduced by 5mM and 10mM Mg++ (Table XI).
When ATP and Mg++‘were added in equimolar amounté 10mM concentrat;on

of the ATP_Mg_complex produced 47.2 per cent inhibition (Table XI).

No inhibition was observed in the presence of ADP or AMP up to a

_concentration of 10mM, ADP-Mg and AMP-Mg had very low inhibitory
effects at 5mM and iOmM concentrations, while inorganic phosphate
showed no inhibition at concentrations up to ‘50 and 100mM (Table XI).
NADPH-linked Uracil Reduétase

pH _Optimum
' The relationship between pH and NADPH-linked uracil reductase

activity is shown in Figure 8, With the heavy mitochondrial fraction
the pH optimum is 7.45 (Figure 8-A), while it is 7.7 with the light

‘mitochondrial fraction (Figure 8-B).

From Figure 9 it is apparent that the NADPH-linked uracil

reductase activity of the soluble cytoplasmic fraction has its pH

optimum at 7.45. It is therefore very clear that there is only a

very slight variation between the pH optimum dbtained for the NADPH-
~linked uraéillreductase activity of the heavy mitochondrial fraction,
light mitochpndrial fraction or soluble fraction., These optimum pH
vaiues.are in'rélatively close agreement with those obtained by other ;

workers ‘for NADPH-linked uraci; reductase activity from rat liver (21)




-~ ~—and-beef liver{20), = = T o

- Activity and Protein Concentration
The relationship between NADPH-linked uracil reductase activity =
-and protéin concentration in the light mitochondrial fraction is shown

in Figure 13. A’linear relationship between uracil reduction-and protein

concentration was observed up to 0.4 mg of protein.

Time Relationship

Figure 1. shows the relationship between time and NADPH-linked

uracil reductase activity of the light mitochondrial fraction. ‘The

reduction of uracil was linear with.time for 14 minutes. Iinearity was B
>observed up to-a éhange’in optical.density of 0.40. The felatiohship
'between time and NADFH-linked uracil reductaée éctivity of an ammonium
 ‘éu1phate fraction (ASz) preparedifromAthe soluble cytoplasmic fraction %
is shown in Figure 15.‘ Using 6.35 mg of AS, protein, the reduction of
_ uracil was 1inéar with time for 9 minutes, -Lineafity was observed up to
a change in optical density of 0.38; In all subsequent studies done
with the A82 fraction the amount of protein used was considerably less

* _than 6.35 mg so as to ensure linearity for at least 10 minutes,

Substrate Concentration

The relationship between uracil concentration and NADPH-linked
uracil reductase activity of the light mitochondrial fraction is shown
in Figure 16. The Michaelis-Menten constant (¥Km) was found to be -

_3.6 b'd lO”éM, and the optimal uracil concentration was 2.75 x lO'SM.

_ In an ammonium sulphate fraction (ASZ) prepared from the soluble
cytoplasmic fraction, the Km for uracil was determined to be
6.7 x 10‘6M, and the optimal uracil concentration was 2.75 x 10~5M

(Figure 17). These Km values obtained in the light mitochondrial frac-

tion and in the ammonium sulphate fraction (ASz) are in close agreement
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" with Km values obtained by otheér workers Tor NADPH-Tinked uracil

—~reductase in an ammonium sulphate fraction prepared from the soluble
fraction of rat liver (21), and in an enzyme fraction partially puri-

fied from acetone dried powder extracts of beef liver (20).

Cofactor Concentration

The relationship between uracil redﬁction and NADPH concen-
tration in the light mitocﬁondrialifraction is shown in Figure 18-A.
The shape of the curve obtained indicates positi&eicooperativity (Lh).
From this sigmoid curve, the NADPH concentrétion required to'giﬁe 50
per cent saturation is estimated to ﬁe 1.1 x 10-44, Figure 18-Blshows
'the relationship between NADPH concentration and uracil reduction in
én ammonium sulphate fraction (ASZ) prepared from the soluble fraction.
The curve obtained indicates positive cooperativity (similar to the
- results of Figure 18-4), and the NADPH concentration required to give
. 50 per‘cent‘saturation is estimated to be 7.5 x 10-°M,

Inhibition Study

The inhibition of NAD?H;linked uracil reductase activity of the
-1ight mitodhondrial fraction is shoWn iﬁ Table XI. It can be seen that
5 and 10mlM concentrations of ATP gave inhibi£ions of 17.4 per‘cent and
31.2 per cent respectively. ADP and AMP had no inhibitory effect a£
concentrations of 5 and 10ml, Mg++ showed low inhibitory effects at 5
and 10mM cthentrations. When ATP and Mg++'were added in equimolar
amounts, 10mM concentration of ‘ATP-Mg complex ga&é L47.6 per cent inhi-
- bition (Table XI). ADP-Mg and AMP_Mg each at 5 and 10mM concentra-
tions showed very low inhibitioh, while 50 and 100mM concentrations of
inorganic ﬁhosphafe had no inhibitory effgcts (Table ¥I)e In an un-

++

v dialysed light mitochondrial fraction, ATP, Mg' ' and ATP-Mg also in-




“”“bitediADPH;linked“uraC11 reductase‘ictivxty (Figure"19) In this case
ATP_Mg complex gave 49 per cent. inhibition at 10mM concentration. The
inhibitory effects of ATP and Mg in.the light mitdchondrial fractioﬁm
“is almest additive when compared to the inhibition produced by ATP;Mg
(Table XI), (Figure 19). Figure 20 shows the inhibition of.NADPH.linked

uracil reductase activity in the ammonium sulphate fraction (AS )e

Similar to results obtained for the light mitochondrial fraction (Table

XI), various concentraticns of ATP-Mg complex were inhibitory.. The con-
centration of ATP-Mg comnlex required to give 50 per cent 1nh1bition
was about 10.5mM (Flgure 20).

Solubilization of NADPH-1inked Uracil Heductase

- Table XITI shows the effect of glycerol on the activities of
NADPH-1inked uracil reductase as compared to the effect on glutamate
dehydrogenase in various liver fractions. vThe fractions were prepared
: as described under "Materials and Methods™. The ratio of the spe’cific

activity after addition of glycerol and the specific activity before
the addition of glycerolvshows tﬁat in mitochendrial fractions both
vglutamete,dehydrogenase.and NADPH-linked ﬁracil reductase have been

solubilized, For glutamate dehydrogenase which is a mitochondrial

(S.A. After )
(SeA. Before).
mitochondrial fraction. In the case of NADPH-linked uracil reductase

enzyme, the highest ratio

was found in the heavy

_the_highest fatio was found in the light mitochondrial fraction (Tabie
XII). Glycerol has been used by other workers for the solubilizationv
and stabiliéation of mitochondrial enzymes (45). The NADPH-linked uracil
reductase activity increased by more than two-fold with glycerol in the
debris and‘plasma membranes, whereas this was not the case for glﬁtamate

dehydrogenase (Table XII). This increase in specific activity for
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¥~~——~glutamatewdehydrogenaéem&ndwNADPHalinked uracil-reductase -can-also—be
obtained by repeated freezing and thawing. However, for fractions

stored in sucrose, the NADPH-linked uracil reductase activity starts
- to disappear quickly after freezing and thawing 3-4 times. If these

fractions are dialysed the,NADPH_linkedvuracil»reductase activity and

the other reductase activities disappear at a more rapid rate after
freezing and fhgﬂing.
Triton X-100 was much more effective than glycerol in solubiliz-

ing glutamate dehydrogenase but not NADPH-linked uracil reductase, parti-

' cﬁlarly in the homogenate, where‘it héd inhibitory effects.. The suﬁer-
natant activiiy is probébly inhibited by Triton X-100. The solubilization
Qf NADPH-linked uracil reductase shows that glycerol can be used to make
the enzyme become more accessible to the substrate in the'particuiate ;
fractions.

‘NAD+;linkéd Dihydrouracil Dehydrogenase

Partial Purification

Partial purification of NAD+;linked'dihydrouracil dehydrogenase.
was achieved by ammonium sulphate fractionation of the soluble superna- .
tant. The purification steps were carried out as described under "Materials

and Methods".. The ammonium sulphate fraction (ASQ) which was prepared

by a 55 per cent saturation of the supernatant fraction with ammonium
sulphate salt, showed 72 per cent recévery of the enzyme activity with

approximately a four-fold purification (Table XITI). For all subsequent

studies done on NAD+-linked dihydrouracil dehydrogenase the ammonium

sulphate fraction (AS,) was used.

pH_Optimum
Figure 21 shows the relationship between activity and pH.
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TTIt7is apparent from Figure 21 that ‘the pH optimum is approxi-
mately 8.75 when measured in Tris-HCl or glycine-NaOH buffers. Activity
measured in glycine-NaOH buffers is slightly higher than that observed

in Tris-HCl buffers at high pH values.

“Aetivity and Protein Concentration
The relationship between protein concentration and NAD+;linked
dihydrouracil dehydrogenase actiﬁity is shown in Figure 22, It is seen .

- that dihydrouracil dehydrogenation is linear with protein concentration

up to l.64 mg of protein.

. Time Relationship

Figure 23 shows the relationship'between time and NAD+;linked
dihydrouracil dehydrogenase acti?ity. From Figure 23, it is apparent
that'the dehydrogenation of dihydrouracil is linear with time for
approximately 14 minutes. Linearity was obsérved up to a change in

optical density of 0.60.

NADPY. inked Dihydrouracil Dehydrogenase

Partial Purification

NADP'-1inked dihydrouracil dehydrogenase was partially purified

- by ammonium sulphate treatment of.the soluble cytOplasmic fréction. " The

purification steps were carried out as described under "Materials and
_ Methods™, In the ammonium sulphate fraction (ASZ)’ 77 per cent recovery
and approiimately a four-fold purification was obtained (Table XIII).

In all subsequent studies done on NADF&;linked dihydrouracil dehydrogenase

‘the ammonium sulphate fraction (AS,) was used.

pH_Optimum

From Figure 24 it can be seen that the pH optimum for NADPT_

linked dihydrouracil dehydrogenase activity is 7.45. -Thié'result_is

in very close agreement with the pH optimum obtained by other workers
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~«~“~~£or~partially~pupi£ied-NADPT;linkedﬁdihydrouracilidehydrogenase of beef
liver (20).

Activity and Protein Concentration.

Eigure 25 shows the relationship between NADP+;1inked dihydreuracil

dehydrogenase activity and protein cdncentration. A linear relationship

~existed up'to a2 protein concentration of 1.6& mg of protein.

Time Relationship

‘The relationship between time and NADP+,1inked dihydrouracil
‘dehydrogenase is shown in Figure 26, A linear relationship between

dihydrouracil dehydrogenetion and time was observed for at least 16

minutes up to a change in optical density of 0.50.

Substrate Concentration

Figure 27 shows the relationship between dihydrouracil concen- 1
tration and NADPﬁLlinked dihydrouracil dehydrogenase activity. It can
Ee seen from Figure 27, thatbthe shape of the plot of initial rate egeiﬁst‘
DHU concentration is slightly sigmoid. The'shaee of this curve cannot
be compared with the shape obtained by Fritzson for the same enzyme (21),
‘since he did not investigate dihydrouracil concentrations below 2.5 x lO‘BM;
The Lineweaver-Bufke plot does not give a straight line but curves up-. |

wards. This is expected for a sigmoid curve which indicates activation

by substrate (46). The concentration of dihydrouracil required to give
50 per cent saturation is estimated to be 1.5 x 10-3M. This is in close

agreement ﬁith the Km obtained by Fritzson for the same enzyme paftially

- purified from the soluble fraction of rat liver (21).
Activation
The activation of NADP+_linked dihydrouracil dehydrogenase

by ATP, Mg++ , and ATP-Mg cdmplex is shown in Figure 28, In the pfesence
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-pf 5-lOmM Mg++, 19 per cent acti§§tion was observed (Figure 28-4).
Pigure 28-B shows that in the presence of 6.6-10mM ATP 34
per cent actlvatlon was obtained. When ATP was varied in the presence
of lOmM_Mg s approx1mately 200 per cent activation was observed at a
concentration of 6.6-10mM ATP-Mg (Flgure 28-C). The ATP-Mg complex
'séems to be the.most powerful activator., ATP-Mg showed activation of
tﬁe homogenate and soiuble éytéplasmic fraction similar to that of
AS, (Figure 28-C). o

Tissue Distribution of Pyrimidine Reductase and Dlhydropyrlmldlne
Dehydrogenase Activities

Table XIV shows that NADH;linkednand NADPH;linkéd uracil
'feductase activities are present in the 1iver; kidney and testié of
the rat, while NADPH-linked thymine reductase is present in the liver
and kidney only. |

A1l three dehydrogenase activities were found in the llver
énalkidney. It is 1nterest1ng to note that all three dlhydropyrlmldlne
.dehydrogenase activities were present in the brain where there was no
reductase act1v1ty, and NADP'. -llnked dlhydrothymlne dehydrogenase
activity was found in heart and spleen? where again there was no reduc-_
tase activity. No reductase or dehydrogenase activity was found in the
blood or muscle. |

In the absence of ATP and Mg++, dihydropyrimidine dehydrogenase
éctivity could not be measured in the tissues except for the liver‘where

the activity was also very low.
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DISCUSSTON AND CONCLUSIONS

‘OurvresultS'indicate that in rat liver, the enzymé-commonly
known as diﬁyd@gpyrimidine dehydrogenase can be separated into reduc-
~ tase and dehydrogenase activifies with most of the reductase activity
located in the particulate fraétioné of the cell and with most of the
dehydrogenase activity located in ﬁhe séluble cytoplasmic fraction.
The pathway for the catabolism of byrimidines (Figure 1) has been
reported by Canellakis (9), Rutman et al (fSQ and Fritzson (21) to
be localized mainly in thebsoluble cytOpiasmic fraction of rat liver
cells. The studies of Canellakis (9) and Rutman et al (8) were based
upon measuring the release of 01402 from uracil-2-Cl4 or thymihé-Z-Clh
in rat liver slices,-ﬁémogenaté and soluble fractioﬁ. The studies of
Fritzson (21) were based maiﬁly on measuring fhe release oﬂ/ﬁg-alanine_
Clu from uracil-2-Cl% in rat liver homogenate and soluble fracfion.
These workers were measuring the activity of the en£ire pyrimidine
catabolic pathway and although they claim that thisApathway was mainly
in the soluble fraction, Canellakis had obtaiﬁed-evidence (9) which led
him to‘éuggest that this pathway migﬁt also be present in the particulate
ffactions. The studies of Rutman et al (2 ) produced evidence to show
that the catabolic pathway for pyrimidines was present in the particu-
late fractions but in relatively low amounts although 95 per cent of the
Aactivity of liver slices was lost upon homogenization of the tissue,

Fritzson (21) did not investigate the particulate fractions for activity.




Previously né'one has described intracellular localization of the specific
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ehzyme or énzymes responisible for pyrimidine reduction or dihydfopyrmidiﬁe' o

oxidation. However, frém the findings of the above mentioned workers .
'(9,‘8-, 21) one would expect to find these specific enzymes mainly in
~ the soluble cytoplasmic fféction of rat 1i§er célls. |
"In present studies,.the findings did not support this view,

- Our results for the intracellular localization of pyrimidiné reducﬁase,
sﬁowed that the activity in the homogenate could be almost.completely
recoveréd, ﬁith most of it distributed between the heavy and light
mitochondrial fractions, and a leSéer ambunt in the soluble cytoplas-
mic fractioﬁ. Theireductase activity preéent in the 1S0,000xg super-
natant (soluble fraction) varied from 3-10 per cent with uracil as
substrate and 25-27 per cent with thymine as suﬁstrate;

The debris contained a feasonable percentage of reductase
aqﬁivity; But.sinceAthe marker enzyme study (Table I) and microécopic
obser?ation indicéted that this.fraction was almost equally contaminated
' with the other particulate fractions and it conﬁained whole cells, this
Afraction is not homogenous and the reductase éctivity in it can be
régarded aé belongigg to constituents thch are mixed together in this‘
fraction of rat liver cell. | |

Tﬁe.differences that were found between our localization studies
and tﬁose of other workers (9, 8 , 21) are not surprising, in’view of
th¢ number of differences in‘procedure which were employed for our work,
and these factors are probably responéible for the variations obtained.
-,Some of the differences and similaritieé are discussed beiow.

In present studies homogenization of the liver tissue was done
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in isotonié sqcrose (0.25M) containing 3mM MgCl2 and 5m¥b§ftmefcaptoéthanol

using a'Potter_Elvehjem homogenizer equipped with a teflon pestle., ‘This

‘was quite different from'the equipment and hypotonic Tris and'phosphate
'_buffer medla used by Rutman et al (8) and Canellakis (9) for their homo-

genlzatlon of liver sllces. We do not know how much, if any, reductase

act1v1ty was lost from the tissue after our homogenization, but probably
the activity.whigh was measured in the homogenate and was found distri-~
buted in the subcellular fractlons was protected and stabilized by

‘/;ég_mercaptoethanol, since, on one occa51on whéy/ég_mercaptoethanol.

was not stirred into the dialysing solution reductase activity was
completely lOSt'frbm all fractions which were assayed for activity
immediately after dialysié. In these fractiocns the activity of uridine

phosphorylase which is protected (39) and can be reactivated (47) by

‘;z¢?;nmrcaptoethanol Qas also completely lost.
o We do not clalm to have dlalysed out the reductase inhibitors
which. Canellakis (9) and Rutman et al (8) suggested might be in the parti-
culate fractions, since our undlalysed fractlons showed slightly higher
redﬁctase activity when compared to the dialysed fractions (Tablés IT and

IIT). The very rapid loss of reductase activity, particulafly from the

particulate fractions, which we observed after the fractions were dialysed
against hypotonic Tris or phoSphatelbuffer, could be one of the reasons
why little or no reductase activity was found in the particulate frac-

tions by the above mentioned workers (8, 9). This instability of the

reductase activity after dialysis, even in the presence qﬁg§9~mercapto_
. ethanol, could also be the reéson why the NADH-linked uracil reductase
act1v1ty of rat liver was completely lost after d1a1y31s against hypo-

tonlc Tris buffer w1thout a protectlng agent as reported by Canellakis (9)




- ”;"W-The“resuTtS“of“Table:TX"ShOW"that“when—the*iiver“tissue‘was

homogenized in hypotonic Tris’buffer with EDTA more than one third of

NADPH-1linked uracil reductase activity and aimést one Héif of NAﬁPH-

linked thymine reductase activity were present in the soluble fraction.

The peréentage of NADH-linked uracil! reductase activity in the soluble

fraction also increased considerably (Table IX). ‘This is a clear indi-

cation that the amount of reductase activity present in the soluble:

fraction is very dependent upon the medium in which the tissue is

homogenized.. The extent of homogenization might also be of importance.

" In the studies done by Fritzson (21), the tissue was homogenized in

isotonic suérose (0.25M) but containing EDTA at a lower councentration

than in our medium. It is possible that the presence of EDTA, parti-

~cularly at a high concentration, could have influenced the amount of

reductase activity in the soluble fraction, but since Fritzson did not

jinvestigate the parficulate‘fractions for reductase activity it is
imposSible to make further comparisons.

A comparison of the spécific a;tivities and recoveries éf
glutamafe dehydrogenase and acid phosphafase in the 70S~Supernatant
(Table VIII) and the supernatant fraction (Table I) shows that some
of these partiﬁulate enzymes were extracted aﬁd released into the
soluble qytoplasmic fraction ﬁhen the tissue was homogéniéed in a
hypotonic medium. The éreseqee of a 1arge percentage of reductase

activity in the 70S-Supernatant (Table IX) is an indication that

some of the reductase might be loosely bound to the particulate

- fractions and is released during homogenization This conforms to

the suggestion of Bosmann et g1(28): that enzymes. that are loosely

" bound or adsorbed to membranes will probably be removed as part of the
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soluble proteln found in the supernatant fluid upon homogenlzatlon in 0.02M

, Trls +-O OlM EDTA and centrlfugatlon at 70, OOOxg of the gradlent fractions.

.The purification of the nuclei, lysosomes and plasma membranes nas__

shown that pyrimidine reductase activity is absent in the nuclei (Table V-B)
and lysosomes (Table VII) but present in the plasma membranes (Table IX).
Since the percentage of pynimidine reductase activity"present in the‘puri-
fied plééma membrane fraction (Table IX) was obtained from 61.80 per cent

.of the plasma membranes as judged by 5'-nucleotidase activity,‘it is esti-

" mated that the plasma membranes of rat liver contain about 23,pef cent of
NAﬁPH-linked nracil réductase activity, iO.2vnér cent NADH_iinked uracil
:reductasevactivity and 19.3 per centiNADPH-linked thymine reductase activity.

The heévy and 1ight mitochondnial fraétions together contain

- 34.69 per cent of 5'_nucleotidase activity (Table I)._ Since the respective

percentages of pyrimidine reductase activities in 73 (Table IX) are obtained

frbm 61.80 per cent of plasma membranes as Jjudged by 5'-nucleotidase activi-
ty, the reductase activities in the two mitochondrial fractions due to con-
L faminatibn by plasma membranes are estimated by multiplying the réspective
"percentages of reductése activities in 7S by fhe factor g%—gz When the
.respective corrections are made for reductase activities due to plasma
menbrane contaminatidn, it is estimated ﬁhaﬁ the two types of mitochondria'

together contain h9.2:per cent NADPH_iinked uracil reductase activity, 58.8

per cent NADH-linked uracil reductase activity and 42.5 per cent NADPH-linked

thymine'reductase activity.

Although glycerol did solubilize NADPH-linked uracil reductase
in the:particulate fractions before freezing and thawing (Table XII), it
was.léss effective in solubilizing £h¢ dihydropyrimidine dehydrogenase
_activity of the particulate fractions (Table IV), Most of the activity‘
for dihydropyrimidine dehydrogenase was found in the soluble cytoplasmic

fraction when the tissue was homogenized in an isotonic medium (Table IV)
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;:j““or*in“a"hypotonib;medium (Table.X). The preéénce of very low dehydrogenase
activity in the particulate fréctiohs even in the presence of ten times the
protein,useQAto éssay for reductase activity is puzzling, but two possible
reasons-might be responsible for these results. _Firstly.the ﬁyrimidine

reductase reactions seem to have their chemical equilibrium far to the

. + ’
‘right., This is guite different from other NADP'_linked and NAD -linked
 dehydrogenases which catalyse freely reversible reactions. It is possible
that the inhibitor ATP "polari?es" the reductase reaction. In this regard,

it is of interest to note that an amphidirectional'ornithine z-transaminase

' ha$ been describgd bj‘other workers (AS).' ThiS'transaminase, however, is
"polarized" by substrate repression. Sécondiy the catabolic. enzymes may
form a mul%i_enzyme_COmplek in which the. intermediates are enzyme-bound.
~If this is thg case, free_dihydropyrimidine would not bind tovthis enzyme-—
Complex, unless the complex was dissoclated in the presence of an agent such -
.aé glycerol as ﬁsed in.present studies. The dihydropyrimidine dehydrogénase
'catalysed reaction of the soluble supernatant.fraction may also be irreversible
’Afdr reasons similar to thése mentioned féf the reductase-excepﬁ that ATP

activates the reaction.

The localization of most of the pyrimidiﬁe reductase activity in the

particulate fractions, and most of the dihydrdpyrimidine'dehydrogenése acti~
vbvity in the -soluble fraction, is a clear indication that the enzyme commonly
known as dihydropyrimidine dehydrogenase can be separated into reductase and

dehydrogenase activities in rat liver cells. This indicates that there are two

separate pathways; one for the degPAdatioﬁ of pyrimidinés, the other for the
. synthesis of-pyrimidines.
A number of workers (49, 51, 52, 53, 54, 55, 56, 57, 58) have reported

that both RNA and DNA are present in the mitochondria and it has been in-

~dicated that mitochondrial DNA is a part of the machinery responsible for

the production of the mitochondrial RNA (52, 53, 57). The presence
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~of “RNA and DNA in she mitoehosdria'makes it reasonable to sssume that

the pathway for the degradatlon of the pyrimidine-nucleotides to pyri-
midine Bsses; and the pathway fer the.eatsbellsm efjpjflmidlﬁes“sheﬁla
also be present in the mitochondria. We do not have evidence to show

that these pathways are present in the mitochondria, but since our

results show that some of the pyrimidine reductase activity is present
in the mitochondria (Tables II and III), and pyrimidine nucle051de
-phosphorylase act1v1ty has been detected in the mltochondrla (59), it

is strongly'suspected that the pathway for the‘degradation of pyrimidine

' nucleotides and the pathway for pyrlmldlne catabolism mlght also be
present 1n the mltochondrla.
The presence of pyrimidine reductase activity in the plasma

‘membranes may be of significance. According to our results (Table XIV)

i
i
H
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b
H
i
i
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and the flndlngs of other workers (10) pyrlmldlne reductase act1v1ty is
absent from most tissues, except liver and kidney. Since the pathway for
-the degradation of pyrimidine nucleotides to pyrimidine bases is present
_.in most tissues, the pyrimidiﬁe sases ceuld be either recycled within the : E‘
tissues to form DNA and RNA or transporfed to the liver for degradation. |
If the latter is the case, then, the pyrimidine bases could go through their

first step of degradation in the plasma membranes upon entering the llver

cells. In,thls way the plasma membranes could serve as a p01nt for regulating
the concentration of pyrimidine bases in the liver cells and in the blood.

It is also of interest to note that pyrimidine nucleoside phosphorylase has

~also been found to be present in purified plasma membranes (59). This
might be an indication that the plasma membranes may also possess the
enzymic pathway for the degradation of pyrimidine nucleotides to the.

- pyrimidine bases,
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The question as to whether theipyrimidine reductase aétivities_
found in rat liver are being expressed by the saﬁe enzyme is.an important
one. The éubcellular distriﬁufions-have shown tha£ most of thé reductase
activity is located in the parﬁiéﬁlate fractions (Tables II and III),
biit, the sucrose density gradient fractionation of the heavy and light
mitochondrial fractions (Figures 6 and 7), and the purification of
| ~ plasma membranes (Table IX); show that most of the NADH-linked uracil
reductase, like glutamate dehydrogenase, is associated with the ﬁito_
chondria, thle most of the.NADPH_linked'uracil and thymine reductases
seem to be diyided between the mitochondria and plasma membranes to which
- they seem to be more loosely bound than the NADH-linked uracil‘reductase.
- NADPH-linked £hymine reductasé has a'simiiar activity distribution patterh
to that of NADPH-linked uracil reductase, except in the supernatant frac-
tioh‘where there is.a higher percentage (Tables IT and ITI). This
difference remaiﬁs whether the tissue.was homogenized in isotonic
sucrose (Tables II and III) or iﬁ hypotonic Tris buffer (Table IX).

The fact that the dependence of uracil réduction on NADH conceﬁtration
produced a hyperbolic curve (Figure 12),.while the dependence on NADPH
éoncentration gave a sigmoid curve (Figure 18) is a major difference
between the two feduct%se activities. 'Invthe light of these differences
and simiiarities, it is concluded that the NADH-linked and the NADPH-
linkéd activities are likely expressed by different enzymeés, but ﬂhe;
NADPH-linked thymine and NADPH-linked uracil reductase activities might
be expreésed by the same enzyme. More detailed inﬁestigation on more
npurified fractions containing reductase acﬁivity will have to be doné'
before further differentiafibn can be made between the proteins which

are expressing the reductase activities,

|
|
I
]
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NADH-linked uracil reductase activity has approximately the same
pH optimum in the heavy and lighf mitochondrial fractions (Figure 8) apd
in the soluble fraction (Figure 9). The same also applies to the pH
optimum for NADPH-lihked uracil reductase activity (Figures'8 and 9).
Kinetic studies'on NADPH-linked uracil reductase have shoﬁn,’that the
dependence of uracil reduction on NADPH concéntration produces a
sigmoid curve in Both the light mitochondrial fréction énd‘in the.
ammonium sulphate fraction (ASZ) (Figure 18); and, the respectivé‘
concentrations of NADPH rgquired to givé 50 per cent saturation in
both cases show only a small difference. Thésé results and the fact
that tﬁg Km values obtained for uracil in both the light mitochondria
and ammonium sulpﬁafe fraction (ASZ) are relatively close'(Figure 16 and
17), lead us to conclude that the proteins which are expressing NADPH-
linked uracil reductase activity in the particulate fracﬁions and in the
soluble fraction are very similar;

"The fact that most of>£hé p&rimidine reductase activity has
been localized in the particulate fractions (Tables II and III), where~
as almost all of the dehydrogenase activity‘has been located in the
éoluble fraction (Tabieé IV and X) suggests very strongly, tﬁaﬁ differ_
- ent prdteins may be responsibie for the expression of the reductase and
the dehydrogenasg acti&ities.

The inérease in the specific activities of NAD+;linked and
NADP'_linked dihydrouracil dehydrogenaée activities show thaf these
activities were partially purified in ASZ' .The fact that partially.
‘purified NAD*_linked and NADP*_1inked dihydrouracil dehydrogenase
activities have different pH optimums (Figures 21 and 24) suggests

that the NAD+-1inked dehydrogenase activity and the NADPf_linked
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dehydrogenase activities might be expressediﬁy different proteins, -
-‘However, more detailed studies will have to be'doﬁe before further
differentiation can'be'made between the dehydrogenases. ‘
Our results have shown that NADH-linked and NADPH-linked

~uracil reductase activities are inhibited to approximately theisame
degree by Mg++,,ATP and ATP-lg complex in the particulate fractions
(Table XI), and also in the soluble fraction (Figure 20) in the case

ef NADPH-linked uracil reductase., On the othef hand, all three dehy_
drogenase activities are activated by Mg++’ ATP and ATP_Mg complex in
the hemogenate, soluble cytoplasmic fraction, and in the ammonium
sulphate fraction (Asg). ‘Rabinowitz and Wilhite (40) have recently
reported that.in normal and leukemic leukoeytes a certain optimum
conceﬁtration of ATP was required for maximal production of TTP from
TMP, while, the same concentration of ATP strdngly inhibited the break-
4 doﬁn.to thymine., In this case the concentration of ATP appears to be
..the de01d1ng factor as to whether the anabolic or the catabolic function
‘w1ll predomlnafc. These findings seem to fit in with our findings that
- ATP and ATP-Mg will inhibit(pyfimidine reduction but activate pyrimidine
fermatioﬁ from dihydropyrimidine. In our studies the concentration of
eATP and Mg seens to be the deciding factor as to whether pyrlmldlne
anabolism or catabolism will predominate. The optimum concentratlon of
ATP used to actlvate the formation of TTP is approximately the same as
the concentration of ATP and ATP-Mg used to give maximal formation of
pyrimidine from dihydropyrimidine. In the light of these findings it
s concludedbthat changes in concentrations of ATP andlM'g++ in the cell

may serve to regulate pyrimidine metabolism in rat liver.




.h8
-The finding that the dependence of dihydrouracilldehydrdgena_
fibn on DHU'conéentration gives a sigmoidlcurfe (Figure 27)»is;ofvmajor--~- SRRt
sigﬁifiéancé since ATP and:ATP_Mg complex are strong aétivators'(Figure
-28). It shbuld}be interesting to investigate the effect of'Mg++, ATP
and ATP_Mg'on the other enzymes in the pathway for pyrimidine metabolism.
The tissue distribution.studies of pyrimidine reductase and
dihydrppyrimiaggg dehydrogenése.activities-have shown that while some
tissues (1iver, kidnéy, testis) contain boﬁh the pyrimidine'databolic
and anabolic enzymes, ofher tiésues»seem to contain the anabolic enzymes .
only (Table XIV). It does appear as if in the heart and spleen of the
rat, tﬁymine could be synthesized from dihydfothymine, whereas uracil
cannotvbe synthesized from dihydrouracil in these two tissues. The
true éignificance of these observations are unknown; and no further
conclusions can be drawn ffom the data in fable XIV-until more de-

- tailed investigations are condu@ted.,
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SUMMARY

The intracellular distribution of the enzyme commonly known

as dihydropyrimidine dehydrogenase has been studied in rat 1iver. The
.1ntracellular constituents of the llver homogenate were separated bJ
dlfferentlal centrlfugatlon accordlng to procedures which have been

successfully used by others for thls purpcse. Each fraction was

further identified by marker enzymes for the respective subcellular
particles.

&he,intracéllular distribution studies have shown that
dihydrOpyrimidine déhydrogenase can be separated intq reductase
vactivity, which resides mainly in the particulate fractiocns and
to a lesser degrée in the soluble cytoplasmic fréction, and dehydro-.

genase activitylwhich resides mainly in the soluble cytoplasmic -

. fraction. Subsequent purification of the nuclei, lysosomes, plasma
“ membranes, aﬁd, the fractionation of the heavy and light mitochondrial
"~ fractions on sucrose density gradient have revealed, that the NADH-

llnked ura011 reductase activity is mainly assocvated with the mito-

chondrla,'whlle ‘the NﬁDPH-llnked uracil and uhymlne reductase activi-
ties are divided between*the mitochondria, plasma membranes and soluble

fraction. The presence of glycerol in the incubation mixture produced

solubilization of NADPH-linked uracil reductase activity in the parﬂi_
culate fractions before freeiing and thawing, but it was less effec-
tive in solubilizing the dehydrogenase activity.  Some of the

possible reasons for low dehydrogenase activity in the particulate
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.ff;ezions haﬁe Been discussed. o
NADH-1inked and NADPH-1inked uracil reductase activities had
‘different pH optimums in the particulate fractiohs and in the soluble
;raction. This and other diffefences existing between NADH-linked
'uracil_redgctase activity and NADPH-1inked uracil and thymine re-
ductase activities is probably an indication that these activities
might Be-expressed by different proteine‘ Since a sigmoid curve was
obtained when the initial rate of uracil reductiohvwes plotted against
"NADPH concentration for the 11ght mltochondrlal fraction and for the
ammonium sulphate fraction (AS9), NADPH_llnked uracll reductase seems
to have allosteric properties. Sufficient studies were not done on
- NADH-linked uracil reductase and NADPH-linked thymine reduetase to
determine whether or not any ailosteric properties'were presenﬁ
| NAD -linked dihydrouracil dehydrogenase activity had a pH
optlmum of 8.75, whlle the NADP ~linked dlhydrourac1l dehydrogenase
act1v1ty had a pH optimum of 7.45. NADP ~linked dlhydroura01l de_
: hydrogenase seems to have allosterlc properties since a sigmoid curve
| was obtained when the initial rate of dihydrouracil oxidation was
plotted against dihydrouracil concentration. All the dihydropyrimi.
dine dehydrogenase activities are activated by Mg++, ATP and ATP-lg,
but sufficient information is not 'available to decide whether or not
-the dehydrogenase activities are being expreseed by one or more pro-
telns.
The fact that Mg++, ATP and ATP-Mg inhibits the reductase
activity while activating the dehydrogenase aetivify; seems to indi-
cate that the concentration of Mg rand ATP in the cell could be the

deciding factor as to whether pyrlmldlne anobollsm or catabollsm.w1ll
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predominate in vivo. Localization of the other enzymes in the pyrimidine
-metabolic paﬂhway will probably attach greater méaning and significance
to the separation of dihydropyrimidine dehydrégenase into reductase and

dehydrogenase activities.
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Figure 1  Representation of the

" pathways for pyrimidine catabolism.
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Figure 2 Procedure for the separation

of subcellular fractions of rat liver by

differential centrifugation. The tiséue
was homogenized as described under "Materials

and Methods'.




SEPARATION OF INTRACELLULAR FRACTIONS -

— —HOMOGENATE

‘ CENTRIFUGE.AT 750 g FOR 10 MIN., RESUSPEND
SEDIMENT AND CENTRIFUGE AT 750 g FOR 10 MIN.
. ADD WASH TO SUPERNATANT.

| 1

' CRUDE NUCLEAR PELLET SUPERNATANT ($;)
SUSPEND IN 0.25 M SUCROSE ~ .
~+1mM EDTA + 5mM 8- SH - CENTRIFUGE AT 3300 g

FOR 10 MIN. RESUSPEND
SEDIMENT AND CENTRIFUGE
AT 3300 g FOR 10 MIN. ADD
WASH TO SUPERNATANT.

| ' | .
HEAVY MITROCHONDRIA (H.M.) SUPERNATANT (52)

SUSPEND IN 0.25 M SUCROSE
+ 1mM EDTA + 5mM B-SH : CEI\{Z%%%SE AT

FOR 20 MIN.

g | : 1
LIGHT MITROCHONDRIA (L.M.) SUPERNATANT (S3)
+ LYSOSOMES ' '

SUSPEND IN 0.25 M SUCROSE E?'}'zg'% %8595
+1mM EDTA + 5mM 8-SH. - |- +00¢
Hm +omM B-SH. FOR 60 MIN.
l gl '
MICROSOMES SOLUBLE SUPERNATANT
SUSPEND IN 0.25 M SUCROSE = FRACTION

+1 mMEDTA +5mM 8- SH

59
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~ __Figure 3 Procedure for the purification

of nuclei by differential centrifugafidh.'

The tissue was homogenized as‘described

under "Materials and Méthods";
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= ~—PURIFICATION-OF NUCLEI

HOMOGENATE

CENTRIFUGE AT 750 g FOR 10 MIN.
RESUSPEND SEDIMENT AND CENTRIFU GE
AT 750 g FOR 10 MIN.

CRUDE NUCLEAR PELLET SUPERNATANT (S1)

e

LA

* RESUSPEND IN 10 VOLUMES OF 2.4 M SUCROSE .
HmM MgClo )
CENTRlFUGE AT . 64,000g FOR 60 MIN,

| I ]
- NUCLEAR PELLET SUPERNATANT 'DEBRIS
. | o (DISCARD) SUSPEND IN 0.25 M SUCROSE

' | + ImMEDTA + 5mM 8- SH
WASH WITH 20 VOLUMES mMEDTA + SmM £
0.25 M SUCROSE - 4mM MgCl
10mM TRIS BUFFER pH 8.3

0"

- . CENTRIFUGE AT 1,000 g FOR 6 MIN.

REPEAT WASHING TWICE AND FINALLY
SUSPEND THE NUCLEAR PELLET IN
10.25M SUCROSE +5mM B-SH.

PURE NUCLE}H
- - = ~— DEBRIS
SUPERNATANT
BN slinlinfindiall

- NUCLEAR PELLET
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Figure 4 Procedure for the. purification

‘of lysosomes by differential centrifugation.
The tissue was homogenized as described under

"Materials and Methods™.




PURIFICATION OF LYSOSOMES

HOMOGENATE
CENTRIFUGE AT 750 g FOR 10 MIN.
RESUSPEND SEDIMENT AND CENTRIFUGE
AT 750g FOR 10 MIN.ADD :
. WASH TO SUPERNATANT.
l 1 |
CRUDE NUCLEAR PELLET SUPERNATANT (S1)
- CENTRIFUGE AT 3,300g FOR
10 MIN. , RESUSPEND SEDIMENT
R AND CENTRIFUGE AT 3,300¢
: - FOR 10 MIN. ADD WASH TO
SUPERNATANT.

. I ] -
HEAVY MITOCHONDRIA (HM) | SUPERNATANT (52)

CENTRIFUGE AT
16,300 FOR 20 MIN.

LIGHT MITOCHONDRIA (F1) SUPERNATANT (S3)
+LYSOSOMES- .
CENTRlFUGE_AT 9,500g
FOR 10 MIN.
A ]
F2 : SUPERNATANT (DISCARD)

SUSPEND IN .45M SUCROSE AND APPLY TO
SUCROSE DENSITY GRADIENT.
MIDDLE LAYER 0.6M SUCROSE
BOTTOM LAYER 0.7M SUCROSE

" CENTRIFUGE AT 9,500g FOR 30 MIN.

I

Fs * SUPERNATANT (DISCARD)
| CENTRIFUGE AT 5,900g -
FOR 30 MIN.
| | DECANT CAREFULLY
R, | | SUPERNATANT
SUSPEND IN 0.25M SUCROSE + ImM EDTA R e T
+5mM 8- SH | FoR20 MIN
' ' I l
PURE LYSOSOMES (F,) SUPERNATANT

(DISCARD) |
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Figure 5 Procedure for the purification.

 of plasma membranes by discontinuous sucrose

density gradient. The tissue was homogenized

as described under "Materials and Methods".

i
i
I
i
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- ——PYRIFICATION OF PLASMA MEMBRANES

HOMO GENATE
CENTRIFUGE AT 4000g FOR 15 MIN.

. a - 1
[ 4000g-SUP. (4g-5)

~ 4000g PELLET (4g-P). . v
'ADD SUCROSE TO MAKE

WASH ONCE WITH 0.02M TRIS BUFFER SUPERNATANT 45% WITH
pH7.0+ .01M EDTA pH 7.0, AND ADD RESPECT TO SUCROSE.
WASHING TO SUPERNATANT. FINALLY. MAKE DICONTINUOUS *
SUSPEND PELLET IN 0.05M TRIS BUFFER = SUCROSE DENSITY GRADIENT
pH7.0. . '- AS BELOW. o
153.5ml o | 1m! .05M TRIS BUFFER pH7.0

25 5.5ml 5ml 25% SUCROSE.

35 6ml’ -~ 6.5ml 30% SUCROSE

4S 4ml -} CENTRIFUGE AT

55 4l ‘Fbésagogis- 1 | 6.5ml 35% SUCROSE .

65 6ml . ) 10ml SUP. WITH

§ Ny _ A\ E {45% SUCROSE.
7S -PELLET. - ' :

- DILUTE EACH FRACTION TO 3 TIMES ITS VOLUME WITH
0.05M TRIS BUFFER pH 7.0, AND CENTRIFUGE AT 70,0009

- FOR 1 HOUR. SUSPEND EACH PELLET IN 20 VOLUMES OF
0.05M TRIS BUFFER pH7.0 + 5mM B-SH.

~ THE 70,000 X g SUPERNATANTS FROM ALL THE FRACTIONS
~~WERE COMBINED TO GIVE THE 70S - SUPERNATANT

, 75 - PELLET FINALLY GIVES PURE PLASMA MEMBRANES.
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Figure 6 ' Sucrose density gradient

(0.5M-1.91M) fractionation-of heavy

- mitochondrial fraction., The gradiént

- —was prepared as described under '"Materials

" and Methods" and 3 ml of heavy mitochondrial
fraction containing 60 mg protein was_applied
to the gradient., Three milliliter fractions
were collected and stored at 0-4° overnight
along with a sample of unfractionated heavy
mitéchondria and then assayed on the next day;
Activity was measured under the standard conditions
- of assay for glutémate dehydrogenase (open squares),.

5';nucleotidase (closed circleé), NADPH-1inked

uracil reductase (open circles), NADH-linked uracil

reductase (open triangles).

44@'-- direction of sedimentation.
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" Figure 7 - Sucrose density gradient

(0.5M-1.91M) fractionation of light

mitochondrial fraction. The gradient

:/was prepared as described under "Materials ¢

‘and Methods™ and 3 ml of light mitochondrial
fraction containing 38 mg protein was applied
to the gfadienﬁ. Three milliliterifractions-b
were collected and stored at 0-4° overnight
along with a sample of anfractionated light
mitochondria and then assayed on the next
day. Activity was ﬁeasured undervthe standard
conditions of asséy for'glutémate dehydrogenase
(open squares), 5'-nucleotidase (closed circles),
NAbPH_linked uracil reductase (open circlés),
NADH-.1linked urécil'reductase (open triangles).

G direction of sedimentation.
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Figure 8 A: The relationship between

pH and uracil reductase activity of heavy

Pt

mitochondria. Activity was measured under
the standard conditions of assay but at

differing pH's for NADPH-linked uracil

" reductase (closed squares) and NADH-1inked

uracil reductase‘(closed triangles).

B: The relationship betﬁeén
pH and uracil reductaée activity of 1light
mitochondria. Activity was measured under

the standard conditions of assay but at

" differing pH's for NADPH-linked uracil

reductase (closed squares) and NADH-linked

uracil reductase (closed triangles).
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Fisure 9  The relationship between

- pH and uracil reductase acfivity of

soluble fraction., Activity was

measured under the standard condi-

" tions of assay but at differing pH's

for NADPH-linked uracil reductase
(closed‘squares) and NADH-linked uracil

reductase (closed circles).
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- Figure 10 Relationship between protein

concentration and NADH-linked uracil re-
ductase activity of heavy mitochondria.

Activity was meaSured.under the standard

'conditidns of assay but with varying

amounts of heavy mitochondrial protein,
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- ' - Figure 11 The relationship between
time and NADH-linked uracil reductase

activity of heavy mitochondria. Acti-

" vity was measured under the standard
conditions of assay but with varying
incubation times. The incubation

mixture contained 0.50 mg heavy

_ mitochondrial protein,
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Figﬁre 12 The relationship between

NADH concentration and the initial rate

~ of uracil reduction in heavy mitochondria.

Activity was measured under the standard

- conditions of assay but with varying con-

centrations of NADH. 0.28 mg heavy mito-
chondrial- protein was used.in-the incuba-

tion mixture.
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Figure 13 Relationship.between'protein

concentration and NADPH-linked uracil‘reg

ductase activity of light mitochondria.
. Activity was measured under the standard o |
conditions of assay but with varyiﬁg'

- amounts of light mitochondrial protein.
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- Figure 14 The relationship befween

time and NADPH-linked uracil reductase‘
‘activity of light mitocﬁondria. Acti-
vity was measured under the standard
conditions of assay, but with varyiﬁg‘
incubation times., 0.25 mg light mito-
'chondrial protein was used in the

incubation mixture.
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‘Figure 15 The relationship between time

and NADPH-1linked uracil reductaée activity
in an ammonium sulphate fraction (AS;)
prepared from dialysed soluble fraction.
Activity was measured undgr the standard
conditions of assay but with varying

: inCubétion time. 6.35 mg of'Asz pfotein‘

was used in the incubation mixture.




" mp MOLES DHU

30y

20-

—
o
y

_ | ' o
~ NADPH-LINKED ACTIVITY
0
2 4 6 10 12

| TIME (MIN)

v85'




86

Figure 16 The relationship between uracil .

concentration -and NADPH-linked uracil.reduc_
tase activity in light mitochondria. 'Activity
was measured under the standard conditiohs

bf assay but with véryiﬁgvconcentrétions of

uracil. 0,114 mg of dialysedvlight mito-

"~ chondrial protein was used in the incubation

mixture.




1071 I
mu MOLES DHU/ 10 MIN. |

—t —
O <o (o) N

" myu MOLES DHU/10 MIN.

Al N - ()
C
= r=
e 5
~| o o .
= . o]
>
S |
> X
O s : o
ol - | . 8J

L8




88

~“Figure 17  The relationship between uracil

concentration and NADPH-linked uracil reduc-" -
tase activity in an ammoniumvsulphate frac-
tion (AS,) prepared from dialysed soluble
fraction., Activity was measured under'the
standard conditions of assay but with varying
- concentrations of uracil. 2.55 mg ASp protein

was used in the incubation mixture.
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Figure 18  A: Relationship between NADPH

concentration and NADPH-linked uracil reduc-
-—tase activity in light mitochondria. Acti-
vity was measured under the standard conditions

of- assay bﬁt with varying concentrations of

NADPH. 0.25 mg light mitochondrial protein

was used in the incubation mixture.
B: Relationship between NADPH
concentration and NADPH-linked uracil reduc-—

tase in an ammonium sulphate fraction (AS5)

prepared from diaiysed soluble fraction.
Activity was measured under the standard
conditions of assay but with varying con-
centrations of NADPH. 2.55 mg ASé protéin

was used in the incubation mixture.‘
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Figure 19 Inhibition of NADPH-linked

—

'ﬁracil reductase in light mitochondrial
fraction by MgCl, (open circles) ATP

(closed squares) and ATP-Mg (closed triangles).
g ‘

- Activity was measured under the standard

conditions of assay but with varying con-

centrations of MgClz, ATP, and ATP-Mg.
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Figure 20 Inhibition of NADPH-linked

uracil reductase in an ammonium sulphate
fraction (AS,) prepared from dialysed
soluble fraction. . Activity was measufed

- under the standard conditions of assay but with
varying concentrations of ATP-Mg complex.
2.55 mg A82 protein was used in the incubaQ

tion mixture.
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Figure 21  The relationship between pH

and NAD'-linked dihydrouracil dehydrogenase

activity in an ammonium sulphate fraction

(AS,) prepared from dialysed soluble frac-

tion. Aciivity was measufed‘under the
standard conditions.oanssay but with differing
pH's using Tris buffer (oﬁen qircles), and
glycine_NaOH buffer (open squares). 0.65 mg

ASo protein was used in the incubation mixture.
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‘Figure 22 The relatiohship between protein

concentration and NAD™_linked dihydrouracil
dehydrogenase activity-in an ammonium sulphate
fraction (ASg) prepared from dialysed soluble
fraction., Activity was measured under the
standard conditions of assay but with varying

concentrations of protein.
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Figure 23 The relationship between time

and NAD'-1inked dihydrouracil dehydrogenasé

activity in an ammonium sulphate fraction

(ASZ) prepared from dialysed'soluble fraction,
Activity was measured undér the stahdard con- -
‘ditions of a‘ssay but with varying incubation
times.‘ 1.63 mg AS, protein was used in the

incubation mixture.
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‘Figure 24 The relationship between pH
and NADP™_linked dihydrouracil dehydrogenase

activity in an ammonium sulphate fraction

(4S5) prepared from dialysed soluble fraction..

. Activity was measured under the standard con-

ditions of assay using acetate buffer (open
triangles) and phosphate buffer (open circles).
0.65 mg AS, protein was used in the incubation

mixture.
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Figure 25  The relationship between prbtein

.concentration and NADP+;linked dihydrouracil

dehydrogenase activity of an ammonium sulphate
fraction (AS,) prepared from dialysed soluble
fraétion, Activity was measured under the
standard conditions of aséay but with varying . 1

protein concentrations.
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Figure 26 The relationship between time

and NADP™_linked dihydrouracil dehydrogenase

nactivity in an ammonium sulphate fraction

(ASé) prepared from dialysed soluble fraction.
Activity was measured under the standard condi-
tions of assay but with varying incubation times.
3.25 mg AS, protein was used in the incubation

mixture.




mu MOLES URACIL

NADP*- LINKED ACTIVITY

o 2 4 6 8 10 12 1416

| TIME (MIN)

LOT




108

Figure 27 The relaﬁionéhip between

ﬂﬁihydrouracil concentration and NADP'_

“linked dihydrouracil dehydrogenase acti-

vity in an ammonium sulphate fraction (ASo)
prepared from dialysed soluble fraction.

Activity was measured under the standard

..conditions of assay but with varying

concentrations of dihydrouracil in the
absence of ATP and MgCls. 1.64 mg AS,
protein was used in the incubation

mixture.
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Figure 28  The felationship between

activators and NADP'-linked dihydrouracil

dehydrogenase activity in an ammonium

sulphate fraction A82 prepared from dialysed

solublé fraction._ Activity was measured

under the standard conditions of assay but with
. varying concentrations of MgClg'(A), ATP (B)

and ATP + MgCl, (C). 1.64 mg AS, protein was

used in the incubation mixture.
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TABLES

Unless otherwise stated the results in Tables I.X

represent typical distributions of the enzymes in the respective

e

fractions.
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Table I Distribution of marker enzyme

activities among subcellular fractions of
rat liver homogenate. The fractions were

separated by differential centrifugation

according to the procedures outlined in

Figures 2 and 3. Activity was measufed
under the standard conditions of assay.
The numbér of enzyme units-répresenting
'100% activity in the homogenate is as

follows:

Glutamate Dehydrogenase 8,709 units

. 5"_Nucleotidase 7,648 units
Acid Phosﬁhatase ' 1,987 upitsv
Glucoseé-b-Phosphatase - 8,833 units

The distribution for eéch marker enzyme

is the average of two experiments,

Acid Phosphatase and Glucose-6-Phosphatase

were assayed on one preparation while Glutamate

4 .
Dehydrogenase and 5 -Nucleotidase were assayed

on another preparation,




TABLE I _ | >

Distribution of Marker EnzymeiActivities in Rat Iiver Fractions

‘ - ' ' ) '
Glutamate Acid Phosphatase Glucose-b-phosphatase 5 ~Nucleotidase
Dehydrogenase : ‘
. Fractions : : | }

' Sl % S.A. A Sehe yA \ S.A. %
Homogenate 2.16 100 2.04 100 ‘ Lo2l 100 1.98 = 100
Debris , 2.67 27.73 0.73 LARYAA . 3.99 2726 3.52 - 43.95
Purified Nuﬁlgi 0.09 0.07 0.00 0.00 0.00 0.00 0.00 0.00
Heavy‘Mitochondria 21.68 56.13 ‘ 1.23  17.38 6.62 14.62 6.27 19.98
Light Mitochondria . Lel5 8,06 S 3.31 C24L.23 12.82 16.28 8.47 1471
Microsomes - . 0.011  Ou.4k - 1.65 7.68 | Lh.8 - 24.99 e

- ' : : , T 1.86 32.50
Supernatant Fraétion 0.004 0.22 0.88 15.07 0.00 0.00 - : '
% Recovery 9265 © 85.80 83.15 111,14
SeA. = Specific Activity

B
]

Pércentage of Total Activity

RAN
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Table II - Distribution of pyrimidine reductase

activity among subcellular fractions of rat liver
homogenafe.. The fraétions were separated by differ-
ential centrifugation according to the procédures
outlined in Figureé 2 and 3., Activity was measured
under the standard conditions of assay; The numbéf

of enzyme units representing 100% activity in the

" homogenate is as follows: »
NADPH-linked Uracil Reductase 138 units
NADH-linked Uracil Reductase 276 units

NADPH-linked Thymine Reductase 236 units

NADPH-linked Uracil Reductase and NADH-linked
Uracil Reductase were assayed on one preparation

while NADPH-linked Thymine Reduc’ﬁase was assayed

~ on a different preparation.




TABLE IT

Distribution of Pyrimidine Reductase in Subcellular
Fractions of Rat ILiver

NADPH + Uracil NADH + Uracil NADPH + Thymine

Fractions o s g S.. T % S.A. %
Homogenate 1 1 , 0.131 . 100 ©0.091 100 0.047 . 100
Debris . | 0.355  34.89 0,203 24.62 0135 23.30 -
Purified Nuclei - 0.000  0.00 0.000 0.00 0.000  0.00
‘Heavy Mitochondria | , . 0.324 ' 32.03 0.401 5Le34 0.095 | 29.23
Light Mitochondria | ©0.629  25.10 0.1k 7.97 - 0.374 19.91
Microsomes o 0 0.222 . 3.12 0,204 3.98 0.168 ©  2.96
Supernatant Fraction - - 0.024 ~ 8.33 0.017  6.15 0,028 27.54
‘4 Recovery S 103.38 . 97.06 102.94
S.A. = Specific Activity
4 = Perceﬁtage of Total Activity .

91t
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Table 11T . Distribution of pyrimidine '
' ’feductase activity among dialysed sub-
cellular fractions of rat liver homogenate.

The fractions were separated by differential

centrifugation according to the procedures
outiined-in Figures 2 and 3. After separa-
tion. each fraétion was dialysed for 16 hours. ' A %
“Activity was measured undér'the standard
- conditions. of éssay. The number of enz&me
units representing 100¢ activity in the
-homogenate is as follows:
NADPH-linked Uracil Reductase 326 units
NADH-1inked Uracil Redugtase 223 units

NADPH-linked Thymine Reductase 215 units

-NADPH-linked Uracil Reductase and NADH-linked
Uracil Reductase were aSsayed on one preparation

while NADPH-linked Thymine Reductase was assayed

on a different preparatioﬁ;




TABIE IIT -

Distribution of ?yrimidine Reductase in Dialysed
. Rat Liver Fractions

NADPH + Uracil NADH + Uracil NADPH + Thymine |
" Fractions | S.A. »% | Sehe % . S.A. % :”%_ '
Homogeﬁate’ - 0.100  100.00 0.086  100.00 O;oaz . 100,00 :
Debris o _ 0.300 30.15 o 0.184, 26,00 - 0.092 17.67 i
Purified Nuclei : ©0.000° 000 0.000 ~ 0.00 - 0.000  0.00 ?
Heavy Mitoqhondfia - 0307 30.46 '_ 0.353  49.32- 0.081 . 27.90 ?
.Light Mitqchohdria_ S 0.608 24.00'- 0.112 ~  7.60 - . 0.332 19;53
Microsomes : ‘ © 0,140 2450 - 0.134 3.50 0,120 - 2432
Supernatant Fraction - . 0.021 =~ 7.00 - - 0.011 4.90 0.026 26.5i

% Recovery : o | : ] oL 94.11 _ 91.32 | ' - 93.93

S.A. . Specific Activity

Q
il

Percentage of Total-Acti?ity 

8Tt
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Table IV Distribution of dihydropyrimidine

V’Aehydrogenase activity among dialysed subcellu-

lar fractions of rat liver homogenate. The
'fractions were separated by differential centri-

fugation according to the prbcedures outlined

._ in Figures 2 and 3. After separation each frac-

tion was dialysed for 16 hours. Activity was

measured under the standard conditions of

’

assay except that the fractiohs were made

5.4 with glycerol immediately before assay.

.The number of enzyme units representing 100%1
;activity in the homogenate is as folloWs;
NADP+flinked Dihydrouracil Dehydrogenase 225 units
NAD'-linked Dihydrouracil'Dehydrogenase | 267 units

NADP_linked Dihydrothymine Dehydrogenase 170 units




TABIE IV - -

Distribution of Dihydropyrimidine Dehydrogenase in
Rat Liver Fractions

NADP* + DHU NAD' + DHU ' japF* + par
Fractions Sehe % SA. % 5.4. %
’Homogénate | 0.038  100.00 ©0.045  100.00 .0.028 1oo,ob
Debris - f , 0.004 . 0.88 0.008 1.50 0.003 0.86
Purified Nuclei _ | 0.000 0.00 0.000 - 0.00 0.000 OfOO
Heavy Mitochondria 0005 5.3 0.012  11.20  0.003 kell
Light Mifo@hondria o 0.016 2.66 ) 0.004 . 074 0.011 2.35
-‘Microsomes ' | - 0,003  ° 0.16 0.005 0.26 0.088 0.20
Supernatanﬁ Fraction ' | 0.101 . | 82,70 0.124 85.39 0.085 88,23
% Recovery | B 91.73 99409 9575
S.A. = 8pecific Activity‘ A
% = Percentagé of Total Activity

02T
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Table V - Distribution of marker enzymes (A)

and pyrimidine reductase (B) activities in differ-
ent fractions obtained duriﬁg purificatién of
nuclei. The fractions were prepared by differen-
tial éentrifugation accor&ing to the procedures
outlined in Figure 3. Activiﬂy was measured_
uhder the standard conditions of assay. The
number of enzyme units representing 100%

activity is as follows: .

Glutamate Dehydrogehase ‘ 8,709 units
Acid Phosphatase 7,762 units
Glucose-6-Phosphatase 15,840 units
5'-Nucleotidase 7,648 units
"NADPH-1inked Uracil Reductase 348 units
NADH_linked Uracil Reductase 271 units

" NADPH-linked Thymine Reductase 180 units




TABLE V

Purification of Nuclei

(o)  Distribution of Marker Enzymes

Glutamate Acilehosphatase' Glucqse-é-phosphatase. 5'—Nucleotidase
: : Dehydrogenase : - : '
Fractions T : ' : ' . ‘ : ' ,
' S.A. % _ S.A. % . S.A. % ' Sehe. %
Homogenaté 1.83 100,00  1.63° 100,00 4.5 100.000 2443 100.00
S1. 2,65 . 57.71 345 83.53 5.42 6477 3.23 60.30
‘Debris 314 - 27,73 1.08 747 % - 5.08 16,99 ¢ 5.04 - 58.65
"~ Pure Nuclel 0.05 0.07 1.33 0,20 1.45 1.16 0.00 0.00
. % Recovery 85,51 91.20 82.92 B 118,95
(B) Distribution of Pyrimidine Reductase

, " 'NADPH + Uracil  NADH + Uracil - NADPH + Thymine

-Fractions : :
Svo % . S.Ao . % . S.A. %
" '\ R . . . ’

Homogenate 0.138  100.00 - , 0.104  .100.00 - 0.078 100.00

S1 ' 0.234 63.50 . 0.201 7047 : 0147 7722

Debris _ 0.223 29.31 : . 0.148 25.10 0.081 20.55

Pure Nuclei ‘0,000 - 0,00 © 0,000 0.00 : 0.000 0.00
% Recovery : . 92.81 R 95.57 . ‘ : 97.77
S.A. = Specific Activity

g = Percentage of Total Activity

ectT

% A different preparation was used for the assay of these activities and the debris of these fractions

© was less_contéminatedfby particulate matter.
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Table VI Distribution of marker enzyme

activities in different fractions obtained
dﬁring purification of 1ysos§mes. The
fractions were prepared by differential
centrifugation aééordiﬁg‘to the procedure..

outlined in Figure 4. Activity was measured

" . under the standard conditions of assay. The

number of enzyme units representing 100%

activity is as follows:

Glutamate Dehydrogenase 5,38 units
Acid Phosphatase 5,343 units
Glucose-b6-Phosphatase - 16,692 units
5' Nucleotidase 11,608 units

(F5 = Purified Lysosomes)




TABLE VI .

Purification of Iysosomes ‘

Distribution of Marker Enzymes

. i l\x
Glutamate Acid Phosphatase Glﬁcbse-é-phosphatasé 5'-Nucleotidase
. Dehydrogenase '
Fractions , S : _ ’
"S.A. % SuA. % Sehe B | S.A. %

Homogenate 1.53 100.00  1.38 100.00 v'3.82 100.00 2.48  100.00

Fy : 1.36 6.60  6.84  33.40  12.18 18.69 5.76 13.06

P, . 1,36 270 h8L 9.35 1181 7.7 3,04 LTl

Fg 1.2 140 6467 5,98 12.52 4.07 3.92 . 1.85

ﬁh 121 0.0h 833 374 16.69 2.0l ' 6.96 '1.23
s o 0.00  0.00 5463 - 2.61  16.25 0.2h 4.92 1.05

Sdhe = Specific Acti&ity

% = Percentage of Total Activity =

F; = Light Mitochondria ’

Py = Purified Iysosomes

o1
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Table VII Distribution of pyrimidine

reductase activity in different fractions
obtained during purification of lysoscmes. ' E E
The fractions-were'prepared gy d;fferen_

tial centrifugation according to the pro-
cedufe outlined in Figure 4. Activity was ' ‘,5

measured under the standard conditions of

assaye. The number of enzyme units repre-

“senting 100% activity is as follows:

NADPH-linked Uracil Reductase 599 units

NADH-1inked Uracil Reductase L02 units
NADPH-linked Thymine Reductase 311 units

(F5 = Purified Lysosomes)




, : ' " TABIE VII -

Purification of Lysosomes

Distribution of Pyrimidine Reductase in Fractions

A
A

Fractions NADPH + Uracil . NADH + Uracil ~ NADPH + Thymine
' | SuA. AN Seh. A S.A. %
Homogenate . | 0.137 100.00- | 0.092 iO0.00 : 0.071 100,00
P : 0.446  18.10 0.120  7.70 0.085  7.39
Fp _ 04460 g.10 . 0.122 3.40 0.088  2.89
Fy | | 0.641  5.80 - 0.123  1.70  0.120 2.25
F), | 0.737 . 2.50 0,100 0.40 ~0.184 0.96
i 0.050 10,001 - 0.000  0.00 0.000 0.00

S.A. = 3Specific Activity
% = Percentage of Total Activiﬁy
o= Light Mitochondria

92T

Fs' =- Purified Lysosomes
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Table VIITI  Distribution of marker enzyme -activi-
ties in different fractions obtainéd during puri-
fication of plasma membranes, The fractions were
prepared by,discontinudus sucrose density

gradient according to the procedu;e outlined

in Figure 5. ' Activity was measured under the
standard conditions of assay. The number of

enzyme units representing lOO% actiﬁity in

the hompgenate is as follows:

-Glutamate De hydrogenase , 2,787.units
Acid Phosphatase 3,026 units
Glucose-6-Phosphatase - 6,528 units

5'_Nucleotidase ' 2,544, units

\




-TABLE VIII

Purification of Plasma Membranes

Distribution of Marker Enzymes. in Fractions

: | Glutamate ‘ Acid Phosphatase Glﬁcose-é-phosphatase ‘St-Nucleotidase
Fractions Dehydrogenase
S.A. % S.A. % SeAe B s %
Homogenate 2.19 100,00  2.37 100.00 5.17 100.00 2.00 100.00
he-P 538 9170  2.69 4240 347 (5227 192 35.90
Lgs 0.34 5.0 1.6 46,13 2.61 WO L 61.80 |
15-2S . 0.00  0.00  3.30 1,80 18.40 5.60 - 3,20 - 3.10
35 0.00 - 0.00. 0.00 0.00 12,00 0.76 5.71 1.10
LS-55 2,20 0.10 9.8L 2.0 15.60 8.07 2.5 1.50
65 0.00 0.00 458  3.00 11.89 9.29 "8.13 6.20
7S 0.63 \ 1.10  3.85 10.40 20,70 18.17 1560 L5.40 -

70S-Supernatant 0.45 5,100 1.39 - 2470 0.14 1.06 3.02 6440

Seh.-

= Specific Activity
2 = Percentage of Total Activity -
. . ‘ =
75 = Plasma Membranes 3

70S-Supernatant = A combination of the 70,dOOXg supernatants_obtained after the fractions from the dis-

continuous. sucrose density gradient were centrifuged.
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Table IX - Distribution of pyrimidine
reductase activity in different fractions

' obtained during purification of plasma

. membranes. The fractions were prepared
by discontinuous sucrose density gradient
~according to the procedure outlined in
Figure 5, éxce%t that 15-6S were pooled.
fhe fractions were dialysed for 16 hours.
Activity was measured under the standard

conditions of assay. The number of enzyme

units representing 100% activity is as
“follows ¢
NADPH-linked Uracil Reductase 211 units

NADH-linked Uracil Reductase 143 units

NADPH-linked Thymine Reductase 92 units




TABLE IX

" Purification of Plasma Membranes

Distribution of Pyrimidine Reductase in Fractions

NADPH + Thymine

,‘78

'

NADPH + Uracil . NADH + Uracil
~Fractions S.A; % ~ S.A. % SeAs %
Homogenate 1 0.129  100.00 0.088  100.00 . 0.052  100.00
Lg-P 0.183  5L.60 0177 76.50 0.048  31.50
4g-5 0.179  53.50 .  0.062 27.20 0.097 66.30
. is_és 0.393 . 8.00 . 0.066 2.10 0.136 6.50
‘ 040k .20 0.119 6430 0,142 11.90
| ?os;Supernatant .\ 0.103 a0 0.035 - 18.80 0.058  48.90
! o \ . | |
T ) v
?.A. = Specific Activity'
% = Percentage of Totai Activity
75 = Plasma Mémﬁranes

?OS-Supernatant = A combination of the 70,000xg'supernaténts obtainedvaftef the fractions from the dis—

continuous sucrose density gradient were centrifuged.

€T




Table X Distribution of dihydropyrimidine

dehydrogenase activity in different fractions
ﬁnobtained during purificatiéh of.plasma mem-
;branes. -The fractions were prebared byvdis;
continuous sucrosé denéity gradient accﬁrding.
vto the procedure‘outlined in Figuré 5, except
that the fractions 15-6S were pooled. The
fractions were dialyséd fOr_iébhoups.'
Activity'was measured under the standard
conditioﬁsvof assay. The number of énZymev
units representing 100% activity is as

follows:

i
i
|
|
]
{
-
¢

NADP'-1inked Dihydrouracil Dehydrogenase 2/ units

NAD+;linked Dihydrouracil Dehydrogenase LO units

NADP'-1linked Dihydrothymine Dehydrogenase 28 units




TABLE X

Purification of Plasma Membranes

Distribution of Dihydropyrimidine Dehydrogenase in Fractions

- wapP* + DHU . Nt +DHU  NADP + DHT
Fractions : . . .

o S.A. % | S.A. 1 S.A. 7
Homogenate 0.013 1od.oo o 0.024 100,00 0.016  100.00
Le-P | 0.0008  2.08 0,002 1.8 0.0008 - 1.85
Lg-S . 0.3 108.00 0.056.  87.50 - 0.041  100.00
15-63 L 0.023 375 . o.0m0 Lal2 0.029 5.17
75 ' 0.019  5.83 0,042 7.50 . 0.019 - 5.00

- 70S-Supernatant 0;032 91.66 0.038 85.00 0.036 - 92.85
S.h. = Specific Activity '
% = Peréentage of Total Activity |

7S Plasma Membranes

70S-Supernatant = A combination of the 70,000xg supernatants obtained after the fractions from the dis-

AR

continuous sucrose density gradient were centrifuged.
~
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. Table XI Inhibition of NADPH-linked and

NADH~linked uracil reductase by nucleotides

~and cations. Dialysed light mitochondfial .

fraction was used to assay the activity of

NADPH-~linked uracil reductase, and dialysed

"heavy mitochondrial fraction was used to assay

the activity of NADH_linked uracil reductase.

The'enzyme fractions used when Pi was included
in the incubation mixture ﬁere dialysed as
described under "Materials and Methods" except
that Tris buffer pH-7.0 ﬁaslsubstituted for

phosphate buffer pH 7.0. Activity was measured

“under the standard conditions of.assay, but in

. the presence of various concentrations of the :

nucleotides, cations or complexes.
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S = TABLE XI |

Inhibition of Uracil Reductase by
- Nucleotides and Cations

NADPH-1inked NADH-1inked

.Mg

Uracil Reductase Uracil Reductase
Inhibitor Conce. % -‘Inhibition ™ : % Inhibition
ATP Tm © 0.0 0.0
| sy 17 2041
T0m 32 296
ADP - 1mM | ' 0.0 . 0.0
5mM 0.0 | f‘A 0.0
10mM 0.0 0.0
AMP: M © 0.0 0.0
| Smd 0.0 . 0.0
o Lom oo 0.0
H 1mM | 0.0 : 0.0
Sm 6.6 . sa
10mM | 12.2 | 9.2
- ATP-Mg md ' 5.6 0.0
” - 5mM - 27.5 29.6
| 10mM 476 7.2
ADP-Mg 1mM ' 0.0 7 0.0
SmM | 3.4 2.9_-
10mM | 5.6 | 5.2
AMP- Mg At 0.0 ’ 60 
| SmM 2.6‘ 'V .2.2
loms 6.5 5.6
P somM 0.0 0.0

1oomM 0.0 - 0.0
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. Table XIT Solubilization of NADPH-linked

uracil reductase and glutamate‘dehydrogenése.

- The respective fractions were prepared accord-

ing to the procedures outlined in Figures 2, 3.
and Se Activity'was measured under the |
standérd.cohdiiions'of assay, except that a
portion of each fraction was made 5.4 with
glycerol to test fér soiﬁbilization, and allb
assays were done before the fractions were

frozen.




TABLE XIT

Solubilization of NADPH.linked Uracil Reductase and Glutamate !
Dehydrogenase in Rat ILiver Fractions

3y

Glutaméte Dehydrogenase ' NADPH-1inked Urécil Reductase
Fractions - S.he  Seh. Ratio  S.A. Sels Ratio
| Before  After S.A. After Before After Sehe Aftef
: S.A. Before S.A. Before
" Homogenate | 0.921  1.694  1.84 0.088  0.155 1.76
© Debris _ 2.372  2.765 1.7 ‘ 0.057  0.117 2.05 .
Purified Nuclei . 0.846 0.846 1.0 -~ 0.000 0:000 0.00
Heavy Mitochondria 1.806  5.637  3.12  0.043  0.161 3.7a_
Light Mitochondria 0.423  0.853  2.02 0.137  0.645 LTL
Plasma Membrane . 0.016  0.016  1.00 - S 0.156  0.425 - 2.72

S.A. = Specific Activity

9¢T
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Table XIII ~ Partial purification of NADP'. .

linked and NADT-linked dihydrouracil dehydro-

genase, The purification steps were carried

out as described under "Materials and Methods'.

Activity was measured under the standard con-
ditions of assay, except that phosphate buffer
pH 7.5 was used as the buffering medium in both

cases.,




TABIE XITI -

Partial Purification of NADP*;linked»ang NAD'-1inked
Dihydrouracil Dehydrogenase :

\

NADP+-1inked Dihydrouracil Dehydrogenase . NAD+;linked Dihyérourééil Dehydrégenase
Fraction - Total Activity S.A. % Recovery Total Activity Se.As % Recovery
| Homogénate 133.00 0,041 100,00 152.00 0.046 100.00
" Supernatant ‘ 121.00 » 0.0éh 90.60 _ 126.00 0.097 83.00
ASq _ 1.00 0.023 0.70 A 1.40 0,033 0.90
AS, . 103.00  0.150  77.00% £109.00 0.160° 72.00
Sy ~ 3.70 0.0L0 . 2.70% - 7.30 ©0.079 L8O

- SJA. Specific Activity

8¢T
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Table XIV. Tissue distfibution of pyrimidine
reductase and dihydrbpyrimidipe dehydrogenase
activities. FEach tissue was homdgéﬁized in-
0425M sucrose + 5m¥/4?_mercaptoethanol, ﬁhen

dialysed for 16 hours. Activity was measured

under the standard conditions of assaye




- o  TABIE XIV

Tissue Distribution of Pyrimidine Reductase and
Dihydropyrimidine Dehydrogenase

Specific Activity

Enzyme . Heart Liver Spleen Whole Kidney‘ Testis Brain Muscle
: ‘ : Blood :

NADPH-linked Uracil 0.0 . 0.101 0.0 0.0 0.0035 0.0042 0.0 0.0
Reductase ‘ :
NADH-1inked Uracil 0.0 0.086 0.0 » 0.0. 0.0032 - 00,0090 0.0 0.0
Reductase : » o
NADPH-1linked Thymine 0.0 . 0.042 -0.0' 0.0 - 0.0050 0.0 0.0 0.0
Reductase :
NADP'-1inked Dlhydroura011 0.0 0.038 0.0 0.0 7 0.,0034 0.0 0.0029 0.0
Dehydrogenase : g

- NADT-1inked D1hydrouracml 0.0 0.045 0.0 0.0 ‘ 0.0066 0.0058  0.0015 0.0
Dehydrogenase .

‘ NADP'.1linked Dihydrothymine 0.0065 0.028 0.0056- 0.0 0.0048 0.00BS 0.,0133 0.0
Dehydrogenase : ' ,

07T




