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CEHAPTER-X

DISCUESESION

The present study was undertaken to find out
what stages or steps of metabolism are affected by
SRC~820, 2-methyl-3-(3'~methyl-2'-pyridyl)4(3H)
guinazolinone, and compounds of similar structure.
SRC~-820 was synthesized and shown by another group of
workers1 to possess analgesic and tranquilizing propere
ties. In the case of some other quinazoline-—4-one
derivatives, it was shown that they possess bacterio-
static properties (Baker et gl, 1958; Hutchison, 1968;
Muraveva gt al, 1971 and Varma, 1975). It was felt
that bacterial system will prove t0 be =z simpler tool
for finding out the exact step influenced by SRC-820,

the cempound under investigation.

Because of its having a pyrimidine ring substi-
tuted with alkyl and aryl radicals, it is possible that,
like many other substituted pyrimidines - methotrexate,
aminopterine (Seeger et al, 1949; Hutchings and
Burchall, 1965), SRC~820 may have the potential to act

as a folic acid antagonist (Albrecht and Hutchison,1970).

17 Personal Communication, Sarabhail Research Centre,

Barodsa (India)e
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Thus the felate requiring organism Streptococcus

foaecalig-R (ATC@~8043) was chosen for this studys

Before proceeding into metabolic studies, it
was felt that a colourimetric method simpler than the
available methods for estimating substituted gquinazo-
linones such as methaquaslone, should be devised. A4
method baged on acid hydrolysis followed by diagotiza-
tion and coupling with beta~naphthol was devised
(Jani and Srinivasan, 1972). The method is described
in detail in Chapter~IIIl and is suitable for estimation
of this compound in tThe range of 10 to 200 pe. Also,
it was found that the increase in optical density
(at;300 nm) subs equerit to acid hydrolysis can be
utilized for estimating smaller amounts of SRC-820 in
the range of 2~16 pgs Such an increase in optical den-
sity at 300 nm after acid hydrolysis was not observed

in the case of methagualone,

After having succegsfully devised a method,
the effect of SRC-820 and methaqualone on the growth of
Ssfaecalis was investigated. The results (Chapter—IV)
clearly indicated that both methaqualone and SRC~-820
at a concentration of 5 X 10 °M inhibited the early
stages of frowth of this organism (Jani and Srinivasan,

1977). Sometime after these results were published,



:
Seshavataram and Rao (1977) also reported,using an
empirical method, the inhibition of bacterial growth

by quinazolone derivatives. The growth inhibition study
presented in this thesis not only tskes into account

of +the amount of cells but also their metabolic activity
in the form of lactic acid production. Both were found
0 be inhibited. The fact that methaguaslone is more
potent in inhibiting the growth and acid production than
SRC-820 can be explained by the greater lability of

SRC~-820 in acid than methagqualone (Chapter-III),

An alternate explanation can be that the organism
degrades SRC~820 but not methagualone. In this context,
it can be mentioned that some microorganisms such as

Pseudomonas aeruginosa, Sarcina lutia and flavobacterium

metabolime L~tryptophen through o-amincacetophenone and
subsequently to 4~methyl-2-alkyl quinagoline which can be
further degraded by dioxygenase system present in these
organisms. (Mann, 1967; see also Doelle, 1975). The
conversion of 4-hydroxyguinagoline to 2,4~dihydroxyquins-
zoline is also reported to occur in some bacterial species
as part of a degradative pathways (Grant and Al Nejjasr,
1975). It is therefore, not unlikely that S.faecalis
also may possess the ability to breakdown or convert
quinagolinones derivatives to simpler compounds., In
eanimals, it was reported; 2,3—disubsti#uted guinazoli-

nones are converted to Nt oxide derivetives and



excreted (Murata and Yamamoto, 1970)@ Whern unsubsti-~
. tuted quinazoline was employed as substrate for milk

and rebbit liver xanthine oxidase in in vitro experi-
‘ments, 4-hydroxygquinazolone was found to be one of the

products (McCormack, 1978; Cf.Krenitsky et al, 1972).

It is possible, therefore, that the organism
degrades SRC-820 but not methagqualone, as seen by.
gradual reduction in the extent of inhibition at later
stages of growth.,. Apparently, the substitution of
gquinazolinone ring with beta~-methylpyridine ring renders
the compound susceptible to breakdown by acids as well

as by cellular enzymess

Inhibition of growth of S.faececslis by SRC-820
can be reverased by addition of liver extract (source
of f£olic acid) and shows the pyotential of this compound
t0 act as a folic acid antagonist. Seversl disubstituted
quinazelinone derivatives other than SRC-820 were tested
by a greup of workers against S.faecalis and were found
to act as folate antagonist (Lespagnol et a1, 1973),
but these compounds were much less active as compared to
methotrexate. The search for more effective quinazoline-
antifolates is & continuing one and a vast literature is
available (Montgmomery and Wood, 1964; Hutchison, 1968
and Blslagexr gt al, 1972). However, it will be necessary
0. wcarry out further studies with SRC-820 to confirm

its antifolate action,

[,

4



OV, %

In the next stage of investigation, washed
cell suspensions were used to study the effect of
SRC-820 on S.faecalis respiration. The results obtained
by using glucose as substrate (Ghapter~V), show that at
concentrations higher than 3.3 X 10-3E respiration is
inhibited (Barker et al, 1964). With fructose as
substrate, & similar effect could not be shown. This
mey be due to higher Km for fructose for phosphoryla-
tion by hexokinase (4Axelrod, 1967). It should be
pointed out that, beyond a concentration of
2,67 X 10*3ﬁ, higher concentrations of fructose

were not tested.

With either of the substrates, SRC-820 was
shown to inhibit respiration although the inhibition
of fructose respiration was slightly less than that

found in the case of glucose.

Inhibiteory effect of jodoacetate and sodium
fluoride was azlso demonstrated using cell suspension,
Inhibhitory effect of iodoacetate is reduced when
SRC=-820 was alsoc present in the medium. Such reduction
in inhibition in presence of SRC-820 could not be
demonstrated when fructose was the substrate. Although
no definite explanation can be given for this, it is
well'known that the entry of fructose into the cell is

mediated by a phosphoenolpyruvate ¢ D-fructose—1=-
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phosphotransferase system (Fraenkel, 1968; Hansen

and Anderson, 1968; see also Thompson, 1978) yielding
fructose~1-phosphate. The latter substance is
converted to fructose-1, 6~diphesphzte by another
inducible enzyme D-fructose-l=phosphatekinase

(Hanson and Anderson, 1966). The lack of reversal of
inhibition due to iodoascetate by SRC-820 may be due to
its inhibitory effect OQ the agove two reactions. This
will result in less FDF formation and in turn less
formation of GAF:. In the light of the results obtained

with acetone powder extracts in latter experiments,

this explanation appears to be more probable (Chapter-VI)o

The cause for reduction in inhibition due to
iodoacetate in presence of SRC-820 is perhaps due to
the possibility of the latter substance undergoing
alkylation, thus effectively reducing the amount of
iodoacetate reacting with the ~SH greups of the enzyme
proteings Of additional interest is the findings of
Cho and Pitman (1974) end Pitman and Morris (1979)
that the uvnsubstituted quinazoline can react with
sulfhydral groups. SRC-820 may also compete with iodo-
acetate for the ~SH groups. This explanation appears
all the more probable in the light of the results

obtained by incubating the cells with iodoacetate at

first and later adding SRC-820 when no reduction in



inhibition takes place (Chapter-V, Section Lo.4)s It

was also shown in this study that the parent compound
(Quinazoline-4-one~HCl) inhibits glucose respiration
to the same extent asvthat of SRC-820 while P-picoline,
the aryl substituent, does not. The inhibitory action
of SRC-820 is due to thé gquinazoline nucleus rather
than to the substituentss The reverse is true in the
cage of Ffructose respiration viz. gquinazoline-4-one-HCL
does not inhibit whereas pnpicoline does. Both these
compounds do not lessen the ilodoacetate inhibition of
both glucose and fructose respirstion. This may point
to the existence of a different pathway for utilization

of fructose in this organism.

Whereas SRC-820 reduces the ilodoacetate effect
on glucose respiration,in the case of fluoride, it
augments the inhibitory effect. This can be explained
on the basis of the chelating property of gquinszelinone
and its derivetives (Dave et 21, 1969; Sanghavi and Pai,
1974; Pellimzi and Pellizzi, 1975; Battaglia et 21,1976,
Like fluoride which acts at the enolase step probably
forming a complex with magnesium and phosphate
(Warburg and Christian, 1941; Cf, Melmstrdm, 1961),
SRC~820 may also form a complex with magnesium thus

adding to the influence of fluoride, Such perhaps is



the case is shown in a latter study (Chapter—VII)
where the inhibitory effect of SRC-820 is reversed

by higher concentrations of magnesiums.

Results obbtained with acetone powder extracts
of S.faecalig-R confirm the inferencesarrived at in
the respiration studies (Chapter-V)s It is shown in
this study that aldolase of S.faecalis~R belongs to
Class~1I, requiring metal ilong for activity. Although,
a definite requirement for Fe2+ or Coz+ could not be
demonstrated, the fact that the enzyme is inhibited by
EDTA shows a definite requirement for metal cations.
The metal, in this case, is perhaps covalently bound
to the enzyme and hence no stimulation due to externslly
added ions could be shown (Horecker et al, 1972).In
this connection, it can be mentioned that even amongst
the same group of o?ganisms, FDP=aldolase of

Lactobacillug casei, was shown to belong to Class-I

(London, 1974)e The occurrence of a Clags-II aldolase
in a related strain of S.faecalis was reported by the
same investigator (London, 1974). In the present study,
it was also shown by the use of different buffers, that
aldolase of S,faecalig-R resembles serum aldolase

(Beok, 1957) in having an opbtimum pH, near to T.4.



Inconclusive results as to the effect of
SRC-820 on zldolase can be explained as due te its
interference in the method of estimation of phosphate
or its lability in acids or alkelies. However, when
the influence of this compound on GAF-dehydrogenase
with fructose-1,6~diphosphate (FDP) as substrate was
studied, a definite stimulatory effect was seen. (In
a few experiments, a stimulatory effect of SRC-820
on aldolase was alse seen). It looks as though, that
SRC=820 may act as a stimulatogf of aldolase rather
than of GAP-dehydrogenase, It was also observed in
aldolase experiments that fluoride acts as a stimulator
of activity. .Probegbly it brings about this action by
removing some of the inhibitory ions present in the
acetone powder extracts. BDTA, being a more powerful
metal complexing agent, removes the favourable cations
also, thus inhibiting the enzyme activity. A similax
explanation can be offered, in the case of SRC=~820
alsojybased on its complexing property (Cf. Dave et g1,
1969; Malesani et al, 1972; Pelizzi and Pelizzi, 1975;

Battaglia et al, 1976).

The well known inhibitory effect of iodoacetate
on GAP-dehydrogensse is also shown in this study. It

can be inferred that the active site of the enzyme in

€L



S« faecalis~-R contains sulfhydral group (Boyer and
Segal, 1954), Results, identical to those obtained

in respiration experiments, namely that the inhibition
due to iodoamcetate is reduced in presence of SRC-820,
were also obtained with acetone powder extracts and

a similar explanation is also applicable heres The
observed stimulation in GAP-dehydrogenase activity by
sodium Ffluoride can arise from its effect on aldolase,
since the reaction (GAPnDH) was studied using FDP as
substrate, But in the case of SRC-820, its stimulatory
effect cannot be said to be confined to a single
enzyme, either aldolase or GAP-dehydrogenase. It is
more probable, however, that, because of its metal

chelating property similar to that of fluoridesits

action lies at the level of aldolase than at GAP-DH,

The iuhibitory effects of sodium fluoride and
SRC=-820 on respiration are confirmed in the study on
enolase in acetone powder extracts. Enolase of yeast,
as well as 3-PGA mubtase, regquires Mg2+ for its activity
(Grisolia, 1962), Enzymes of S,faecalis-R also do not
differ from them. As expected, EDTA is found to be a
powerful inhibitor of the reaction., Inhibition due to
SRC-820, it is found, can be overcome by increasing the
. concentration of Mg2+ (Chepter-VII, TableXl). The

total gbolition of respiration in the combined presence



the results of the enolase experiment, where the

effect of both these compounds is observed to be
2dditive. The reversal of inhibition due to SRC~820
by added Mg2' indicates thet similar to fluoride,
SRC=820 also may form a complex with magnesium and

phosphate.

The effect of SRC-820 at the level of G4P~
dehydrogenase and enolase shows that its effect on
cavbohydrate metabolism is brought sbout due to its
metael complexing properiy which may result in either
the removal of inhibitory ions bdr the activating onss.
Bue to this property, stimulation cf gldolase activity
and iunhibition of enolase asétivity result. In the case
of aldolase, the action is one of remowel of dinhibitory
jons and iz the case of enolase, it is of reacting with
ions required for asctivity. It can be speculated that
the inhibitien of glycolysis by the major Embden-
Meyerhof Pathway results in the organism resorting te
alternate pathways of utilization. That, such s
possibility exists in S.fsecalig, can be inferred from
the gradual weakening of the inhibitory effect of
SRC~820 on growth with time (Chapter~IV). Several
reports (Gunsalus et 21, 1955; Sokatch et al, 1956;

Sokatch and Gunsalus, 1957; Brown and Wittenberger,1971}

VSR AN
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indicate that one of the alternate pathways, the
/ * -
Hexose Monophosphate (HMP) pathway for glucose utili-

zation is operative in S.faecalis and the possibility

that the effect of SRC-820 may be absent on this

pathway wes next explored,

A few characteristics of Glucose~6-phosphate
dehydrogenase of S.feecalis~R were also brought to light
in this study. These are: (1) the enzyme is specific
for NADP and shows little or no activity with NAD® even
when ten times the amount of NADF' was used (ii) Mg2T
is required for activity and (iii) chloridé ions stimu-
late its activity (Cf. Mangiarotti and Garre, 1965 ),

Thisg Mgwreguiring enzyme is also inﬁibite& by SRC-820.
With the use of artificisl electron acceptor, such as
2,6=dichlorophenolinddphenol (DCIP), a similar inhibifory
effect of SRC-820 was seen, In this reaction, the
inhibitory effect of SRCO=820 can be explained again on
the basis of its chelating property. Unlike, in the

case of enolase, reversal of inhibition by higher concen-
trations of magnesium, could not be studied. Thus, it
can be inferred that both glycolysis and HMP pathway -

are affected by SRC-820.. , ‘

It can be safely assumed that blocking of both
these pathways will result in complete abélition of-

respiration with the attendant loss of energy for the



organism to survive or maintain itself. The continued
uptake of 02 in presence of SRC-820 can be explained

on the basis of breakdown of this compound by cellular
engymes or its.lack of ability to completely inhibit
both glycolysis or direct oxidation of glucose. It
should also be borne in mind that this organism is
versatile in its metzbolic ability to employ many
alternate routes for ascquiring energy. Thus, the oxida-
tion of reduced coenzymes and transport of hydrogen to
oxygen should play an important role whatever may bé the

alternate routes resorted to by this organism.

The oxidation of NADH and NADPH by extracts of
Sefaecalis cells was thus investigated and the resulis
presented in Chapter-~IX., The general characterigtics of
these reactions are in agreement with those reported by
Dolin (1955, 1961) with other organisms such as Clostrie
dium and other strains of S.fsecalis (Cf.Weber and
Kaplan, 1954).

It is known that lactic acid bacteria have a
rud imentary respiratory system (Wittenburry, 1960). They
may contain cytochromes but depvend entirely on £flavo-
proteins (Dolin, 1961) for their respiration., However,
some lactic acid bacteria including S.faecalis can

synthesize a functional membrane bound cytochrome system

when they are grown in medias containing a hesematin-like
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compound (Bryan-Jones and Wittenburry, 1969;
Ritchey and Seeley, 1974), It was observed by

Pritchard and Wimpemny (1978) that S.faecalis variety

gymogens strain TR, showed low level of membrane

bound NADH-oxidase activity and this was possibly

due to the traces of haem compounds present in yeast
extract used in the medium. In the present investiga~
tion also, S¢fagcalis~-R was grown in a mgdium containing
04 gm % of yeast extract (see Chapter-II, Materials and

Methods) and the crude cell extracts of S.faecalis

showed good amount of "NADH-oxidase" activity,

S.faecalls~R cells pogsess active enzymes such
as NADH-oxidase or diaphorase (Dolin, 1960). The pero=
xidase activity, however, could not bée demonstrated.
NADH~oxidase activity was found to share many of the
properties reported by Hoskins gt al (1962), Walker and
Kilgour (1965) in Se.faecalis 10C1 and L.casei, respectively
in its instability to storsge and dialysis. This loss

in getivity cannot be prevented by addition of albumin

to increasse the concentration of proteins

SRC=820 inhibitg, perhaps competitively, the
activity of NADH-oxidase (Chapter-IX). The enzyme is
also inhibited by pCMB and iodoacetate showing that
~SH groupe are necessary for ite activity (cr. Hoskins

et al, 1962). TUnlike what was observed in the case of

——



‘iodoacetate, with GAP~dehydrogenase, presence oI
SRC-820 increases the iﬁhibitory effect of these
compounds on this enzyme. It has been shown by

several workers (Mahler and Elowe, 1954; Bray et . al,
1961) that metal ions sﬁch as Fe play o significant
role in this reaction. The gdditive effect of BRC~.820
in this case can be due to its forming a more stable
complex with PFe than with magnesium as was seen in the
case of enolase. SRC~820 does not seem to exert its
action on -3H groups of this protein. The compound
8-hydroxyquinoline (Albert et 2l, 1947; Albert, 1970),
another well known metal chelator is also found %o
inhibit NADH-oxidase activity. Thus, it can be inferred
that, in this strain of SBe.faecalis~-R also, oxidation of
NADH is brought about by a metalloflaveprotein as in

many other organisms, as given belows

[s]————>Fp (M )—>— —0

[al >0

where [S] stands for subgstrate, FP for flavo-
protein, [A] for artificial electron acceptor
and (M%) for metals



[

Similer results were obtained when oxidation
of NADH was followed using DCIP as electron acceptor,
It is assumed that by this method, the activity
estimated is that of what was once known as 'diephorase!
(Lipoamide dehydrogenase, NAD: lipoamide ozi&oreduct@se
BCe166.40.3; Massey, 1960)s By this method, oxidation
of both NADH and NADPH by S.foecalis extracts was
demonstrated (Chapter-IX). The activity was higher in
tris buffer than in phosphate buffer. Neither SRC-820
nor the free quinazol inone-4-one inhibit the oxidation

of NADH, when DCIP was used as the electron acceptor.

The use: of artificial electron acceptors may
eliminate the participstion of the natural acceptors
such as metal,cytochromes etec (Mahler and Blowe, 1953);
Peterson and Peterson, as early as 1945, have shown
that various lactic acid bacteria and H.coli contain
compounds with‘vitamin K activity, participating in
electron transport. Baum and Dolin (1963) have isolated
a membrane bound, borohyd;ide reducible compound,
(2-solanesyl-1, 4-naphthoguinone)y from the lipid

extract of S.faecalis.

Ssfaecalis diaphorase funcitions preferentisglly
with such guinones as electron acceptors (Dolin and

Wood, 1960), from flavoproteins through metal ions.

b
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The lack of inhibitory effect of SRC-820 can be
attributed to the by-passing of the metal cofactor

reguirements as outlined earlisr,

The above results taken together Llead to the
conclusion that the effect of SRC~820 on carbohydrate
metabolism in brought sbout by chelating the metal
cations needed for enzyme activity. The effect is more
prominent at the level of convergion of 3-PGA to PEP
and reoxidation of NADH, The inhibition of respiration
of S.faecalis cells by SEC-820 is more due to its effect
on NADH-oxidation and the inhibition of glycolysis is
more due to its effect on enolases The gradual reduction
in inhibition of growth and respirstion with time points
to the possible existence of alternate pathway of
utilization of carbohydrate in B.faecalis. It also

indicates that SRC=-820 does not compete with NAD as

reported by some workers (Seth et 2l, 19643 Parmar and

Seth, 1965) in the case of methaqualone in animal tissues
but only inhibits the oxidation reduced NAD by complexing

with metal ions.

Also, the study has revealed that SRC-820 may
act as an antifolate with repercussions on the metabolism
of other substances, besides carbohydrates, But further

studies will be needed to explore this fully.



In coneclusion, it can be sailid that the guina-
zol inone derivative, SRC~820, at millimolar concen-
trations inhibits glycolysis and HMP pathway and
reoxidation of NADH by NADH~oxidase. The inhibition
is brought about by its forming complexes with

essential cations needed for enzyme activity.
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