V. BEXPERIMENTS ON S.FAECALIS RESPIRATION
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CHAFTER V

EXPERIMENTS ON S.FAECALIS RESPIRATION

It has been demonstrated that methagqualone and
SRC~-820 inhibit the growth and acid production in
S.faecalis at the early stages (see Chapter-1V, Growth
Experiments). In the following experiments, the effect
of BRC~820 and unsubstituted quinazolinone on the
resgpiration of washed cell-suspensions of S.fascalis~h

was studied using glucose and fructose as substrates.

Several substances including glucose and fructose
were used as substrates. Among them, when pyruvate
either alone or with citric afid cycle intermediates
or with yeast extracts was employed as substrate,
little oxygen consumption could be seen. The cell
suspensions, it was found, were able t0o utilize Lecysteine

as substrate when used at a concentration of 5 X 10™%m

(0xygen consumption 54 pl/ml cell suspension). Oxygen
upteake by the cells was found to be more with glucose
or fructose as substrate than that observed with
Lecysteine. Oxygen consumption was 2 times more with
fructose than that obsgerved with glucose. A4As compared
to glucose as substrates, 73 pl of oxygen uptake was

seen with the same concentration of fructose under

identical conditions. It was seen that in the case of



both these substrates, little oxygen comsumption took

place beyond 20 minutes.

A,1 Bffect of various concentrations of glucose and

fructose on Cell Respiration:

In the next experiment, different concentrations
of glucose ranging from 1 pM te 100 pM per reaction
vessel was employed. Results are presented in Fig.6s
As can be seen from Fig.6 a linear rate of oxygen uptake
iz observed upto a level of 10 pM of substrate per vessels
Beyond this substrate concentration, the oxygen uptake
was not linear. At substrate concentrations higher than
10 FM’ oxygen uptake was found to be low., Hence in
subsequent experiments, the final concentration of glucose
was kept at a level of 3,3 FM per reaction vessel to
ensure & limear oxygen uptake, during the time of

experiment.

A similaxr experiment was carried out using diffe-
rent concentrations of fructose. Concentrations of
fructose ranged from 1 pM to 8 FM per reaction vessel,
and the oxygen uptake is linear with increase in concen—
tration of fructose upto 8 pM/vessel. At 3.3 pl/vessel
of fructose, about 73 pl of total oxygen consumption
was obtained. When the amount of fructose was doubled
(6.6 FM/vessel) the oxygen uptake per hour was found to

be about 137 Fl° Unlike glucose, with fructose, no



Effect of various concentrations of glucose on

Se.faecalis respiration.
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GLUCOSE IN UM/ VESSEL

Assay System?

Reaction vessels contained in a total volume of 3 ml,

Cagtfree Krebs Ringer phosphate, pH 6.6 concentrations of

glucose as shown in the fige and cell suspension, 0.5 ml.
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inhibvition in oxygen uptake due to increased substrate

concentration was seens

Ae 2 Bffect of SRC-820 on Cell Respiration using

glucose as substrate?

s

At & the outset, the gtudy of the effect of
SRC~820 on cellerespiration was besget with difficulties
due to its poor solubility in w;ter and many inert
solvents. Out of the various solvents tried
(proPylene-glycol, phosphate buffer, ethanol and
glycerol), ethyl alcohol (10% v/v or 25% v/v when
higher concentrations of SRC-820 were used) was Tound
suitable. Bthyl alcohol at this level (10% v/v)
inhibited cell=-respiration by about 18% (Westhead and
Melmstrom, 1957) and thus, this also proved to be
unsatisfactory. Finally, the hydrochloride salt of

SRC-820 was.prepared and the solubility of this in water,

though less than in ethanocl, was satisfactory.

Different concentrations of SRC-820-HC1l were
used ranging from 0,55 X 10-3M to 10 X 10"3ﬂ, keeping
glucose concentration at a final concentration of

1.1 X 107>

Y and the effect of SRC-820+HCL on S.faecalig
cell-respiration was studied (Figo7)e As can be seen
from Fig.7, inhibition was found to be about 17% even

when SRC-820+HC1l was used at nearly 10 times the

substrate concentration.

&



Effect of different concentretions of SRC-820-HCL on

the respirationn of S.fazecalis using glucose as substrate.
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Assay System:

All reaction vessels contained in a total volume of
3 ml: Cagtfree Krebs Ringer phesphate, pH 6.6, (tripple
strength), 1 ml; glucose (side arm), 3.3 pmoles; cellw
suspension, 0,5 ml and SRC=820-HC1l as shown in fige

Oxygen consumption without inhibitor was 30 pl at

20 min,




4,3 Effect of Iodoacetate on S.faecalis Respiration:

The next series of experiments were carried out

to study the effect of iodoacetate on the respiration

of S.fascalis. Iodoacetate at a level of 1.1 X 107 °M

completely inhibited the oxygen uptake. Various concen-
i 4

trations of iodoacetate ranging from 1.4 X 10 M to
2.3 X 10~4M were used (Fig.S)e As shown in Pig.8,
inhibition in oxygen uptake increased with increase in
concentration of iodoacetate. About 22% inhibition in

oxygen uptake was seen with the lowest concentration of

iodoacetate (1.4 X 10”4E) and about 50% inhibition was
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seen at the highest iodoacetate concentration (2,3 X 10-42).

In this experiment, iodoacetate was taken in the main
compartment of the Warburg vessel along with the cellss

Glucose was tipped in at 0 times

A.4 Bffect of SRC-820 and Iodoscetate on Resgpiration of

S.faccalis,
Botascalls

i) Concentrations of iodoacetate and SRC-820 HC1

4M and 1 X 10—2M respectively.

were kept at 1.4 X 10°
Cell-suspension, iodoacetate and/or SRC-820-HC1l were
taken in the main compartment with buffer. As can be
seen from Fig.9 inhibition due to iodoacetate alone was
about 37% which gets reduced to about 7% in presence of
SRC~820-HC1 while SRC-820+HCl alone showed about 15%

inhibition.



pffect of Iodoacetate on the Respiration of S.faccalis.
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Assay System:

A1l reaction vessels contained in a total volume of
3 ml ¢ Caztfree Krebs Ringer phosphate, pH 6.6, (tripple
strength), 1 ml; glucose, 3.3 pmoles (side arm) and

cell-suspension, 0.5 mle

Test vessels contained, in addition, different

concentrations of iodocacetate (IAA)A

®—® Control; O—0O , A—A and B—N
represent 1.4 X 107%M, 1.7 X 107%K and 2.3 X 1074y 1aa

respectivelys




Effect of SRC=820+HC1L on Iodecacetate inhibition.
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Assay System?

A1l reaction vemsels contained in a total volume of
3 ml 3 Caztfree Krebs Ringer phosphate, pH 6.6 (tripple
strength), 1 ml; glucose, 3.3 pmoles (side arm) and
cell~suspension, 0.5 ml.
Test vessels contained, in addition, iodoacetate,
0.43 pmole and SRC-820+HC, 30 pmoless ﬁ
®—® Control (6); O—O  With SRC-820 (6);
A—A yitp 1aa (3) and @—@ With TAA + SRC-820 (5).

Figures in parentheses represent number of experiments.
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ii) In the next experiment, effect of lower concen-
trations of SRC-820+HCLl were studied, on inhibition due
to iodoacetate. Concentrations of SRC~-820-HCL ranged

3M to 6.6 X 10~3Mo It was seen that

from 1,67 X 10~
inhibition due to iodoacetate was found to be completely
reversed, when SRC-820+HCL at a level of 6.6 X 10™°M

was also present, It must be noted that in the absence
of iodoacetate, SRC-820+.HCl did not exert any apprecisable
inhibition.

In the preceeding experiment, it was shown that
the inhibition dve to iodoacetate was reversed in
presence of SRC-820-HCl., However, when iodoacetate was
incubated with cells and SRC-820:HCl added later, no
reversal in inhibition could be seen. The experimental

conditions were kept the same as in the previous experi-

ment (A.4-1i).

iii) In another experiment, the concentration of
SRC~820-HC1 was © reduced to the same level as that of
4

iodoacetate i.esj 1.4 X 10 'M. No reversal of inhibition

due to iodoacetate could be seens

In the next experiment, less amount of iodoacetate
(1 x 10-4M) gnd the cells were incubated in the side arm
and the effect of SRC-820+*HCl at a concentration of
1 X 10_2M was studied. It was seen,when iodoacetate alone

was present (1 X 10’4m), an inhibition of 55% was obtained.



This gets reduced to about 30% when both SRC-820-HCL
and iocdoacetate were present, Thus, a partial reversal
of inhibition due to SRC=820 can be seen. This is

discussed under "Discussion" (Chapter X)»

In the next experiment, using.the same experimental
conditions (A.4-i) but with higher amounts of iodoacetate
(now 0.7 pmole/3 ml of remction mixture i.e., 2.3 X 10™%u),
similar results were obtained. However, with this high
amount of iodoacetate, the extent of inhibition was also
found to be high (about 42% inhibition was observed by
iocdoacetate alone which was reduced to about 17% in
presence of SRC-820-HCL (1 X 10—2E)e Equimolar concentra~
tions of SRC=820-HCL (2.3 X 10”%M) and iodoacetate did not

show such a reduction in inhibition due to iodoacetates

Since there was a possibility that iocdoacetate used
in these experiments might have contained some free iodine
and the phenomenon observed may be a combined effect
exerted by these two substances, hence iodoacetate was
treated with benzene (see "Methods and Materials“) and
the iodine-free iodoacetate, thus obtained, was ﬁsed in

the following experimenfsa

The effect of iodine~free iodoacebtate either
alone or with SRC-820+HCl on cell respiration was studied.
The results are presented in Table-~IV, Ap can be seen

from Table-~-IV, treatment with benzene did not affect the



TABLE= IV

COMPARATIVE EFFECTS OF BENZENE-TREATED AND

UNTREATED IODOACETATE ON S.FABCALIS RESPIRATION

M\.}

Additions pl. of O2 Inhibition
consumed (%)
in 20min,

1. None 26,8 ~
2. + IAA 16,7 37
3¢ + ITAA + 22,1 18

SRC-~-820-HC1
4, + Benzene-treated IAA 16.9 37

5., + Benzene-treated 24,0 10
IAA + BRC-820+HCL

Bach Warburg vessel contained (in pmoles) in 3 mi,
Rrebs Ringer phosphate, pH 6.63 glucose, 3¢3;
benzene extracted or unextracted iodoacetate, 0.7}
and SRC-820+HC1l, 30, when present, andi 0.5 ml

cell-guspension in side arm.

Reaction started by tipping in cells at O min,

™~



extent of inhibition or its reversal by SRC-820. The
subsequent experiments were carried out using bengene

extracted iodoacetates

A5. Effect of Quinazoline=4-one-HCl and ITodoacetate on

Respiration of S.faecslis?

In suvbsequent experiment, the effeet of Qquinazolinew
4-one-HCL (1 X 1072M) (Qz) on inhibition due to iodo=-
acetate was studied. In this experiment, both the
inhibitors (IAA and QZ) were added at the same time.
Regults are presented in Table-~V., 4s can be seen from
Table-V, QZ alone at 1 X 10_2ﬂ concentration exerted
about 18% inhihition similar to the action of SRC-820-HCL

but did not reverse the inhibition due to iodoacetates

;

When cells were }irst treated with QZ and then
iodoacetate and glucose were tipped in at 0 time, =zbout
15% reversal in inhibition was seen (Table-VI). 1In
another experiment, when cells were first treated with
iodoacetate (2.3 X 10"3ﬂ) in a smell volume and then
tipped in the main compartment containing QZ, almost no
reversal in inhibition occured. Under these conditions,
iodoacetate alone exerted a strong inhibition (97%)

(not shown in tHe Table)a

Cad



TABLE-V

EFFECT OF QUINAZOLINE-4-ONE-HC1l AND IODOACETATE ON

THE RESPIRATION OF S.FABCALIS

Additions Fl of O2 Inhibition
consumed %)
in 20 min.

1. Nome (3) 27.2 | -
2. + Iodoacetate (4) 20.9 23.2
3. + Qz (3) 23,7 13,0
4. + Iodoacetate + QZ (6) 20,8 - . 23.5

Pigures in parentheses represent number of experiments,

Bach Warburg vessel contained_(in pmoles) 3 ml of
Krebs Ringer phosphate, pH 6.6; glucose 3,33
icdoacetate, 0.7; Quinazoline-4-one«HCl, 30 and

0+5 ml of cell-gugpension in side arm.

Reaction started by tipping in the cells at 0 minute.



TEBLE~VI

EFFECT OF QUINAZOLINE-4-ONE AND IODOACETATE ON

S.FABCALIS RESPIRATION (CELLS TREATED WITH QZ.HC1)

Loy |

Time ’ pl of 02 consumed
(min) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
Control Glucoge Glucose Glucose +
glucose_3 + + IAA +
(1.1 X 10 ~°M) IaA QZ+HC1 QZ HC1*
5 14.5 10,1 14,0 13.0
10 22,3 15.8 18,6 19,0
20 33.5 21.4 25,6 26,6
30 3648 24.8 26,8 30,2
40 37.9 25.9 27.9 32.6
50 4041 28, 2. 29,1 34,9

#* Mean of 2 experiments.

Each Warburg vessel contained (in pmoles) 3 ml of
Krebs Ringer phosphate, pH 6.6; glucose 3.3;

Iodoacetate, 0.7 (both in side arm), Quinagoline~4-one+HCL,

30 and 0.5 ml of cell suspension in the main compartment.

Reaction started by tipping in glucose + IAA at O min.
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A.6 Bffect of PB-picoline and Iodoacetate on Respira-

tion of §efae;alis cells;
Since SHC-820 also contains a P—picoline ring,
the effect of PB-picoline (1 X 10-2ﬂ) was studied on the
inhibition due to iodoacetate. Results are presented in
Table-VII. As can be seen from Table~VII, P—picoline does
not reverse the inhibition exerted by iodoacetate and

also did not inhibit the oxygen uptake.

A.,7 Bffect of Sodium Fluoride on S.faecalis Respiration:

A few more experiments on the respiration of

S.faecalis cells were carried out using the well known

inhibitor, sodium fluoride. Sodium fluoride upto a
concentration of 1,67 X 10-3ﬁ exerted no inhibition on
oxygen uvptake, At higher concentrations ranging from

M to 1.67 X 10~2M, it was observed, that a

3.3 X 10°
concentration of modium Ffluoride egqual to 13.3 X 10-3E
was required to give about 50% inhibition (Table-VIII)e

As can be seen from Table-~VIII, in presence of sodium
fluoride, very little oxygen uptake could be seen upto the
firsf 10 minutes, beyond this time, the rate of oxygen
uptake is faster and the total oxyszen uptake reached
nearer to the control value. There is, thus, a time lag
till first 10 minmutes. If percentagie inhibition was cal-

culated at 20 minutes, a high extent of inhibition

(about SO%) could be seen,



PABLE~-VII

BFFECT OF B-PICOLINE AND IODOACETATE

- ON S.FAECALIS RESPIRATION

~—d

Additions pl of 02 %
Change from
congsumed control
in 20 mino
1. None (3) 29.0 -
2. + Iodoacetate (2) 19.7 ~32.1
3. + P-picoline (3) 31,0 + 6.9
4. + Iodoacetate + 20.4 -29,.7

P-picoline (3)

Pigures in parentheses represent aumber of experiments.

Bach Warburg vessel contained (in Fmoles) 3 ml of
Krebs Ringer phosphate, pH 6.6 : glucose, 3.3 and
0.5 ml cell-~suspension in side arm. Iocdoacetate, 0.7

and ﬁnpicoline, 30, when present,

Reaction started By tipping in cells at 0O min.
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TABLB-VIII

EFFECT OF SODIUM FLUORIDE ON THE RESPIRATION OF S.FAECALIS

Time Pl of © consumed
(min) ———————————————————————————————————————————————

T T S g g A S S O AN R W o) D S at S SN TEN By ey A i el A WL VA NN M A ROD O W W BSOS S ven G

0 33 8.3 13.3
5 45 Te1 +1e3 +202
10 16,7 14,7 2.5 1e1
20 26,8 28.2 22,8 13.3
30 31.2 28,2 27.8 27.8
40 33.5 30,3 29,1 31e1
50 34.6 315 31.6 311

Bach Warburg vessel contained (in PmOles) 3 ml of
Krebs Ringer phosphate, pH 6.6 : glucose, 3.3 and
0¢5 ml of cell suspension in side arm, sodium fluoride,

as shown in the Table.

Reaction started by tipping in cells at O min.



f8. Bffect of SRC-820+HCL and Sodium Fluoride on

Respiration of S.faecalis cellg,

In the next experiment, the effect of sodium
fluoride was studied in presence of SRC-820+HCl. For
this the concentration of NaF and SRC~820+HCl taken were

3& and 1 X 10-2M respectively and cells were

—

13.3 X 10
taken in the side arm. Concentration of glucose was

3&» Results are presented

taken at a level of 1.1 X 10
in Pig.10., 4As can be seen from Fig.10, sodium fluoride
alone inhibited the oxygen uptake by about 47%., In
presence of SRC-820, inhibition was found to be aboutn80%,

The values shown in Fig.10 are mean of Sbexperiments

carried out on different days.

When cells were allowed to remain in contaet with
sodium fluoride and SRC=-820+HCL and then glucose was
tipped in, very little oxygen uptake could be seen upto
20 minutes. By the end of 50 minutes, however, oxygen
consumption in presence of both these inhibitors was

found to be about 60% of the control.

When the concentration of glucose was increased
three times (3.3 X 107°M), the added effect of SRC-820-HCL

was not seen (Table-—IX)0

B.Experiments uvwsing Fructose as Substrate:

1. Subsequent experiments on S,faccalis respiration

were carried out using fructose (1.1 X 10-3M) as



Effect of SRC-820«HCL and sodium fluoride on

respiration of ZS.faecalis.
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Aseay System?

411 reasction vessels contained in a totsl volume of
3 ml 3 Caztfree Erebs Ringer phosphate, PH 6.6 (tripple
strength), 1 mly glucose, 33 pmoles and cell-suspension,

0.5 ml (side arm).
Peat vessels contained, in sddition, sodium fluoride,

40 pmoles and SRO-820+HCL, 30 umeles.
®—@ Controifs5); O—O with SRC-820+HCL (10);
©—@ yith sodium fluoride (9) ana N—W with
SRC_B20-HCL + sodium flueride (10)s \

Figures in parentheses represent number of experimentse
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substrate. SRO-820-HCL at 1 X 10" 2M inhibited oxygen
uptake by about 11%. With higher amounts of fructose

(2.2 X 10°°M), no inhibition was seen a with SRC~-820.

2. Effect of Iodoacetate:

In this experiment, concentration of fructose was

3M,and the effect of iodo-

kept at a level of 1.1 X 10~

acetate was studied on the respiration of S.faecalis.

4

Iodoacetate at = concentration of 2.3 X 10 "M inhibited

the oxygen consumption by about 66% as compared to 42%

observed with glucose as substrates
{ .

Ze BEffect of SRC-820-HC1 and Iodoacetate?

With fructose as substrate, the effect of
SRC~820+-HC1 on inhibition due to iodoacetate was
astvudied Jjust as in the case of glucose. Concentratious
of iodoacetate, SRC=-820 and fructose were kept at

4M, 1 X 10‘2E and 1.1 X 1O~3E respectively.

2,3 X 10

Fruetose was tipped in at O time. SRC=820-HCl alone does

.

not inhibit and also does not reverse the inhibition
due to iodoacetate. These results are gquite different

from those obtained with glucose as substrate.(ﬁ'g-‘:').

4, Bffect of Quinazoline-4-one(Q3z), ﬁ-pieoline

and Iodoacetate on Respiration.of S.faecalis.

Just as in the case of glucose as substrate,

the effect of quinazoline-4-one and P-picoline were



studied individually on inhibition due to dlodoacetate.
The concentrations of both of these inhibitors were,
kept at a level of 1 k;10-2M and iodoacetate at

4

2,3 X 10" "M, Results are presented in Table-X,

As can be seen from Table~X that iodoacetate
alone showed about 59% inhibition which is not reversed
either by unsubstituted quinszoline~4-o0one or ﬂ-—picoline.
Quinazoline~4-one alone sﬁowed almost no effect whereas
B-picoline showed about 15-20% inhibition in oxygen

uptakes

€
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3.

4.

50

6.

e 85

SUMMARY

With glucose, fructoge or L-cysteine as substrates,
respiration in washed cell-suspension could be

demonstrated.

Oxygen uptake by the cells is higher with glucose
or fructose as substrates than with L-cysteine,
Oxygen uptake with fructose is almost twice that

obtained with glucose as substrate.

Substrate inhibition of oxygen uptake is shown
with glucose whereas no such effect occurs with

fructose.

SRC-820 (10™°M) inhibits the oxygen uptake by
about 17% (substratesglucose). With fructose,

the inhibition is slightly less (11%).

With glucose as substrate, iodoacetate
(2.3 X 10"%M) inhibits (about 42%) the respiration
of Ssfaecalis while with fructose as substrate,

about 66% inhibition is seen.

Inhibition of cell-r@spiration due to iodoacetate
(1.4 X 10'4ﬂ) can be overcome by SRC-820

(1 x 10‘?g or 6,6 X 10°°M), With fructose

(1.7 X 10_3ﬁ) as the substrate, such reversal

is not seen,



8,

9.

10.

11‘

If iodoacetate (1.4 X 10”4m) is incubated first
with cells and SRC-820-HC1 (1 X 10™°M) sdded
later, no reversal in inhibition can be seen

but a partial reversal (about 15%) in inhibition
can be seen under the identical conditions if a

less amount of IAA (1 X 10‘?&) is employed.

Quinazoline-4-one-HC1 (Qz) at 10™°M inhibits
(about 18%) the respiration of S.faecalis cells
with glucose (1.1 x 10~3E) as substrate but does
not reverse the inhibition due to IAA., However,
a partial reversal in inhibition (about 15%)

can be seen if cells are first incubated with

Qz.HC1 (10™°m).

ﬁ«picoline (10—2M) neither inhibits nor reverses

the inhibition due to iodoacetate.

Regpiration of S.fgecalis (substrateszucﬁose)
is inhibited (15-20%) by P-picoline (10'"22_11)’1:111:
not by QZ.HC1 (10"2E). Under these conditions,
inhibition due to IAA is reversed by either
QZ.HC1 or B-picoline (10™2m).

Sodium luoride (NeP) (1.3 X 10-2M) inhibits
the respiration of S.fagcalis (subétrate:glucose
1.1 X 10”°M), With this inhibitor, there is &

time lag of 10 minutes during which practically



12,

no oxygen uptake is seen and then the rate
of oxygen uptake is resumed at s faster

rates

SRC=820 (10“22_'1) augments the effect of NaF.
The added inhibitory effect of SRC~-820 is
abolished by increasing the concentration of

glucose (3.3 X 1O~3E).



