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Chapter VI Results 

6.RESULTS 

6.1. Concentration of electron acceptors 

ALA, DTNS, NQSA and K3Fe(CN)6 reduction by L. donovani cell shows typical 

saturation kinetics with increasing ALA, DTNS, NQSA and K3Fe(CN)6 concentrations. 

A double reciprocal plot of the data yielded a Km value of0.66 mM, 037 mM, 4 mM and 

1 mM for ALA, DTNS, NQSA and K3Fe(CN)6, respectively (Table 6.1) 

6.2. pH optimum of electron acceptors for assays 

ALA and DTNS reduction by Leishmania cell gives optimum rates at pH 6.4 whereas 

NQSA and K3Fe(CN)6 reduction by Leishmania cell gives optimum rates at pH 6.2 

(Table 6.1). 

6.3. Concentration of ATP and pyrophosphate for ATPase and PPase assays 

ATP and pyrophosphate were assayed with Mg++ and maximum rates were achieved at 

the concentration of 0.5mM for both ATP (Fig. 6.18) and pyrophosphate (Fig. 6.19), 

whereas for Mg ++ the concentration was found to be l.OOmM. 

6.4. pH optimum for ATPase and PPase assays 

Both ATPase and PPase assay gave optimum rates at pH 7 (Fig. 6.17.A. and B). 

6.5. Reduction of electron acceptors 

Leishmania cells can reduce disulfide electron acceptors, such as ALA and DTNS. LDC 

can also reduce naphthoquinone electron acceptor NQSA and iron co-ordinate complex 

K3Fe(CN)6. Table 62 lists the concentrations of those compounds, which gave a 

maximum reduction rate with Leishmania cells. The tested compounds that are active 

have standard redox potential at pH 7.0 ranging from +360 mV to -290mV. 

Lack of ferricytochrome C, ferric EDTA, Fe(III) ammonium citrate and 

indigodisulphonate reduction by LDC cells signifies the specificity of electron acceptors 

in transPMET system. Lack of ferricytochrome C reduction in this system also indicates 

absence of superoxide anion radical generation. 
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6.6. Effect of extracellular ions on ALA, DTNS, NQSA and K3Fe(CN)6 reduction 

rate 

To examine the effect of external ions on the reduction mte of electron acceptors, 

pamsites were centrifuged and re-suspended in specific ion free buffer. K+ free buffer 

significantly inhibited ALA and DTNS reduction whereas Na + free buffer failed to show 

any effect. In contmst Na + free buffer significantly inhibited ferricyanide reduction. cr 
free buffer stimulated reduction of all the four electron acceptors (Table 6.3). 

6.7. Comparison of the aerobic and anaerobic rates of ALA, DTNS, NQSA and 

~Fe(CN)6 reduction by LDC 

It is evident from Table 6.4 that under anaerobic condition all four electron acceptors, e.g. 

ALA, DTNS, NQSA and K3Fe(CN)6 showed substantial stimulation of their mte of 

reduction. The magnitude of anaerobic stimulation showed similarity between ALA, 

DTNS and NQSA, K3Fe(CN)6. 

6.8. Specific inhibitors and stimulators 

Effect of various electron transport inhibitors and stimulators on transPMET system is 

illustrated in table 6.5. Extracellular reduction of ALA, DTNS, NQSA, and K3Fe(CN)6 

was inhibited 83%, 24%, 49% and 89%, respectively by antimycin A at 4).1M 

concentration. In the presence ofO.OlmM HQNO, 35%,31%,60% and 70% inhibition of 

ALA, DTNS, NQSA and K3Fe(CN)6 reduction, respectively was attained. Rotenone at 

0.02mM concentmtion showed 74%, 64%, 79% and 83% inhibition of ALA, DTNS, 

NQSA and K3Fe(CN)6 reduction, respectively. 

Capsaicin, an inhibitors of energy coupling NADH dehydrogenase (complex I) at 0.025. 

mM concentration brought about an almost complete inhibition ofNQSA and K3Fe(CN)6 

reduction, while at 0.1 mM capsaicin concentration. ALA, and DTNS reduction was 

inhibited 75% and 73%, respectively. IC50 :value of capsaicin on K]fe(CN)6 and NQSA 

reduction was found to be 3 ).1M and 1 OjlM, respectively whereas IC5o value of capsaicin 

on ALA and DTNS reduction was found to be 37 11M for both (Fig. 6.l.A). Capsaicin can 

inhibit the growth ofLDC maximally 85% at 1 0011M concentmtion and the IC50 value of 

growth inhibition by capsaicin was found to be 37jlM (Fig. 6.3A). In the presence of 

1.6mM TTF A, an inhibitor of mitochondrial complex II iron-sulphur center, 85%, 50% 
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and 75% inhibition of ALA, DTNS, and ferricyanide reduction was attained, while 65% 

inhibition of NQSA reduction was attained at 1.16mM concentration (Table 6 .5). TTF A 

showed almost complete inhibition of LDC growth at 0.6mM concentration. TTFA 

showed its IC50 at 25!JM concentration (Fig. 6.3.B). 

Cyanide at 2mM concentration brought about complete inhibition of NQSA and 

ferricyanide reduction, while 76% and 59% inhibition of ALA and DTNS reduction, 

respectively was achieved at the same concentration. In the presence of 0.4mM 

trifluoperazine, a P-type ATPase inhibitior [413-415], 92%, 88% and 30% inhibition of 

ALA, DTNS, and NQSA reduction, respectively was attained, while at the same 

concentration trifluoperazine showed 50% stimulation of ferricyanide reduction (fable 

6.5). Complete obliteration of growth was observed in the presence of trifluoperazine. 

The IC50 value of growth inhibition by trifluoperazine was found to be 4 11M (Fig. 6.4 A). 

Effect of various sulfhydril group inhibitors on extracellular reduction of ALA, DTNS, 

NQSA and ferricyanide are shown in Table 6.6. Nonperrneable sulfhydril inhibitor 

PCMBS at O.lmM concentration showed complete inhibition on ALA, DTNS reduction 

and 40%, 76% inhibition on NQSA, ferricyanide reduction, respectively. Vicinal 

sulphhydryl group inhibitor cadmium chloride [416] at O.lmM concentration showed 

complete inhibition on DTNS, NQSA reduction whereas at the same concentration 40% 

and 55% inhibition was achieved for ALA and ferricyanide reduction respectively. IC5o 

values of cadmium chloride on ALA, DTNS, NQSA and K3Fe(CN)6 reduction was found 

to be l30f.1M, 20f.1M, l4f.IM and 90!JM, respectively (Fig. 6.l.B). On the other hand 

vicinal sulfhydryl group inhibitor sodium arsenite at 2mM concentration showed 16% 

inhibition on ferricyanide reduction whereas at the same concentration sodium arsenite 

showed complete inhibition on ALA, DTNS, and NQSA reduction. 

Effect of various ionophore, ion channel inhibitor and protonophorous uncoupler on 

extracellular reduction of ALA, DTNS, NQSA and ferricyanide are shown in Table 6.7. 

K'- ionophore valinomycin at 2f.!M concentration showed 70%, 58%, 68% and 79% 

inhibition of ALA, DTNS, NQSA and ferricyanide reduction, respectively. K+- channel 

blocker 4-aminopyridine at O.lmM concentration showed 89% and 86% inhibition of 

ALA and ferricyanide reduction, respectively; in contrast at the same concentration 4-

aminopyridine showed 17% and 41% stimulation of DTNS and NQSA reduction, 
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respectively. Na+- ionophore monel).sin showed. 63% inhibition of ALA, and ferricyanide 

reduction at 2).1M and 5).1M, respectively, whereas at lO)lM concentration monensin 

showed 38% and 60% inhibition ofDTNS and NQSA reduction, respectively. ICso values 

of monensin sodium on ALA, DTNS, NQSA and K3Fe(CN)6 reduction was found to be 

0.6J.1M, lO)lM, 3J.1M and 1.8J.1M, respectively (Fig. 6.2.A). K+- sparing Na+-channe1 

blocker amiloride at O.lmM concentration showed 90%, 22%, 32% and 31% inhibition of 

ALA, DTNS, NQSA and ferricyanide reduction, respectively. IC5o values of amiloride on 

ALA and DTNS reduction were found to be 25).1M and 160).1M, respectively. 50% 

inhibition of NQSA and ferricyanide reduction was not achieved by amiloride at the 

saturated concentration (Fig. 6.2.B). The ICso value of growth inhibition by amiloride 

was found to be O.lmM (Fig. 6.4.B). With LDC addition of 1 J.1M FCCP, a protonophore 

uncoupler resulted in the 43%, 34% and 52% inhibition of ALA, DTNS and ferricyanide 

reduction, respectively. Strikingly, however, at the same concentration ofFCCP, NQSA 

reduction was not inhibited. 

It is evident from Table 6.8 that all electron acceptors except K3Fe(CN)6 at the identical 

concentration as in ALA, DTNS, NQSA and ferricyanide reduction assay showed 

substantial 02 uptake inhibition. Complete 0 2 uptake inhibition was achieved by 

antimycin A, HQNO, PCMBS, FCCP and trifluoperazine. Most noteworthy is the relative 

insensitivity of cyanide in 02 uptake. K+- ionophore, valinomycin showed 86% 0 2 uptake 

inhibition, but Na+- ionophore monensin showed only 40% inhibition. 0 2 uptake was 

50% and 58% inhibited by complex I inhibitor rotenone and capsaicin, respectively 

[ 417]. Iron-sulphur protein (complex II) inhibitor TTF A at 0.2mM concentration showed 

62% inhibition of 02 uptake. Thiol reagent PCMBS showed complete inhibition of 0 2 

uptake, but dithiol reagent CdCh and Na~s03 showed 47% and 76% inhibition, 

respectively. 

The effect of vicinal sulthydryl group inhibitor 4-aminophenyl arseneoxide-N-sulphonic 

acid (AP AOS) on extracellular reduction of ALA, DTNS, NQSA, K3Fe(CN)6 is shown in 

Fig.6.5. It appears from same figure that AP AOS showed almost 75-80% inhibition of 

DTNS, NQSA, and K3Fe(CN)6 at 4mM and complete inhibition at 5mM concentration 

and the ICso is achieved at 0.5mM for ALA reduction. This observation also tells that 

plasma membrane mediated electron transport system requires the involvement of vicinal 

suiphhydryl groups. 
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Effect of ATPase inhibitor sodium azide, dicyclohexylcarbodiimide (DCCD), triethyltin 

bromide (ITB), resveratrol and quercetin dihydrate [418-421] showed variable inhibition 

of ALA, DTNS, NQSA, and K3Fe(CN)6 reductase activity with the exception for 

triethyltin bromide mediated K3Fe(CN)6 reduction, which showed stimulation rather than 

inhibition. It is apparent from Fig.6.6 that sodium azide was most potent inhibitor on 

K3Fe(CN)6 reduction followed by ALA, NQSA and DTNS reductase activity. However 

DCCD in Fig.6.7 at 50J.1M concentration showed its highest inhibitory action on 

K3Fe(CN)6 reduction followed by NQSA, ALA, and DTNS reductase activity. In contrast 

K3Fe(CN)6 reductase activity was not inhibited, rather stimulated by triethyltin bromide 

(Fig.6.8). Triethyltin bromide showed its highest sensitivity on ALA reduction followed 

by DTNS, NQSA reductase activity. Fig.6.9 indicates that the resveratrol shows more 

ALA reductase activity than others. Sensitivity of quercetin dihydrate on ALA, DTNS, 

NQSA, and K3Fe(CN)6 reductase activity in Fig.6.10 was very close to each other. 

However K3Fe(CN)6 reductase activity appears to be least sensitive to quercetin. 

Sodium orthovanadate and verapamil are P-type ATPase inhibitor [422]. From Fig.6.11 it 

appears that ALA reductase activity has highest sensitivity to sodium orthovanadate at 

1mM concentration followed by DTNS, NQSA and fmally K3Fe(CN)6 but at higher 

concentrations NQSA reductase activity is more than compare to DTNS and K3Fe(CN)6. 

From Fig.6.12 it appears that ALA reductase activity has lowest sensitivity to verapamil 

whereas K3Fe(CN)6 shows highest activity. 

Sodium fluoride and imidodiphosphate are pyrophosphatase enzyme inhibitors. ALA and 

NQSA reductase activity was progressively inhibited by sodium fluoride, whereas DTNS 

and K3Fe(CN)6 reductase activity was inhibited at low concentration followed by 

stimulation at higher concentrations (Fig.6.13). At low concentration imidodiphosphate 

showed stimulation of ALA, DTNS, NQSA, and K3Fe(CN)6 reductase activity followed 

by inhibition of same at high concentration (Fig. 6.14 ). 

According to Dwayer OM, plasma membrane of L. donovani promastigote were isolated 

by concanavalin-A [423]. Based on that observation plasma membrane of L. donovani 

promastigote was selectively isolated by concanavalin-A with high purity. 

Lactoperoxidase-glucose oxidase mediated iodination, when performed at low 

temperature, has been shown to selectively label the externally disposed peptides [ 424]. 
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When intact promastigotes of L. donovani were labeled in this manner, lysed and the 

homogenate spun at 40,000xg for 1h, >90% of the incorporated label was recovered in 

the membrane pellet, suggesting that only membrane associated proteins were iodinated. 

When 1251-labelled promastigotes were treated with concanavalin-A, homogenized, and 

spun gently through the mannitol/sucrose gradient, large membrane scrolls as evidenced 

by phase-contrast microscopy, were concentrated in the pellet fraction, whereas smaller 

vesicles were retained above mannitol phase of the gradient. As shown in Table 6.9, the 

bulk of the radio label was recovered in pellet I. This observation suggests that pellet I 

consisted of crude plasma membrane. The crude plasma membrane fraction was treated 

with a-methyl mannoside to release bound concanavalin-A and vesiculated in a second 

homogenization step. The plasma membranes retained above the sucrose (supernate III) 

was concentrated by centrifugation at 40,000xg for 1h (pellet N). Less than 1% of the 

total protein was associated with this fraction, for a final enrichment of 29-fold. Overall 

recovery of the 1251 marker was 81 %. 

The purity of the plasma membrane fraction was assessed on the basis of the distribution 

of three characteristic enzymes: 

(1) plasma membrane-bound tartarate resistant acid phosphatase which was previously 

described and demonstrated to be a useful marker for such membranes [425] 

(2) cytochromes c oxidase activity for mitochondria 

(3) NADPH-cytochrome c reductase for microsome. 

The isolated plasma membrane fraction (pellet N) contained trace amount ofNADPH

cytochrome c reductase and cytochrome oxidase. In contrast, acid phosphatase activity 

was mostly found in plasma membrane fraction. 

Depending on the redox potential of the electron acceptors, UV inactivation of 

napthoquinone co-enzyme resulted in either inhibition or stimulation of reduction rate 

(Fig.6.15). UV exposed L. donovani promastigote cells also showed parallel inhibition of 

oxygen uptake with respect to ferricyanide reduction stimulation (Fig.6.16.B). It therefore 

seems likely that oxygen uptake inhibition in UV exposed cells may lead to stimulation 

of ferricyanide reduction. On the other hand ALA reduction was inhibited by UV 

exposed cells (Fig.6.16A) and appears to be independent of oxygen linked pathway. 
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Greater restoration of ALA reduction mte, ferricyanide reduction mte and oxygen uptake 

mte (Table 6.1 0) in UV exposed cell was also observed for the conjugate of 2-methyl-3-

(1 '-oxooctadecyl)-1 ,4-napthoquinone (MOON) and octadecylamine. Restoration of ALA 

and ferricyanide reductase activity by MOON was potently inhibited by quinone analog 

inhibitor HQNO. 

The plasma membmne bound p-type ATPase and PPase activities were assayed in 

digitonine permeabelized cell of Leishmania donovani promastigote. The effect of 

extracellular ions was examined on ATPase and PPase activities and mentioned in Table 

6.11. From the table it was confirmed that in presence of Na + and K+ the mte was 

increased in both the activities whereas in the absence of Na + and K+, 71% inhibition 

occurred on ATPase activity but the PPase activity was increased only about 6%. When 

the rates were compared, maximum mte was achieved in presence ofK+ on both ATPase 

and PPase activities. 

From Table 6.12 it was apparent that NADH (0.5mM), NADPH (0.5mM) and DL-Iactate 

(5mM) showed 14%, 32% and 16% inhibitions on ATPase activity whereas at the same 

concentrations PPase activity was stimulated. Surprisingly fumarate at the concentration 

of 5mM stimulated the ATPase enzyme activity but 13% inhibition was occurred incase 

ofPPase enzyme. 

Some sulfhydryl group inhibitors like mercuric chloride (HgCh), p-chloro mercuric 

benzoic acid (PCMB) and 4-aminophenyl arsenineoxide-N-sulphonic acid (APAOS) 

were assayed for their ATPase and PPase activities. All these inhibitors were first treated 

with Leishmania donovani cell (LDC) then washed followed by permeabilization with 

digitonine. From Table 6.13 it was evident that HgCh at the concentration of 0.5mM 

showed 83% inhibition on ATPase enzyme and 74% inhibition on PPase enzyme. 

Similarly PCMB (lmM) and APAOS (2mM) were achieved 50% and 32% inhibition for 

ATPase whereas 37% and 39% inhibition for PPase enzyme respectively. 

Effect of sodium chloride (NaCI) and sodium fluoride (NaF) were compared on ATPase 

and PPase assay system. From Table 6.14, it can be concluded that for both ATPase and 

PPase enzymes NaCI is a weak inhibitor whereas NaF showed 4 7% inhibition on A TPase 

activity and 82% inhibition on PPase activity. 
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Sodium azide and sodium orthovanadate are P-type ATPase inhibitors. Sodium azide and 

sodium orthovanadate (Fig. 6.20 and 6.21) were showing progressive inhibition on 

ATPase activity but PPase enzyme activity was inhibited at low concentration followed 

by stimulation. Similarly other inhibitors like trifluroperazine, N, N-dicyclohexyl 

carbodimide (DCCD) and quercetin dihydrate were also assayed for their ATPase and 

PPase activities. From Fig. 6.24 it was apparent that quercetin dihydrate in !JM label 

showed more inhibition on ATPase activity whereas trifluroperazine (Fig. 6.22) and 

DCCD (Fig. 6.23) were more sensitive towards PPase activity. 

From Fig. 6.25 it can be concluded that imidodiphosphate (!MD) was a potent inhibitor 

for PPase enzyme, whereas ATPase activity was stimulated in the presence of 

imidodiphosphate. Verapamil, a Ca ++ cannel blocker was achieved almost complete 

inhibition for PPase enzyme at the concentration of 40!JM but variable inhibition was 

seen in case of ATPase enzyme activity (Fig. 6.26). The effect of triethyltin bromide 

(TTB) was showing more inhibition for both ATPase and PPase activities at low 
• 

concentrations (2!-IM) followed by stimulation in higher concentrations. The sensitivity of 

TTB towards ATPase rather more than PPase enzymes (Fig. 6.27). 

It was evident from Fig. 6.28 that ATPase and PPase activities were progressively 

inhibited by sodium fluoride when the concentration was increased. In the presence of 

resveratol (Fig. 6.29) more inhibition was achieved at low concentration but ATPase 

enzyme activity was more potently inhibited than PPase enzyme. In higher concentration 

steady inhibition was seen for both the enzymes. 
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TABLE.6.1. Comparison of Km, Vmn and pH optimum values of nonpermeable 

~ooctron acceptors reduced by L. donovani ceUs" 

Electron acceptors Km(mM) Vmax pH optimum 

(nmol/min/mg/protein) 

ALA 0.66 8.33 6.4 

DTNS 0.37 5.00 6.4 

NQSA 4.00 3.70 6.2 

K3Fe(CN)6 1.00 1.82 62 

Methods for the reduction of various electron acceptors are given in Materials and 

methods. 

120 



Chapter VI Results 

TABLE.6.2. Comparison of the rates of nonpermeable electron acceptors reduced 

by L. donovani cells" 

Electron acceptors Concentmtion Rate of reduction Redox potential 
(mM) (nmol/min/mg E0pH (7.0) 

protein) (mV) 

Ferri cyanide 5 1.07 ± 0.160 +360 

Ferricytochrome C 0.10 0.030 ± 0.008 +225 

NQSA 2 1.01 ± 0.080 + 187 

Ferric EDTA 0.10 0.020 ± 0.006 +90 

Fe(III) amonium citmte 4.00b 0.020 ± 0.006 

Indigo disulphonate 0.05 0.001 -125 

DTNS 0.5 239 ±0.190 

ALA 1 2.25 ± 1.170 -290 

• activities were measured on one cell culture using four aliquots of cells computed 

± standard deviation. 3-day-old cell cultures were used in all experiments. Methods for 

the reduction of various electron acceptors are given in Materials and methods. 
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TABLE.6.3. ALA, DTNS, NQSA and K3Fe(CN)6 reduction rates in different 

buffers 

Rate of electron acceptor reduction (nmoVmin/mg protein)b 

ALA DTNS NQSA K3Fe(CN)6 
Composition" reduction RRC reduction RRC reduction RRC reduction 

rate rate rate rate 

Standard buffer 1.31 ± 0.24 100 1.35 ± 0.22 100 0.82 ± 0.16 100 1.61 ± 0.31 

Na+ free buffer 1.35 ± 0.22 104 1.43 ± 0.18 106 1.36 ± 0.26 166 1.13 ± 0.28 

K+ free buffer 0.13 ± 0.19 10 0.75 ± 0.17 56 1.02 ± 0.20 125 2.65 ± 0.18 

Na+ andK+ 
1.14 ± 0.21 87 1.37 ± 0.17 101 1.07 ±0.23 130 0.82±0.26 

free buffer 

cr free buffer 1.81 ± 0.30 138 2.18 ± 0.21 162 1.38 ± 0.03 168 2.65 ± 0.06 

"Standard buffer was composed of 135mMNaCl, 5mM KCl, lmM MgS04 and lOmM 

Hepes-Tris, pH 6.4; Na+, K+ free buffer was composed of l40mM choline chloride, 

lmM MgS04, IOmM Hepes-Tris, pH 6.4; Na+ free buffer was composed of 135mM 

choline chloride, 5mM J(Cl, lmM MgS04, lOmM Hepes-Tris, pH 6.4; K+ free buffer 

was composed of 140mM NaCl, lmM MgS04, lOmM Hepes-Tris, pH 6.4; Cl- free 

buffer 13 mM sodium gluconate, 5mM potassium gluconate, lmM MgS04, lOmM 

Hepes-Tris, pH 6.4. 

b ALA, DTNS, NQSA and K3Fe(CN)6 reduction was assayed in different buffers 

according to procedure as given in Materials and methods. The values represent 

average of four experiments. 

c RR: relative rate. ·• 
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TABLE.6.4. Comparison of the aerobic and anaerobic rate of ALA, DTNS, 

NQSA and K3Fe(CN)6 reduction by Lnc• 

Electron Aerobic rateb Anaerobic rateb Anaerobic rate/ 

acceptor nmol/min/mg protein nmol/min/mg protein Aerobic rate 

ALA 1.56 ± 0.36 2.40 ± 0.41 1.54 

DTNS 1.40 ± 0.26 2.01 ± 0.36 1.43 

NQSA 0.71 ± 0.26 1.40 ± 0.30 1.97 

K3Fe(CN)6 1.04 ± 0.37 2.06±0.48 1.94 

•Aerobic and anaerobic reduction of ALA, DTNS, NQSA and K3Fe(CN)6 by 

LDC was carried out as described in Materials and methods. 

"values represent average of four experiments. 
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TABLE.6.5. Effect of electron transport inhibitors on extracellular reduction of ALA, DTNS, NQSA and K3Fe(CN)6 by LDC 

Rate of electron acceptor reduction in nmollmin/mg protein' 

Addition Cone.' Rate of RRd Cone.' Rate of RRd Cone.' Rate of RRd Cone.' Rate of RRd 
(mM) ALA (mM) DTNS (mM) NQSA (mM) K3Fe(CN)6 

reduction reduction reduction reduction 

Noneb - 121±0.22 100 - 1.25 ± 0.19 100 - 0.75 ± 0.12 100 - 1.47 ± 0.26 100 

Antimycin A 4x!0-3 0.21 ± 0.03 17 4x!0-3 0.94 ± 0.13 76 4x!0-3 0.38 ± 0.07 51 4x!o-3 0.16 ± 0.02 II 

HQNO O.Dl 0.78 ± 0.11 65 O.Dl 0.86 ± 0.11 69 O.Dl 0.30 ± 0.05 40 O.Dl 0.44 ± 0.07 30 

Rotenone 0.02 0.32 ± 0.04 26 0.02 0.45± 0.05 36 0.02 0.16 ± 0.03 21 0.02 0.25 ±0.03 17 

Capsaicin 0.10 O.o3 ± 0.04 25 0.10 0.34 ± 0.05 27 0.025 0.02 ± 0.01 3 O.D25 O.Dl ± 0.00 I 

TTFA 1.60 0.18 ± 0.03 15 1.60 0.62 ± 0.69 50 1.16 0.26 ± 0.04 35 1.6 0.38 ± 0.06 25 

Cyanide 2.00 0.29 ± 0.13 24 2.00 0.51 ± 0.12 41 2.00 0 0 2.00 0 0 

Trifluoperazine 0.40 0.10 ± 0.02 8 0.40 0.15 ± 0.02 12 0.40 0.53 ± 0.08 70 0.40 2.20 ± 0.39 !50 

'ALA, DTNS, NQSA and K3Fe(CN)6 reduction was assayed according to procedure as given in Materials and Methods. Electron transport 
inhibitors were added to LDC, I 0 minutes before the addition of electron acceptors. Incubation time with ALA, DTNS, NQSA and 
K3Fe(CN)6 was I 0 minutes. Control experiments, which received an equal volume of solvent given along with the electron transport 
inhibitors, had no effect on electron acceptor reduction in LDC. The values represent the average of four experiments. 
b Control incubation contained LDC, D-glucose and electron acceptor as described in Materials and methods. 
' Value represents the concentration required for maximum inhibition or stimulation. 
d RR: relative rate. 
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TABLE.6.6. Effect of sulfhydryl group inhibitors on extracellular reduciton of ALA, DTNS,NQSA and K 3Fe(CN)6 by LDC 

Rate of electron acceptor reduction in nmol/min/mg protein• 

Addition Cone.' Rate of RRd Cone.' Rate of RRd Cone.' Rate of RRd Cone.' Rate of RRd 
(mM) ALA (mM) DTNS (mM) NQSA (mM) K3Fe(CN)6 

reduction reduction reduction reduction 

Noneb - 1.21± 0.22 100 - 1.25 ± 0.19 100 - 0.75 ± 0.12 100 - 1.47 ± 0.26 100 

PCMBS 0.10 0,01 ± 0.00 I 0.10 0.01 ±0.00 I 0.10 0.45 ± 0.07 60 0.10 0.35 ± 0.05 24 

Cadmium 0.10 0.73 ± 0.14 60 0.10 O.oJ ± 0.00 I 0.10 0.01 ± 0.00 I 0.10 0.66 ± 0.16 45 
chloride 

Sodium 2.00 0.02±0.00 2 2.00 0.01 ± 0.00 I 2.00 0.10 ± 0.00 I 2.00 1.23 ± 0.22 84 
arsenite 

• ALA, DTNS, NQSA and K3Fe(CN)6 reduction was assayed according to procedure as given in Materials and Methods. Electron 
transport inhibitors were added to LDC, I 0 minutes before the addition of electron acceptors. Incubation time with ALA, DTNS, 
NQSA and K3Fe(CN)6 was I 0 minutes. Control experiments, which received an equal volume of solvent given along with the electron 
transport inhibitors, had no effect on electron acceptor reduction in LDC. The values represent the average of four experiments. 

b Control incubation contained LDC, D-glucose and electron acceptor as described in Materials and methods. 

' Value represents the concentration required for maximum inhibition or stimulation. 

d RR: relative rate. 
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TABLE.6.7. Effect ofionophore and ion channel inhibitors on extracellular reduciton of ALA, DTNS, NQSA and K3Fe(CN)6 by 

LDC. 

Rate of electron acceptor reduction in nmol/min/mg protein" 

Cone• Rate of RRd Cone• Rate of RRd Cone• Rate of RRd Cone• Rate of RRd 
Addition (mM) ALA (mM) DTNS (mM) NQSA (mM) K3Fe(CN)6 

reduction reduction reduction reduction 

Noneb - 121±022 100 - 1.25 ± 0.19 100 - 0.75 ± 0.12 100 - 1.47±026 100 

Valinomycin 0.002 0.36 ± 0.06 30 0.002 0.52 ± 0.08 42 0.002 0.24±0.04 32 0.002 0.31 ± 0.05 21 

4-Aminopyridine 0.10 0.13 ± 0.02 11 0.10 1.46 ± 0.22 117 0.10 1.07 ± 0.17 141 0.10 0.20 ±0.o3 14 

Monensin sodium 0.002 0.45 ± 0.08 37 O.oi 0.77 ± 0.10 62 0.01 0.30 ± 0.05 40 0.005 0.54 ±0.08 37 

Amiloride 0.10 0.12 ± 0.01 10 0.10 0.97 ± 0.11 78 0.10 0.58 ± 0.07 68 0.10 1.01 ±0.16 69 

FCCP 0.001 0.69 ± 0.12 57 0.001 0.82 ± 0.12 66 0.001 0.75 ± 0.12 100 0.001 0.70 ± 0.12 48 

• ALA, DTNS, NQSA and K3Fe(CN)6 reduction was assayed according to procedure as given in Materials and methods. Electron 
transport iilhibitors were added to LDC, 10 minutes before the addition of electron acceptors. Incubation time with ALA, DTNS, 
NQSA and K3Fe(CN)6 was 10 minutes. Control experiments, which received an equal volume of solvent given along with the electron 
transport inhibitors, had no effuct on electron acceptor reduction in LDC. The values represent the average offuur experiments. 

b Control incubation contained LDC, D-glucose and electron acceptor as described in Materials and methods. 

c Value represents the concentration required for maximum inhibition or stimulation. 

d RR: relative rate. 
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TABLE.6.8. Effect of several effectors on Oz uptake by LDC 

Addition Concentration Oz uptake rate• Relative 
(mM) (nmol/min/mg protein) rate 

None 18± 1.78 100 

ALA 1.0 8.28 ± 0.90 46 

DTNS 0.05 8.64 ±0.86 48 

NQSA 0.4 5.22 ± 0.52 29 

K3Fe(CN)6 3.0 18 ± 1.70 100 

Antimycin A 4 X 10-J 0 0 

HQNO 0.02 0 0 

Rotenone O.ol 9 ± 0.91 50 

Capsaicin 0.025 7.56 ± 0.76 42 

TTFA 0.2 6.84±0.67 38 

Cyanide 2.0 6.30 ± 1.70 35 

PCMBS 0.1 0.18±0.020 

Cadmium chloride 0.4 9.54 ± 0.94 53 

Sodium arsenite 0.5 4.32 ± 0.45 24 

FCCP 0.001 1.26±0.23 7 

Valinomycin 0.002 2.52±0.26 14 

Monensin sodium 0.002 10.81 ± 1.01 60 

Trifluoperazine 0.4 0.54 ± 0.06 3 

• 0 2 uptake was assayed according to the procedure as given in Materials and methods. 

The incubation time with effectors was 10 min. Control experiment that received an 

equal volume of solvent given along with the effectors had no effect on 0 2 uptake in 

LDC. Values represent average of four experiments. 
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TABLE.6.9. Distribution of enzyme markers in the subcellular fractions of L. 

donovani promastigote 

Enzyme activityb (nmollmin/mg protein) 

Cell fraction a NADPH- Cytochrome c Tartarate- 1251 label 
cytochrome c oxidase resistant acid 

reductase phosphatase 

Total homogenate 20±5 470±22 12±3 I 

Crude plasma 
9±2 207 ± 11 108 ± 7 15.6 

membrane (pellet I) 

Soluble protein 
250 ± 16 169 ± 8 2±0.3 0.4 

(supernate I) 

Plasma membrane 
7.4± 1 37±5 279 ± 14 28.8 

(pellet IV) 

a Cell fractionation was carried out as indicated under Materials and methods. 

b NADPH: cytochrome c reductase, cytochrome c oxidase and tartarate-resistant acid 

phosphatase activities were used as microsomal, mitochondrial and plasma membrane 

markers, respectively. Specific activities are in nmollminlmg protein. Specific activity 

of 1251 labeled cell homogenate is arbitrarily set equal to 1.0 and is calculated as 

counts/min/mg protein. Each value represents average of four experiments. 
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TABLE.6.10. Effect of UV irradiation and MOON on extracellular ALA, 

ferricyanide reduction and oxygen uptake by L. donovani promastigote cell 

Cell pretreatment • 
ALA6 

Electron acceptor 
Ferricyanide6 Oxygen• 

RR 
e 

UV unexposed LDC 1.68±0.17 100 0.49±0.06 100 12.12±1.78 100 

UV unexposed LDC + 0.76±0.09 45 0.15±0.01 30 
HQNO 

UV unexposed LDC + 
MOON 

UV unexposed LDC + 
MOON+ 
octadecylamine 

UV exposed LDC + 
MOON 

UV exposed LDC + 
MOON+ 
octadecylamine 

UV exposed LDC + 
MOON+ 
octadecylamine + 
HQNO 

129±0.13 77 0.91±0.12 186 13.22±1.49 109 

1.48±0.19 88 2.35±0.28 470 13.33±1.50 110 

0.84±0.10 50 2.16±0.22 440 5.80±0.61 48 

1.34±0.15 80 2.64±0.30 527 8.12±0.86 67 

0.77±0.10 46 024±0.03 48 

• UV -unexposed and UV -exposed LDC was prepared according to procedure as given 
in Materials and methods. Octadecylamine and HQNO were added to LDC at a 
concentration of30 J.!M,and 10 J.1M 10 min before the addition of electron acceptor. 
LDC was exposed to UV irradiation for 40 min (UV-exposed LDC) and control LDC 
was kept in dark under similar conditions (UV -unexposed LDC). 
b ALA and ferricyanide reduction was assayed according to the procedure as given in 
Materials and methods. Incubation time with ALA and ferricyanide was 10 min. 
• Oxygen uptake was assayed according to the procedure as given in Materials and 
methods. Rate values represent the oxygen uptake in presence of 5 mM glucose. 
d Rate expressed in nmol/min/mg protein, values represents average of four 
experiments. 
• RR: relative rate 
Control experiments received equal volume of solvent (DMF). 
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TABLE.6.11. Rates of ATPase and PPase activity of digitonine permeabilized L. 

donovani promastigotes in different buffers 

A TPase activity PPase activity 

Composition• (nmoVmin/mg protein) (nmoVmin/mg protein) 

Rateb RRC Rateb RRC 

Standard buffer 42.13±5.63 100 20.45±3.78 100 

K+ free buffer 48.54±7.14 115 27.56±3.82 135 

N a+ free buffer 49.47±7.89 117 34.48±5.63 169 

K+ and Na+free buffer 12.42±2.56 29 21.78±5.39 106 

• Standard buffer was composed of300mM sucrose, 50mM Tris, 50mM NaCl, 50mM 

KCl and 2mM EGTA(pH 7); K+ free buffer was composed of300mM sucrose, 50mM 

Tris, 50mM NaCl, and 2mM EGTA(pH 7); Na+ free buffer was composed of300mM 

sucrose, 50mM Tris, 50mM KCl and 2mM EGTA (pH 7); K+ and Na +free buffer was 

composed of 200mM sucrose, 50mM Tris, 60mM choline chloride, and 2mM 

EGTA(pH7). 

b The values represents average of four experiments. 

c RR: relative rate. 
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TABLE.6.12. Effect ofNADH, NADPH, DL-Iactate and fumarate on ATPase and 

PPase activity of digitonine permeabilized L. donovani pro mastigote cells 

A TPase activity PPase activity 

Incubation• (nmoVmin/mg protein) (nmoVmin/mg protein) 

DPC+ ATP+ Mg++ 

DPC+ ATP+ Mg+++ NADH 

DPC+ ATP+ Mg+++ NADPH 

DPC+ ATP+ Mg+++ DL-lactate 

DPC+ ATP+ Mg+++ Fumarate 

DPC+ PPi+ Mg++ 

DPC+ PPi+ Mg+++ NADH 

DPC+ PPi+ Mg+++ NADPH 

DPC+ PPi+ Mg+++ DL-lactate 

DPC+ PPi+ Mg+++ Fumarate 

Rateb 

31.58±4.72 

27.23±3.83 

21.54±3.12 

26.67±3.14 

38.46±4.59 

RR' Rateb 

100 

86 

68 

84 

122 

30.15±3.96 

33.78±4.13 

37.57±4.85 

32.39±4.60 

27.19±3.81 

• DPC: digitonine (50J.!g/mg protein) permeabilized cell; ATP (0.25mM); 

pyrophosphate (0.25mM); Mg++ (0.5mM); NADH (0.5mM); NADPH (0.5mM); DL

lactate (5mM); fumarate (5mM) 

b The values represents average of four experiments. 

'RR: relative rate 
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TABLE.6.13. Effect of sulfhydryl group inhibitors on ATPase and PPase activity 

of digitonine permeabilized L. donovani pro mastigote cells 

Incubation• 

DPC+ ATP+ Mg++ 

HgCh-DPC+ ATP+ Mg++ 

PCMB- DPC+ ATP+ Mg++ 

APAOS- DPC+ ATP+ Mg++ 

DPC+ PPi + Mg++ 

HgCh-DPC+ PPi + Mg++ 

PCMB- DPC+ PPi + Mg++ 

AP AOS- DPC+ PPi + Mg ++ 

A TPase activity 
(nmollmin/mg protein) 

Rateb RRC 

30.23±3.92 100 

05.17±0.78 17 

15.28±2.01 50 

20.58±3.14 68 

PPase activity 
(nmollmin/mg protein) 

Rateb RRC 

30.47±4.23 100 

07.82±1.31 26 

19.20±2.57 63 

18.45±3.15 61 

• DPC: digitonine (50J.lg/mg protein) permeabilized cell; HgCh-DPC: LDC treated 

with 0.5mM of HgCh and washed, then permeabilized with digitonine (50J.lg/mg 

protein); PCMB-DPC: LDC treated with 1mM p-chloro mercuric benzoic acid 

(PCMB) and washed then permeabilized with digitonine (50J.lg/mg protein); APAOS

DPC: LDC treated with 2mM 4-aminophenyl arseneoxide-N-sulphonic acid (APAOS) 

and washed then permeabilized with digitonine (50J.lg/mg protein). 

b The values represents average of four experiments. 

• RR: relative rate. 
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TABLE.6.14. Effect ofNaCI and NaF on ATPase and PPase activity ofdigitonine 

permeabilized L. donovani promastigote cells 

ATPase activity PPase activity 

Incubation" (nmoVmin/mg protein) (nmollmin/mg protein) 

Rateb RRC Rateb RRC 

DPC+ ATP+ Mg++ 33.24±5.34 100 

DPC+ ATP+ Mg+++ NaCI(IOmM) 30.56±4.87 92 

DPC+ ATP+ Mg+++ NaF(IOmM) 17.52±2.58 53 

DPC+ PP;+ Mg++ 36.52±5.82 100 

DPC+ PP;+ Mg+++ NaCI(IOmM) 29.25±4.65 80 

DPC+ PP;+ Mg+++ NaF(I OmM) 06.51±0.96 18 

"DPC: digitonine (50!1g/mg protein) permeabilized cell. 

b The values represents average of four experiments. 

• RR: relative rate. 
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Fig. 6.1. Concentration-response curve describing the ALA ( o ), DTNS ( • ), NQSA 
(o) and K3Fe(CN)6 (•) reduction inhibition in L. donovani promastigotes by capsaicin 
(A) and cadmium chloride (B). Assay was made as described in Materials and 
methods. Each point represents the mean offour experiments. 

134 



Chapter VI Results 

A 
100 

80 

c: 
0 60 E 
.0 
:E 
c: 

40 
~ 0 

20 

0 
0 2 4 6 8 10 

Concentration of monensin sodium x1 0-$ (M) 

100 
B 

80 

c: 

~ 60 
.0 
:E 
.!: 40 
~ 0 

20 

0 
0 5 10 15 20 

Concentration of amiloride x1 o-5 (M) 

Fig. 6.2. Concentration-response curve describing the ALA (o), DTNS (•), NQSA 
(o) and K3Fe(CN)6 (•) reduction inhibition in L. donovani promastigotes by monensin 
sodium (A) and amiloride (B). Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 
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Fig. 6.4. Concentration-response curve describing the inhibition of L. donovani 
promastigote growth by trifluoperazine (A) and amiloride (B). The culture was 
exposed for 96hrs with the compounds. Each point represents the mean of four 
experiments. 
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Fig. 6.5. Effect of ALA, (o); DTNS, (•); NQSA, (o); and K,Fe(CN)6, (•); reduction 
iohibition in L.donovani promastigotes by 4-aminophenylarseneoxide-N-sulphonic acid 
[APAOS]. Assay was made as described in Materials and Methods. Each point represents the 
mean of four experiments. 
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Fig. 6.6. Effect of ALA, (o); DTNS, (•); NQSA, (o); and K,Fe(CN)6, (•); reduction 
iohibition in L.donovani promastigotes by sodium azide. Assay was made as described in 

· Materials and methods. Each poiot represents the mean of four experiments. 
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Fig. 6.7. Effect of ALA, (o); DTNS, (•); NQSA, (o); and K.,Fe(CN)6, (•); reduction 
inhibition in L.donovani promastigotes by dicyclohexylcarbodiimide [DCCD]. Assay was 
made as described in Materials and methods. Each point represents the mean of four 
experiments. 
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Fig. 6.8. Effect of ALA, ALA, (a); DTNS, (•); NQSA, (o); and K3Fe(CN)6, (•); reduction 
inhibition in L.donovani promastigotes -by triethyltin bromide (TTB). Assay was made as 
described in Materials and methods. Each point represents the mean of four experiments. 
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Fig. 6.9. Effect of ALA, (o): DTNS, (•); NQSA, (o): and K:-fe(CN)6, (•); reduction 
inhibition in L.donovani promastigotes by resveratol. Assay was made as described in 
Materials and methods. Each point represents the mean of fonr experiments. 
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Fig. 6.10. Effect of ALA, ALA. ( o ): DTNS, ( • ): NQSA, (o): and K;.Fe(CN)c. (•): reduction 
inhibition in L.donovani promastigotes by qnercetin dihydrate. Assay was made as described 
in Materials and methods. Each point represents the mean of four experiments. 
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Fig. 6.11. Effect of ALA, (o); DTNS, (•); NQSA, (o); and K,Fe(CN)6, (•); reduction 
inhibition in L.donovani promastigotes by sodium orthovanadate. Assay was made as 
described in Materials and methods. Each point represents the mean of four experiments. 
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Fig. 6.12. Effect of ALA, ALA, (o); DTNS, (•); NQSA, (o); and K3Fe(CN)6, (•); reduction 
inhibition in L.donovani promastigotes by verapamil. Assay was made as described in 
Materials and methods. Each point represents the mean of four experiments. 
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Fig. 6.13. Effect of ALA, ALA, (o); DTNS, (•); NQSA, (o); and KJFe(CN),, (•); reduction 
inhibition in L.donovani promastigotes by sodium fluoride. Assay was made as described in 
Materials and methods. Each point represents the mean of four experiments. 
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Fig. 6.14. Effect of ALA, ALA, (o); DTNS, (•); NQSA, (o); and K3Fe(CN)6, (•); reduction 
inhibition in L.donovani promastigotes by imidodiphosphate (IMD). Assay was made as 
described in Materials and methods. Each point represents the mean of four experiments. 
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Fig. 6.15. Effect of near-ultraviolet irradiation on oxygen uptake and transplasma 
membrane electron transport activities of LDC. Cells were either photoinactivated or 
kept in dark tmder the conditions described in Materials and methods.( o ), oxygen 
uptake of dark exposed cells; (•). oxygen uptake of UV exposed cells; (o), ALA 
reduction of dark exposed cells: •. ALA reduction of UV exposed cells; (.C:.), 
ferricyanide reduction of dark exposed cells; (.A.), ferricyanide reduction of UV 
exposed cells. Each point represents the average value offour experiments. 
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Fig. 6.16 .. U. V. irradiated LDC was used for various transPMET activities. The LDC 
was photo inactivated under the conditions described in materials and methods. 
A: measurement of ALA reduction with MOON, (•); and MOON+octadecylamine, 
(•). B: measurement of ferricyanide reduction with MOON, (•); and 
MOON+octadecylamine, (•). Each point represents the average value of four 
experiments. 
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Fig. 6.17. Effect of pH on ATPase (A) and PPase (B) activities in digitonin permeabilized L. 
donovani promastigote. Assay was made as described in Materials and methods. Each point 
represents the mean of four experiments. 
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Fig. 6.18. Saturation curve of Mg ++ and A TP on ATPase activitiy in digitonin penneabilized 
L.donovani promastigote. Assay was made as described in Materials and methods. Each point 
represents the mean of four experiments. 
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Fig. 6.19. Saturation curve of Mg ++ and Pyrophosphate on PPase activity in digitonin 
penneabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 
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Fig. 6.20. Effect of sodium azide on ATPase (•) and PPase (•) activity in digitonin 
permeabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 
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Fig. 6.21. Effect of sodium orthovanadate on ATPase (•) and PPase (•) activity in 
digitonin permeabilized L. donovani promastigote. Assay was made as described in Materials 
and methods. Each point represents the mean of four experiments. 
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Fig. 6.22. Effect of trifluoperazine on ATPase (•) and PPase (•) activity in digitonin 
permeabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 
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Fig. 6.23. Effuct ofN, N-dicyclohexyl carbodimide (DCCD) on ATPase (•) and PPase 
(•) activity in digitonin permeabilized L. donovani promastigote. Assay was made as 
described in Materials and methods. Each point represents the mean of four experiments. 
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Fig. 6.24. Effect of quercetin on on ATPase ( •) and PPase (•) activity in digitonin 
penneabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 
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Fig. 6.25. Effect of imidodiphosphate on on ATPase (•) and PPase (•) activity in 
digitonin penneabilized L. donovani promastigote. Assay was made as described in Materials 
and methods. Each point represents the mean _of four experiments. 
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Fig. 6.26. Effect of verapamil on on ATPase (•) and PPase (•) activity in digitonin 
permeabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 

120 

100 

80 

~ 
IJl 60 
'iii 
~ 

40 

20 

0 
0 2 4 6 8 

Concentration of triethyltin bromide (IJM) 

Fig. 6.27. Effect oftriethyltin bromide on ATPase (•) and PPase (•) activity in digitonin 
perineabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 

149 



Chaoter VI Results 

120 

100 

Q) 80 -~ 
Q) 

60 • > 
"" • <11 
a; 
0::: 40 

20 

0 
0.0 2.5 5.0 7.5 10.0 

Concentration of NaF (mM) 

Fig. 6.28. Effect of sodium fluoride on ATPase (•) and PPase (•) actiYity in digitonin 
permeabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 
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Fig. 6.29. Effect of resveratol on ATPase (•) and PPase (•) activity in digitonin 
permeabilized L. donovani promastigote. Assay was made as described in Materials and 
methods. Each point represents the mean of four experiments. 
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