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ABSTRACT 

Amino Acid Transport in Trypanosoma gambiense. 

Brian D. Hansen 

14 
Using C-labeled amino acids, absorption of L-lysine, L-arginine, 

L-glutamate, L-phenylalanine, L-methionine, L-threonine, L-alanine, and 

L-glycine were studied. All amino acids appeared to be absorbed by 

both simple diffusion and mediated systems. Inhibitions produced by 

analogues indicate 5 possible transport loci. Locus A may have 3 Bites, 

one which transports lysine and the remaining 2 binding glutamate and 

arginine. When occupied, the latter 2 appear to stimulate the transport 

of lysine. Methionine and phenylalanine were shown to bind nonproduc¬ 

tive ly at the lysine transport site. Locus B transports threonine, glycine, 

and alanine with negligible interaction with the other amino acids studied. 

This locus is partially Na+-sensitive. Locus C transports glutamate 

primarily. Locus D has 2 transport sites, one for phenylalanine and one 

for methionine. Threonine shows slight interaction at this site. Locus 

E also has 2 transport sites, one for lysine and one for arginine. All 

8 amino acids were tested for Na+ sensitivity, with only the amino acids 

entering at Locus B affected. Further evidence for Na+ sensitivity of 

Locus B was demonstrated in that the uptake of threonine, glycine, and 

alanine was ouabain-sensitive. The uptake of methionine and phenylalanine 

was measured in the presence of an amino acid mixture and the observed 

values agreed with those predicted by calculation according to the technique 

of Read et al. (1963)* 
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INTRODUCTION 

A. Statement of the Problem 

The present study is an attempt to partially characterize the 

kinetics of amino acid transport in Trypanosoma gambiense. The sodium 

sensitivity of amino acid transport is also determined. The observed up¬ 

take values for phenylalanine and methionine in the presence of an amino 

acid mixture is compared with predicted uptake values. 

B. Life Cycle of Trypanosoma gambiense 

Trypanosoma gambiense was first seen in the blood of a European in 

Gambia, Fest Africa (1901) and was named Trypanosoma gambiense by Dutton 

(1902). Castelli (1903) discovered Trypanosoma gambiense in the spinal 

fluid of patients suffering from African sleeping sickness and it soon 

became apparent that the blood and spinal fluid forms were the same 

organism. Then in 1903, Bruce and Nabarro provided evidence which showed 

this trypanosome to be transmitted by the tsetse fly, Glossina palpalis to 

man following a short incubation period in the insect. Klein (l91l) later 

determined the manner of development within the insect host. 

In all vertebrate hosts including man Trypanosoma gambiense develops 

extracellularly in the blood, the reticular interstices of the lymph nodes 

and spleen, and the cerebro-spinal fluid, multiplying by binary fission. 

Bruce (19H) determined that these haemoflagellates were polymorphic and 

fall into 3 basic categories : l) the stumpy forms without a free flagel¬ 

lum, 2) the long slender forms with a free flagellum, and 3) some inter¬ 

mediary forms. During the early period of increasing parasitemia, the long 

slender forms predominate while later the stumpy forms increase in number. 



2 

Read (1972) has suggested that the increase in stumpy forms may he of 

importance in the infection of the arthropod host. The trypanosomes are 

ingested with a blood meal when the insect host, Glossina palpalis, feeds. 

The trypanosomes reach the intestine of the insect and multiply in the mid 

and hind gut (never intracellularly). After a few days, the trypanosomes 

migrate forward back through the esophagus, pharynx, and labial cavity, 

and gain entrance to the salivary glands via the salivary ducts. Here 

they cling to the epithelial walls and undergo further multiplication as 

the epimostigote forms (Crithidia). A few more days are then required 

before the trypomastigote (metacyclic) forms appear whereupon the fly 

becomes infective. The trypomastigote forms are then injected into the 

bite wound of the vertebrate host during the act of feeding. The entire 

cycle of development for Trypanosoma gambiense requires about 20 days. 

C. Energy Metabolism and Transport of the Trypanosomidae 

As Southworth (1971) has suggested, membrane transport of nutrients 

is a foodgetting mechanism at the molecular level but the significance of 

these systems cannot be interpreted without some knowledge of the meta¬ 

bolic process following membrane translocation. Although the present 

study has attempted to elucidate amino acid transport by Trypanosoma 

gambiense, it seems appropriate to briefly review respiratory and amino 

acid metabolism of trypanosomes. This becomes especially important in 

view of recent findings which suggest a rather intimate metabolic associa¬ 

tion of amino acids and carbohydrates in trypanosomes (Chappell et_al., 1971; 

and Hampton, 1970). 

As noted by Danforth (1967), respiratory metabolism of all the Trypano- 

somidae studied have two outstanding characteristics: l) a high rate of 



3 

carbohydrate metabolism with the blood forms of the brucei subgroup 

(Trypanosoma garobiense, Trypanosoma rhodesiense, and Trypanosoma brucei) 

showing an absolute dependence on exogenous glucose in the suspending 

medium and 2) an incomplete carbohydrate catabolism with the end products 

less oxidized than C02. Grant et al. (1957), using ^C-labeled glucose, 

showed that blood forms of Trypanosoma rhodesiense catabolized glucose 

primarily to pyruvate and smaller amounts of glycerol under aerobic condi¬ 

tions. They suggested that aerobic metabolism of this organism appears to 

involve a strict quantitative conversion of glucose to pyruvate shown 

below: 

glucose + O2 •' > 2 pyruvate + 2H2O (Danforth, 1967) 

It is also important to note that in this same study, only 1.5$ of the 

glucose carbon was found to be incorporated into cellular constituents. 

This suggested that although glucose served as an energy source, it did not 

function as a source of carbon. Further, Grant et al. (1961) demonstrated 

that in contrast to electron transport via the cyanide-sensitive cytochrome 

systems found in the culture (insect) form of Trypanosoma rhodesiense, the 

blood forms of the same organism utilize an aerobic glycerophosphate 

oxidase system to transfer electrons from reduced HATH to oxygen as shown 

below (Danforth, 1967): 
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It appears, therefore, that the quantitative conversion of glucose to 

pyruvate aerobically occurs via the Embden-Meyerhof-Parnas pathway (EMP) 

coupled with the L-a-glycerophosphate oxidase system. The oxidation of 

glucose is incomplete due to a lack of cytochrome pigments in the blood 

form of Trypanosoma gamble ns e (Ryley, 1956;and Fulton et al., 1959)* 

Furthermore, since the absolute requirement for glucose by the blood stream 

form of Trypanosoma gambiense has been demonstrated (Von Brand, 1966), it 

seems reasonable to assume that some type of facilitated transport system 

would exist for the translocation of this metabolically important substrate. 

Southworth et al. (1969) demonstrated that in Trypanosoma gambiense 

facilitated transport systems appeared to specifically transport glucose, 

mannose, glycerol, 2-deoxyglucose, and fructose. Competitive inhibition 

studies further suggested two transport loci; a "glucose locus" through 

which glucose, mannose, and glycerol are transported and a "fructose locus" 

through which only fructose is translocated. Sanchez and Read (1969) have 

also demonstrated specificity of carbohydrate transport by Trypanosoma 

lewisi. The uptake of glucose was measured and found to occur at a rapid 

rate. Other carbohydrates (mannose, 3-0-methyl glucose, and glucosamine) 

were also found to be partially competitive inhibitors which suggested the 

possibility of two transport loci for hexose transport. Further evidence 

for two hexose transport loci was provided by showing that glucosamine was 

unable to inhibit glucose uptake but could inhibit fructose, mannose, 

galactose, and 3-0-methyl glucose. Trypanosoma lewisi has also been shown 

to oxidize glucose more completely than members of the brucei subgroup 

(Ryley, 1951* 1956) due to the presence of an essentially complete cyto¬ 

chrome system. Although Trypanosoma lewisi survived for several hours in 
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the absence of any substrate (Thursten, 1958), O2 consumption was stimu¬ 

lated greatly in the presence of glucose, fructose, and mannose (Moulder, 

1948). Trypanosoma cruzi, belonging to the same group as Trypanosoma 

lewisi, has shown a similar ability to oxidize glucose completely and to 

specifically absorb sugars (Warren, 1963; and Min, 1965, 1966). Therefore, 

where a need for carbohydrates as an energy source for trypanosomes has 

been demonstrated, specificity of membrane transport has usually been shown 

as well. 

D. Amino Acid Metabolism and Transport of the Trypanosomidae 

Amino acid transport and metabolic studies have been done for 

various trypanosome groups, although these studies have been few in number. 

Chappell et al. (1972) studied short-interval absorption and metabolism of 

some amino acids in Trypanosoma gambiense. They reconfirmed the findings 

of Grant and Fulton (1957) by showing that significant quantities of 

alanine were formed from labeled glucose. In fact, 69.2$ of glucose label 

entering the cell was recovered as alanine. In a second experiment, 

trypanosomes were incubated in the presence of 1 mM glucose and 12-5 mM 

unlabeled alanine. The exogenous alanine did not significantly reduce the 

quantity of glucose recovered as labeled alanine. The significance of 

this transformation was not immediately obvious but did provide evidence in 

this case for an intimate association of glucose and amino acid metabolism. 

Other trypanosomes have also demonstrated this ability to convert ^C- 

glucose to various amino acids. Becker et al. (1955) showed that 

^C-glueose taken up by Trypanosoma rhodesiense was recovered as labeled 

aspartate, glycine, serine, and alanine. Trypanosoma equiperdum and Trypano¬ 

soma cruzi were shown to incorporate ^C-glueose label into various amino 

acids although to a lesser extent than seen with trypanosomes of the brucei 
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subgroup (Pizzi and Taliaferro, i960). These same workers also demonstrated 

the ability of several trypanosome species to utilize alimentary amino acids 

for protein synthesis with the blood streams form of Trypanosoma lewisi 

showing the greatest rate of incorporation. Chappell et al. (1972) further 

determined that alanine, aspartate, and glutamate were metabolized by 

Trypanosoma gambiense to various other free amino acids while significant 

amounts of label derived from -arginine could not be recovered by amino 

acid assay. Also cysteic acid and taurine were seemingly synthesized from 

alanine, glutamate, and arginine while evidence was provided showing that 

free endogenous glutamate may be rate-limiting for the glutamate-pyruvate 

transaminase system. 

With regard to amino acid transport in trypanosomes, a membrane trans¬ 

port locus was demonstrated for alanine in Trypanosoma gambiense (Southworth 

et al., 1972). Further, transport loci for arginine, lysine, glutamate, 

threonine, methionine, and phenylalanine have been demonstrated in the 

present study. Hampton (1970) was able to demonstrate three qualitatively 

different but overlapping transport loci for lysine in Trypanosoma cruzi. 

Hampton (1971) also showed arginine to be transported by Trypanosoma cruzi 

with alanine, glycine, valine, and methionine strongly inhibiting arginine 

uptake. Amino acid transport by Trypanosoma lewisi was also studied (Manjra 

et al., 1972) and indicated a common transport locus for valine and phenyl¬ 

alanine while arginine appeared to be transported at a second locus. 

Since amino acids are obviously important nutritionally to the trypano¬ 

some and a great deal of amino acid metabolic activity is occurring within 

this organism, it seems reasonable that some type of carrier mediated or 

diffusion mechanism must exist to facilitate the transport amino acids as 
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has been shown with the energetically important carbohydrates. The purpose 

of the present study is to further characterize the type of mechanism 

involved in amino acid transport in Trypanosoma gambiense and to determine 

the interaction between the amino acid transport loci. 
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MATERIALS MD METHODS 

A. The Organism 

The Wellcome TS strain of Trypanosoma gambiense was used in all 

experiments. This particular strain was obtained from Dr. J.R. Seed, 

Tulane University, and was originally isolated from a patient suffering 

from sleeping sickness at the London Hospital of Tropical Diseases in 1921. 

This same strain was investigated by Gobel, et al. (1959) and found to be 

"relatively stable over the years." Southworth (1969) has indicated that 

syringe-passed trypanosomes may evolve in the laboratory and that an old 

strain may not be the same as the original. For this reason, once a year, 

new trypanosome stabillates (preserved biological specimen prepared in 

large quantities) were prepared from the original trypanosome suspension. 

B. The Host 

Male retired breeder rats (400-500 g) obtained from the Holtzmann 

Rat Company, Madison, Wisconsin, were used as the host animal. These large 

animals proved to be most advantageous due to the larger amount of blood 

which could be drawn by cardiac puncture and became readily infected with 

the Wellcome TS strain of trypanosomes. 

C. Preparation of Trypanosome Stabillate 

The procedure for the maintenance of the trypanosomes was prepared 

according to the technique of Southworth (1969). summary, the trypano¬ 

somes were prepared as frozen stabillates by first pooling the blood of 

three infected rats and diluting with a 20$ v/v glycerol-Krebs-Ringers- 

tris-maleate buffer at pH 7*6 with a final glycerol concentration of 10$. 

This mixture was then dispensed in 1.5 ml aliquots into 50 screw cap test 

tubes and placed in a Virtis Model 11-200 slow freezing bath. The temperature 
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was automatically dropped from 10°C to -48°C in 6o minutes time and the 

tubes stored at -80°C. 

D. Infections 

Each rat was injected intraperitoneally with 0.25 ml of the thawed 

trypanosome stabillate. The injections were made between 48 and 50 hours 

before each experiment. 

E. Collection and Preparation of Trypanosomes 

At 50 hours post-infection, blood was collected from six infected 

rats by cardiac puncture (15 ml/rat) and pooled in a 150 ml beaker packed 

in ice. The blood was then transferred in equal amounts to eight 15 ml 

centrifuge tubes and sedimented at 500 G for 10 minutes at 4°C. The 

layer containing the trypanosomes was removed, pooled in two 15 ml centri¬ 

fuge tubes, and resuspended in a phosphate-buffered saline (PSG) containing 

10 mM glucose (O.O95 M NagHPO^, 0.005 M NaHgPO^ 2H20, and O.O73 M CaCl). 

The trypanosomes were then separated from the blood components on a DEAE- 

cellulose column according to the technique of Lanham et al. (1970). 

Briefly, the DEAE-cellulose column acts as an anion exchanger, with the 

separation of trypanosomes from blood components dependent upon surface 

charge. Therefore, the more negatively charged blood components are 

adsorbed while the less negatively charged trypanosomes are eluted. 

Lanham et al. (1970) determined that a 6:4 dilution of the PSG buffer 

with distilled water resulted in the optimal adsorption-elution charac¬ 

teristics for Trypanosoma brucei in rat blood. The same was found to hold 

true for Trypanosoma gambiense. 

After the eluted trypanosomes were collected from the DEAE-cellulose 

column, they were resuspended in buffered saline with 10 mM glucose (KRTG, 
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120 mM NaCl, 4.8 mM KC1, 2.6 mM CaC^j 1.2 mM MgSO^, 25 mM tris (hydroxy¬ 

methyl) amino-methane-maleate buffer at pH J.6) and pooled in two 15 ml 

centrifuge tubes. After the final centrifugation before incubation, the 

trypanosomes were transferred to KRT buffer (37°C) without glucose and 

resuspended. 

F. Incubations 

At appropriate intervals of time, 1.0 ml of the trypanosome suspen¬ 

sion and 1 ml of a solution containing a ^C-labeled amino acid (at 2 X 

substrate concentration) were mixed and incubated for 2 minutes at 37°C. 

The incubations were terminated using the technique of Sanchez et al. 

(1969). This was done by diluting the mixture with 4 volumes of cold 

(4°C) KRT buffer and immediately centrifuging at 4°C for 10 minutes. The 

resulting pellet was washed in cold KRT (4°C), drained of excess buffer, 

and extracted in 2 ml of ethanol for three hours. 

G. Radioactive Determinations 

Radioactivity in 1 ml aliquots of the ethanol extracts was deter¬ 

mined in a Packard Tri-carb Scintillation Spectrometer. 

H. Protein Determination 

The total trypanosome protein was determined by the method of Lowry 

et al. (l95l)* The rate data are expressed as micromoles solute absorbed/g 

protein/2 minutes. 

I. Other Methods 

The ^*C amino acids were obtained from New England Nuclear Corpora¬ 

tion, Boston, Massachusetts, and Amersham/Searle Corporation, Arlington 

Heights, Illinois. The isotopes were diluted with KRT so that final 
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specific activities ranged from 0.06 to 3-0 microcuries per micromole. All 

stable chemicals were of reagent grade and obtained from commercial sources. 

Both labeled and unlabeled amino acids used in this study were of the "L" 

configuration. 

Linear Regression analysis was used to evaluate linear relationships 

while all results were expressed as the mean of 3 replicates + the standard 

errors. 
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RESULTS 

A. The uptake of amino acids by Trypanosoma gamblense. 

The velocity of uptake of -^C-lysine, arginine, glutamate, methio¬ 

nine, phenylalanine, threonine, alanine, and glycine by T. gambiense was 

measured for 2 min over a concentration range of 0.05 mM to 10 mM. All 

eight amino acids displayed mixed uptake kinetics containing both mediated 

and simple diffusion components. The amino acids with charged polar 

groups (lysine, arginine, and glutamate) were absorbed 50$ by diffusion 

and 50$ by a mediated system at concentrations found in the peripheral 

blood of the rat (0.1 to 0.5 mM). At higher concentrations of these same 

amino acids ( >1 mM) the diffusion component was several times that of the 

mediated component (Fig. 1-3)* At physiological concentrations, the 

neutral amino acids appeared to enter largely by a mediated system while 

at higher substrate concentrations varying rates of diffusion were observed 

(Fig. k-8). The and VTnfly were calculated for each amino acid (as deter¬ 

mined by the method of Lineweaver-Burk, 193^-) and appear in Table 1. 

B. Competitive interactions of amino acids. 

All eight amino acids were tested as substrates at 0-5 mM and 

as inhibitors of one another ranging in concentration from 0.05 to 10 mM. 

These rates of uptake vs. inhibitor concentration curves reconfirmed the 

presence of a diffusion component. Testing the uptake of 0.5 mM lysine in 

the presence of increasing concentrations of six amino acids, showed lysine 

to be the most effective inhibitor of itself with the neutral amino acids 

(phenylalanine, methionine, and threonine) showing only slight inhibition 

of lysine uptake (Fig. 9)* Arginine and glutamate stimulated the uptake of 

lysine and in the case of arginine the stimulation was almost 100$ at a 20:1 
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Table 1 

Values of and V y for the uptake of various 

amino acids by Trypanosoma gambiense in 

two-minute incubations. 

Vmax (micromoles/gm 

Kt (mM) protein/2 min) 

Alanine 1.94 20.4 

Alanine (Na+-free) 1.27 8.47 

Threonine 0.3b 74.1 

Threonine (Na+-free) 0.52 33*9 

Glycine 0.33 66.6 

Glycine (ïïa+-free) 0.50 35*7 

Methionine 0.23 6.9 

Phe nylalanine 0.20 2.5 

Lysine 0.50 0.35 

Arginine 0.71 0.86 

Glutamate 0.53 0.47 

effector-to-substrate ratio. The stimulation of lysine uptake by gluta¬ 

mate did not occur below a 5:1 (glutamate to lysine) ratio. Maximal stimu¬ 

lation was observed at a 20:1 (effector to substrate) ratio. The resulting 

rate of uptake vs. effector concentration curve was sigmoidal in shape. 

The uptake of 0.5 mM arginine was maximally inhibited by arginine, lysine, 

and phenylalanine while its uptake was not stimulated by lysine or glutamate 

(Fig. 10). Arginine uptake was inhibited slightly by methionine but 

unaffected by glutamate and threonine. Phenylalanine inhibited glutamate 
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uptake to a greater extent than glutamate inhibited itself (Fig. ll). 

Phenylalanine was shown to bind nonproductively to the glutamate-preferring 

locus. Lysine and arginine were shown to have no effect on the absorption 

of glutamate at or below a 20:1 ihhibitor-to-substrate ratio. Methionine 

and phenylalanine maximally inhibited each other while both were inhibited 

about 4-0$ by threonine (Figs. 12, 13). Lysine, arginine, and glutamate had 

little effect on the uptake of phenylalanine and methionine. When the 

reciprocal uptake values vs. the reciprocal of the substrate concentration of 

methionine in the presence of threonine and phenylalanine as inhibitors 

were plotted, the slope of the lines changed while the "Y intercept" did 

not, which suggested these three amino acids to be competitive inhibitors 

of one another (Fig. 14). Further, when the reciprocal of the rate of 

uptake for methionine vs. increasing concentrations of phenylalanine and 

threonine as inhibitors was plotted, a linear relationship was shown (Fig. 

15). Similar results were obtained for the uptake of phenylalanine when 

plotted in the same manner (Fig. l6). This suggested that methionine, 

phenylalanine and threonine were complete competitive inhibitors of one 

another. The same proved true for all 8 amino acids tested as inhibitors. 

A summary of the interactions of the first six amino acids tested can be 

seen in Fig. 17- (Darker lines indicate areas of maximal inhibition. These 

percent inhibitions were taken from the highest inhibitor-to-substrate 

ratio of complete substrate va. inhibitor curves). Because threonine did 

not interact strongly with any of the 6 amino acids except itself (Fig. 18), 

the neutral amino acids, glycine and alanine, were examined as inhibitors 

of threonine. Figures 19-21 demonstrate that at an inhibitor-to-substrate 

ratio of 20:1 all three were excellent inhibitors of one another. (Fig. 22 

is a summary of the interactions of these three amino acids as in Fig. 17)» 
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This implies the existence of a common transport locus for these three 

amino acids. When these data were corrected for diffusion and plotted as 

the reciprocal of the velocity of uptake vs. increasing inhibitor concen¬ 

tration, the resulting straight lines imply these three amino acids to he 

completely competitive inhibitors of one another. 

C. Sodium sensitivity studies 

All eight amino acids were tested for Na+ sensitivity by incubating 

in Na+-free KRT using Tris(hydroxymethyl)aminomethane (THAM) as the substi¬ 

tute ion. Threonine, alanine, and glycine were shown to be Na+-sensitive. 

Since all three were shown previously to enter by a common mediated system, 

this probably represents a single Na+-sensitive locus. At a substrate con¬ 

centration of 10 mM and in the absence of Na+, there was found to be a 50$ 

decrease in the uptake of all three amino acids. When the reciprocal of 

the uptake curves were drawn for threonine, glycine, and alanine both in 

the absence and presence of Na+, both the and Vmax values were shown to 

change (Figs. 23-25). The rates of uptake of threonine, alanine, and 

glycine were also determined with the cardiac glycoside ouabain in both 

the preincubation medium and as a competitive inhibitor of these three 

Na+-sensitive amino acids. When the trypanosomes were preincubated with 

1 mM ouabain at 4°C for 15 min and then incubated for 2 min at 37°C in the 

presence of the Na+-sensitive amino acids (0.5 mM) there was a decrease of 

42$ in the uptake of threonine, 25$ in glycine uptake, and 10$ in the uptake 

of alanine. One mM and 5 mM ouabain did not competitively inhibit these 

amino acids (Table 2). 
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Table 2 

The effect of ouabain as a competitive inhibitor 

and when present in the preincubation medium 

on the uptake of 0.5 mM alanine, glycine, 

and threonine by Trypanosoma gambiense. 

Ouabain (mM) Alanine Glycine Threonine 

1 mM 12.05 ± 0.l4 36.05 ± 0.97 45.37 ± 2.81 

5 mM 12.70 ±0.25 36.37 ± 1.43 45.74 ±0.62 

0 12.73 ± 0.12 38.19 ± 1.28 46.02 ± 0.04 

No preincubation 13.27 ± 0.25 37.98 ± O.63 47.82 ±1.45 

Preincubation (l mM) 12.17 ± O.38 26.15 ± 0.28 27-97 ± 1.55 

The observed values are means of three replicates. 

D. Calculation of inhibition constants 

Since it was shown that methionine, threonine, and phenylalanine 

were competitive inhibitors of one another, Kq values were calculated for 

each amino acid as an inhibitor of methionine and phenylalanine. The Kq 

was calculated from the equation: 

slope of inhibited curve = •■•""'* ( 1 + —-—) (Read, et al., 1963) 
Ki 

where = transport constant of the uninhibited curve, V = maximum 

velocity, and Cl] = concentration of the inhibitory amino acid. The 

and K-|- values appear in Table 3* 
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Table 3 

A comparison of Kt for each of several amino acids taken up by 

Trypanosoma gambiense and the of each amino acid acting 

as an inhibitor of L-methionine- % and L-phenylalanine-^C. 

Kt (mM) Ki (methionine) (phenylalanine) 

Methionine 0.23 - 0.26 

Phenylalanine 0.20 0.18 - 

Threonine 0.52 0.45 0.99 

Lysine 0.50 40.0 2.00 

Arginine 0.71 40.0 3.30 

Glutamate 0.53 40.0 00 

E. Comparison of predicted and observed uptake values of C^-methionine 

and phenylalanine in the presence of an amino acid mixture. 

Head et al. (1963) demonstrated that it is possible to predict 

uptake values of substrates in the presence of a mixture of inhibitory 

analogs. Experiments were conducted to determine if the uptake values of 

methionine and phenylalanine in the presence of an amino acid mixture 

could be predicted by the equation: 

V 
max V = _ ïg^] v(i"T 

“ + 1 +
 -KVCST + ■ kVi'Cs)"' + "Ki'

r(s)' 

The uptake of -methionine (0.5 mM) was measured with a phenylalanine 

(l mM), threonine (l mM), and lysine (l mM) amino acid mixture and 

Ik 
C-phenylalanine uptake in the manner indicated above with methionine 
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(l mM) substituted for phenylalanine as part of the inhibitor mixture. In 

both cases, the observed and calculated values showed close agreement and 

are presented in Tables 4- and 5» These results also demonstrated that these 

particular mixtures act as a competitive inhibitor. 

Table 4 

Effect of 1 mM methionine, 1 mM threonine, and 1 mM lysine 

mixture on phenylalanine uptake by Trypanosoma gambiense. 

Phenylalanine 
(mM) 

Observed values £ Standard error 
(hmole/gm protein/2 min) 

Predicted 
values 

1.0 1.6l ± .1 1.53 

0.5 0.90 ± .05 1.05 

0.1 0.16 ± .01 0.23 

0.05 0.11 ± .01 0.12 

The observed values are means of three replicates. The predicted values 

were obtained according to the technique of Read, et al. (1963). 

Table 5 

Effect of 1 mM phenylalanine, 1 mM threonine, and 1 mM lysine 

mixture on methionine uptake by Trypanosoma gambiense. 

Methionine Observed values ± Standard error Predicted 
(mM) (|imole/gm protein/2 min) values 

1.0 3.78 ± .21 3-50 

0.5 2.55 ± .02 2.12 

0.1 1.22 ± .04- 1.21 

0.05 0.19 ± .02 0.26 
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DISCUSSION 

The present study shows that all eight amino acids tested are absorbed 

by both mediated and diffusion components. The charged amino acids (lysine, 

arginine, and glutamate) enter largely by diffusion at higher substrate con¬ 

centrations. However, at lower concentrations found in the peripheral 

blood of the rat host (0.1 - 0.5 mM) diffusion accounts for approximately 

50$ of the total uptake. The neutral amino acids (methionine, phenylalanine, 

threonine, alanine, and glycine) are also absorbed by a mediated and a dif¬ 

fusion component. At physiological concentrations of these amino acids in 

the peripheral blood, diffusion accounts for 5$ or less of the total uptake. 

This would suggest that the mediated transport of the above amino acids 

may play an important role in fulfillment of the nutritional requirements 

of T. gambiense in vivo. The fully competitive inhibition demonstrated 

between these eight amino acids further indicates that both mediated and 

diffusion components are involved. 

The eight amino acids studied showed considerable interaction and, in 

some cases, what appeared to be nonproductive binding occurred. Caspary, 

Stevenson, and Crane (1969) have suggested that this entails the nonproduc¬ 

tive binding of the substrate to a transport locus without subsequent 

transport. This phenomenon has also been demonstrated in purine and 

pyrimidine transport by Hymenolepis diminuta (Pappas et al., 1973)> in 

N-acetyl glucoseamine transport by T. gambiense (Southworth et al., 1969), 

and glucose transport by T. equiperdum (Ruff et al., 197*0• 

The stimulatory effect of arginine on lysine uptake was surprising in 

that with structural similarity, one might anticipate strong, mutual and 
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competitive inhibition. Although "competitive” stimulation among amino 

acids is unusual, it has been reported elsewhere. Hampton (l970) showed 

that in T. cruzi, tyrosine and isoleucine acted to stimulate lysine at low 

effector-to-substrate ratios but inhibited at higher tyrosine and isoleucine 

concentrations. Schafer and Jacquez (1967) reported similar findings in 

the Ehrlich acites cell with a number of amino acid pairs showing "competi¬ 

tive stimulation" at lower effector concentrations. They suggested that a 

transport model proposed by Oxender and Christensen (1963) may *>e i-n opera¬ 

tion. Two carriers are proposed in this model: one influxing, and one 

effluxing the stimulatory amino acid facilitating the uptake of the stimu¬ 

lated amino acid by the first carrier in an exchange mediated counterflow. 

Jacques (1967) also showed that in the Ehrlich acites cell, stimulation of 

amino acids by other amino acids could be completely eliminated if the cells 

were incubated in a Na+-free media while transport of the previously stimu¬ 

lated amino acid was continued. This provided more support for the Oxender- 

Christensen model. In the present study, the stimulation of lysine uptake 

by arginine and glutamate differed from the previously mentioned studies in 

that they continued to stimulate even at the highest effector-to-substrate 

ratio. In fact, lysine stimulation appears to be directly proportional to 

the arginine concentration. Glutamate, on the other hand, produced a sig¬ 

moidal rate of uptake vs. effector concentration curve leveling off at a 

20:1 ratio. Even at higher concentrations, neither amino acid inhibited 

the uptake of lysine. 

To determine if arginine uptake was stimulated in a similar manner, the 

same amino acids were tested as inhibitors. Lysine inhibited arginine by 

100$ at a 20:1 inhibitor-to-substrate ratio. Neither glutamate nor threo¬ 

nine inhibited arginine while methionine and phenylalanine appeared to bind 



21 

nonproductively at the arginine site resulting in a 100$ inhibition of 

arginine uptake. Rate of uptake vs. inhibitor concentration curves and 

Dixon plots revealed strong, mutual, fully competitive inhibition between 

methionine and phenylalanine with moderate interaction with threonine. 

Arginine, lysine, and glutamate had no effect on the uptake of the three 

above-mentioned amino acids. These findings agree well with those of 

Manjra et al. (1972) who showed that in T. lewisi, phenylalanine and 

valine are transported at the same locus with little interaction with 

arginine. Hampton (l97l), on the other hand, showed that in T. cruzi, 

methionine inhibited arginine at a 100:1 inhibitor-to-substrate ratio 

while phenylalanine showed negligible interaction. A number of other 

neutral amino acids were shown to interact with arginine but it was not 

determined if they were binding nonproductively to the arginine locus. 

Phenylalanine, methionine, threonine, lysine, arginine, and glutamate 

were tested as competitive inhibitors of methionine and phenylalanine and 

plotted according to the technique of Lineweaver-Burk (193*0 • Although 

the slopes of the resulting reciprocal plots differed for methionine and 

phenylalanine uptake in the presence of threonine, methionine, or phenyl¬ 

alanine as inhibitors, the Y intercept remained the same indicating compe¬ 

titive inhibition between these amino acids. Further analysis (Dixon, 

1953) suggest all to be fully competitive as well. 

Southworth et al. (1972) showed that several neutral amino acids 

(alanine, serine, valine, threonine, and cysteine) were strong inhibitors 

at a 12.5:1 inhibitor-to-substrate ratio. In the present study, threonine, 

glycine, and alanine were run as inhibitors of one another and showed 
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strong interaction. Graphic analysis suggested that these three amino 

acids may share a common transport locus. Further evidence was provided 

in support of a common transport locus in that these amino acids were 

the only ones tested which showed at least partial Na+ sensitivity. It is 

further suggested that the Na+-insensitive transport of threonine, glycine, 

and alanine occurs at the methionine-phenylalanine locus since threonine 

has been shown to partially interact at this locus. In addition, the 

marked differences between the and Vmax values of the Na+-sensitive 

and Na+-insensitive uptake components for these three amino acids farther 

suggests the utilization of 2 separate loci. However, the lack of Ha+ may 

simply change the affinity of the substrate for the carrier molecule to 

such an extent that both the and Vmax values are altered. Hampton 

(l970) also reported lysine uptake to be partially Na+-sensitive in T. cruzi. 

As pointed out by Read et al. (1963), the uptake measurement with one 

or two compounds are "artificial when considered alone, since these 

organisms do not live in solutions of one or two amino acids." Therefore, 

the inhibition of phenylalanine and methionine in T. gambiense by complex 

amino acid mixtures was measured and compared with predicted values. The 

K-fc of several amino acids are compared to the value of each amino acid 

acting as an inhibitor of phenylalanine and methionine. and values 

were found to be similar for methionine, phenylalanine, and threonine, a 

situation which has been suggested by Read et al. (1963) to be due to 

insignificant quantities of substrate in the free pool. Chappell et al. 

(1972) determined this to be the case for methionine and phenylalanine in 

T. gambiense. Values of for lysine, arginine, and glutamate, however, 
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differed widely from the values of these amino acids as inhibitors of 

phenylalanine and methionine. Read has further suggested that dissimilari¬ 

ties between K^. and values may be due to the fact that the uptake of 

some amino acids is reversible and exchange diffusion may occur. It should 

be noted that values are a direct measurement of the affinity of the 

substrate for the "carrier molecule" while Kj. values indicate only the 

concentration at which one-half the maximal velocity is reached and very 

rarely measures the affinity of the substrate for the "carrier". The 

method of Read et al. (1963) was then used to predict the uptake values 

of methionine and phenylalanine in the presence of an amino acid mixture 

and compared to the observed uptake values. Both predicted and observed 

values were shown to be similar. Similar calculations have also held for 

the cestode H. diminuta (Read et al., 1963) and the acanthocephalns, 

Moniliformis and Macracanthorynchus (Rothman and Fisher, IS&i). 

In summary, the data suggest the possibility of 5 possible transport 

loci for the eight amino acids tested and these findings are presented in 

the form of a model (Fig. 9) • Locus A transports lysine and contains 

three sites. Sites one and two, when occupied by glutamate and arginine, 

respectively, stimulate lysine uptake. The stimulatory amino acids may 

be causing a conformational change in the molecular structure of the 

carrier molecule facilitating an increase in lysine uptake or, in the 

case of arginine, a counterflow mechanism may be responsible for the 

stimulatory effect. Locus B, being Ra+-sensitive, transports threonine, 

alanine, and glycine with some interaction of these amino acids at Locus D 

(methionine-phenylalanine locus). Locus C transports glutamate with strong, 
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nonproductive binding by phenylalanine, methionine, and threonine. At 

Locus E arginine and lysine are transported while methionine and 

phenylalanine bind nonproductively. 
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Figure 1. The velocity of lysine uptake (|a,moles/gm protein/2 min) 

by Trypanosoma gambiense as a function of lysine concen¬ 

tration (mM) before (—) and after ( ) correcting for 

diffusion. Each point is the mean of 3 replicates and the 

lines were fitted by inspection. 
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Figure 2. The velocity of arginine (immoles gm protein/2 min) by 

Trypanosoma gambiense as a function of arginine concen¬ 

tration (mM) before ( ) and after ( ) correcting 

for diffusion. Each point is a mean of 3 replicates and 

the lines were fitted by inspection. 
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Figure 3* The velocity of glutamate uptake (pmoles/gm protein/2 min) 

by Trypanosoma gambiense as a function of glutamate con¬ 

centration (mM) before ( ) and after ( ) correcting 

for diffusion. Each, point is the mean of three replicates 

and the lines were fitted by inspection. 
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Figure 4. The velocity of methionine uptake (|J<inoles/gm protein/ 

2 min) by Trypanosoma gambiense as a function of 

methionine concentration (mM) before ( ) and after 

( ) correcting for diffusion. Each point is the 

mean of three replicates and the lines were fitted by 

inspection. 
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Figure 5* The velocity of phenylalanine uptake (nmoles/gm protein/ 

2 min) by Trypanosoma gambiense as a function of lysine 

concentration (mM) before ( ) and after ( ) 

correcting for diffusion. Each point is the mean of three 

replicates and the lines were fitted by inspection. 





Figure 6. The velocity of threonine uptake by Trypanosoma gambiense 

(V as in Fig. l) as a function of threonine concentra¬ 

tion (KLM) before (• •) and after •—•) correcting 

for diffusion. The lower curves (0 0, 0 0) 

represent threonine uptake in the absence of sodium 

(THAM substitute). Each point is the mean of three 

replicates and the lines were fitted by inspection. 





Figure 7* The velocity of alanine uptake by Trypanosoma gambiense 

(V as in Fig. l) as a function of alanine concentra¬ 

tion (mM) before ( f ▼ ) and after ( f ▼ ) 

correcting for diffusion. The lower curves ( v V ), 

( y y) represent alanine uptake in the absence of 

sodium (THAM substitute). Each point is the mean of 

three replicates and the lines were fitted by 

inspection. 
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Figure 8. The velocity of glycine uptake by Trypanosoma gambiense 

(V as in Fig. l) as a function of glycine concentration 

(mM) before ( V V ) and after ( V V) correcting 

for diffusion. The lower curves ( y y ), (y y 

represent glycine uptake in the absence of sodium 

(THAM substitute). Each point is the mean of three 

replicates and the lines were fitted by inspection. 
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Figure 9* The velocity of 0.5 mM C-lysine uptake by Trypanosoma 

gambiense (V as in Fig. l) as a function of increasing 

concentrations (mM) of unlabeled arginine, glutamate, 

threonine, phenylalanine, methionine, and lysine 

( A,D, t, •, t, and A, respectively). Each point is 

the mean of three replicates and the lines were fitted 

by inspection. 
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Figure 10. The velocity of 0.5 mM ^C-arginine uptake by 

Trypanosoma gambiense (V as in Fig. l) as a function 

of increasing concentrations (mM) of unlabeled 

lysine, glutamate, threonine, phenylalanine, methionine, 

and arginine ( A, #, #, A, A, and A, respectively). 

Each point is the mean of three replicates and the lines 

were fitted by inspection. 
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Figure 11. The velocity of 0*5 mM ^C-glutamate uptake "by 

Trypanosoma gambiense (V as in Fig. l) as a function 

of increasing concentrations (mM) of unlabeled 

lysine arginine, threonine, phenylalanine, methionine, 

and glutamate ( A, A, •, H, i, and □, respectively). 

Each point is the mean of three replicates and the 

lines were fitted by inspection. 
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Figure 12. The velocity of 0.5 mM ll|'C-phenylalanine uptake by 

Trypanosoma gambiense (V as in Fig. l) as a function 

of increasing concentrations (mM) of unlabeled 

lysine, arginine, glutamate, threonine, methionine, 

and phenylalanine (4, A, A, 9,0, and B, 

respectively). Each point is the mean of three 

replicates and the lines were fitted by inspection. 
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Figure 13- The velocity of 0.5 mM C-methionine uptake by 

Trypanosoma gambiense (V as in Fig. l) as a 

function of increasing concentrations (mM) of 

unlabeled lysine, arginine, glutamate, threonine, 

phenylalanine, and methionine ( A, A, A, •, 

0 , and 0, respectively). Each point is the 

mean of three replicates and the lines were 

fitted by inspection. 
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Figure 14. A plot of the reciprocal of the uptake velocity (V as 

in Fig. l) of methionine by T. gambiense as a function 

of the reciprocal of increasing methionine concentra¬ 

tion (mM) in the presence of threonine ( i, 2.5 mM) and 

phenylalanine ( H, 2.5 mM) as inhibitors. 
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Figure 15 • A plot of the reciprocal of the uptake velocity (V as 

\ lk 
in Fig. 1; of 0.5 nM C-methionine by Trypanosoma 

gambiense as a function of increasing concentrations 

of phenylalanine (O) and threonine (•). At least 

7 inhibitor concentrations, in replicates of 3> were 

used in both experiments and the lines fitted by 

regression analysis after correcting the data for 

diffusion. 
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Figure l6. A plot of the reciprocal of the uptake velocity (V as 

in Fig. l) of 0.5 mM ^C-phenylalanine by Trypanosoma 

gambiense as a function of increasing concentrations 

of methionine ( 0 ) and threonine ( • ). At least 

7 inhibitor concentrations, in replicates of 3> were 

used in both experiments and the lines fitted by 

regression analysis after correcting the data for 

diffusion. 





Figure 17- Effect of unlabeled substrates on the uptake of "^C-labeled 

amino acids in Trypanosoma gambiense. The numbers 

represent the percent inhibition of the mediated 

component at a 20:1 inhibitor-to-substrate ratio with 

respect to the absence of the inhibitory amino acid. 

Nonproductive binding is designated as n.p. 
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Figure 18. The velocity of 0.5 mM ^C-threonine uptake hy 

Trypanosoma gambiense (V as in Fig. l) as a 

function of increasing concentrations (mM) of 

unlabeled lysine, arginine, glutamate, 

phenylalanine, methionine, and threonine 

( A, A, A, 0, 0, and §, respectively). Each 

point is the mean of three replicates and the 

lines were fitted by inspection. 
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Figure 19* The velocity of 0.5 mM C-threonine uptake by 

Trypanosoma gambiense (V as in Fig. l) as a 

function of increasing concentrations (mM) of 

unlabeled glycine (V ) and alanine (?). Each 

point is the mean of three replicates and 

the lines were fitted by inspection. 
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Figure 20. The velocity of 0.5 mM C-glycine uptake by 

Trypanosoma gambiense (V as in Fig. l) as a 

function of increasing concentrations (mM) of 

unlabeled threonine ( • ) and alanine ( ▼ ). Each 

point is the mean of three replicates and the 

lines were fitted by inspection. 
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Figure 21. The velocity of 0-5 mM C-alanine uptake by Trypanosoma 

gambiense (V as in Fig. l) as a function of increasing 

concentrations (mM) of unlabeled threonine ( • ) and 

glycine (V)• Each point is the mean of three replicates 

and the lines were fitted by inspection. 
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Figure 22. Effect of unlabeled substrates on the uptake of 

^C-labeled amino acids in Trypanosoma gambiense. 

The numbers represent the percent inhibition of 

the mediated component at a 20:1 inhibitor-to- 

substrate ratio with respect to the absence of 

the inhibitory amino acid. 
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Figure 23. The reciprocals of data expressed in Figure 6 in the 

presence ( • ) and absence (0) of sodium (THAM 

substitute). 
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Figure 2k. The reciprocals of the data expressed in Figure J 

in the presence (▼ ) and absence ( V ) of sodium 

(THAM substitute). 
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Figure 25. The reciprocals of the data expressed in Figure 8 

in the presence (0) and absence (□) of sodium 

(THAM substitute). 



0
.2

 

O 

\ 



Figure 26. A kinetic model for the transport of various amino 

acids across the membrane of Trypanosoma gambiense. 
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