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ABSTRACT 

The kinetics of absorption of L-methionine-methyl- 

C14 by Hymenolepis citelli were studied using short term 

incubations. The absorption was shown to follow satura¬ 

tion kinetics. No significant differences were shown 

between the L- and D- forms of methionine absorption. 

Fifteen amino acids were found to be inhibitors of 

methionine absorption. This inhibition was demonstrated 

to be competitive in nature. Inhibition constants were 

calculated for all the inhibitors. It was shown that 

a mixture of amino acids produced a competitive inhibi¬ 

tion of methionine-methyl-C^ absorption which could be 

predicted from the inhibitions produced by the individual 

amino acids (by the equation of Read et_ al, 1962, 

Paras it♦ 48:46 abst.). It is suggested that an amino 

group alpha to the carboxyl group and a non-polar side 

chain are the requirements for absorption in this system 

under the conditions tested. The results are discussed 

briefly in terms of the ecology of H. citelli. 
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I. INTRODUCTION 

Membrane transport of amino acids 

Historical 

1. General 

The study of membrane transport of amino acids 

is not a new field. Van Slyke and Meyer (1913) ad¬ 

ministered a mixture of amino acids intravenously 

to anesthetized, fasted dogs. They reported an in¬ 

crease in the concentration of amino acids in liver, 

blood, muscle, kidney and intestine. All of the 

tissue amino acid concentrations exceeded those of 

the blood. In addition to this demonstration of 

accumulation against a concentration difference, 

they noted that the concentration of amino acids 

in muscle tissue could not be increased above 80 mg 

per 100 grams. This suggested that the muscle in¬ 

vestigated showed a definite saturation point. The 

amino acids which they measured were extracted by 

comparatively gentle means, such as hot or cold 

water or alcohol. The ease of extraction suggested 

these compounds were loosely bound if they were bound 

at all within the cell. It is of interest to note 

that Van Slyke and Meyer (1913) used the term Muphilln 

in reference to this concentration against a concentra 

tion difference. They state that this "requires 

another explanation than mere osmosis." 

Hober and H'dber (1937) used loops from the small 

intestine to study the "absorption" of a number of 
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organic compounds. Their results indicated that 

amino acids are absorbed by this preparation more 

rapidly than would be expected if diffusion were the 

only process involved. They also noted that absorp¬ 

tion rate was not a linear function of initial concen¬ 

tration. 

Using small intestine preparations from rat and 

hamster in vitro and in situ, Wiseman (1951# 1953# 

1955 and 1956) and Agar, Hird and Sidhu (195^ and 

1956) showed that L-forms of the neutral amino acids, 

except tryptophan, were absorbed against a concen¬ 

tration difference. Some neutral L-amino acids served 

to inhibit the transport of other neutral amino acids 

when present in equimolar concentrations. D-amino 

acids were not effective as inhibitors in these studies. 

Neil (1959) showed accumulation against a con¬ 

centration difference in the absorption of cysteine 

and cystine by rat small intestine. An anomalous re¬ 

sult not stressed in the paper or subsequent re¬ 

views is that the transport rate appeared to be 

linear for concentrations of L-cysteine from 0-10 

millimolar; no evidence was given for saturation of 

the system at higher concentrations. These findings 

should be reinvestigated to determine whether satura¬ 

tion kinetics pertain to this system. 

Heinz and Walsh (1958), studying glycine 

transport into Erlich ascites tumor cells, showed 

that exchange diffusion occurred in cells preloaded 
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with stable glycine and then incubated in labelled 

glycine. Their data led them to propose a mobile 

carrier system for the transport of amino acids. 

Nathans, et_ al_ (i960) used the methods of Line- 

weaver and Burk (193*0 to show that the inhibition of 

monoiodotyrosine absorption by both L-phenylalanine 

and L-methionine in everted rat small intestine sacs 

was competitive in nature. They suggest from a wide 

range of data on the effect of inhibitors on this 

transport system that an L-amino, L-carboxyl and a 

non-polar group are essential to transport. 

Pinch and Hird (i960) expressed the saturation 

phenomena of the uptake of amino acids by rat small 

intestine in terms of Michaelis-Menten (Michaelis 

and Menten, 1913) kinetics. They derived KH values 

for a number of amino acids transported by this 

system. They used these values to predict the inhi¬ 

bition of one amino acid by the presence of another. 

They suggest a mobile carrier, with L-amino, 

L-carboxyl and a non-polar group as the three essen¬ 

tials for transport. 

Lin et_ al_ (1962), using everted sacs of hamster 

intestine, showed that D-alanine, D-tryptophan and 

D-tyrosine were not transported, in contrast to the 

L-isomers. D-methionine was transported although at 

a lower rate than L-methionine. When the results 

from their experiments were plotted after the manner 

of Lineweaver and Burk (l.c.) they showed that the 
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intercepts for D- and L-methionine were not common. 

The KM for L-methionine was 1.3 mM while that for 

D-methionine was 15 mM. They found, in agreement 

with previous workers, a requirement for pyridoxal 

in amino acid transport. 

Christensen (1959> 1961 a, b) presented summaries 

of the structural criteria for transport of amino 

acids in ascites tumor cells, and discussed the evi¬ 

dence, obtained by the use of hormones and inhibitors, 

suggesting that fixed membrane sites are the charac¬ 

teristic mode by which amino acids are transported 

in the ascites tumor system. Read, Rothman and Sim¬ 

mons (1963) found no effect of estrogen, thyroxine 

and desoxycorticosterone on absorption of L-methionine 

by Hymenolepis diminuta. Their experiments showing 

counterflow (see Wilbrandt, 1961, for definition) 

suggest that a mobile locus may be involved in the 

transport of amino acids in this preparation. 

Up to the present, the two criteria for active 

transport are accumulation of the substance in solu¬ 

tion against a concentration difference (see Crane, 

i960 for the problems involved in the term "concen¬ 

tration gradient" when applied to a biological system) 

and the utilization of metabolic energy. Wilson 

(1962) suggested three other phenomena to be expected 

in such a system: 

a. Saturation phenomena; 

b. Competitive inhibition with similar compounds 
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that have a common entry sitej and 

c. Inhibition at low temperature. 

The transport against a concentration difference 

(uphill transport) may also be accounted for by facili¬ 

tated diffusion if it is induced by counter-flow of 

a transport competitor (Park, 1961). 

Read, et_ al_ (1962) presented an equation predict¬ 

ing the effect of competing members of a pool of 

amino acids on the uptake of a single component. The 

required experimental parameters are VHax of the sub¬ 

strate, KH of the substrate, concentrations of sub¬ 

strate and inhibitors, and the inhibition constant, 

K, for each of the inhibitors individually. These 

may be determined independently. Experimental test¬ 

ing of a number of amino acid mixtures indicated the 

predictive value of the equation (Read, et al, 1963)* 

2. Tapeworms 

Daugherty (1957 a and b and Daugherty and Foster 

1958) showed that Hymenolepis diminuta and Raillietina 

cesticillus take up Sulfur-35 and Carbon-l4-labelled 

L-methionine and L-cystine. Hymenolepis appeared to 

take up the amino acids at a much greater rate than 

Raillietina. The marked decrease in absorption of 

the amino acids when the temperature was lowered from 

38°C to 4°C was interpreted as evidence that an active 

process was involved. High Q]_Q values may be obtained 

for inanimate membrane systems, and this criterion is 
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not considered to be of significance in determining 

the nature of transport (Wilson, 1962). It was also 

shown that the uptake was inhibited by other amino 

acids (e.g. valine, alanine, serine, lysine and 

glycine) while aspartic and glutamic acids were with¬ 

out effect on the system. These inhibitions were 

referred to as "competitive" although no kinetic stud¬ 

ies were carried out to establish the nature of the 

inhibitions. 

Read, Simmons, Campbell and Rothman (i960), and 

Read, Simmons and Rothman (i960), in the first 

kinetic analysis of the characteristics of uptake of 

amino acids by tapeworms, showed that certain amino 

acids are accumulated against a concentration differ¬ 

ence, and that other amino acids may or may not 

compete in the transfer. 

Simmons (i960) studied the characteristics of the 

absorption of methionine by Hymeholepis diminuta. He 

showed an accumulation against an apparent concentra¬ 

tion difference, and apparent preference for the L- 

form of methionine as opposed to the D- enantiomorph. 

He also showed inhibition of methionine uptake by 

other amino acids. 

This preparation was standardized and a thorough 

kinetic study of the uptake of the common natural 

amino acids, as well as the effects of analogs and 

inhibitors, was presented by Read, Rothman and Simmons 

(1963). 
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B. Introduction to this study 

The work of Read, Rothman and Simmons with its culmina 

tion in their paper of 1963 has firmly established the 

uptake characteristics of amino acids in H. diminuta as 

well as demonstrating the applicability of their equation 

for the prediction of the effects of a pool of amino acids 

on the uptake of one of its members. 

The objectives of the present study were to partially 

characterize the uptake of L-methionine-methyl-C-*-^ by 

Hymenolepis citelli. The effect of other amino acids as 

possible inhibitors and the kinetic nature of inhibition 

have been investigated. The stereospecificity of methio¬ 

nine -methyl-C1^ uptake has been investigated and a few 

observations made on the effect of a complex mixture of 
ill 

amino acids on the uptake of L-methionine-methyl-C . 
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II. METHODS AND MATERIALS 

A. Biological Materials 

Male golden hamsters, 4-5 weeks old, were obtained 

from the Josomar Hamstery. Initially, these animals were 

kept in the laboratory in groups of ten in all-wire cages, 

15 inches wide, 20 inches long and 12^- inches high. They 

were allowed food (Purina laboratory chow) and water ad 

libitum. After maintenance in the laboratory for two 

weeks, the hamsters, then weighing 75-100 grams, were 

orally infected with 25 cysticercoids of Hymenolepis 

citelli. The cysticercoids were reared in Tribolium . 

confusum which had been fed macerated ripe proglottids 

of H. citelli or eggs which had been isolated by macerat¬ 

ing ripe proglottids. 

After infection, the hosts were maintained as above 

except that 20 animals were kept in a cage. Ten days 

later (±6 hours), the hosts were sacrificed by cervical 

dislocation, and the worms were removed by flushing the 

small intestine with a buffered saline solution (Simmons, 

i960) which has the following composition: 14.0 gm sodium 

chloride, 0.72 gm potassium chloride, O.76 gm calcium 

chloride (*2^0), 0.64 gm magnesium sulfate ('7H2O) and 

water to a volume of one liter, and is 0.025 M in 

Tris(hydroxymethyl)aminomethane-maleate buffer pH 7*4. 

This saline was used throughout this study. 

B. Procedure for uptake experiments 

After removal from the host, worms of similar size 
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were selected by removing those which were obviously too 

large or too small. Generally less than two per cent were 

discarded. The remaining worms were pooled in groups of 

five and placed in 20 milliliter beakers containing five 

ml of the buffered saline solution. The worms were then 

preincubated in this solution for one hour at 37°C. At 

the end of the preincubation period, the worms were blot¬ 

ted lightly and transferred to the experimental solution. 

The incubation volume in labelled experiments was five 

ml and the worms were allowed to stay in the solution for 

120 seconds at 37°C. All amino acids used were obtained 

from California Corporation for Biochemical Research ex¬ 

cept some batches of methyl-C^-L-methionine which were 

obtained from New England Nuclear Co. (No differences 

were noted in values obtained for the uptake of C^-L- 

methionine between batches .) Only L-forms of the amino 

acids were used except in experiments to determine the up¬ 

take of C-^-labelled D-methionine. 

After incubation, the worms were removed from the 

test mixture and rinsed in three 20 milliliter volumes of 

buffered saline. They were blotted on filter paper and 

placed in five ml volumes of 70$ ethyl alcohol. The 

worms were allowed to extract overnight in 70$ ethyl al¬ 

cohol. A 0.5 ml aliquot of each extract was pipetted onto 

a shallow aluminum planehet, dried under infra-red lamps 

and counted with a Nuclear-Chicago Geiger-Muller detector 

with micromil window (used in conjunction with an auto¬ 

matic sample changer). With the extracts, 0.5 ml of a 
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lr 50 dilution of the one millimolar labelled methionine 

was counted as a reference standard. While the extracts 

were being counted for radioactivity, the worms were re¬ 

moved from the alcohol and dried overnight at 95°C in pre- 

weighed aluminum foil tares. The dry weight of each pool 

was then determined to the nearest tenth of a milligram 

on a Mettler balance. 

The radioactivity was corrected for background, and 

the counts/minute/pool corrected for weight to counts/ 

minute/milligram. It was then converted (with the aid of 

the standard) to micromoles/gram /hour and velocity was 

expressed as micromoles/gram/hour. Many of these methods 

are standard to this laboratory and I was introduced to 

them by Drs. C. P. Read, A. H. Rothman and J. E. Simmons. 

C. Statistical Methods 

Straight lines used on the graphs of uptake kinetics 

were calculated by the method of least squares (Moroney, 

1956): 

Where c = intercept on y axis 
m = slope 
x = values for x axis points 
y = values for y axis points 
N = number of pairs of x and y 

Variation in a group of determinations is expressed 

throughout this work as standard error: 

and 

(Sx) (Sy) 
Sxy- N 

m = Sx2-(EX) 
N 
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s 

SE = o 
Edf_ 

Where s2 (variance) = N-l 

Where d = deviation from the mean. 

Fisher's t test has been used throughout as a standard 

measure of significance of difference between two mean 

values. 

/(N1-1)S1
2
+(N2-1)S2

2 

N1+N2-2 

Where (xi-xj?) = difference between two means (Simp¬ 

son, Roe and Lewontin, i960). 
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III. RESULTS 

A. Size of ten-day-old H. citelli in hamsters 

During this study, 9^3 pools of five worms each were 

used and, as demonstrated in the bar graph (Figure l), 

56% of the worm pools had an alcohol-extracted dry weight 

of 25 to 35 mg and 91% of the worm pools had an alcohol- 

extracted dry weight of 20 to 40 mg. 

Alcohol-extracted dry weight was compared with non- 

extracted dry weight. 50 pools of five worms each were 

weighed after gentle blotting (wet weight) on a Roller- 

Smith torsion balance. Of these 50 pools, 25 were extrac¬ 

ted overnight in five ml volumes of 70% ethyl alcohol. 

Both groups were dried overnight at 95°C and weighed. 

The worms extracted in 70% ethyl alcohol before drying 

had a dry weight of 19*3%±0.21, while the unextracted 

group had a dry weight of 22.6%±0.26, expressed as per¬ 

cent of wet weight. 

B. Uptake of L-methionine-methyl-C^ 

Experiments to determine the kinetics of uptake of 

L-methionine were performed using 16-20 pools of five 

worms each. Four pools were incubated at each of the 

following concentrations: 1, 0.5> 0.2 and 0.1 mM L- 

methionine containing L-methionine-methyl-C1^ at 0.04 

|ic/jimole in buffered saline. In some experiments, eight 

pools of five worms were incubated at the 0.1 mM concen¬ 

tration. Using a Lineweaver-Burk plot (Lineweaver and 

Burk, 1934) of the data obtained from each experiment, 
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VHa3C, slope and KM were determined for the uptake of 

L-methionine. In 14 determinations, a mean VHa3t of 

454 (imoles/g/hr (range 725-370) a mean slope of 1.59xlO-3 

(range 1.30-1.95) and a mean KH of 7.22xlO_1mM (range 

5.03-10.73) were observed. Figures 2 and 3 are plots 

obtained by this method for typical experiments. 

C. Determination of the identity of the compound ex¬ 

tracted from the worms 

Seventy per cent ethyl alcohol extracts of the worms 

incubated in 1.0 mM labelled methionine in the 14 experi¬ 

ments described above were pooled to a volume of 150 ml. 

This 150 ml of solution was reduced to three ml by 

lyophilization. Of the three ml, 0.5 ml was run through 

a 1x7 cm column of Dowex 50x8 to desalt the solution. 

The amino acids were eluted with IN NH3 solution. The 

fraction of the eluate containing the radioactivity was 

reduced to 0.5 ml. Twenty-five ^liters of this solution 

was spotted on each of two pieces of Whatman #1 chromato¬ 

graphy paper. Twenty (jliters of untreated high specific 

activity L-methionine-methyl-C^ was also spotted on each 

of the two chromatograms. One chromatogram was developed 

in pyridine'.water solvent (65 ml pyridine: 35 ml boiling 

water) for 30 hours. The other chromatogram was developed 

in ethanol:acetic acid (95 ml 95$ ethanol:5 ml acetic 

acid) for 30 hours. 

The chromatograms were then dried at room temperature 

overnight. A radioactive ink marker was placed below the 
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origin of each chromatogram. Two one-inch wide strips 

were cut from each chromatogram (one strip of standard 

and one of worm extracted material). The four strips were 

spliced together and run through a Nuclear-Chicago Acti- 

graph II strip counter, using a windowless D-47 detector, 

15#000 cpm full scale, two second time constant, 1/4 inch 

collimator and a speed of three inches per second. Figures 

3 and 4 illustrate the results obtained. No radioactivity 

was detected in the worm extracts which was not present 

in the untreated methionine. When the sensitivity was 

increased to 300 cpm full scale, no qualitative differen¬ 

ces were detected between the standards and the extracts. 

The ninhydrin positive spots of the chromatogram have 

been traced and superimposed upon the recording. 

D. Uptake of D-methionine-methyl-C-1-^ 

In order to ascertain whether the uptake of 

methionine exhibits marked stereo-specificity, 16 pools 

of five worms each were used to determine the kinetics 

of uptake of D-methionine-methyl-C-^. Four pools each 

were incubated in 0.1, 0.2, 0.5 and 1.0 mM D-methionine- 

methyl-C^ at 0.04 iic/|imole. Using the double reciprocal 

plot of Lineweaver and Burk (1934), VMax, KM and slope 

were determined. The values obtained were VHax=437 

pmoles/g/hrj Kt,=6. l2xlO~^mM; and the slope = 1.40xl0"3. 

E. Determinations of inhibition of methionine uptake by 

single amino acids 

In order to study the behavior of this system, 33 



Figure 1. 

Distribution of alcohol extracted dry weight 

classes of five worm pools of ten day old Hymenolepis 

citelli used in this study. 

Ordinate: Number of pools of five worms 

falling into each class. 

Abscissa: Alcohol extracted dry weight clas¬ 

ses in milligrams. 
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Figure 2. 

A typical Lineweaver-Burk plot of the data ob¬ 

tained in an experiment on the determination of kine¬ 

tics of L-methionine uptake. Line is drawn by least 

squares, circled dots represent the means for four 

values. For this curve VHax a 400uunoles/g/1ir 

(l/VH#x a 0.0025), slope a 1.65x10-3 and KH a 6.6xlQ-^mM. 

Ordinate: Reciprocal of velocity (iimoles/gm/hr)-1. 

Abscissa: Reciprocal of substrate concentration 

(mM)-l. 
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Figure 3 

A typical Lineweaver-Burk plot of the data ob¬ 

tained in an experiment on the determination of 

kinetics, of L-methionine uptake. Line is drawn by 

least squares, circled dots represent the means for 

four values. For this curve VMa3C = 4l7nmoles/g/hr 

(l/VHax = 0.0024), slope = 1.97xl0"
3 and 

KM = S^xlQ-^mM. 

Ordinate: Reciprocal of velocity (nmoles/gm/hr) 

Abscissa: Reciprocal of substrate concentration 

-1 
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Figure 4 

Strip-counts of one dimensional chromatograms. 

Solvent: Ethanol: Acetic acid (95:5) 

Strip-count: scan speed: Three inches per second 

Slit width: 1/4 inch 

Time constant: Ten seconds 

Sensitivity: 15,000 cpm full scale 

4A Untreated L-methionine-methyl-C-*-^ 

4B Concentrate of material extracted from 

H. citelli incubated in ImM L-methionine- 

methyl-C1^ for 120 seconds 

Ninhydrin positive spots have been traced onto the record. 
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Figure 5 

Strip-counts of one dimensional chromatograms. 

Solvent: Pyridine:Water (65:35) 

Strip-count: scan speed: Three inches per second 

Slit width: 1/4 inch 

Time constant: Ten seconds 

Sensitivity: 15,000 cpm full scale 

5A Untreated L-methionine-methyl-C^ 

5B Concentrate of material extracted from 

H. citelli incubated in ImM L-methionine- 

methyl-C1^ for 120 seconds. 

Ninhydrin positive spots have been traced onto the record. 
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single amino acids and peptides were tested for their 

effectiveness as inhibitors of L-methionine uptake. 

Earlier workers (vide supra) have obtained much data 

indicating quantitative inhibition of uptake (or trans¬ 

port) of a compound by structurally related compounds. 

In the present experiments, 20 pools of five worms each 

were used to form a methionine control curve as described 

above. In addition, from 12 to 20 pools of five worms 

each were used as follows: Four pools were incubated 

in five ml of a mixture containing 0.1 mM methionine and 

one mM concentration of the compound being tested. Thus, 

up to five compounds were tested in one experiment. 

At this concentration ratio, tryptophan, sarcosine, 

^-alanine, glutamic acid, aspartic acid, arginine, lysine, 

citrulline, ornithine, cysteic acid, cysteine, taurine, 

glycyl-glycine, glycyl-glycyl-glycine and glycyl-L-leucine 

have no effect on the uptake of L-methionine. Table 1 

gives the velocity of uptake (qmoles/gram/hour) for the 

compounds tested in this manner. Significance of differ¬ 

ences between these values and control values obtained 

at the same time is given by "p" values calculated from 

"t" tests. 
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Table 1. 

Effect of some amino acids and peptides on the absorp¬ 

tion of methionine by H. citelli. 

Addition Uptake % Inhibition P 
(pmoles/g/hr) 

None (4) 52±0.7 

L-Asparagine (4) 33±1.2 37 <0.001 

L-Isoleucine (4) 36*2.5 33 <0.001 

None (4) 56*3.5 

L-Glutamine (4) 35±1.3 36 <0.005 

L-Norleucine (4) 38*0.9 33 <0.005 

L-Norvaline (4) 24±0.3 6l <0.001 

None (4) 45*2. l 

L-Lysine (4) 4l±0.8 Not significant >0.1 

L-Histidine (4) 38*1.4 15 <0.05 

L-Proline (4) 33±0.8 24 <0.01 

None (4) 46*2.9 

L-Arginine (4) 41*3.1 Not significant >0.3 

L-Glutamic acid 
(4) 46*3.3 Not significant 

In all determinations L-methionine was 0.1 mM and the 

additions were at a concentration of 1.0 mM. The number 

in parentheses indicates number of determinations. 
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Table 1. cont. 

Addition Uptake % Inhibition P 
(pmoles/g/hr) 

None (4) 53±4.1 

L-Cysteine (4) 58±4.0 Not significant >0.4 

^-Alanine (4) 49±1.4 Not significant >0.3 

None (4) 46±3.6 

L-Citrulline (4) 4O±3 .2 Not significant >0.3 

L-Ornithine (4) 46±3-7 Not significant 

None (4) 63±1.2 

L-Phenylalanine 
GO 45±6.5 25 <0.05 

L-Oysteic acid 
GO 62±4.6 Not significant 

L-Aspartic acid 
GO 64±2.6 Not significant 

None (4) 57±4.4 

L-Methionine (3) 26±1.5 54 <0.005 

None (4) 50±2.2 

L-Threonine (4) 30±1.2 40 <0.001 

L-Tryptophan (4) 48±3.5 Not significant >0.7 

L-Tyrosine (4) 4l±2.3 18 <0.05 
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Table 1. cont. 

Addition Uptake 
(limoles/g/hr) 

% Inhibition P 

None (4) 59±2.4 

Glycyl-glycine 
C4) 58±1.8 Not significant >0.7 

Glycyl-glycyl- 
glycine (4) 56±2.4 Not significant >0.3 

Glycy1-L-le ucine 
(*) 58±l8.8 Not significant >0.8 

None (4) 54±2.5 

L-Ethionine (4) 33±2.1 39 <0.001 

L-Leucine (4) 28±1.8 48 <0.001 

None 59±2.3 

L-Sarcosine (3) 50±4.9 Not significant >0.1 

D-Methionine (4) 28±1.1 52 <0.001 

Taurine (4) 56±3.8 Not significant >0.5 

None (4) 57±4.0 

Glycine (4) 42±1.4 24 <0.02 

L-Serine (4) 44*4.3 23 <0.1 

None (4) 54±2.l 

L-Valine (4) 44*3.1 18 <0.05 

None (8) 64*4.4 

L-Alanine (7) 47±3.4 26 <0.02 
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F. Determination of the kinetic nature of inhibition 

Of the 15 common natural amino acids which gave 

significant inhibition of methionine uptake, 11 were 

tested further to determine whether or not the inhibi¬ 

tions were competitive. 

The intercept (l/VHax) of the inhibited curve would 

approximately coincide with the intercept of the control 

curve if the inhibition were competitive. As Lineweaver 

and Burk (1934) point out, "competitive inhibition occurs 

when the term 'slope x VHax' is increased by inhibition." 

For each determination, 16 pools of five worms each were 

used for a control curve and 16 pools of five worms each 

were incubated in five ml volumes of solution containing 

1.0 mM inhibitor together with the four concentrations 

of labelled methionine used in the control curve. As 

can be seen in Table 2, only D-methionine, L-threonine 

and L-serine fall outside the range of values for the 

intercept of the control curve. These results indicate 

that the inhibitions encountered were competitive in 

character within the range tested. 

Intercepts of inhibited curves of L-methionine uptake 

Table 2 

Amino Acid 

L-Threonine .00133 

L-Valine 00180 

L-Isoleucine 00204 

L-Leucine 00209 

L-Methionine .00210 
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Table 2 

Amino Acid 

L-Alanine .00222 

Glycine 00222 

L-Phenylalanine 00235 

L-Proline 00259 

L-Serine 

D-Methionine 

00300 

00360 

For uninhibited curves of L-methionine uptake, the 

average l/VMftX = .0022±.000096 (range = .0014-.0027) 

G. Calculation of inhibition constants 

With the above information that the inhibitions were 

competitive, K, was calculated for each amino acid which 

was a significant inhibitor. The competitive nature lends 

itself to the use of K, as described by Lineweaver and 

Burk (1934). K, was calculated by the equation: 

Where K„ 
VMaX = slope of the uninhibited curve 

K„ I 
VMaxK, = increase in slope due to the inhibitor 

Table 3 is a compilation of the values obtained for 

K, for each of the amino acids which gave significant 

Sul 
K, = v 

I = concentration of inhibitor 

inhibition. 
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Table 3. 

K, of Inhibitors of L-methionine uptake 

Common amino acids 

Amino Acid K, (mM) 

L-Methionine 0.810 

D-Methionine O.776 

L-Thre onine 1.17 

L-Asparagine 1.49 

L-Leucine 1.55 

L-Glutamine 1.70 

L-Is oleucine 2.66 

L-Serine 2.93 

L-Tyrosine 2.93 

L-Valine 3.09 

Glycine 4.34 

L-Histidine 4.90 

L-Phenylalanine 3.90 

L-Proline 6.16 

L-Alanine 6.l4 

Others 

L-Norvaline 0.74 

L-Ethionine 1.15 

L-Norleucine 2.14 

H. Experiments to determine the effect of a mixture of 

amino acids on the uptake of L-methionine-methyl-C^ 

An experiment was performed to test the hypothesis of 

Read et_ al (1962) that the effect of a mixture of amino 
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acids on the uptake of a single amino acid could be 

predicted by the equation: 

v = JlU. 
K. + 1 + K.UI K.TI”T 
S K, (S) K, ' (S 5 K,H{S). 

In this experiment, 16 pools of five worms each were 

used to obtain a control curve as described above. An 

additional 16 pools of five worms each were incubated in 

groups of four pools. Groups of four pools were placed 

in 0.1, 0.2, 0.5> 1.0 mM methionine, all solutions 0.1 

mM in leucine, 0.1 mM in isoleucine, 0.1 mM in threonine, 

0.1 mM valine, and 0.1 mM in serine. 

The results of this experiment comparing the observed 

with the predicted values for slope are presented in 

Table 4. These results demonstrate that the mixture 

acts as a competitive inhibitor. The predicted value 

fell well within the 95% confidence limits of the 

observed values. 
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IV. DISCUSSION 

The KM for the uptake of L-methioninein H. 

citelli is similar to the value of 0.9 mM obtained by 

Finch and Hird (i960) for the rat intestine and the 1.3 

mM KM obtained for the hamster intestine by Lin et_ al_ 

(1962). The kinetic studies indicated that the uptake 

followed saturation kinetics . It is important to note 

that since the internal concentration of L-methionine 

is unknown in H. citelli a component of exchange dif¬ 

fusion may complicate the values obtained for uptake. 

Until more complete data are available for this system, 

we must consider that the data refers to the uptake of 

the labelled form of L-methionine and is not necessarily 

a measure of net transport. 

In contrast to transport systems examined by others, 

D-methionine behaves in a manner quantitatively similar 

to the L- form in H. citelli. This is suggested in the 

work of Lin et_ al_ (1962) on hamster intestine where none 

of the D-amino acids tested were transported, except 

D-methionine which was transported, although at a con¬ 

siderably lower rate than that of L-methionine. 

Acidic and basic amino acids do not affect the trans¬ 

port of L-methionine-methyl-C1^ at a 10:1 ratio. The 

sulfur-containing amino acids, cysteine, cysteic acid 

and taurine, do not inhibit the uptake of methionine 

at this ratio, and the peptides, glycy1-glycine, glycyl- 

glycyl-glycine and glycyl-L-leucine, also have no effect 

at the 10:1 ratio tested. In addition, tryptophan, sar- 
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cosine and p-alanine are not effective as inhibitors 

at this ratio. 

Fifteen common "natural" amino acids and three other 

amino acids inhibited the uptake of L-methionine. When 

it was shown that these inhibitions were competitive, 

and the K, values were calculated, it was noted that K, 

for L-methionine and D-methionine were essentially simi¬ 

lar, and both fell within the normal range for the KM 

for the uptake of L-methionine-methyl-C^-. 

A few conclusions about the nature of specificity 

of methionine-C^ permeation may be drawn from the re¬ 

sults. Lysine, arginine, citrulline and ornithine did 

not act as inhibitors. The acidic amino acids glutamic 

acid, aspartic acid, cysteic acid, and taurine also did 

not act as inhibitors. Cysteine with its free SH group 

had no inhibitory activity. The above suggest a require¬ 

ment for a monocarboxylic monoamino acid, and a non¬ 

polar side chain. 

^-alanine, which differs from oC-alanine only in the 

position of the amino group, is not effective at this 

concentration ratio. Sarcosine, the N-methyl derivative 

of glycine with the same molecular weight as alanine, 

also does not-inhibit at this ratio. This suggests that 

the amino group must be alpha to the carboxyl group, and 

unsubstituted for the compound to serve as a good competi¬ 

tor of methionine uptake. 

L-norvaline, L-ethionine and L-norleucine are all 

structural analogs of L-methionine. Inhibition by 



-26- 

L-ethionine indicates that the methyl group of methionine 

may be replaced by an ethyl group without destroying its 

inhibitory capacity. The data with norleucine and nor- 

valine indicate that the sulfur atom in methionine is not 

essential for transport. 

The data seem to indicate that the "site" involved 

in methionine permeation requires that the amino group 

be alpha to the carboxyl group. The sulfonic group of 

taurine will not replace the apparent need for a carboxyl 

group. The structural relationships of those amino acids 

which did show inhibition at this ratio seems to indicate 

a stronger affinity of the site for neutral or weakly 

basic amino acids. 

It was also shown that it is possible to predict the 

effect of a mixture of amino acids on the uptake of 

methionine by H. citelli. 

To discuss the significance of the data obtained in 

light of ecology of this tapeworm, we must look at the 

biology of the organism. 

The tapeworm, Hymenolepis citelli, was originally 

described from ground squirrels, Citellus tridecemlineatus, 

C. richardsoni and C_. franklini, by McLeod in 1933. Voge 

(1956) reported the successful maintenance of this para¬ 

site in the hamster by Rothman. 

In contrast to the closely related species Hymenolepis 

diminuta, Hymenolepis citelli grows very poorly in the rat. 

Hymenolepis diminuta produces ten day old worms of similar 
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weight in the rat or hamster infected with 30 cysticer- 

coids.1 However, it has been repeatedly observed that 

H. citelli grows to a minute size in rats when compared 

with worms developing in the Golden hamster, and although 

this has not been measured by the author, there appears 

to be a marked decrease in the longevity of worms in rats 

as compared with those in hamsters. 

It seems apparent, as mentioned by Simmons (i960), 

that this is a case of one parasite (H. diminuta) apparently 

well adapted to two host species while a closely related 

species (H. citelli) is only well adapted to one of these 

two hosts. The work of Read, Simmons, Campbell and Roth¬ 

man (i960) suggested a possible nutritional explanation 

of this specificity by demonstrating that a tapeworm had 

characteristic patterns of amino acid absorption and that 

the host, in this case the dogfish shark, had characteris¬ 

tic molar ratios of amino acids in the small gut. Nas- 

set (1957) had demonstrated previously the existence of 

relatively constant molar ratios in the small intestine 

of the dog and, more recently, relatively constant molar 

ratios of free amino acids have been shown to exist in 

the white rat (Nasset and Ju, 1961). These characteris¬ 

tics of tapeworms and their environment suggest a pos¬ 

sible ecological basis for the limited growth of H. citelli 

in the rat, a host in which its sibling tapeworm species 

thrives. 

It is of interest that these worms from rat and hamster 
can be distinguished physiologically (Read, et al, 1963). 



-28- 

As pointed out above, the differences between the 

development of H. citeHi and H. diminuta in the rat sug¬ 

gest that there are physiological differences between the 

two host species, manifested in the growth of a para¬ 

site in one and the inability to grow in the other. The 

problem appears to be one of growth and not of establish¬ 

ment. The pertinent differences between the two hosts 

may be differences in amino acid ratios in the gut lumen. 

Since growth must depend on the intake of the proper amino 

acids for the synthesis of protein by the parasite, this 

problem should be investigated from the standpoint of 

amino acid absorption capacities. At least two sets of 

information are required; the uptake pattern for amino 

acids in the two parasites, and the pattern molar ratios 

of amino acids present in the gut of the two hosts. It 

may also be necessary to determine rates of synthesis of 

protein in the two tapeworms. 

The pattern for absorption of L-methionine in both 

parasites has now been established. Further work should 

be undertaken to determine the amino acid ratios present 

in the two hosts' small intestines, and to experimentally 

test the two worms in the presence of the two host amino 

acid ratios, and to determine if this ecological para¬ 

meter may be a possible basis for the differences seen 

in the abilities of the two parasite species to grow in 

these two host species. 
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VI. SUMMARY 

1. The absorption of L-methionine-methyl-C1^ was studied 

in ten day old Hymenolepis citelli, using short term 

incubations. 

2. The organisms used were shown to be consistent in 

size. 

3. Within the limits of the chromatographic method 

used, the methionine extracted from the worms was ap¬ 

parently unchanged in form. 

4. The absorption of L-methionine-methyl-C1^ follows 

saturation kinetics. 

5. There was apparently no significant difference be¬ 

tween the kinetics of uptake of L- and D- methionine- 

methyl-C1^. 

6. Twenty-nine amino acids, one amino sulfonic acid 

and three peptides were tested for their ability to 

i ii 
inhibit the absorption of L-methionine-methyl-C . 

Only 15 amino acids gave significant inhibition. 

7. Eleven of the 15 inhibitory amino acids were fur¬ 

ther tested to determine the kinetic nature of inhibi¬ 

tion. The inhibition was found to be competitive in 

character. 

8. Inhibition constants (K,) were determined for all 

those amino acids which inhibited the absorption of 

L-methionine-methyl-C1^. 

9. It was demonstrated that it is possible to predict 

the effect of a mixture of amino acids on the absorption 

of a single amino acid. 
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10. The data were discussed in terms of requirements 

for absorption at the L-methionine site. 

11. In addition, the results were discussed in terms 

of the ecology of H. citelli. 
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