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SUMMARY

Uptake of seven neutral amino acids by rat small intestine during 60 min
incubations is presented as a function of position along intestine. There was consider-
able variation from one amino acid to another in the shape of the uptake curves. The
two extremes were the uptake patterns for rL-methionine and betaine. These two
patterns were sufficiently different from each other to provide new and independent
evidence for the existence of two systems for the transport of neutral amino acids.
These transport systems are here called N; and N,; they are apparently distributed
somewhat differently along rat intestine.

Uptake patterns for the other amino acids studied (L-leucine, L-alanine, L-pro-
line, glycine and «-aminoisobutyric acid) were between those for methionine and
betaine. This situation would be expected if leucine, alanine, proline, glycine and
a-aminoisobutyric acid were transported by both N; and N,.

By competitively excluding proline from N, by adding methionine, it was
possible to shift the uptake pattern of proline toward that of betaine. This result adds
further support to the idea that proline is transported by both N, and N,. The converse
experiment — shifting the uptake pattern of proline toward that of methionine by
adding betaine — was not successful, probably because betaine had a stimulatory
effect on proline uptake.

INTRODUCTION

The existence of three major transport systems for L-amino acids in mammalian
small intestine is generally accepted’—2. The principal role of one of these is the absorp-
tion of basic amino acids and probably cystine. The other two systems transport prin-
cipally the neutral amino acids. In this report these two neutral amino acid transport
systems will be called N; and N,. The N, system has high affinity for methionine and
other neutral amino acids with non-polar side chains, while the N, system has more
affinity for the imino acids, proline and hydroxyproline, and the N-substituted glycine
derivatives such as betaine and sarcosine®. Proline, hydroxyproline, glycine, alanine,
and leucine probably share both the N; and N, systems*¢. Active transport of acidic
amino acids by mammalian small intestine has not been demonstrated.

The evidence leading to this classification of transport systems is derived mainly
from two types of investigation: (1) studies of competitive inhibition among various
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transported amino acids?~'3, and (2) studies of inherited disorders of amino acid trans-
port 1435 The present investigation is an attempt to provide another approach to the
functional classification of amino acids. This approach is based on the possibility that
different amino acid transport systems might have difterent longitudinal distributions
of activity along the small intestine. If this is the case, then the pattern along the in-
testine for transport ability will depend upon which amino acid is being tested.

The data presented below show that different transport patterns are observed
for several neutral amino acids and help us to rank these amino acids according to
their relative participation in the N, or N, systems. By competitive exclusion of pro-
line from the N; system it has been possible to shift its uptake pattern toward that of
the N, system.

MATERIALS AND METHODS

The technique was an in vitro tissue accumulation method!® similar to those
used by SPENCER ¢f al.'" and NEaME!®. Each rat (male, Holtzman, 165-385 g) was
deprived of food for 2z0-24 h, then anesthetized with ether and its small intestine
rinsed with ice-cold Krebs-Ringer bicarbonate solution'®. The entire small intestine
was removed by cutting at the radix; the mesentery was stripped off, and the small
intestine was slit open along its entire length. Spontaneous eversion always occurred
upon slitting. Ligatures were placed on each end of the gut to facilitate handling. The
gut was then transferred to the incubation medium. The time elapsing from interrup-
tion of blood supply until transfer to incubation medium was 3-4 min. During this
time the intestine was kept immersed in ice-cold Krebs-Ringer bicarbonate gassed
with 5°, CO, in O,.

The incubation medium was 50 ml of Krebs~Ringer bicarbonate solution con-
taining p-glucose (11.1 mM) and a 1#C-labeled amino acid, usually at a concentration
of 10.0 mM (0.1 uc/ml). Incubation was carried out at 37° for 1 h in a 250 ml Erlen-
mever flask. The flask was shaken in a Dubnoff incubator at 6o-70 oscillations per min
and its contents were continuously gassed with humidified 5 9% CO, in O,. After in-
cubation the intestine was removed, quickly rinsed in fresh Krebs Ringer bicarbonate,
blotted on filter paper, and rapidly divided into 8 segments of nearly equal length.
Fach segment was placed in a tared tube and weighed.

Iree amino acids were extracted from each segment by soaking at 0-3° in
10.0 ml of 70 %, ethanol for at least 48 h. Twenty-one tests with 7 different amino acids
showed this procedure to recover from gz %, to 101 %, (mean = g7 %,) of the radio-
activity that could be recovered by homogenization. After centtifugation of the ex-
tracts 0.5 ml samples of supernatant were dried on aluminum planchets in duplicate
and counted in a thin-window, glas-flow, Geiger—Miiller counter. Since the ethanol
precipitated most of the proteins, the dried samples were thin enough that no correc-
tion was necessary for self-absorption. Samples (1.0 ml) of the incubation medium
were taken both before and after the incubation period. These samples were diluted
with 10.0 ml of 70 ¢, ethanol and 0.5 ml aliquots were dried on planchets and counted.
The sample of incubation medium taken before adding the intestine served as a stan-
dard from which the gnmioles of amino acid in other samples were calculated from their
radioactivity. Unfortunately, the rats had a wide range of body weights, undoubtedly
contributing to the variability in results.?
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Uptake of the following C-labeled amino acids was measured: L-methionine,
L-leucine, L-alanine, L-proline, glycine, z-aminoisobutyric acid, and the betaine of
glycine. All labeled amino acids were obtained from New England Nuclear Corp.
Methionine and betaine were methyl labeled; x-aminoisobutyric acid was labeled at
carbon 1; all others were uniformly labeled. Unlabeled methionine and glycine were
obtained from Nutritional Biochemicals Corp.; all other unlabeled amino acids were
from Calbiochem. All optically active amino acids were in the L-form.

Results were expressed as pumoles of amino acid accumulated per ml of tissue
water. The amount of tissue water was determined in preliminary experiments by
drving intestines to constant weight at 120° after 1 h incubation with 11.1 mM p-glu-
cose and 10.0 mM methionine. Tissue water averaged 86 %, of total wet weight. This
value was assumed to be true with other amino acids as well and was used in all calcu-
lations. The volume of tissue water per g wet weight was found to be essentially the
same at all eight levels of intestine studied (also see ref. 21).

Chromatographv. To test for radiochemical purity, samples of incubation media
and intestinal homogenates were chromatographed on Whatman No. 1 paper strips
(descending) using phenol-water—8-hydroxyquinoline (100:39:0.04, w/v/%) as solvent.
After development the strips were either sprayed with ninhydrin or were scanned for
location of radioactivity. Samples of incubation media were diluted 1:11 with 70°,
ethanol before spotting. Intestinal homogenates were prepared by blending the entire
small intestine, following the usual 1 h incubation, with 100 ml of 70 %, ethanol.

Statistical analysis. We tested the following hypothesis with a standard groups-
by-treatments, repeated-measurement analysis of variance: the ratio between uptake of
one amino acid and that of another does not depend on the level of intestine. This null
hypothesis was tested on all possible pairings of the seven amino acids studied. When
it can be rejected we conclude that the two amino acids in question exhibit signifi-
cantly different uptake patterns along the small intestine. The null hypothesis was
rejected if its change of being correct was 5.0 %, or less.

RESULTS

Preliminary studies

Test for radiochemical purity. Each amino acid tested was radio-chemically pure
as indicated by paper chromatography of the initial incubation media (samples taken
prior to adding intestine). In each case all radioactivity was located in a single spot
with Rp corresponding to the ninhydrin spot. The same was true with the final incu-
bation media (samples taken after incubation of intestine) and with intestinal homo-
genates, except for alanine. Therefore, in experiments with methionine, leucine, pro-
line, glycine, «-aminoisobutyric acid, and betaine accumulation of radioactivity can
be considered equal to accumulation of amino acid. Alanine was metabolized ; a second
spot containing about 20-25 %, of the total radioactivity appeared on the chromato-
grams of final incubation medium and tissue homogenate. The chemical identity of
this metabolite was not determined ; it was not ninhydrin- positive and it had an Ry of
0.35 (compared to 0.57 for alanine). Consequently, interpretation of the alanine data
must be regarded with some scepticism.

The relative metabolic inertness of these amino acids (except alanine) during
incubation with rat intestine has been reported previously?.?. Metabolic change of
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L-alanine during incubation with rat intestine has also been reported?® 22 This apparently
does not occur to as large an extent with hamster?? 24 or rabbit? intestine, and was
not found to this degree by I'incH axD HIRD? in rat intestine.

Trme course of amino acid uptake. Several experiments were performed with glycine
and with methionine in which serial samples of incubation medium were taken at
10 min intervals. Uptake was essentially complete by 30 min; there was no appreciable
difference between the concentration in the medium at 30 min and that at 60 min for
either of these amino acids. We conclude that at 60 min, the time chosen for subsequent
experiments, these amino acids were distributed in approximately a steady state be-
tween tissue and medium. We assume the same to be true for the other amino acids
studied because of the above results with methionine and glycine, and because similar
results have beenobtained with avariety of amino acids byseveral investigators?,16.26-28,

Patterns for uptake of neutral amino acids

The principal results of this study are presented in Table . The segments are
numbered 1 through 8. Segment 1 corresponds roughly to the duodenum, Segments
2—4 to jejunum, and Segments 5-8 to ileumn. All amino acids studied were actively
transported as indicated by tissue:medium concentration ratios greater than 1.0.

TABLE T
UPTAKE OF SEVEN NEUTRAL L-AMINO ACIDS BY EIGHT LEVELS OF RAT SMALL INTESTINE

Uptake is expressed as yumoles of amino acid accumulated during the 1 h incubation period per ml
of tissue water + the standard error. Values in parentheses are mean final tissue: medium concen-
tration ratios.

Amino acid* Number of  Segmment
rats
: o -
Methionine 9 10.1 4 0.23 9.8 4 0.22 10.3 - 0.23
(1.22) (r.17) (r.23)
Leucine 6 11.3 4+ 0.38 11.2 4- 0.39 11.8 4 0.45
(1.50) (1.49) (r.57)
Alanine [§] 14.4 & 0.44 15.5 -+ 0.25 16.6 4 0.30
(2.15) (2.33) (2.48)
Proline 10 10.2 4 0.99 11.8 4 0.60 13.6 4 0.58
] (r.32) (r.55) (r.79)
Glycine [ 9.3 + 1.01 12.3 + 1.09 13.1 4+ 1.0t
(1.29) (1.70) (1.81)
a-Aminoisobutyric acid 6 5.9 + 0.37 8.4 + 0.58 9.8 4 0.55
(0.72) (r.04) (1.22)
Betaine 6 6.4 + 0.61 12.1 + 0.87 13.9 4+ 0.9I
. ] (0.66) (r.23) (1.42)
Proline ** (-} methionine) 6 5.2 4+ 0.51 8.7 -+ 0.75 9.9 + 0.73
(0.61) (1.01) (1.15)
Methionine (1.0 mM) 3 2.8 4- 0.31 2.8 4 o.11 2.9 + o.17
(6.09) (6.11) (6.30)
Proline (1.0 mM) 4 2.0 4 0.29 2.7 + 0.28 2.7 4+ 0.23
(3-41) (4.65) (4.60)

* The initial concentration of amino acid in the incubation medium was 10.0 mM except where
indicated.
** Proline uptake was measured. Methionine was present as an inhibitor at an inititial con-
centration of 10.0 mM.
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However, in the case of a-amino isobutyric acid and betaine, concentrative uptake
occurred only in the mid-portions of small intestine. Ratios were higher when the
concentration in initial medium was only 1.0 mM than when it was 10.0 mM for both
methionine and proline. Similar observations have previously been made for various
amino acids (e.g. see refs. 24, 26, 29, 30). At a concentration of 1.0 mM, uptake of
methionine was greater than that of proline, but at 10.0 mM this order was reversed,
confirming previous theoretical®! and experimental? 2 work. At most levels of intestine
the relative uptakes of alanine, leucine, glycine and «-aminoisobutyric acid were in the
same order as found by MATTHEWS AND LASTER? for transport across hamster ileumn
from an initial concentration of 10.0 mM (¢.¢. alanine > leucine > glycine > «-amino-
isobutyric acid).

Patterns along the intestine for uptake of all seven neutral amino acids were similar in
that the mid-intestine transported more of each amino acid than did either end. How-
ever, certain differences in the shape of these patterns were apparent. In fact, in some
cases uptake of one amino acid was greater than that of another at one level of in-
testine but less at another level. For example, uptake of betaine in Segment 4 was
greater than that of any other amino acid except alanine; however, in Segment 8
uptake of betaine was less than that of all other amino acids studied. When these

Mean

- ,,;J__“f ,ﬁg’, - ;7 - 8, _
11.6 — 0.44 12.8 + 0.47 13.1 -+ 0.34 12.1 4 0.70 12.5 4 0.67 11.5 4- 0.31
(1.53) (1.57) (1.46) (1.50) (1.38)
14.6 4+ 0.55 16.0 4 0.51 15.0 + 0.60 13.3 -+ 0.80 13.6 - 0.47 13.4 + 0.39
(2.13) (1.99) (1.78) (1.82) (1.78)
19.6 -- 0.63 20.1 4 0.53 19.1 4 0.46 15.9 4+ 0.91 15.8 4 0.45 17.2 4 0.21
(3.01) (2.86) {2.39) (2.37) (2.57)
14.6 £ 0.76 14.7 4+ o.69 13.9 4 0.61 11.7 4 0.67 12.1 4- 0.94 12.8 4 0.54
(1.93) (1.82) (1.54) (1.59) (1.68)
15.0 4- 1.24 15.7 4= 1.32 13.7 -+ 1.44 10.8 -+ 0.77 10.3 4 0.64 12.5 4 0.99
(2.17) (1.90) (1.49) (1.42} (1.73}
10.6 - 0.37 10.8 -+ 0.44 8.4 4+ 0.39 6.0 -+ 0.31 6.1 4+ 0.23 8.3 4 0.30
(1.34) (1.04) (0.74) {0.76) (1.02)
15.6 4+ 0.62 14.4 -+ 0.77 10.3 4 0.67 5.0 == 0.62 3.8 4 0.44 10.2 4 0.42
(1.47) (1.05) (0.51) {0.39) (1.04)
10.5 4 0.76 9.2 -+ 0.49 6.3 4 0.45 3.8 :t 0.27 3.3 4 o0.20 7.1 - 0.43
(r.07) (0.73) (0.44) (0.38) (0.83)
3-2 4+ 0.13 3.7 4- 0.38 3.6 + 0.54 4.2 -= 0.28 3.8+ 0.39 3.4+ 0.22
(7.06} (7.98) (7-83) (9.11) (8.15) (7-33)
2.9 -+ 0.23 2.9 4+ 0.36 2.8 + 0.3 2.3 - 0.14 1.7 4+ 0.25 2.5 4 0.24
(5.03) (5.07) (4.81) (3.95) (2.95) (4.31)
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patterns were compared to each other by analysis of variance, many statistically sig-
nificant differences in shape were detected. The pattern for methionine was signifi-
cantly different from that for each of the other amino acids studied; the same was
true for leucine and betaine. Among the other amino acids (alanine, proline, glycine
and z-amino isobutyric acid) the only difference in pattern which was statistically
significant was that for alanine versus «x-aminoisobutyric acid.

To facilitate comparison of these patterns, the graphical presentation of Fig. 1
has been adopted. For each amino acid, the uptake by each segment is expressed as
per cent of the mean uptake by all eight segments. This conversion does not change
the patterns but does move results for all amino acids to about the same vertical
position on the graph, making comparison much easier. The uptake patterns which
differed the most from each other were those of methionine and betaine. IFor methio-
nine, maximal uptake occurred in Segment 6; uptake at no segment differed from the
mean by more than 159%,. Nearly maximal uptake was maintained throughout the
lower half of the small intestine. For betaine, maximal uptake occurred in Segment 4
and was 153 %, of the mean, while uptakes at the upper and lower ends of the intestine
were quite deficient (63 and 38 %, of the mean, respectively). The other amino acids
had patterns which were intermediate in shape between those of methionine and
betaine. Arranged in order of decreasing similarity to the methionine pattern these
amino acids followed the sequence: methionine, leucine, alanine, proline, glycine,
x-aminoisobutyric acid and betaine.

Uptake of methionine and of proline were also studied at an initial concentra-
tion of 1.0 mM in the incubation medium. The results are compared to those at 10.0
mM in Fig. 2. The pattern for methionine was significantly different from that for
proline when concentrations of either 1.0 mM or 10.0 mM were used. No significant
difference was detected between the pattern at 1.0 mM and that at ro.0 mM for either
of these amino acids. These results tend to increase our confidence in the value of
these patterns as a fairly reproducible characteristic for each amino acid.

The difference between the methionine and betaine patterns is considerable; it is
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Fig. 1. Uptake patterns for seven neutral amino acids along rat small intestine. For each amino
acid the data are expressed as percent of the mean uptake for all eight segments. Each point is the
mean from at least six rats. Segment 1 is duodenum, Segment 8 is terminatl ileum. AIB, x-amino-
isobyturic acid.

Fig. 2. Uptake patterns for proline and methionine at two different initial concentrations.
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extreme enough to indicate strongly the participation of methionine and betaine in
two different transport systems (N, and N,) which are distributed differently along the
intestine. The intermediate shape of the other uptake patterns would be expected if
these amino acids were transported by both the N, and N, systems as competition
data have previously indicated*-S.

Effect of methionine on the uptake pattern for proline

If the above interpretation is correct, then it might be possible to shift the up-
take pattern for one of these intermediate amino acids toward either the methionine
or betaine pattern by competitively inhibiting its entryinto either N,or Ny, respective-
ly. An attempt to cause such a shift in pattern has been made with proline.

Proline uptake was measured at an initial concentration of 10.0 mM in the pres-
ence of 10.0 mM methionine. At all levels of intestine proline uptake was significantly
less (by ‘¢’ test) in the presence of methionine than in its absence. Averaged for all
eight segments of intestine, proline uptake was depressed 44.4 % by equimolar methio-
nine. However, the percentage inhibition was not equal at different sites along the in-
testine as it would have been if only one transport system were used by proline.

Since degree of inhibition depended on level of intestine, the shape of the uptake
curve was altered. Uptake patterns are shown in Fig. 3. For comparison, the patterns
for methionine and betaine are also shown. In the presence of methionine the uptake
pattern for proline was shifted toward that for betaine, in fact, the two were barely
distinguishable. Participation of proline in N, was apparently blocked or substantially
reduced, revealing residual proline uptake to be distributed like betaine uptake.

160
150
0
130
2 " /F With betaine
§ L] \p/
i g v /
2 % 4 /
i 3
) 2
3 =5 /+
g n %
£ 0 Proline + _g
Methionine R
k) L
£
& >
]
x s
a
20
0 9
y
! 3
0 i 2 3 4 5 6 7 8 1 2 4 5 6 7 8

Segment Segment

Fig. 3. Shift in the uptake pattern for proline in the presence of equimolar methionine. Uptake
patterns for proline, methionine, and betaine are included for comparison. Each point is the mean
from all animals studied; n = ¢ for methionine, 10 for proline, 6 for betaine, and 6 for proline in
the presence of equimolar methionine.

Fig. 4. Uptake of proline in the presence and absence of betaine at equimolar concentration

(r0.0 mM). The means -+ S. E. are shown for seven animals with betaine and ten animals without
betaine.
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Effect of betaine on uptake of proline

Proline uptake was measured at an initial concentration of r0.0 mM in the pres-
ence of 10.0 mM betaine, with the hope of converting the proline pattern into a
methionine-like pattern. But, surprisingly, uptake of proline was stimulated by
equimolar betaine. Results averaged for all eights segments showed 12 ¢, stimulation.
Segments-by-segment data are in Fig. 4. Stimulation was greatest in the region of
greatest betaine transport and was absent or slight in those segments (1,7 and 8)
having poor betaine uptake.

The ratio of betaine to proline was increased in an effort to achieve inhibition of
N,; proline uptake was measured from an initial concentration of .o mM in the pres-
ence of 10.0 mM betaine. When the average for all eight segments of intestine was
calculated, there was 29 % inhibition of proline uptake. There was definite inhibition
at some levels of intestine as shown in Fig. 5, but in Segment 8, where betaine trans-
port is very poor, inhibition was essentially zero.

There was not much difference in the shapes of the proline uptake curves in
I'ig. 5. Thus we failed to shift the proline pattern toward the methionine pattern and
attributed this failure to the complication of a stimulatory effect.

V/—— Without betaine
With belaine%
I 2 3 4 5 [ 7 8

g " —

Segment

W&

~

Proline Uptake
{1 moles/m! tissue water}

=}

Fig. 5. Uptake of proline in the presence of betaine at 10 times the proline concentration. Proline
was present at an initial concentration of 1.0 mM. The means J- S.E. are shown for four animals
with betaine and four animals without betaine.

DISCUSSION

Steady state accumulation of an amino acid is a complex function of whatever
active and passive amino acid transport processes occur within the tissue, and, of
course, does not measure the density of transport sites on any particular membrane.
It is influenced by a variety of factors besides the properties of the transport sites
themselves, some of which are discussed below. However, under a given set of con-
ditions, steady state accumulation does provide a convenient index of relative overall
transport activity and has been used as such in many previous studies in vitro. Part
of this accumulation is in the epithelial cells®2, but a good deal is apparently located
in the subepithelial layers®®. Subepithelial accumulation represents a balance between
transepithelial transport and subepithelial diffusion into the serosal solution. The
fact that the longitudinal distribution patterns for methionine and proline uptake
were not changed by a ten-fold change in initial concentration (see Fig. 2) indicates
that merely changing the rate of transepithelial transport and, therefore, the amount
of epithelial and subepithelial accumulation does not change the patterns as long as
the same transport systemy(s) is used.

Uptake of all seven neutral amino acids studied was greater in the midportions
of rat small intestine than at either end. Previous mapping experiments utilizing in

Biochim. Biophys. Acta, 225 (1971) 315-325



PATTERNS OF INTESTINAL AMINO ACID UPTAKE 323

vitro techniques have usually revealed a similar pattern along both rat and hamster
small intestine? 24,27, 29,34-44 ajthough a few conflicting reports are also recorded!®
26,37,45,46 In two studies using in vivo techniques, ability to absorb amino acids
declined in an aboral direction along the small intestine*® 47, but in a more recent study
in vivo adsorption of «-aminoisobutyric acid was maximal in the mid-portions of rat
small intestine.

Although the general pattern was similar for all amino acids studied, we were
able to detect statistically significant differences in shape. These differences have not
been detected previously in rat% 4% or in hamster? ¢ intestine, but GREER AND LAw-
RENCE* have found different sites for maximal transport of neutral an basic amino
acids in the posterior intestine of a mollusk.

The two most dissimilar patterns were those for methionine and betaine. Maxi-
mum uptake was at different locations (Segment 6 for methionine, Segment 4 for
betaine). Segmental changes in betaine uptake were often not accompanied by corre-
sponding changes in methionine uptake. Forexample, uptake of betaine nearly doubled
from Segment I to Segment 2, while uptake of methionine did not change appreciably;
uptake of betaine decreased by 76 % from Segment 4 to Segment 8, while uptake of
methionine increased slightly. We conclude that these two amino acids are not trans-
ported by identical transport systems.

Thus, the concept of two transport systems for neutral amino acids, referied to
here as N, and N, is supported by an independent method. This concept was develop-
ed mainly on the basis of competition experiments?-13, and studies on patients with
inherited disorders of amino acid transport'#15; it has previously been supported by
studies on the development of amino acid transport systems in fetal intestine®% 51, by
studies on the effect of glucose on amino acid transport under anaerobic conditions?,
and by kinetic data for leucine transport explicable in terms of two parallel transport
pathways®3.

The uptake patterns for the seven neutral amino acids formed a gradual transi-
tion from one extreme (the methionine pattern) to the other extreme (the betaine
pattern). This relationship would be expected if leucine, alanine, proline, glycine and
a-aminoisobutyric acid are transported by both N; and N, as previously indicated by
competition experiments?—6.%4 but have different relative affinities for these two
systems. The order of similarity to the methionine pattern was leucine > alanine ~
proline > glycine > & aminoisobutyric actd > betaine. This progression corresponds
with that found by MATTHEWS AND LASTER* for the affinity of leucine, alanine, gly-
cine and z-aminoisobutyric acid for the transport system in hamster midileum, and
the progression from methionine to glycine corresponds with the length of the non-
polar chain. Increasing length of the chain from glycine to methionine apparently
favors increasing utilization of N, while additional substitutions on the «-carbon
atom, as in a-aminoisobutyric acid, or on the amino group, as in betaine, apparently
interfere with utilization of N;.

When proline was blocked from N, by methionine, its residual uptake pattern
closely resembled that for betaine. This finding strengthens the interpretation that
proline is transported by both systems.

An attempt to shift the proline pattern toward the methionine pattern by block-
ing N, with betaine was confounded by a stimulatory effect of betaine on proline
transport. Stimulation of the transport of one amino acid by other amino acids has
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been observed before in small intestine?®.33.55-38 and has recently been discussed at
length by MUNCK AXD SCHULTZ®.

In seeking an explanation for the distributions of transport activity along the
intestine, we must consider: (1) distribution of passive permeability properties;
(2) distribution of energy supply; (3) distribution of the sensitivity to exogenous fac-
tors in the incubation medium, such as glucose and Na~; and (4) distribution of mem-
brane transport sites (carriers). A pattern of passive permeability would not be likely
to have one shape for methionine and another for betaine. The fact that diffusion of
L-methionine down its concentration gradient is about equal across all levels of rat
small intestine in the presence of 2,4-dinitrophenol® also provides some evidence
against this explanation, although it cannot be entirely dismissed as a possible contri-
butory factor. The finding of different patterns for different amino acids argues against
the suggestion that the distribution of energy supply is the entire explanation for the
uptake patterns (although it could be contributory). IFurthermore, the patterns for
rate of oxygen consumption®, rate of glycolysis®®, glycose utilization®, ATP con-
tent®.62 and ATPase activity®! do not resemble those for amino acid uptake. Nuvxx
AND ELLERT?! have found the mucosal concentrations of Na+ and K+ to be essentially
constant along rat small intestine. Therefore, even though Na~ is involved in amino
acid transport by rat intestine®, its longitudinal distribution does not account for the
shape of the amino acid transport patterns. Glucose was included in the incubation
medium as a substrate; it probably induced water flow more at some levels of intestine
than at others®, and its effect an amino acid transport was probably not longitudinally
uniform®. If this influence on the uptake pattern varied from one amino acid to an-
other, it could have been a factor in producing the results.

Since the uptake pattern for proline depends upon the presence or absence of
methionine, and since the competitive interaction between amino acids is generally
regarded as being located at binding sites on membrane carriers, it follows that the
pattern for proline uptake is at least partly dependent upon the distribution of mem-
brane carriers. Specific longitudinal distributions of membrane carriers seem the most
likely explanation for specific distributions of transport activity.

These results demonstrate the desirability of using more than one level of in-
testine in transport studies. Not only absolute transport activity but also relative act-
ivity for various amino acids depends upon intestinal level. It is especially important
to realize that competitive effects among amino acids depend on which part of the
small intestine is studied.
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