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Papain treatment of isolated brush border membrane vesicles was carried out to study peptide transport in the 
absence of hydrolytic events associated with the brush border membrane. Such a treatment allowed a 70% 
decrease in the activity of membrane-associated oligopeptidases and the study of peptide transport in the com- 
plete absence of free amino acids up to 1 min of incubation. A comparison between the time course curves of 
glycyl-L-phenylalanine uptake by normal and papain-treated vesicles showed that the overshoots seen in the 
presence of Na + and K + gradients (extravesicular > intravesicular) when using normal vesicles were no longer 
evident after papain treatment. This result, together with the demonstration of uptake into an osmotically reac- 
tive intravesicular space and the analysis of uptake of free phenylalanine, allowed the conclusion that peptide 
transport was the result of two complementary mechanisms, uptake of free amino acids following hydrolysis by 
the membrane-bound oligopeptidases, and intact peptide transport down a concentration gradient by a non-Na ÷ 
(and non-K+)-dependent process. These results also showed the non-involvement of 7-glutamyltransferase and the 
~,-glutamyl cycle in peptide absorption. A linear relationship has been established between initial dipeptide up- 
take and glycyl-L-phenylalanine concentration for the intact peptide transport process. However, this process can 
be inhibited to various extents by other di- and tripeptides but the inhibition never exceeded 43%. These results 
are consistent with both passive and facilitated diffusion mechanisms of intact peptide transport, the latter 
occurring by either a low affinity-high capacity or a high affinity-low capacity system. 

Introduction 

Transmembrane transport of small peptldes is a 
subject that has been extensively reviewed [1,2] and 
it appears that the process of absorption of di-and 
tnpeptides involves two mechanisms: entry of 
peptides into the absorptive cells with lntracellular 
hydrolysis, and hydrolysis followed by uptake of 

Abbrevtatlon. Hepes, N-2-hydroxyethylplperazme-N'-2- 
ethanesulfonlc acid. 

free amino acids. Although several of the major 
features of peptide absorption seem to be well 
established, several questions remain to be answered: 
What as the relative importance of the two mecha- 
nisms involved in peptide transport? How many sys- 
tems are there for mucosal peptlde uptake? What is 
the precise relationship between intestinal peptide 
transport and transport of Na ÷~ Does lntramembrane 
hydrolysis linked to amino acid transport occur in a 
way similar to the mechanisms Involved in the absorp- 
tion of disaccharides [3]? Are 3'-glutamyltransferase 
and the 7-glutamyl cycle involved in peptlde trans- 
port [4,5] ? 
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A clear-cut answer to the above questions has 
always been lmpmred by the experimental methods 
used for the study of peptide absorption: in vivo 
studies by perfusion techniques [6] or by measure- 
ments of absorption from the lumen of tied loops 
[7,8], and In vitro studies with rings or everted sacs 
of small Intestine [9,10] The above methods have 
been unable to clearly differentiate between intact 
peptlde absorption and absorption of free amino 
acids resulting from luminal or lntracellular 
hydrolysis Recently, the use of purified brush border 
membrane vesicles [11-14] has overcome some of 
the problems associated with the preceding tech- 
niques but hydrolysis by membrane peptldases is 
still a factor that complicates the interpretation of 
results It can be noted, for example, that 
Ganapathy et al. [14], have not been able to detect 
intact glycyl-L-prollne at any time reside rabbit 
intestinal brush border membrane vesicles. We there- 
fore reinvestigated the problem of dlpeptlde absorp- 
tion using a completely new approach. We have 
recently introduced the use of papam-treated vesicles 
for transport studies [15] It has been shown that 
controlled digestion of vesicles with gel-complexed 
papaln did not modify the dlffuslonal components 
for uptake of solutes and ions, and did not alter 
either the lntraveslcular volume or the carrier-medi- 
ated transport for glucose and leuclne It was also 
observed during those studies that the vesicles showed 
a drastic reduction in ollgopeptldase activities while 
~'-glutamyltransferase was almost completely solubll- 
ized by papaln treatment. It thus appeared that this 
new model should be very useful to study the trans- 
port of intact peptldes without interference from that 
of free amino acids resulting from hydrolysis and to 
correlate enzyme activities with transport functions. 
In this paper, we report for the first time in animal 
tissues the characteristics of intestinal absorption of a 
dlpeptlde per se, glycyl-L-phenylalanlne. Our results 
show that this dlpeptlde is taken up Intact down a 
concentration gradient by a non-sodium-dependent 
process. 

Materials and Methods 

1. Preparation of brush border membrane vesicles. 
Control mice (strain C57-BL/Ks J -db /m)were  

killed by decapitation. The whole intestine was then 

removed, rinsed with cold NaC1 (0.9%), and the 
mucosa was scraped with a spatula. Brush border 
membranes were purified by the calcium chloride 
precipitation method of Schmltz et al. [16] and 
brush border membrane vesicles were obtained by 
Hopfer's method [17] as already described [15]. 

2. Transport studies. The purified brush border 
membrane vesicles were resuspended to a final pro- 
tein concentration of 5 -15  mg/ml with 10 mM Trxs- 
Hepes buffer (pH 7.5), 300 mM mannltol and 0.1 mM 
MgSO4 Incubation media contained, in a 250 #1 final 
volume 10 mM Trls-Hepes buffer (pH 7.5), 0.I mM 
MgSO4, 300 mM mannitol or I00 mM mannitol plus 
100 mM NaSCN or KSCN, 0.38 mM or 1 mM glycyl- 
L-phenylalanlne and 1.22 ~CI glycyl-L-[U-14C] - 
phenylalanine (Amersham, spec. act. 12.8 mC1/mmol) 
For transport studies of L-phenylalanine, concentra- 
tions of 0.1 and 1 mM with 1 16 #CI L-[U-14C] - 
phenylalanlne (Amersham, spec act. 513 mC1/mmol) 
were used When the substrate concentration was 
varied or when the effect of various compounds on 
the uptake of glycyl-L-phenylalanlne was studied, the 
osmolarity of the buffer was adjusted to 300 mM by 
appropriately adjusting the concentration of mannitol 
Transport studies were initiated by the addition of 
250-750 #g of brush border membrane vesicles and 
were conducted at room temperature. At time inter- 
vals, 50 #1 of the reaction mixture (50-150 ~g pro- 
tein) were mixed with 1 ml of cold stop solution con- 
taming 10 mM Trls-Hepes buffer (pH 7.5), 115 mM 
mannltol, 0.1 mM MgSO4, 100 mM NaCI and 0.9 
#C1 D-[1-(n)3H]mannitol (New England Nuclear, 
spec. act. 22.4 Ca/retool). This step allows the correc- 
tion for nonspecific adsorption. The resulting mix- 
tures were filtered through 0.45 gm Sartorlus filters 
and were washed with 4 ml nonradioactive stop solu- 
tion. Filters were then processed for counting as 
already described [15]. 

The effect of medium osmolarity on the uptake 
of glycyl-L-phenylalanlne was studied using cello- 
blose as the lmpermeant solute [17]. Vesicles were 
resuspended to a final protein concentration of 
20-50  mg/ml with 10 mM Trls-Hepes bufer (pH 7.5), 
100 mM celloblose and 0.1 mM MgSO4. 200-500 #g 
of brush border membrane vesicles were preincub- 
ated for 30 min in a medium containing variable con- 
centratlons of celloblose, 10 mM Tris-Hepes buffer 
(pH 7.5), 100 mM NaSCN and 0.1 mM MgSO4. Up- 



take studies were initiated by adding 0.38 mM 
radioactive glycyl-L-phenylalanine (with concentra- 
tions of  all reagents adjusted to the above values). 
Allquots were removed after 5 min of  incubation and 
treated as described for transport studies. 

Linear regressions were performed using the desk 
calculator HP-97 and the curve-fitting program 
(standard pack). Coefficients of  determination, 
r 2, are shown in the legends of  the figures when 
appropriate. 

3. Digestion of  brush border membrane vesicles 
with papain. Gel-complexed papaln was prepared and 
digestion was performed as described previously [ 151 
using the determined optimal conditions: 10 min at 
room temperature with 0.9 U papain/mg protein. 

4. Assays. Brush border membrane-catalyzed 
hydrolysis of  L-phenylalanylglyclne was studied in 
the same incubation system employed for analysis of  
uptake. Hydrolysis was stopped at tmae intervals by 
introducing 0.45 ml boiling water into the reaction 
mixture and transferring the test tube Immediately 
into a boIhng water bath and keeping it for 3 min. 
Free phenylalanine was assayed using L-amino acid 
oxxdase reagent [ 18]. 

Ollgopeptxdase activities were measured according 
to Fugita et al. [18] using L-leucylglycylglyclne and 
L-phenylalanylglycylglyclne as substrates. ~'-Glutamyl- 
transferase activity was assayed by the method of  
Naftalin et al. [19].  

Papain was assayed by a titrmaetric determination 
of  the acid produced during the hydrolysis of  
benzoyl-arginyl ethyl ester as described previously 
[ 15]. Protein was assayed by the method of  Lowry et 
al. [20] using bovine serum albumin as standard. 

Results 

1. Uptake of  glycyl-L-[U-14C]phenylalanine by nor- 
mal vesicles 

Uptake of  glycyl-L-[U-]4C]phenylalanlne by nor- 
mal vesicles is shown In Fig. 1A and B for substrate 
concentrations o f  0.38 and 1 mM, respectively. At 
the lower substrate concentration (Fig. 1A), equilib- 
rium was reached within 1 mm In absence of  salts 
(mannitol medium). However, in the presence of  
NaSCN or KSCN gradients (extravesicular > in t ra -  
vesicular), transient accumulations of  substrate over 
this equilibrium value were clearly seen and higher 
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Fig. 1. Time course study of glycyl-L-[U J 4C]phenylalanlne 
uptake by normal mouse intestinal brush border membrane 
vesicles at peptlde concentration of 0.38 mM (A) and 1 mM 
(B), respectively. Uptake studies were performed as discussed 
under Materials and Methods Three different med]a prepared 
m 10 mM Tns-Hepes buffer (pH 7.5) containing 0.1 mM 
MgSO4 were used. zx ~--~, 300 mM mannitol; • e, 
100 mM manmtol+ 100 mM NaSCN; o --o, 100 mM 
mannitol + 100 mM KSCN.Values represent the mean -*1 S.E 
for at least SLX different preparations of vesicles, and duph- 
cate assays at 0.15 and 0.45 mm 

overshoot values were obtained in the presence o f  K ÷ 
as compared to Na ÷. Also, after equilibration of  the 
ves]cles in NaSCN medium, uptake values followed 
the mannItol curve (results not shown). At the higher 
substrate concentration (Fig. 1B), equilibrium was 
reached within 1 min in the mannitol and NaSCN 
media but a small overshoot was still visible in the 
presence of  K ÷. 
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2 Uptake of glyeyl-L[U-14C]phenylalanOw by 
papam-treated vesicles 

Uptake of glycyl-L-[UJ4C]phenylalanine by 

papam-treated vesicles is shown in Fig. 2A and B for 

substrate concentrations of 0.38 and 1 raM, respec- 
tively Similar uptake curves were obtained in these 

conditions whatever the composition of the media. 

Equdlbrlum values were reached within 5 and 1 rain 

for the respectwe concentrations of 0 38 (Fig. 2A) 

and 1 mM (Fig. 2B) and no overshoot was present. 

3 Brush border membrane-catalyzed hydrolysts of 
glycyl-r-phenylalanme 

Fig 3 shows the time course of peptlde hydrolysis 
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Fig. 2. Time course study of glycyl-L-[U-14C]phenylalanme 
uptake by papaln-treated mouse intestinal brush border mem- 
brane vesicles at peptlde concentrations of 0.38 mM (A) and 
1 mM (B), respectively. Papam treatment and uptake studies 
were performed as discussed under Materials and Methods. 
Media and symbols as m Fig. 1 Values represent the mean -+1 
S E for 5-6 different preparations of vesicles, and duphcate 
assays at 0 15 and 0.45 mm 
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Fig. 3. Time course study of brush border membrane catal- 
yzed hydrolysis of glycyl-L-phenylalanlne under conditions 
of uptake studies at a peptlde concentration of 1 mM The 
vesicle preparations used are the same as those used in 
Figs. 1 and 2 Values represent the mean ±1 S.E of 5-6 
different experiments m either manmtol, NaSCN or KSCN 
media, as it has been found that ions do not influence rates 
of dipeptlde hydrolysis. 

during uptake experiments using the higher substrate 

concentration (1 raM). With normal vesicles, there 

was an appreciable hydrolysis of dipeptide, even in 
the early time points However, after papaln treat- 
ment, the incubation medium was found to be com- 
pletely free of free phenylalanlne up to 1 mm, of 
incubation Similar results were found when using the 
lower substrate concentration of 0.38 mM (results 
not shown). Table I shows that the reduction in 
hydrolysis after papaln treatment was the conse- 
quence of the removal of 66 -74% of brush border 
membrane oligopeptldase activities by papain diges- 
tion as estimated from total activities recovered in the 
vesicle fractions. However, two different peptldases 
might be responsible for the hydrolysis of the two 
substrates chosen, as phenylalanylglycylglyclne 
hydrolase was Inactivated upon solublhzatlon by 
papaln while that for leucylglycylglycme was resis- 
tant. It was also observed that hydrolysis of glycyl- 
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TABLE I 

EFFECT OF DIGESTION WITH GEL-COMPLEXED PAPAIN ON SOLUBILIZATION OF OLIGOPEPTIDASE ACTIVITIES OF 
MOUSE INTESTINAL BRUSH BORDER MEMBRANE VESICLES 

The values given represent  the  mean  total  amoun t s  ± 1 S E. recovered m the respective fractions and were obtained with the pre- 
parat ions o f  brush border membrane  vesicles used in Figs. 1 and 2 The activities referred to as soluble were determined in the 
supernatant  recovered after 15 rain centrlfugatlon at 31 000 × g following papaIn digesnon. See details under  Materials and Meth- 
ods. The ratios of  actwities between papain-treated and normal  vesicles × 100 are gwen within brackets. 

Ohgopeptidase activities (nmol amino acid/min) 

Phe-Gly-Gly Leu-Gly-Gly 

Membranes Soluble Total  Membranes Soluble Total  

Normal  vesicles 2 4 0 9  ± 57 315 ± 20 2 723 ± 66 25 586 ± 2 642 1 412 ± 204 26 998 ± 2 5 4 2  

Papaln-treated 639 ± 48 388 ± 45 1 027 ± 60 8 143 ± 628 21 995 ± 1 456 30 137 ± 1 675 
vesicles ( 263  ± 1.4) (37.7 ± 2.4) (33.2 ± 5.4) (116.5 ± 17.1) 

L-phenylalanlne was independent of  the presence of  
Na* or K ÷ in the incubation media (results not 
shown). 

As previously [151, we also found that 7-gluta- 
m y l t r a n s f e r a s e  a c t i v i t y  h a s  b e e n  s o l u b i l i z e d  9 0 - 9 5 %  

w i t h  q u a n t i t a t i v e  r e c o v e r y  ( r e s u l t s  n o t  s h o w n ) .  

4. Uptake of L-[UJ4C]phenylalanine by normal 
vesicles 

Uptake of  L-[U-14C]phenylalanlne by normal 
vesicles is shown in Fig. 4A and B for substrate con- 
centratlons of  0.1 and 1 raM, respectively. For both 
concentrations, an overshoot phenomenon in the 
presence of  a Na ÷ gradient (extraveslcular > lntra- 
vesicular) was clearly visible, mdicating an active 
transport process by a sodium-dependent carrier- 
mediated mechanism. However, an unexpected find- 
ing is that phenylalanine at low concentrations can 
also respond to a K ÷ gradient (extravesicular > lntra- 
vesicular). When mcubated with choline chloride, 

Fig. 4. Time course s tudy of  L-[U-14C]phenylalanine uptake 
by normal  mouse  in tes tmal  brush border membrane  vesicles 
at a m m o  acid concentrat ions  of  0.1 mM (A) and 1 mM (B), 
respectively. Uptake studies were performed as discussed 
under  Materials and Methods.  Media contained 10 mM Tris- 
Hepes buffer  (pH 7.5), 0.1 mM MgSO4 and either 100 mM 
mannl tol  + 100 mM NaSCN (e --) or 100 mM manni to l  
+ 100 mM KSCN (c~ o). Values represent  the  mean  -+1 
S.E. for five different preparations o f  vesicles and duplicate 
assays at 0.15 and 0.45 rain. 
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uptake reached e q m h b r m m  values within 5 min and 

no overshoot  was present  (results not  shown).  It can 

also be seen that  uptake  o f  phenylalanlne was faster 

than uptake o f  glycyl-L-phenylalanme for a concen-  

t rat ion o f  1 mM, the ratios o f  mmal  uptake over 

equi l ibr ium uptake being 0.85 and 0 52, respectively.  

5. Uptake as a function of  osmolarity 
Uptake o f  radioactive label f rom glycyl -L-[UJ4C]  - 

phenylalanlne at equi l ibr ium (5 rain incubat ion)  as a 

funct ion o f  medium osmolar l ty  is demons t ra ted  in 

Fig. 5. This uptake  was quite  sensitive to changes m 

medium osmolan ty ,  sharply decreasing with  increases 

m osmolar i ty  When ext rapola ted  to infinite med ium 

osmolar i ty ,  uptake was negligible. The above 

Indicates uptake into an osmotical ly  reactive intra- 

vesicular space wi thout  appreciable binding to the 

surface o f  the vesMes 
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Flg 5. Uptake of glycyl-L-[U-14C]phenylalanine by mouse 
intestinal brush border membrane vesicles as a function of 
incubation medium osmolarity. Uptake studies were per- 
formed as discussed under Matermls and Methods m media 
containing 10 mM Tris-Hepes buffer (pH 7.5), 0.1 mM 
MgSO4, 100 mM NaSCN, 0.38 mM glycyl-L-[U-14C]phenyl- 
alanme and cellobiose added to give the desired medium 
osmolarity. Values represent the mean of duphcate assays at 
5 mm incubation. A linear regression program has been used 
to fit the data and a coefficient of determmation r 2 = 0.987 
has been found. 

6. Concentration dependence of glycyl-L- 
phenylalanine transport 

The concent ra t ion  dependence  o f  glycyl-L- 

phenylalanine uptake is shown in Fig. 6. Initial 

velocit ies have been es t imated f rom uptake values at 

9 s for dlpept lde concent ra t ions  varying from 0.38 

up to 72 raM. In these condit ions,  there was a linear 

relationship o f  lmtlal uptake to substrate concentra-  

t ions whether  using normal  (r 2=  0.992) or papain- 

t reated (r 2 = 0.996) vesicles. Absence o f  saturat ion in 

the range o f  0 . 3 8 - 5  mM dlpept lde concent ra t ions  is 

also shown in the reset in Fig. 6 It also has to be 

no ted  that  a ratxo o f  1.51 has been found be tween  
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Fig 6. Concentration dependence of glycyl-L-phenylalanine 
initial uptake by normal (¢ =) and papain-treated 
(o o) vesicles. Uptake studies were performed as dis- 
cussed under Materials and Methods m media containing 
10 mM Tras-Hepes buffer (pH 7.5), 0.1 mM MgSO4, 100 mM 
NaSCN, and variable concentrations of substrate and 
mannltol as to keep a 100 mM total concentration Inltml 
uptake has been measured at 0.15 mm. Values represent the 
mean +1 S.E. for duplicate assays on two different prepara- 
tions A linear regression program has been used to fit the 
data and coefficients of determination r 2 = 0.992 and 0.996 
have been found for normal and papam-treated vesicles, 
respectively. Inset shows the absence of saturation In the low 
range of concentrations, r ~ = 0 989 and 0.995 have been 
found by linear regression analysis for normal and papaln- 
treated vesicles, respectively. 



the slopes obtained for papain-treated and normal 
vesicles, a value similar to the 1.6-fold increase in 
specific activity of  leucine transport after papain 
treatment reported earlier [15]. 

7. Effects of  peptides and free amino acids on glycyl- 
L-phenylalanine uptake 

A variety of  peptides and free amino acids have 
been tested for their ability to inhibit glycyl-L- 
phenylalanine uptake and the results are described in 
Table II. For these experiments, only normal vesicles 
have been used as the imtial velocity at 9 s selected 
for this study is independent of  papain treatment. 
In these conditions, free amino acids did not mhlbit 

TABLE II 

EFFECTS OF PEPTIDES AND FREE AMINO ACIDS ON 
GLYCYL-L-PHENYLALANINE UPTAKE BY MOUSE IN- 
TESTINAL BRUSH BORDER MEMBRANE VESICLES 

Uptake measurements at 0 15 min were performed as dis- 
cussed under Matermls and Methods in a medium containing 
10 mM Tris-Hepes buffer (plt 7.5), 0.1 mM MgSO4, 100 mM 
NaSCN, 0.38 mM of radioactive substrate, 40 mM manmtol 
and 60 mM of the different compounds tested. The given 
values represent the mean ± 1 S.E. for duplicate assays on 
two different preparations. Values of uptake relative to con- 
trol uptake are gwen within brackets 

Test compound Peptide uptake 
(nmol/mg protein) 

None 0.237 ± 0.019 (100) 
Glycme 0 218 ± 0.011 (92) 
L-Leucine 0.227 ± 0 006 (96) 
L-Phenylalanme 0.230 ± 0.002 (97) 
Glycylglycme 0.166 ± 0.008 a (70) 
Glycylsarcosme 0 171 ± 0.017 (72) 
Glycyl-L-prohne 0.162 ± 0.011 a (68) 
Glycyl-L-leucine 0.178 ± 0.011 a (75) 
L-Prolylglycme 0.192 ± 0.017 (81) 
Carnosine 0.153 ± 0 016 a (65) 
t3-Alanylglycme 0.201 ± 0 019 (85) 
Trtglycme 0.163 ± 0.009 a (69) 
Glycylglycylsarcosme 0 156 ± 0 009 a (66) 
Glycyl-L-leucyl-L-tyrosme 0.205 ± 0.013 (87) 
Glycyl-L-prolyl-L-alanine 0.188 ± 0.013 (79) 
L-Leucyl-glycyl-glycine 0.134 ± 0.015 a (57) 
L-Phenylalanylglycylglycme 0.166 ± 0 012 (70) 
Glutathlone 0.217 ± 0.024 (92) 

a Statistical significance relative to control values (P < 0 05) 
as estnnated by Student's t-test. 
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significantly uptake of  the dipeptide and only the 
dlpeptldes glycylglycine, glycyl-L-prohne, glycyl-L- 
leucine, carnosine, triglyclne, glycylglycylsarcosine 
and L-leucylglycylglycine were able to inhibit glycyl- 
L-phenylalanme uptake with statistical significance 
(P < 0.05). However, this inhlbmon never exceeded 
43% of control values. 

Discussion 

Following uptake by the absorptwe cells of  the 
small intestine, most small peptldes are so rapidly 
hydrolyzed by the cytosolic peptidases that peptide 
uptake by small intestine in vitro is represented only 
by an increase in the constituent amino acids of  the 
peptide taken up [1,2]. The use of  slowly hydrolyz- 
able peptldes [10,21,22] has not completely over- 
come the difficulty m assessing Na*-dependency 
[21-27]  and determining precise kinetic param- 
eters [7,10,12,14,23,25,28-34].  The introduction of  
purified brush border membrane vesicles for peptide 
transport studies, therefore, appeared valuable as 
they would permit the study of  membrane 
phenomena in the absence of  cytosollc events. 
However, the first attempts using such vesicles 
[11-14]  were not very conclusive, as hydrolysis of  
pepttdes by brush border membrane hydrolases com- 
plicated the Interpretation of  results. For example, 
intact peptides have not been detected at any time 
inside the vesicles [12,14]. Our studies with papam- 
treated brush border membrane vesicles have been 
designed to investigate membrane events in almost 
complete absence of  peptlde hydrolysis. It has been 
shown recently [15] that controlled papain digestion 
of  brush border membrane vesicles did not modify 
the characteristics of  sugar and amino acid transport. 
Also, the treatment with papam allowed the removal 
of  approx. 70% of  membrane oligopeptidase activ- 
ities (Table I), so that free amino acids cannot be 
detected in the media up to 1 rain incubation (Fig. 3), 
a time at which eqmhbnum uptake values have been 
reached. The above results clearly show that peptlde 
transport per se can be investigated using papain- 
treated vesicles. It also has to be mentioned that 
glycyl-L-phenylalamne was not extensively 
hydrolyzed even by normal vesicles as compared to 
glycyl-L-leuclne [111, L-alanylglycme [12], and 
glycyl-L-proline [14] used m earlier studies. 
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An examination of the time course of glycyl-L- 
[U-14C]phenylalanlne uptake by normal (Fig. 1) 
and papain-treated (Fig. 2) vesicles revealed the fol- 
lowing. At the lower substrate concentration (0.38 
mM), peptlde uptake showed active transport of 
labeled products m the presence of salt gradients 
(medium ~veslcle) as evidenced by the overshoot 
seen on the time course curves for normal vesicles. 
However, after papam-treatment, this transient 
accumulation of substrate over eqmhbrium values was 
no longer observed. Also, at the higher substrate con- 
centration (1 mM), the overshoot was seen only m 
the presence of a KSCN gradient when using normal 
vesicles and was not evident after papaln treatment. 
These results are best interpreted as follows trans- 
port of glycyl-L-phenylalanme is independent of 
sodxum (and/or potassium) and the overshoots seen 
with normal vesicles are the consequence of uptake of 
free phenylalanlne released from the &peptlde by 
brush border membrane ohgopeptldases. This inter- 
pretation is strengthened by considering the char- 
acteristlcs of uptake of free phenylalanine (Fig. 4), 
with an unusual feature for amino acid transport, 
namely a dependency on K ÷ gradient (outside> 
inside) Such a K*-dependent phenylalanme uptake 
has been described in membrane vesicles isolated 
from the midgut of Philosamia cynthia larvae [35] 
but, to the best of our knowledge, this is the first 
time that K÷-dependent amino acid transport is 
reported in mammalian small intestine (unpublished 
results). However, Fig. 4B shows that the K÷-depen - 
dent uptake of L-phenylalanme was saturated faster 
than when Na + was present. Also, Fig. 4A shows 
almost the same maximum overshoot values in the 
presence of Na ÷ or K ÷, though the overshoot pheno- 
menon lasted a longer time in the presence of K + as 
compared to Na ÷. The above results can be inter- 
preted as due to lower permeability of the mem- 
branes to K ÷ as compared to Na ÷, allowing a longer 
time for the dissipation of the K÷-gradlent This lower 
permeability to K ÷ would also explain the higher 
overshoot values obtained in K ÷ media during uptake 
studies of radloactwe label from glycyl-L-phenylala- 
nine by normal vesicles. It would thus appear that 
peptlde transport is the result of two complementary 
mechanisms' (1) uptake of free amino acids following 
hydrolysis by the brush border membrane oligopep- 
ndases and (2) intact peptide transport down a con- 

centratlon gradient by a non-sodium-dependent pro- 
cess. It also appears that phenylalanme is absorbed 
faster m the free state than m the peptlde bound state 
at the 1 mM concentration used for the comparison. 

Further studies on the analysis of the nature of 
the intact peptlde transport process revealed a linear 
relationship between initial uptake and substrate con- 
centratlons (Fig. 6) using either normal or papaln- 
treated vesicles. These results are at variance with 
those obtained earlier and showing mediated uptake 
conforming to Mlchaehs-Menten kinetics 
[7,10,12.14,23,25,28-34]. However, it has to be 
stressed that Important simple dlffuslonal com- 
ponents m transport of &peptldes have been reported 
recently [33,34] and that no evidence for saturation 
was obtained for 3-alanylglycylglyclne [22] and 
propylhydroxyproline [36], peptides which are not 
hydrolyzed by rings of everted hamster jejunum. 
Although our results seem compatible with an intact 
peptide transport process occurring by passwe &f- 
fusion, It has to be stressed that two other possibil- 
ities have to be considered: facihtated diffusion pro- 
cesses by either a high affinity-low capacity system or 
by a low affimty-high capacity system. The first pos- 
sibility seems to be unlikely m view of the previously 
reported K t values In the mM range [7,10,12,14,23,- 
25,28-34].  The physiological significance of such a 
high affinity-low capacity system would also be 
questionable in view of the kinetic parameters for 
hydrolysis (estimated Km and V values of 3.96 mM 
and 389 nmol/mln per mg protein, respectively). 
Finally, the detection of such a high affinity-low 
capacity system would have been impaired by the 
low specific activity of the radioactively labelled 
peptlde used for the present study. The second pos- 
sibility, namely the presence of a low affimty-hlgh 
capacity system IS also difficult to be tested because 
of the solubility of the dlpeptlde, and therefore can- 
not be rejected on the basis of our studies. It also has 
to be noted that higher uptake values were ob- 
tained after papaln treatment, the increase closely 
matching the extent of protein removal during 
&gestlon, and showing that papain digestion did not 
remove any protein essential in peptide transport. It 
can thus be concluded that neither ohgopeptldases 
nor 7-glutamyltransferase are involved in group trans- 
location of peptldes. 

In further attempts to characterize the nature of 
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the mechanism(s) involved in intact peptide trans- 
port, inhibition studies by a variety of  peptldes and 
free amino acids have been undertaken (table II). Our 
results showed that glycyl-L-phenylalanlne transport 
was not inhibited by free amino acids, in accordance 
with the previously established independence of  
mucosal uptake of  peptldes from those of  free amino 
acids [121. However, when dipeptides and trlpep- 
tides were incubated with glycyl-L-[U24C]-phenyl - 
alanine, some degree of  inhibition xn glycyl-L-phenyl- 
alanlne transport can be achieved. Highest inhibitions 
(greater than 30%) were obtained with the tripeptldes 
L-leucylglycylglyclne, glycylglycylsarcoslne and tri- 
glyclne and the dipeptldes carnosme and glycyl-L- 
proline. Weaker mhibitmns (between 20 and 30%) 
were obtained with L-phenylalanylglycylglycme, 
&glyclne, glycylsarcosme and glycyl-L-leucme. Non- 
slgmficant Inhibitions were obtained with the other 
&- and tripeptides. Such results agree with the pos- 
sible involvement of  carrier-mediated system in intact 
peptlde transport, as discussed previously when con- 
sidermg the high concentrations (60 raM) of  tested 
compounds used in these stu&es. However, the 
failure to inhibit glycylphenylalanme transport more 
than 43% also points out the presence of  an Impor- 
tant diffusible component m peptide uptake, even at 
low peptide concentrations (0.38 mM used m this 
study), or that peptides are transported by several 
systems with overlapping speclfimtles. 

In conclusion, the results presented in this study 
clearly show that glycyl-L-phenylalanine is taken up 
intact by mouse intestinal brush border membrane 
vesicles by a non-Na÷-dependent process but also that 
this dipeptide undergoes a certain amount of  super- 
ficial hydrolysis followed by uptake o f  the free amino 
acids liberated. However, the relative importance of  
both processes cannot yet be established. Three pos- 
sible schemes have been considered by Matthews [1 ] 
in order to explain peptide absorption, and one of  
the models in which di- and mpeptldes are taken up 
at the brush border by one or more peptide-specific 
actwe transport mechanisms and hydrolyzed in the 
cytosol deep to the peptlde transport mechanism(s) 
has been favored. Our results, however, failed to show 
any Na*-dependent active transport o f  intact peptlde 
but are consistent with both passwe and facilitated 
diffusmn mechanisms of  uptake, the latter occurring 
by either a low affinity-high capacity or a high 

affimty-low capacity system. It has to be noted, how- 
ever, that a model of  active peptlde transport cannot 
be definitively rejected as energizing processes other 
than the sodium gradient might be revolved. Finally, 
our results showing a lack of  an effect of  the removal 
of  7-glutamyltransferase and ollgopeptldases by 
papam-treatment on peptlde transport are proof 
against the involvement of  these enzymes m group 
translocatlon mechanisms [ 1,4,5 ]. 

Acknowledgement 

One of us (A.B.) was supported by a fellowship 
from the Medical Research Council of  Canada. The 
authors thank Mrs. Dorothea Barwlck for her 
secretarial help. 

References 

1 Matthews, D M. (1975) Physiol. Rev 55,537-608 
2 Matthews, D.M. and Payne, J.W (1980) m Current 

Topics m Membranes and Transport (Bronner, F. and 
Klemzeller, A,  eds.), Vol 14, pp. 331-425, Academlc 
Press, New York 

3 Ramasway, K., Malathl, P., Caspary, WF. and Crane, 
R.K (1974) Blochlm Blophys Acta 345,39-48 

4 Melster, A. (1973) Smence 180, 33-39 
5 Meister, A. (1974) Ann. Int. Med. 81,247-253 
6 Adlbl, S.A. and Philhps, E (1968) Chn. Res. 16,446 
7 Matthews, D.M., Craft, L.L., Geddes, D.M., Wise, L.J 

and Hyde, C W. (1968) Clm. Sci. 35,415-424 
8 Matthews, D.M, Lls, M T., Cheng, B. and Crampton, 

R.F (1969) Clm. Sci. 37,751-764 
9 Burston, D., Addison, J.M. and Matthews, D.M (1972) 

Chn. Scl. 43,823-837 
10 Matthews, D.M., Addison, J.M. and Burston, D. (1974) 

Chn. Scl. Mol. Med. 46,693-705 
11 Sigrxst-Nelson, K. (1975) Blochim. Biophys. Acta 394, 

220-226. 
12 Welch, C.L. and Campbell, B.J (1980) J. Membrane Biol. 

54, 39-50 
13 Ganapathy, V., Mendicmo, J., Pashley, D H. and Lmbach, 

F H. (1980) Biochem. Blophys. Res. Commun 97~ 
1133-1139 

14 Ganapathy, V., Mendlcino, J.F and Lelbach, F.H. 
(1981) J. Biol. Chem. 256,118-124 

15 Berteloot, A., Bennetts, R.W and Ramaswamy, K 
(1980) Blochun. Biophys. Acta 601,592-604 

16 Schmltz, J ,  Preiser, H, Maestraccx, D, Ghosh, B.K. 
Cerda, J.J. and Crane, R.K (1973) Blochtm. Blophys. 
Acta 323, 98-112 

17 Hopfer, U., Nelson, K., Perrotto, J. and Isselbacher, 
K.J. (1973) J. Biol. Chem. 248, 25-32 



188 

18 Fugita, M., Parsons, D.S. and Wojnarowska, F. (1972) 
J. Physlol (Lond.) 227,377-394 

19 Naftahn, L., Sexton, M., Whltaker, J.F, and Tracey, D. 
(1969) Chn. Chlm. Acta 26,293-296 

20 Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, 
R.J. (1951) J. Biol. Chem. 193,265-275 

21 Addison, J.M., Burston, D. and Matthews, D.M. (1972) 
Chn. Sci. 43,907-91l 

22 Addison, J.M., Burston, D., Payne, J.W., Wilkinson, S. 
and Matthews, D.M. (1975) Chn. Sci. Mol. Med. 49, 
305-312 

23 Rublno, A., Field, M. and Schwachman, H. (1971) J. 
Biol. Chem. 246, 3542-3548 

24 Cheeseman, C I and Parsons, D.S. (1974) Biochim. 
Blophys. Acta 373,523-526 

25 Hlmukal, M., Suzuki, Y. and Hoshl, T. (1978) Jap. J. 
Physiol. 28,499-510 

26 Cheeseman, C.I. (1979) J. Physiol. (Lond.) 293, 
457-468 

27 Cheeseman, C.I. (1980) Can. J. Physiol, Pharmacol 58, 
1326-1333 

28 Cheng, B, Navab, F., Lls, M.T., Miller, T.N. and 
Matthews, D.M. (1971) Clm. Scl. 40,247-259 

29 Adibi, S.A and Solelmanpour, M.R. (1974) J. Clin. 
Invest 53, 1368-1374 

30 Nutzenadel, W. and Scriver, C R. (1976) Am. J. Physiol. 
230,643-650 

31 Das, M. and Radhaknshnan, A.N. (1975) Blochem. J. 
146,133-137 

32 Sleisenger, M.H., Burston, D., Dakymple, J.A., Wilkinson, 
S. and Matthews, D.M. (1976) Gastroenterology 71, 
76-81 

33 Matthews, D.M., Gandy, R H., Taylor, E and Burston, 
D. (1979) Clm. Scl. 56, 15-23 

34 Schedl, H.P., Burston, D., Taylor, E. and Matthews, 
D.M. (1979) Clin. Scl. 56, 25-31 

35 Hanozet, G.M., Glordana, B. and SaccM, V.F. (1980) 
Biochtm. Biophys. Acta 596,481-486 

36 Hueckel, H.J. and Rogers, Q.R. (1972) Can. J. Blochem. 
50,782-790 


