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Conformational and spacial preferences for substrates of PepT1
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The conformation at the first residue of dipeptide substrates for
the peptide transporter PepT1 has been probed using con-
strained peptide analogues, and the active conformation has
been identified.

PepT1 is an essential eukaryotic membrane protein that actively
transports small peptides.' It is found in the brush borders of the
small intestinal epithelium in mammals, and provides the main
pathway for the absorption of dietary nitrogen.*>

Although a number of preferred features had been identified for
binding and transport by PepT1 (Fig. 1).° no model had been
proposed that predicted whether substrates would be accepted by
PepT1, until our template model published in 2000.” This provides
a semi-quantitative method of predicting the binding to PepT1, by
aligning potential substrates against a template structure, and
assessing the correlation of key binding features. One feature of
this model is the requirement of the E-stereochemistry for the
peptide bond between residues 1 and 2, and we have recently
confirmed this stereochemical requirement.

In this paper we address two key questions:

(a) What is the conformational preference of the o-centre of
residue 1 (i.e. y torsional angle) relative to the peptide bond?

(b) Is the lower binding of D-residues at position 1 due to
conformational factors in the dipeptide, or spacial limitations in
the protein?
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Fig. 1 (a) General features for binding/transport of di-/tri-peptides; (b/c)
possible dipeptide conformation (b), or an alternative conformation (c) in
which D-residue at position 1 would incur unfavourable interactions
with N-R'.
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It should be noted that the L-stereochemistry had always been
observed to be preferred at residue 1, with D-residues being
generally accommodated with about a three-fold increase in K;,
but if the second residue is also N-alkylated, K; increases by about
30-fold. We inferred that a conformation close to that depicted in
Fig. 1(c) would account for these observations, with the low
affinity of D N-alkyl dipeptides being due to the unfavourable
interaction shown.’

We have now directly addressed the conformational
question, by preparing the constrained analogues 1-4 in which
the o-side-chain is linked to the amide nitrogen via a five-
membered ring.
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Although we explored a couple of other approaches,® we found
that a modification of Freidinger’s method” was most effective,
as summarized in Scheme 1. For example, starting from
D-methionine, and using fert-butyl type protection, we prepared
2. Formation of the sulfonium salt, followed by base-induced
cyclization, gave the protected constrained dipeptide 7a, although
considerable optimization was necessary to minimize the forma-
tion of N-methylated by-product 7b. Deprotection with TFA gave
the desired analogue R-2. A similar approach starting from
L-methionine gave the enantiomer S-1.

SMe SMe
Gly-OBu EDC.HCV
HOBt/ DIPEA/ DMF : H
Boc 2 71% Boc A N._ _CO.Bu!
~ N PN COH ° ~ N /ﬁ]/ ~~ 2
H 5 H 6 o
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2) NaH/ DMF/ CH,Cl,
56% over 2 steps
A _N._ COH TPATCHCL () goe A N _-COzBu'
HzN 94% N
2 (as tfa salt) R 7a:R=H
o 7b: R = Me

Scheme 1
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Fig. 2 X-Ray crystal structure of compound 8."°

We also prepared the alanine analogues S-3 and R4, to
reinforce our conformational deductions, and also allowing us to
confirm that the synthetic method was stereochemically robust.
Moreover, the alanyl analogues would be almost certain to bind in
exactly the same way as natural substrates, because L-stereo-
chemistry at position 2 is an essential feature for high affinity
(<2 mM) substrates. The synthetic approach described above
(Scheme 1, replacing Gly by Ala in step 1) was used, and the
structure of protected S-3 was confirmed by X-ray diffraction'®
(Fig. 2).

Table 1 summarizes the binding data for the four substrates.
For both pairs of analogues, the D-isomer binds more tightly than
the L-isomer by a factor of about three, closely matching the data
for non-constrained D- and L-dipeptides, but with opposite
stereochemical preference. This provides excellent evidence for the
best substrates adopting a conformation similar to that shown in
Fig. 1, as originally proposed by us.

Finally, we tried to probe the reason for the lower affinity of
(non-constrained) D-residues at position 1. Our proposal had been
that there was a binding site for the ammonium group
(N-terminus), and that the L-isomer was able to adopt the required
conformation in the free (and bound) dipeptide, whereas the
D-isomer required eclipsing of the NH/side-chain substituents, and
was therefore of higher energy; the substantially lower binding of
N-alkyl dipeptides with a D-residue at position 1 was consistent
with this. We therefore prepared the four tripeptides shown in
Table 1, following the sequence shown in Scheme 2.

As expected, both the Gly and L-Ala analogues bound to PepT1
with similar affinities, whereas the D-Ala analogue had a K; about
10-fold higher. If our proposition were correct, then the Aib

Table 1 Binding data on di-/tri-peptide substrates of PepT1

Structures Binding Ki/mM (s.e.)
* R
HN” *; TR D H 2 037(0.10)
o) R L Me 3 1.04(0.33)
D Me 4 0.32(0.02)
X Y
X Y Me
! \)J\ H H 9 0.54(0.07)
>\H/ coH Me H 10 1.19 (0.30)
H Me 11 5.58(1.49)

Me Me 12 4.73 (0.56)

Boo—s 1) EDC.HCV/ HOBY/ Me O Me
oc—oar 0,

; DIPEA/ DMF (84%) tfa'HN\)J\ )\
Aa—oBn 2 TFA/H,0 (9:1) (96%) N" co,8n

Z-Gly 1) Z-amino acid/ 1) Z-Aib/ HBTU/

or EDC.HCl HOBt DMF/ DIPEA/ -10°C
fr—Ala DIPEA/ DMF 2) Hy/ Pd-C/
7-(D)-Ala 2) Hy/ Pd-C/ dioxane/MeOH (1:1)

dioxane/MeOH (1:1)

Y Me, Me
CO,H H,N co2

9:X=Y= H (Gly-Sar—Ala) (62%)
10: X =Me, Y = H (Ala—Sar—Ala) (49%)
11: X = H, Y = Me (D-Ala—Sar—Ala) (45%)

12 (Alb Sar-Ala) (64%)

Scheme 2 Synthesis of tripeptides 9-12.

analogue 12 should have bound with a K; similar to the Gly
analogue 9; in actual fact, the K; was almost identical to that for
the D-Ala analogue 11. This indicates that the D-isomers at
position 1 (in non-constrained substrates) bind less well to PepT1
primarily because of spacial limitations within the binding pocket,
rather than due to conformational factors for the free dipeptide.

In summary, we have identified the required conformation at
residue 1 for substrates to have high affinity to PepT1, and have
prepared the first analogues for which the D-isomer has higher
affinity than the L-isomer. In addition, we have shown that
D-isomers at position 1 (in non-constrained analogues) bind less
well due to steric factors in the binding site, rather than (as
previously suggested) due to conformational preferences. These
results, when taken with other conformational/QSAR studies,
allow us to propose a semi-quantitative template binding model
for substrates of PepTTl.
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