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Alanine-scanning Mutagenesis Reveals the Di- and Tripeptide Recognition
Mechanism of Ptr2p, a Proton-coupled Oligopeptide Transporter

Keisuke ITO", Takayasu MOTOYAMA, Masaji ISHIGURO and Yasuaki KAWARASAKI

School of Food and Nutritional Sciences, University of Shizuoka, Shizuoka 422-8526

ABSTRACT

Peptide uptake systems that involve members of the proton-coupled oligopeptide
transporter (POT) family are conserved across all organisms. POTs can recognize
as many as 8,400 types of di- and tripeptides. In this study, the contribution of
amino acid residues to the recognition of di- and tripeptides was quantitatively
and systematically analyzed by alanine-scanning mutagenesis of yeast Ptr2p.
Y365 of Ptr2p was involved in the recognition of the R1 side-chain of dipeptides,
whereas Y248 and 1251 were responsible for the recognition of the R2 side-chain
of dipeptides. On the other hand, Y365, S484, and F507 greatly contributed to the
recognition of the R1 side-chain of tripeptides. The R2 side-chain of tripeptides
was not involved in a specific interaction with the residues in Ptr2p. Y248, S484,
and F507 contributed to the recognition of the R3 side-chain of tripeptides. The
contribution of the interaction with the R2 (R3) side-chain of di- and tripeptides
was greater than that with the R1 side-chain. On the basis of these results, an
alternative recognition model for di- and tripeptides at a single substrate-binding
site is suggested as a molecular basis of POT family proteins. Soy Protein Research,
Japan 18, 82-88, 2015.

Key words : peptide transporter, Ptr2p, substrate multispecificity, dipeptides,
tripeptides
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Fig. 1. Substrate-binding site structure of Ptr2p. The
homology model for Ptr2p was constructed
using PepTso (PDB: 2XUT) as a template. The
colors of the surface model correspond to the
electrostatic potential.

83



goooao

0000000000000 0DO0O0Ooooooon
oooooooo

0000000000 0OPr2p00000OO0OOOO
00 OAlaninesscanningD D 0000 O0OOO0OO0OO
O Fig. 2000 Alanine0 0 0 0 O O O wild-type Ptr2pd O
0000KiIODoODOoOoDOoOoooooooooooag
gododoooooooooooooooooood
Trp0 00000000000 000000000°%0
O0oo0o0ooo0oo0oo0ooOooooooooo
O00000o0o00oo0ooUOooooooooo
000000 TrpO0C0O0O00OO0OOODOOODOODODO
Alanine 0 0O 0O O Trp-Alal Ala-Trp0 KiOo O 0O 0O O
Jo0ooooooOONODDOOODOO0ODbORrRIDCOO
J000000R2ODODODODODOOOOPLI2pOOOO
dodddddooooooooooooooooo

A Ala-Ala

Y138A
2>

C Trp-Ala D

Ala-Trp

ooOoooo0oobDOoobrRICOOOOODODOD
gbooooooysesbor200000000000
Oo00o0ooOisiioyz4s0 0000 00PepTsol O
gboooooocoboOopPw2pO0O0OO0OO00OO
ooooooooooooobooooOooooooon
O00000000FRg. 2E00C0O0O0O0ODCODOO
E4800 000000ONODOODODOOOK2050CO0O
goooobooboooooooobooooooriOoO
goooor20Ob0coOoOoOoooOooOn

AlaTrp0 00000 O0OVY248A01251A0 0 0 O
OTrp-Trp0000O0O0D0O00D0O00O0COO0OY365A0
OTrp-Trp0 0000250 000000000000
gbooobooobborR2Ob0OO0O0OO0OO0O0O0RIOO
goboooooooooooobocooooooooon
oboo0vsesooooooooooooooooo
gooooobooocoooooooboboooo

Fig. 2. Alanine-scanning of Ptr2p to analyze dipeptides. Effects of alanine substitution at each amino acid
position on the alnity for the dipeptides Ala-Ala (A), Trp-Trp (B), Trp-Ala (C), and Ala-Trp (D). The
ratios of the Ki values of dipeptides in each mutant compared with those in the wild-type Ptr2p are
shown. The positions of the alanine-substitution mutants in a cobweb chart approximately correspond
to the location in the substrate-binding site (Fig. 1). (E) Binding model of Trp-Trp. Molecular dynamics
simulation for substrate binding was performed using Insight Il. The amino acid residues that construct
the substrate-binding site in Ptr2p are shown as a surface model. Putative binding substrate is shown as
a stick model. The colors of the surface model correspond to the degree of contribution toward dipeptide
recognition. Red: definitive; pink: supporting; white: no contribution.
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Fig. 3. Alanine-scanning of Ptr2p to analyze tripeptides. Effects of alanine substitution at each amino acid
position on the alnity for the tripeptides Ala-Ala-Ala (A), Trp-Trp-Trp (B), Trp-Ala-Ala (C), Ala-Trp-
Ala (D), and Ala-Ala-Trp (E). The ratios of the Ki values in tripeptides for each mutant compared with
those in the wild-type Ptr2p are shown. The positions of the alanine-substitution mutants in a cobweb
chart approximately correspond to the location in the substrate-binding site (Fig. 1). (E) Binding model
of Trp-Trp-Trp. Molecular dynamics simulation for substrate binding was performed using Insight
Il. The amino acid residues that construct the substrate-binding site in Ptr2p are shown as a surface
model. Putative binding substrate is shown as a stick model. The colors of the surface model correspond
to the degree of contribution toward tripeptide recognition. Red: definitive; pink: supporting; white: no

contribution.
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Fig. 4. Alternative recognition model of di- and
tripeptides. Binding models of dipeptides (A)
and tripeptides (B) are shown. The colors
of the amino acid residues correspond to
the degree of contribution toward di- and
tripeptide recognition (Figs. 2 and 3). Red:
definitive; pink: supporting.
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ig. 5. Primary sequence alignment of POT family members. Amino acid sequence alignment of Ptr2p (UniProt:
P32901) from Saccharomyces cerevisiae with hPEPT?2 (Q16348), hPEPT1 (P46059), hPHT1 (Q8N697), and
hPHT2 (Q81Y34) from Homo sapiens; mmPEPT1 (Q9JIP7) and mmPEPT2 (E9QMNS8) from Mus musculus;
drPEPT1 (Q7SYE4) and drPEPT2 (Q2F800) from Danio rerio; dmMPEPT1 (P91679) from Drosophila
melanogaster, cePEPT-1 (Q21219) and cePEPT-2 (Q17758) from Caenorhabditis elegans; PepTso (QS8EKT?7)
and PepTso2 (Q8EHES) from Shewanella oneidensis; PepTst (Q5M4H8) from Streptococcus thermaophilus;,
GKPOT (Q5KYD1) from Geobacillus kaustophilus, DtpT (UBEMX6) from Lactococcus lactis; and YdgR
(HOQ8G3) and YjdL (Q8XDS3) from Escherichia coli. The amino acid residues that constitute the
substrate-binding site are highlighted against a black background. The numbers from the N-terminus of
Ptr2p are shown. A summary of the contributions for substrate recognition of each amino acid position
of Ptr2p is indicated by an arrowhead in the upper part of the alignment. The colors correspond to the
degree of contribution toward substrate recognition (Figs. 2 and 3). Red: definitive; pink: supporting;
white: no contribution. N.T.. not tested.
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