Supporting information for “ldentifying
sequential residue patterns in bitter and umami

peptides”

Arghya Dutta,*"9 Tristan Bereau,! and Thomas A. Vilgis*T

TMax Planck Institute for Polymer Research, Mainz, Germany
I Van 't Hoff Institute for Molecular Sciences and Informatics Institute, University of
Amsterdam, The Netherlands
 Present address: Institute of Biochemistry II, Faculty of Medicine, Goethe University,

Frankfurt, Germany

E-mail: argphy©@gmail.com; vilgis@mpip-mainz.mpg.de


argphy@gmail.com
vilgis@mpip-mainz.mpg.de

Primary structures

Here we have written out the complete original and coarse-grained primary structures of two
bitter proteins mentioned in the main text (see the subsection Selecting the minimal peptide
pattern). The coarse-grained residues are denoted as follows: ‘H’ for hydrophobic, ‘P’ for
polar and hydrophilic, ‘+” for positively charged, and ‘-’ for negatively charged (see main
text for details).

e Patatin-T5H
FASTA entry

>sp|P15478|PATT5_SOLTU Patatin-T5 0S=Solanum tuberosum 0X=4113 PE=1 SV=1
MATTNSFTILIFMILATTSSTFATLGEMVTVLSIDGGGIKGIIPATILEFLEGQLQEVDN
NTDARLADYFDVIGGTSTGGLLTAMITTPNETNRPFAAAKDIVPFYFEHGPKIFQSSGSI
FGPKYDGKYLMQVLQEKLGETRVHQALTEVAISSFDIKTNKPVIFTKSNLAKSPELDAKM
YDICYSTAAAPTFFPPHYFATNTSNGDKYEFNLVDGAVATVDDPALLSISVATKLAQVDP
KFASIKSLNYKQMLLLSLGTGTTSEFDKTYTAEETAKWGTARWMLVIQKMTSAASSYMTD
YYLSTAFQALDSQNNYLRVQENALTGTTTELDDASEANMQLLVQVGEDLLKKSVSKDNPE
TYEEALKRFAKLLSDRKKLRANKASY

Coarse-grained sequence

HHPPPPHPHHHHHHHHPPPPPHHPHP-HHPHHPH-PPPH+PHHPHPHH-HH-PPHP-H-P
PP-H+HH-PH-HHPPPPPPPHHPHHHPPPP-PP+PHHHH+-HHPHPH-+PP+HHPPPPPH
HPP+P-P+PHHPHHP-+HP-P+H+PHHP-HHHPPH-H+PP+PHHHP+PPHH+PP-H-H+H
P-HHPPPHHHPPHHPP+PHHPPPPPP-+P-HPHH-PHHHPH--PHHHPHPHHP+HHPH-P
+HHPH+PHPP+PHHHHPHPPPPPP-H-+PPPH--PH+PPPH+PHHHHP+HPPHHPPPHP-
PPHPPHHPHH-PPPPPH+HP-PHHPPPPP-H--HP-HPHPHHHPHP--HH++PHP+-PP-
PP--HH++HH+HHP-+++H+HP+HPP



e Legumin A
FASTA entry

>sp|P02857 |LEGA_PEA Legumin A 0S=Pisum sativum 0X=3888 GN=LEGA PE=1 SV=1
MAKLLALSLSFCFLLLGGCFALREQPQQNECQLERLDALEPDNRIESEGGLIETWNPNNK
QFRCAGVALSRATLQRNALRRPYYSNAPQEIFIQQGNGYFGMVFPGCPETFEEPQESEQG
EGRRYRDRHQKVNRFREGDITAVPTGIVFWMYNDQDTPVIAVSLTDIRSSNNQLDQMPRR
FYLAGNHEQEFLQYQHQQGGKQEQENEGNNIFSGFKRDYLEDAFNVNRHIVDRLQGRNED
EEKGAIVKVKGGLSIISPPEKQARHQRGSRQEEDEDEEKQPRHQRGSROEEEEDEDEERQ
PRHQRRRGEEEEEDKKERGGSQKGKSRROGDNGLEETVCTAKLRLNIGPSSSPDIYNPEA
GRIKTVTSLDLPVLRWLKLSAEHGSLHKNAMFVPHYNLNANSITYALKGRARLQVVNCNG
NTVFDGELEAGRALTVPQNYAVAAKSLSDRFSYVAFKTNDRAGIARLAGTSSVINNLPLD
VVAATFNLQRNEARQLKSNNPFKFLVPARESENRASA

Coarse-grained sequence

HH+HHHHPHPHHHHHHPPHHHH+-PPPPP-HPH-+H-HH-P-P+H-P-PPHH-PPPPPP+
PH+HHPHHHP+HPHP+PHH++PPPPPHPP-HHHPPPPPPHPHHHPPHP-PH--PP-P-PP
-P++P+-++P+HP+H+-P-HHHHPPPHHHPHPP-P-PPHHHHPHP-H+PPPPPH-PHP++
HPHHPP+-P-HHPPP+PPPP+P-P-P-PPPHHPPH++-PH--HHPHP++HH-+HPP+P--
--+PHHH+H+PPHPHHPPP-+PH++P+PP+P——————- +PP++P+PP+P--——————-— +P
P++P+++P-————- ++-+PPPP+P+P++PP-PPH--PHHPH+H+HPHPPPPPP-HPPP-H
P+H+PHPPH-HPHH+PH+HPH-+PPH++PHHHHP+PPHPHPPHHPHH+P+H+HPHHPHPP
PPHH-P-H-HP+HHPHPPPPHHHH+PHP-+HPPHHH+PP-+HPHH+HHPPPPHHPPHPH-
HHHHPHPHP+P-H+PH+PPPPH+HHHPH+-P-P+HPH

Disputes regarding some umami peptides

A review by Zhang et al.! points to some disputes in the community regarding the umami
taste of the following peptides: AE, DA, DD, DE, DL, ED, EE, EL, EK, ES, EV, KG, AEA,
DES, EEE, GDG, VEV, and KGDEESLA. The objection primarily comes from van den Oord and
van Wassenaar,? who, in 1997, found that an eight-member expert panel could not detect
umami taste in those peptides. However, note that almost all of the mentioned peptides are
rich in glutamic or aspartic acids (E or D), and multiple studies—using modern techniques
such as molecular sensory approaches and in-silico methods—have now reported umami
peptides that are rich in aspartic or glutamic acids.®* Consequently, it is unclear why these
short peptides made almost entirely of acidic residues would lack umami taste. Further,
from a more molecular point of view, their umami taste seems logical. A single E (or D) in-
teracts with the appropriate amino acids receptor proteins TIR1/T1R3. The listed di- and
tri-peptides, lacking sufficient steric hindrance, should interact similarly with the umami re-
ceptor protein—especially when the E (or D) appears at one of the ends of the peptide. These
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Figure S1: Predicted bitter and umami patterns after removing the disputed umami pep-
tides. See SI text for discussion.

considerations led us to keep these short peptides in our database—which was compiled from
published resources.””

For completeness, we reanalyzed the umami peptides after removing the disputed ones. In
comparison to the short umami patterns shown in the main text (Fig. 3b1-b3), the new short
umami patterns have more polar residues than negative residues (panels b1-b3, Fig. S1).
This is expected since the majority of the removed umami peptides are di- or tri-peptides
with negatively-charged acidic residues, and polar residues are the second most abundant
residue type after negative residues for umami peptides (Fig. 2c,e, main text). However,
the longer patterns—especially the predicted N = 5 umami pattern ‘——PPP’—remained
robust, though the prediction uncertainties (standard deviations computed over 300 training
sets) increased. To conclude, we believe that the peptide taste community and the industry
will benefit from a rigorous reassessment of the umami potentials of these disputed peptides
using both expert panel and objective modern methods.®
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