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Structural Correlation between Some Amides and a Taste Receptor

Model

Masahiro Tamura, Ichizo Shinoda, Hideo Okai,* and Charles H. Stammer*

Several a-aspartic acid amides and w-amino acid amides were prepared to investigate their structural
relationships to a model of the taste receptor. All of the a-aspartic acid amides produced a sweet taste
and all of the w-amino acid amides produced a bitter taste even though some of them had chains expected
to be too long to produce either taste. There is apparently a strong affinity between certain functional
groups of a sweet or bitter compound and special “affinity sites” on the taste receptor responsible for

the kind of taste produced.

Aspartame (1), the well-known peptide sweetener, is the
L-aspartyl-L-phenylalanine methyl ester and has a su-
crose-like taste 150-200 times that of sucrose. Since the
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discovery of aspartame, numerous research groups have
tried to synthesize more potent peptides but very few
compounds have been discovered with both the sucrose-
like taste and a greater sweetness potency. Research in
this area has lead to the development of some important
information about the “sweetness receptor”. An electro-
negative function (CO,") designated B, a positive group
(NH,4*) called AH, and a neutral hydrophobic function
labeled X appear to be necessary on the sweet molecule.
Analogues of aspartame in which the aspartic acid moiety
was replaced by other amino acids were found to be bitter
(Mazur et al., 1969). Many other research groups at-
tempted to replace the aspartic acid moiety of aspartame
and found that only aminomalonic acid could replace as-
partic acid with retention of the sweet taste (Fujino et al.,
1973, 1976). Because of those results, it is now believed
that the three functional groups, AH, B, and X, are re-
quired at the proper positions on the receptor to produce
a sweet taste (Figure 1). When the hydrophobic group
is varied, a greater or lesser sweetness potency is produced
and its distance from the other important groups must be
within somewhat more variable limits.

Recently, we reported the synthesis and taste of N-L-
aspartyl-l-aminocyclopropanecarboxylic acid esters (Asp-
Acc-O-n-Pr; Mapelli et al., 1987). In that structure, the
aspartic acid moiety carries the AH and B functional
groups and the ester at the peptide C-terminus is the
hydrophobic (X) functional group. All of the esters pre-
pared were sweet except the benzyl ester (Asp-Acc-OBzl,
2), which was tasteless. This result can be rationalized as
in Figure 2, since Asp-Acc-OBzl is apparently too long to
fit the receptor sites corresponding to AH, B, and X. Thus,
there appears to be a limit to the chain length of aspartic
acid sweeteners.

In this paper, we will discuss the structural relationship
between the A’, B/, X’ model of the sweet taste receptor
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Table I. Aspartic Acid Amides

3 H-Asp-NHCH,CH,CH,CH,

4 H-Asp-NHCH,CH,CH,CH,CH,

5 H-Asp-NHCH,CH,CH,CH,CH,CH,

6  H-Asp-NHCH,CH,CH,CH,CH,CH,CH,
7
8
9

H-Asp-NHCH,CH,CH,CH,CH,CH,CH,CH,
H-Asp-NHCH,CH,CH,CH,CH,CH,CH,CH,CH,
H-Asp-NHCH,CH,CH,CH,CH,CH,CH,CH,CH,CH,

10  H-Asp-NHCH,C.H;

11 H-Asp-NHCH,CH,CeH,

12 H’ASP‘NHCH;CH;CHQCeHs

13  H-Asp-NHCH,CH,CH,CH,C¢H;

Table II. w-Amino Acid Amides

14 NH,CH,CONHC,H,

15 NH,CH,CH,CONHC,H;

16 NH,CH,CH,CH,CONHCH,

17 NH,CH,CH,CH,CH,CONHC¢H;

18 NH,CH,CH,CH,CH,CH;CONHC,H,
19 NH,CH,CONHCH,;

20 NH,CH,CH,CONHCH,;

21 NH,CH,CH,CH,CONHCH,,

22 NH,CH,CH,CH,CH,CONHCH,,

23 NH,CH,CH,CH,CH,CH,CONHCH

Table III. N-Benzoyl-w-amino Acids

24 C¢H,CONHCH,COOH

25 C¢H;CONHCH,CH,COOH

26 C¢H;CONHCH,CH,CH,COOH

27 C¢H;CONHCH,CH,CH;CH,COOH

28 C¢H;CONHCH,CH,CH,CH,CH,COOH

and the taste of compounds in which the aspartic 8-car-
boxyl group B (Table I), the electropositive group AH, and
the hydrophobic function X are missing from the above
AH, B, X system (see Tables I and III).

MATERIALS AND METHODS

Materials. N-tert-Butoxycarbonyl-L-aspartic acid tert-butyl
ester was purchased from Bachem Biochemical Co. All amines
used in the aspartic acid amides were purchased from Aldrich
Chemical Co. w-Amino acids, cyclohexylamine, and aniline were
purchased from Nakarai Chemical Co. Ltd. Ethyl chloroformate
and 4-methylmorpholine were purchased from Aldrich and Na-
karai. All solvents were used without further purification or drying
except THF, which was distilled from potassium metal.

Methods. (I) Sensory Tests. The tastes of the amides were
organoleptically evaluated by a panel of four people. A series of
solutions of decreasing concentration was prepared in which each
solution was half as strong as the preceding one. Before the sample
was tasted, the mouth was thoroughly rinsed with deionized water.
The sample size, usually 2-3 mL, was held in the mouth for about
10 s and then expectorated. Each sample was evaluated to de-
termine which concentration of sweetener was isosweet with a
2% sucrose solution.

In the case of bitter compounds, the threshold value of the
sample was determined. The bitterness intensity was determined
by dividing the threshold value of the sample into that of caffeine
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Okai, 1985) the possible similarity among the bitter, sweet,
and sour taste receptors and proposed that they might be
contained within the same biological structure. The results
obtained in this study appear to confirm this idea.

Ariyoshi et al. (1974) proposed the possibility that more
than three affinity sites might be present on the sweet
receptor since they had prepared several sweet di-, tri-, and
tetrapeptides indicating that hydrogen bonding with sev-
eral other sites on the receptor by the amide protons might
lead to production of a sweet taste (Ariyoshi et al., 1974;
Ariyoshi, 1976, 1980, 1984-1986). The sweet compounds
reported here, however, have only one amide linkage, in-
dicating that these extra bonds are not a requirement for
sweetness.

Additionally, we point out that there is some interaction
between the molecular functional groups (AH, B, X) and
taste receptor sites (A’, B/, X’). We explained the taste-
lessness of dipeptide, N-L-aspartyl-1-aminocyclopropane-
carboxylic acid benzyl ester (2) by assuming that the chain
length of 2 was too great to interact with all three receptor
sites (see Figure 1). We also prepared several aspartic acid
amides and found that they were all sweet even though
some had chain lengths longer than that of 2. This phe-
nomenon can be explained in Figure 3. Since 13 has about
the same molecular size as the tasteless dipeptide 2, 13
should also be tasteless. However, 13 has a floppy chain
and there is apparently a strong affinity between its phenyl
ring (the most hydrophobic part of the molecule) and the
X’ site on the receptor giving 13 a sweet taste.
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Volatile Aroma Components of Curcuma amada Roxb.

Alapati Srinivasa Rao, Bandaru Rajanikanth, and Ramachandran Seshadri*

The aroma concentrate of fresh rhizomes of Curcuma amada Roxb. was prepared by an efficient
simultaneous steam distillation/solvent extraction. The qualitative analysis of these volatile aroma
components was performed by using a gas chromatography/mass spectroscopy system aided by the
computer library search. This led to the identification of 61 unreported compounds out of 68 compounds
for which mass spectra have been recorded. Identification of the components has been confirmed by
their Kovats retention indices. The aroma concentrate of mango ginger was comprised of a mixture
of character impact compounds of both raw mango and turmeric.

Curcuma amada Roxb., popularly known as mango
ginger, belongs to the family Zingiberaceae. The rhizomes
of mango ginger are cultivated mostly in India and Ma-
laysia where it is known as Curcuma mangga valet. The
vegetative characteristics are similar to those of Curcuma
longa. The rhizomes of mango ginger resemble those of
true ginger and have mangolike flavor, but they have no
pungency like ginger. In view of the exotic aroma it is
commonly used in culinary preparations especially pickles,
chutneys, etc. The rhizomes of mango ginger also find
application therapeutically as a carminative and stomachic
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as well as for its topical use over contusions and sprains.

The chemistry and technology of C. amada have been
comprehensively reviewed as part of a review on turmeric
(Govindarajan, 1980). Recently the botany, agronomy,
technology, and chemical composition of mango ginger
have also been reviewed (Shankaracharya, 1982). Ocimene
has been reported as the major constituent of mango ginger
besides linalool, linalyl acetate, and safrole (Dutt and
Tayal, 1941). Curcumene, a sesquiterpene hydrocarbon
present in turmeric, has also been reported as a major
aroma component in mango ginger (Jain and Mishra, 1964;
Ahuja and Nigam, 1971). The essential oil content of
mango ginger has been determined by distillation-extrac-
tion and low-temperature high-vacuum distillation meth-
ods as 0.3% and 0.2%, respectively (Gholap and Ban-
dyopadhyay, 1984). Car-3-ene and cis-ocimene, which are
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