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as found for calcium pectate ~4 (fig. 1, straight line 2). The 7ca2+ 
values determined in solutions of calcium pectinates prepared 
by the action of pectinesterases of different origins are com- 
pared with those corresponding to pectinates with a random 
distribution of free carboxyl groups achieved by alkaline 
deesterification 14 (curve 1) and with the ?~c,2+ value assigned to 
block-wise arrangement (straight line 2). 
The activity coefficients )'c,2+ of calcium pectinates, prepared 
by the action of Trichoderma reesei pectinesterase (table; fig., 
curve 3) are close to those of pectin samples partially deester- 
ified by tomato 3, orange 7 and alfalfa 3 pectinesterases (fig.). The 
results demonstrate the formation of blocks of free carboxyl 
groups in the linear macromolecule of pectin. Somewhat �9 
higher Yc~2+ values, corresponding to pectin samples deester- 
ified only slightly (d.e. 55-65 %) by these enzymes are caused 
by formation of shorter blocks of free carboxyl groups, where 
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?~c,~+ is already a function of the block length. On the other 
hand, Yc,2+ values corresponding to pectin samples deesterified 
by Aspergillus foetidus 3 and A.niger 7 pectinesterases are very 
close to curve 1 and represent therefore a random distribution 
of free carboxyl groups in the pectin molecule. 
Pectinesterases of  tomato, orange, alfalfa and Trichoderma ree- 
sei are basic proteins with isoelectric points in the range 8.3- 
11.0 and pH-optima also in alkaline region. On the contrary, 
pectinesterases of Aspergillus species, catalyzing a random 
deesterification of pectin in the same way as alkali, have iso- 
electric points and pH-optima in the acidic region. From these 
findings it is possible to conclude that the mode of deesterifica- 
tion of pectin by pectinesterases is independent of their origin 
(fungal or higher plant), but is determined by the character of 
the enzyme proteins reflected e.g. in isoelectric points and pH- 
optima. 
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Summary. Two hitherto unrelated areas of taste appear to provide an important insight into a class of taste receptor sites. A 
region of the sweet protein monellin is similar to a savory tasting beef octapeptide, and this peptide region could represent an 
overlap in the specificity of binding to a common peptide taste receptor site. Such an overlap in binding specificity explains the 
low but significant level of sweetness observed with savory tasting stimuli. 

The biochemical basis of taste receptor specificity appears to 
depend upon recognition of stimuli in a weak binding inter- 
action with receptors located in the cell plasma membrane z. An 
experimental model emerged from the discovery a decade 
ago 3,4 of the sweet-tasting protein monellin, which consists of 2 
dissimilar polypeptide subunits of known sequence 5'6. Native 
monellin tastes intensely sweet, being around 105 times more 
effective in eliciting a sweet taste (at threshold levels) than the 
common sugars 7. The structural features of monellin required 
for sweetness are not elucidated in detail, but the evidence 8-~2 
demonstrates the importance of the tertiary and quaternary 
structures, and supports the hypothesis 7 that its conformation 
is critical in its ability to evoke a sweet sensation. 
The specific regions of the protein that bind to taste receptor 
sites are not known. Partial methylation of the lysines of 
monellin does not markedly affect its taste, while extensive 
methylation leads to loss of sweetness t3. The necessity for the 
sulfhydryl group of the single cysteine to remain in the reduced 
form for the protein to retain its sweetness was demon- 

strated 5,14, although the cysteine is buried in the interior and is 
relatively inaccessible to reaction. We demonstrated that 3H-la- 
beled methylated monellin 13 binds to taste tissue preparations 
from bovine and human circumvallate papillae 15. 
A seemingly unrelated area is that of monosodium L-glu- 
tamate (MSG), the taste of which is called umami in Jap- 
anese ~6'17, meaning 'delicious' or 'savory' taste 18. Possible 
mechanisms of action of L-glutamate in eliciting this unique 
taste sensation were discussed in an earlier review ~9, which 
stressed that the well known taste synergism of certain 5'-ribo- 
nucleotides in combination with M S G  173~ could be involved 
in the mechanistic basis for the unique 'flavor enhancing' ac- 
tion of MSG. We demonstrated direct binding of L- 
[3H]glutamate to bovine taste tissue preparations and enhance- 
ment of this binding by certain 5'-ribonucleotides 22. Yamasaki 
and Maekawa 23'24 have isolated an octapeptide from beef 
gravy which elicits a 'delicious' or 'savory' taste. They estab- 
lished its amino acid sequence 23 and synthesized the octapep- 
tide 24. 
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In this communication an interesting structural similarity is 
pointed out between the octapeptide of beef gravy and a por- 
tion of the primary structure of the sweet protein monellin. 
The octapeptide shows a similarity to the amino acid region 
4-10 of  subunit I of monellin (fig.). This region of monellin 
has amino acids 4, 5, 7 and 10 identical with those of the octa- 
peptide. It is postulated that  this similarity results in the octa- 
peptide being able to interact at monellin binding sites on the 
taste receptor cells. This interaction could explain the low level 
of sweetness of the octapeptide. The hypothesis necessitates 
that  the region of monellin shown in the figure contain at least 
1 moiety that  binds to the receptors. The presence of a com- 
mon receptor site does not, however, imply exclusivity for 
these 2 ligands; this site need not  be the only receptor site to 
which these stimulus compounds can bind. Rather, it is postu- 
lated that  a site type exists to which both  of these peptides can 
bind and therefore overlap in the taste quality of sweetness; 
the converse hypothesis, that  monellin is able to bind to other 
octapeptide (glutamate) binding sites is not  postulated, because 
a savory quality of monellin has not  been observed. 
Synthesis of the octapeptide and of related smaller peptides 
was reported by Yamasaki  and Maekawa 24. They carried out 
sensory evaluations of these peptides, not  only for savory taste, 
but  also for sweet, sour, bitter and astringent tastes. The find- 
ings are extremely interesting. Peptides lacking G L U  showed 
no savory taste, which is not surprising in view of the specific 
taste quality of L-glutamate itself 16-2~ An unexpected result 
was the concomitant  appearance of a low level of sweetness 
along with the more pronounced savory taste. The hexapeptide 
(amino acids 3-8) lacking the N-terminal LYS-GLY tasted 
mainly sour, but  showed low levels of both  savory (10%) and 
sweet (5 %) tastes. The octapeptide itself was principally savory 
(60%), but  also had sour (30%) and sweet tastes (10%). The 
pentapeptide lacking A SP- G L U - G L U  was bitter and astrin- 
gent, with neither savory nor  sweet qualities. In an earlier 
study of taste responses to various amino acids using multidi- 
mensional scaling, Yoshida and Saito found 16 that  the major 
portion of the taste of MSG was accounted for by umami  

(71%), but  that  low levels of salty (13%) and sweet (10%) 
were present. The data taken together therefore support the 
hypothesis of a relation between sweet and savory (glutamate) 

taste reception. Further,  they point to an essential role of G L U  
in position 4 of the octapeptide and position 7 of monellin. 
Electrophysiological recordings from the chorda tympani 
nerve of the rat  in response to stimulation of the tongue with 
L-glutamate and other compounds were reported several years 
ago. From these recordings 25'26, a correlation was shown be- 
tween responsiveness of single nerve fibers to sucrose and to 
mixtures of MSG + 5'-ribonucleotides. Fibers sensitive to 
NaC1 tended to be sensitive to MSG alone, perhaps reflecting 
stimulation by Na + in both  cases. Fibers sensitive to sucrose, 
however, tended to be sensitive to the MSG-ribonucleotide 
mixture; this suggests a relationship between stimulation by 
sucrose and by glutamate-nucleotide in the rat. These findings 
could also support the hypothesis proposed here of an overlap 
in binding specificity. 
It is of further interest that  the region noted (fig.) is not 
present in the primary structure of thaumat in  27, a different 
sweet-tasting protein. Certain other dipeptide and tripeptide 
regions of monellin and thaumat in  were noted 27 to be the 
same. A very interesting finding by Hough and Edwardson 28 
was that  antibody prepared to thaumat in  cross-reacts with 
monellin and with several other sweet compounds. In an inde- 
pendent  study the cross-reactivity of ant i- thaumatin antibody 
with monellin was confirmed 29. The hypothesis proposed here 
would suggest that  an anti-monellin antibody could cross-react 
with the octapeptide. 
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Structurally similar regions of monellin and beef octapeptide. The struc- 
ture of monellin is from Bohak and Li 5 and Hudson and Biemann6; 
that for the octapeptide was determined by Yamasaki and Mae- 
kawa23, 24 
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